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Abstract
With the progression of multivariate statistics, the creation of population specific equations is on
the rise. Multivariate analysis generally revolves around metric methods or geometric
morphometrics, not on morphoscopic features.
A total of eight samples were analysed spanning from prehistoric American to modern day South
African and ranged between pygmy populations from the Andaman Islands to medieval British
populations. With a sample size of more than 1100 individuals, each os coxa was scored using
eight morphoscopic features most commonly used by physical anthropologists and
osteoarchaeologists.
Trait frequencies were compiled and compared between each of the eight samples. Then, the
samples were placed into two groups: a known age and sex group (Christ Church Spitalfields,
South African White, South African Black, and South African Coloured), and an unknown
archaeological group (Poulton, St. Owens, Chumash, and Andaman). When comparing trait
frequencies, slight differences between the samples could be seen.
Ordinal Logistic Regressions (OLR) were applied onto each of the four samples from the known
age and sex group to create population specific sexing equations (cross-validated). Results from
these four equations ranged from 90.24% (South African Black population specific equation) to
96.38% (Christ Church, Spitalfields population specific equation). Population specifity was tested
by applying all of the equations onto each sample in this group. In an attempt to reduce this, two
new equations were created by combining samples together resulting in a South African specific
equation (92.54% accuracy) and a “Summary Sex” equation (92.98% accuracy). After applying
each of the six new OLR equations onto the four archaeological samples, high percentage
accuracies (ranging from 92.59% to 100.00%) were found when comparing them to the previous
records. The only sample that did not produce as high of an accuracy was the Chumash sample
with 82.35%.
In the attempt to analyse fragmented remains, three avenues were taken. Firstly, all missing
values were replaced by the median score. Secondly, the original six OLR equations were
‘sectioned’ to make three smaller sets of equations. Lastly, to mirror the sectioned equations,
three new sets of OLR equations were generated.
This study shows that when using morphoscopic traits for sex estimation, applying multivariate
techniques can be used to obtain a high accuracy even when dealing with fragmented samples.
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1. Introduction
1.1 Rationale
Sex estimation, be it for forensic or bioarchaeological purposes, is one of the most important
aspects of creating a biological profile (Kjellström 2004, Murail et al. 2005). Correct classification
can lead to either a positive identification of an individual or a more accurate portrayal of a past
population. Many studies have been performed on the human skeleton, however the os coxae is
considered the most sexually dimorphic bony element (Tague 1992, Kurki 2007). This difference is
said to be due to locomotion and parturition (Abitbol 1987). Because of these known differences,
the os coxae has been studied extensively both quantitatively (Steyn & Patriquin 2009, Betti 2014)
and qualitatively (Phenice 1969, Bruzek 2002).
When performing sex estimations from human skeletal material, visual assessment of the cranium
and os coxae are the most often used when available. When assessing the skull, Walker’s (2008)
descriptions and scoring techniques are normally used. The cranial traits that Walker described
were based on the traits found in Buikstra & Ubelaker (1994). Walker (2008) found that the
morphology of the glabellar and mastoid process was the most effective when used as a single
trait to determine sex (greater than 70% accuracy). However, when combining the five traits, his
accuracy increased to 89%. From there, Krüger et al. (2015) re-evaluated the traits in relation to
South African remains and found that when applying the scores to a logistic regression, accuracies
as high as 93% could be achieved.
Holobinko (2012) stated that cranial traits are secondary if the pelvis is present. This can be
explained by the pelvis as having a much greater amount of sexual dimorphism than other
skeletal features (Tague 1995, 2005). With accuracies as high as 96% being achieved from three
traits from the os pubis (Phenice 1969), it is understandable why it is preferred over the cranium
(Spradley & Jantz 2012). Bruzek (2002) proposed a new method of sex estimation using visual
traits by analysing two skeletal collections (with known sex): one from France (University of Paris)
and the other from Portugal (Coimbra Collection). Bruzek (2002) examined five characters: the
preauricular surface, the greater sciatic notch, form of the composite arch, morphology of the
inferior pelvis and the ischiopubic proportion. Using three conditions (0 = indeterminate, M=
male, F= female) for each trait, the accuracy rate was close to 98% and only 3% were classified
into the indeterminate category. Listi & Bassett (2006) applied the Bruzek (2002) methodology on
a sample of American Whites and Blacks, which resulted in an accuracy of 90-92%. Meindl et al.
(1985) found that when sexing with both the os coxae and cranium, an accuracy of 98% is
achievable.
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With the progression of multivariate statistics, the creation of population specific equations is on
the rise. Multivariate analyses generally revolve around metric methods or geometric
morphometrics, not on morphoscopic features. This study will be the first extensive look at
applying several morphoscopic sexing traits from the human pelvis with multivariate statistics.
Alongside the creation of population specific equations, an attempt at a universal sexing equation
will be made. Fragmented remains and missing data are one of the shortfalls to these multivariate
equations, therefore an investigation into the handling of these equations for fragmented skeletal
remains will be undertaken. Eight morphoscopic traits from the pelvis were chosen specifically for
this study: ventral arc, subpubic concavity, medial aspect of the ischiopubic ramus, shape of the
pubic body, subpubic angle, obturator foramen, greater sciatic notch, and the preauricular sulcus.
These eight were chosen because of their popularity among practitioners and researchers for
estimating sex for both archaeological and forensic remains (The Workshop for European
Anthropologists 1980, Rogers & Saunders 1994, White & Folkens 2000, Durić et al. 2005, Rösing et
al. 2007, Sidler et al. 2007). They were also chosen because of their location; not one specific area
of the pelvis was taken into account, the whole pelvis was taken into consideration for sex
estimation.

1.2 Aims & Objectives
The aim of this PhD research is to determine if it is possible to create a universal equation for sex
estimation using morphoscopic traits of the pelvis. This will be achieved by observing eight
morphoscopic features on the human pelvis and analysing them using Ordinal Logistic Regression.
Alongside this, attempts will be made to investigate how to analyse remains that are fragmented
using the median as a missing data imputation technique. The main objectives are to:
•

Create population specific multivariate equations for sex estimation for four known age
and sex samples (Christ Church, Spitalfields, South African White, South African Black, and
South African Coloured) and test the idea of population specificity.

•

Apply each multivariate equation to four archaeological samples (British Medieval
Poulton, British Medieval St, Owens, Chumash, and Andaman) to see if accuracies differ
from previous sex estimation results.

•

Investigate the use of using the median score to replace missing data and to explore the
use of smaller equations to help assess fragmented skeletal remains.

This study hopes to provide a plausible universal equation to sex estimation in humans and also,
to create population specific equations using the human samples studied.
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1.3 Thesis Structure
This thesis has a total of nine chapters excluding the appendices and bibliography. In Chapter 2,
the relevant literature will be discussed regarding the anatomy of the human pelvis, biological
profiling techniques and the statistical techniques currently used to determine sex. Chapter 3 will
provide information on the samples used for this research, including history, and why these
particular samples have been chosen for analysis. Chapter 4 will describe the methodology and
framework for the statistical analysis to be undertaken. Chapters 5 – 7 present the results from
the statistical analysis and if they reject or fail to reject the null hypotheses. Chapter 8 formulates
the discussion of the results and how they fit in with the current discussions surrounding sex
estimation and missing data imputation. The final chapter (Chapter 9) states the final conclusions
of the study and what further work can be done.
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2. Literature Review
2.1 Sex vs Gender
The terms “sex” and “gender” have been used interchangeably, however within biological
anthropology and other sciences they have different meanings. Sex, or biological sex, is a term
that refers to the binary genetic make-up of an individual; Male (XY) or Female (XX). It includes
the genetic and anatomical properties such as the sex chromosomes, hormones and genitalia.
With this taken into account, all size and shape differences found between the sexes are put
under the term of sexual dimorphism (Vanputte et al. 2010). Differences between males and
females are most apparent in soft tissue, yet it is also evident in the human skeleton because of
the production of sex hormones during puberty (Vanputte et al. 2010). These differences allow
biological anthropologists/archaeologists/osteologists to estimate biological sex from skeletal
material due to the morphology of skeletal elements. Because these estimations/assessments are
based on biological differences, practitioners use the term biological sex, or sex, in the creation of
a biological profile.
Gender, on the other hand, is a socially constructed term that has several different types of
classifications and is not based on the individual's biological sex (explained briefly above). An
individual’s gender depends on their culture and how they classify themselves within that
culture's definition of masculinity and femininity (Delphy 1993). In the UK, there are currently 14
different genders that an individual can identify as which will become part of the next national
survey (Kelly 2016). The topic of gender vs sex is outside the realm of this research and therefore
will not be further discussed. Because gender is not based on biological attributes it will not be
referred to in this thesis; only biological sex will be discussed.

2.2 Anatomy of the bony pelvis
The human pelvis is constituted by three main elements, these being the two os coxa and the
sacrum. The os coxa has three different regions being the ilia (superior); ischium (posterior
inferior) and pubis (anterior). These three regions fuse at the triradiate cartilage (forming the
acetabulum) during puberty (Scheuer & Black 2000) to form one bone.
These three bones have their own centre of ossification during their development. The ilium is
first to form with its centre of ossification located within the vicinity of the greater sciatic notch.
Ossification continues in a ‘fan-like’ manner. The second is the ischium with its centre of
ossification located inferior to the acetabulum. Finally, the pubis starts to develop with its primary
site of ossification found within the superior pubic ramus. Between the ages of 5-8 years, the
fusion of the ischiopubic ramus begins, and by 11 years the posterior acetabular epiphysis starts
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to ossify. Fusion of the acetabulum (tri-radiate) is complete between the ages of 12-14 years for
females and 14-17 years for males. This fusion finally unites all three bones into one bone.
Following this, the ischial epiphysis completes its fusion between the ages of 16-18 years for both
males and females. The last epiphysis to fuse is that of the iliac crest which commences
ossification between the ages of 17-20 years and finishes around the age of 23 years.
The two os coxa articulate at the pubic symphysis anteriorly and covered by an intrapubic fibrocartilaginous disk between layers of hyaline cartilage. The superior and inferior pubic ligaments
help support this articulation (Figure 1). This articulation is a nonsynovial amphiarthrodial joint,
which means that the joint has minimal movement. The auricular surface of the ilium articulates
to the corresponding auricular surface of the sacrum. These sacroiliac joints are classed as
amphiarthroses meaning that they are virtually fixed in place. This joint is supported by the
ventral, interosseous and dorsal sacroiliac ligaments.
With these three bones articulated, it forms the pelvic cavity which primarily holds the
individual’s reproductive organs and the rectum. With this, the bony articulated pelvis is
separated into two sections: the true (lesser) pelvis and the false (greater) pelvis. The true pelvis
includes the ischium and pubis primarily. The false pelvis is superior and includes the iliac blades,
iliac fossa and both the superior posterior and inferior posterior iliac spines. The boundary
between the true and false pelvis is the arcuate line which runs anteroinferiorly from the apex of
the auricular surface on the ilium along the iliopubic (superior pubic) ramus and finishes on the
superior portion of the pubic symphysis.
The pelvic girdle articulates with the rest of appendicular skeleton via the twelfth thoracic
vertebra and follows the same anatomy as the spine being; an intervertebral disc, anterior and
posterior ligaments and the supra/interspinous ligaments. However, to help reinforce this joint,
the iliolumbar ligament connects the transverse process of the fifth thoracic vertebra to the iliac
crest, and the lateral lumbosacral ligament connects the transverse process of the fifth thoracic
vertebra to the ala of the sacrum.
The ‘hip’ joint is the articulation between acetabulum of the pelvis and the femoral head of the
proximal femur. Three main ligaments help ensure that they remain articulated being the
ilio/ischio/pubofemoral ligaments. The iliofemoral ligament transcends from the anterior inferior
iliac spine and the acetabulum towards the intertrochanteric line on the anterior portion of the
femoral head. The ischiofemoral ligament starts on the inferoposterior portion of the acetabulum
and helps form the joint capsule which attaches to the intertrochanteric line of the femur. Lastly,
the pubofemoral ligament attaches the obturator crest and superior pubic ramus to the
intertrochanteric line of the femur.
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Figure 1: Lateral view of the bones and muscles for the human pelvis and proximal femur. (Taken from
http://emedicine.medscape.com/article/1898964-overview#a2).

2.3 Biological Profile
When it comes to creating a biological profile for unknown skeletal remains, one of the main
questions asked is ‘What is the sex of this individual?’, alongside matters relating to age-at-death,
ancestry, and stature. Sex estimation techniques are normally only applied to adult remains, with
juvenile sexing still holding a large amount of uncertainty. Adult sexing is split into two categories,
metric measurements of osseous material, or a visual assessment scored along an ordinal scale.
Both of these methods come with their own strengths and weaknesses, but as long as
consideration and caution are taken into account, then an accurate estimation can be made. The
majority of the human skeleton has been examined for sexual dimorphic traits (both metric and
non-metric/morphoscopic) with the majority of the research on the skull (cranium and mandible)
(Walker 2008; Krüger et al. 2015), pelvis (os coxae) (Phenice 1969; Steyn & Patriquin 2009; Klales
et. al 2012), and long bones (Albanese 2013).

2.3.1 Juvenile Sex and Age Estimation
Even though sexing is not normally performed on juvenile skeletal remains, attempts have been
made with varying success. Schutkowski (1993) observed and described the morphology of the
mandible and ilium of the juvenile skeleton using the known juveniles from the coffin plate
sample from Christ Church, Spitalfields. He noted that there was a difference in the angle of the
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greater sciatic notch between males and females alongside how the mental eminence in males
was “flatter” than females which tended to protrude. He states that mandibular morphology, as a
whole, is a better indicator for juvenile sex determination than pelvic morphology (Figure 2). One
of the suggestions as to why there are signs of sexual dimorphism in juvenile skeletal material is
due to the higher level of androgen testosterone hormones present in foetal males than that of
their female counterparts (Grumbach & Conte 1992; Saunders 1992). With his descriptions, males
were sexed correctly at a much higher rate than females for both mandible and pelvic traits, with
the mandible being a better sex discriminator for males (age-at-death pooled for ages 0-5 years).
With the popularity of Schutkowski’s (1993) method, Cardoso & Saunders (2008) applied the
morphoscopic descriptions on a known age and sex juvenile sample from Portugal (Bocage
Museum/National Museum of Natural History, Lisbon, Portugal) and tested its observer error and
accuracy rates. They found that there were major difficulties in not only applying the traits but
also how reliable the technique is.

Figure 2: Sex differences between juvenile female (left) and male (right) mandibles. (Image adapted
from Schutkowski 1993 pg, 200).

Wilson et al. (2008) re-evaluated the juvenile’s ilia morphology and analysed the original
descriptions by Schutkowski (1993) using a geometric morphometric approach. After analysing
the same Spitalfields sample, they found that the greater sciatic notch shape criterion can be used
for sexing human juvenile remains; however, they state that caution must be taken if applied onto
other samples/populations. They had three observers with a range of expertise spanning from
“inexperienced” to a “senior osteologist” to test Schutkowski’s (1993) method. Stull (2013) aimed
at developing advanced statistical modelling in ageing and sexing juvenile remains (between
neonate and 12 years) in South Africa using metric measurements of long bones. Long bones were
chosen because sex determination for juveniles originally focussed on what is sexually dimorphic
for adults (like the pelvis and skull). Flexible Discriminant Function Analysis (MDA) was used for
sex estimation with the option of using a bootstrap to help with the classification accuracy.
22

Multiple Adaptive Regression Splines (MARS) were utilised for estimating age-at-death for nonadults (Stull et al. 2014). With these methods, estimations could be undertaken even if not all six
long bones were present. From this, they developed a statistical package within “R” called
“KidStats” which allowed quick entry of measurements and instant results of the sub-adult’s
estimated age and sex (with associated probabilities). Her dataset was based off roentgenograms
taken from hospitals from across South Africa, so age and sex were known (Stull 2013). Stull found
that when it came to sex estimation, the width of the distal femur and posterior tibia were the
most effective (Pers. Comms. Kyra Stull 2015). With this in mind, caution must be taken, and the
probabilities must be properly understood before stating the sex of a sub-adult individual. Stull et
al. (2017) looked at the how classification rate changed at the 95% confidence value when
applying different statistical models depending on the number of variables used. Overall, single
bone models achieved low classification rates (which is to be expected) while multivariable
models resulted in a much higher classification rate. They found that Linear Discriminant Analysis
(LDA) averaged around the 75% classification mark when age was excluded from the analysis,
whereas Logistic Regression (LR) and Flexible Discriminant Analysis (FDA) achieved accuracies in
the 80% margin. Because of the issues arising with the reproducibility, reliability, and the need
for population specific standards, sexing sub-adult skeletal remains is still a controversial topic
especially when DNA analysis is not available.
Because sexing juvenile remains is not entirely accepted by the anthropological/archaeological
community, an age-at-death estimation must be completed to warrant a reliable sex assessment.
Normally, sex estimations will be conducted on individuals that have been aged as 18 years or
older. To determine whether an individual is 18 years or older, several observations and
measurements can be made. Dental development is an excellent assessor of sub-adult remains
and can determine the age of a juvenile within a six-month error margin (especially for neonates)
(Alqhatani 2008; Alqhatani et al. 2010). For the older ages of sub-adults, the eruption of the third
molar is normally an indicator that the individual was at least 18 years of age; however, a large
amount of variation in the timing of eruption is present (Turner et al. 2013). Alongside dental
development, long bone lengths and epiphyseal fusion of long bones are good indicators of subadult age-at-death estimations. The former is primarily used for younger individuals from foetal to
twelve years while the latter for the adolescent years. Fazekas & Kosá (1978) published their work
on skeletal dimensions of foetal remains which are still used as a standard for today. Schaefer et
al. (2009) later reviewed Fazekas & Kosá’s measurements with other studies to give a
comprehensive view of the variation seen across populations/samples giving practitioners an idea
of what their error of margin could be for an unknown juvenile individual. For adolescent ageing,
epiphyseal fusion is normally observed. The three bones of the pelvis (ilium, ischium, and pubis)
and distal radius fuse between the ages of 11- 16 for females and 14-16 for males and the fusion
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of the proximal ulna between the ages of 12-15 for females and 14-18 for males (Schaefer et al.
2009). However, when trying to ensure that the individual is 18 years or older, the coracoid
process should be fully fused (Coqueugniot & Weaver 2007, Schaefer 2008), full fusion of distal
femur (Cardoso 2008) including the femoral head (Jit & Singh 1971), fusion of the iliac crest (Web
& Suchey 1985, Schaefer 2008), anterior inferior iliac spine (Coqueugniot & Weaver 2007), and
fusion of the anterior portion of the ischial tuberosity (Jit & Singh 1971, Cardoso 2008) should all
be noted. If remains were to have the complete fusion of the medial portion of the clavicle (Jit &
Kulkarni 1976, Webb & Suchey 1985, Schultz et al. 2005), the spheno-occipital synchondrosis
(Coqueugniot & Weaver 2007), and/or the complete fusion of the S1-S2 and S2-S3 sacral
segments (Coqueugniot & Weaver 2007) then the individual will be classed as being over the 18
years old threshold.

2.3.2 Adult Age-at-Death Estimation
For ageing adult remains, metric measurements are very few and far between as the focus shifts
onto the degenerative changes the skeleton undertakes. Normally the cranium and the pelvis are
taken into consideration when performing an age-at-death estimation; however, research has
been undertaken into using the mandible, femur, and dentition.
One of the major age assessors is the degenerative change seen on the auricular surface of the
ilium. One of the first thoughts that the degeneration of the auricular surface was due to age
related changes were proposed by Sashin in 1930. However, Schunke (1938) opposed the idea
and stated that it was in fact due to the movement of the joint. Described by Kobayashi in 1967,
he noted that there seemed to be differences present on the auricular surface between
individuals of different ages. Kobayashi (1967) examined 97 male and 45 female human skeletons
ranging in age of 10-81 years and described the skeletal changes that were appearing. After
observing the auricular surface, he noted the degenerative changes and placed them into five age
groups (18-21, 22-30, 30-40, 40-50, and 50+ years) and produced images to help with the
identification of these new age ranges. One thing to note from this would be its small sample size
and many age groups. This small sample size would mean that each group would have less than
20 males and ten females present which does not create a robust method statistically. He later
used this new ageing system to help with the palaeodemographic analysis he was conducting on
several time periods in Japan (Kobayashi 1967). In 1985, Lovejoy and colleagues (Lovejoy et al.
1985b) reviewed the descriptions created by Kobayashi (1967) and developed a more detailed
view of the metamorphic changes from reviewing material from the archaeological Libben sample
and Todd collection. Instead of the five groups proposed by Kobayashi (1967), Lovejoy et al.
(1985b) expanded it to have eight categories that pushed the older age category from “50+” to
“60+”. With this further age category, it was possible to get a better idea of what senescent life
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would have been like for the older generations within a population (for an archaeological
viewpoint) and would further help forensic practitioners to prove a more refined age-at-death
estimation for the individual. Buckberry & Chamberlain (2002) re-assessed Lovejoy et al. (1985b)
descriptions of the auricular surface as issues with their methodology had arisen, especially with
the confusion of some age stages. They stated that Lovejoy et al. (1985b) had oversimplified the
age groups which caused difficulty in underpinning a single age group when features overlap.
After they developed a new scoring system, they tested the technique on the Spitalfields sample
held at the Natural History Museum, London and found that it had a better accuracy for sex and a
higher correlation to known age than previously outlined by Lovejoy et al. (1985b). Mulhern &
Jones (2005) tested the revised method by Buckberry & Chamberlain (2002) on the Terry and
Huntington Collections held at the Smithsonian Institute (USA) and tested if there were
observable differences in not only males and females but also between white and black
Americans. They found that, similar to Buckberry & Chamberlain (2002), that no differences were
found between males and females and also that the revised technique worked well for both white
and black Americans. However, they found that the original method proposed by Lovejoy et al.
(1985b) performed better for young and middle adult stages while the revised method yielded
more accurate results for the older individuals in their sample. A re-examination of the auricular
surface morphology was undertaken by Falys et al. (2006) using the coffin plate sample of St.
Brides (held at St. Brides Church, UK). They agreed with the revised method proposed by
Buckberry & Chamberlain (2002), stating that it is more practical to use than the Lovejoy et al.
(1985b) method, however, they put forward recommendations for the revision of some age
categories to help refine the large amounts of variation found. Moraitis et al. (2014) had the same
view point of Falys et al. (2006) concerning the easier application of the revised method
(Buckberry & Chamberlain 2002) and added that because of this, it might be preferable to use for
inexperienced practitioners. They also agree with the idea raised by Hens & Belcastro (2012)
stating that the revised method is more in line with general stages in an individual’s life rather
than a specific age category.
The morphology of the pubic symphysis has been highly regarded and used proficiently as an
indicator of an individual’s age-at-death. The metamorphic changes were first developed into an
ageing method by Todd in 1920 and subsequently further described by him in 1921 (Todd 1920,
1921a, 1921b, 1921c). From these, he created a ten-phase system for age estimation which was
capped to a maximum age group of “50+” which included both black and white males and
females. Brooks (1955) undertook a test of reliability over the Todd method to which he found
that his method overaged individuals normally within their 30’s and 40’s. Mckern & Stewarts
(1957) approach to the pubic symphysis was highly criticised when they created a threecomponent system from analysing individuals from North Korea. The major criticisms put forward
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was that their method was only created and tested on the male population and only had a small
age range. After these were made apparent, Gilbert & Mckern (1973) increased the original
sample of 349 North Korean males to include 103 females from the same collection. Even with the
authors addressing the initial concerns, Suchey (1979) tested their new method on a different
sample with little accuracy. This little accuracy can be explained by only testing the method on 11
known age-at-death pubes. Meindl et al. (1985a) reviewed and revised the methods that were
currently using the pubic symphysis for age-at-death estimations. They used the skeletal sample
from Hamann-Todd (held at the Cleveland Museum of Natural History, OH, USA) to test the
original Todd (1921) method, the revised McKern & Stewart (1957)/Gilbert & McKern (1973)
method, and the regression model that Hanihara & Suzuki (1978) created. They found that they
were in agreement with a statement that McKern & Stewart (1957) made about the Todd
method, which is similar to what Hens & Belcastro (2012) mentioned about the auricular surface;
that the metamorphosis seen are more related to general life stages than actual chronological
age. However, with this they revised Todd’s ten stage method with a more in-depth description of
a better application for both the forensic and archaeological scenarios. Brooks & Suchey (1990)
evaluated and modified the morphology of the pubic symphysis into six main stages that were sex
specific ranging to the upper limit of “60+” years (Figure 3). There have been more modern
attempts to create new standards for using the pubic symphysis, for instance, Dudzik & Langley
(2015), who created a component based system that not only included the morphology of the
pubic symphyseal face (i.e. billowing) but also features surrounding it like the appearance of the
pubic tubercle. Even though their method achieved a high percentage accuracy (cross validated),
they only had three age categories with the last category having the age range of 33-40 years.
With this limited age range, it is understandable why methods such as the Brooks & Suchey (1990)
and Todd (1921) have remained popular with practitioners.

Figure 3: Male pubic symphysis showing the changes according to the Suchey-Brooks (1990) method for
estimating age-at-death. (Image adapted from Buikstra & Ubelaker 1994 pg. 24).
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Other age-at-death techniques that do not involve pelvis have also been developed, one being
ectocranial suture closure. With similarities to the pubic symphysis ageing method, Todd & Lyon
(1924, 1925a, 1925b, 1925c) conducted observations on both ectocranial and endocranial suture
closure to aid in the age-at-death estimations using human crania, and to see if a person’s sex or
ancestry caused any variation. In their first article (Todd & Lyon 1924), they stated that a trend did
exist in the progress of suture closure relating to the individual's age even though they rejected a
large number of crania from the analysis. In Todd & Lyon’s later papers (1925a, 1925b, 1925c)
they planned to compare endocranial sutures to their ectocranial counterparts and found that the
endocranial were less erratic and that the timing of the closures was more predictable than
ectocranial sutures. Considering the great popularity of this technique, it was not until 1953 when
Singer reported on how unreliable the reports produced by Todd & Lyon were (Singer 1953). This
related to the odd selection criteria that Todd and Lyon had created to where they excluded
crania that had an irregular suture closure and that females were also excluded from their original
sample. Further to this, Brooks (1955) produced an article using the methods created by Todd &
Lyon (1924, 1925a, 1925b, 1925c) on native American remains from California. He found that
closure of the sutures for females had a discrepancy of up to 25 years and for males up to 8 years.
One major disadvantage with Brooks’ 1955 study was that he was testing cranial suture closure
on an archaeological sample where known age was not available. In 1985, Meindl & Lovejoy
(1985a) published a new method of scoring the ectocranial suture closure based on crania from
the Hamann-Todd skeletal collection (Figure 4). They chose only to include ectocranial sutures
instead of the endocranial (which was preferred by Todd & Lyon) because “…ectocranial activity is
far more closely associated with extreme age (for which new forensic standards are most
needed)…” (Meindl & Lovejoy 1985a pp58). From analysing 17 sites from 236 crania, they found
that the sutures located along the lateral-anterior portion of the crania were the best for
estimating age-at-death and state that no sex or ancestry bias was observed. With the
improvement of the suture closure method, it is still a method that is considered to be highly
variable and inconsistent with its results. Therefore, should only be utilised with other age
estimation techniques (Singer 1953, Brooks 1955, Meindl & Lovejoy 1985a). Key et al. (1994)
reviewed three cranial suture techniques by applying them to the known sex and age-at-death
Spitalfields collection held at the Natural History Museum. They first applied the Acsádi &
Nemeskéri (1970) method of endocranial suture closure and found that it was a viable method for
age estimation, however only for determining if an individual is “young”, “middle-aged”, or “old”;
not for it to be used for specific age categories. From this, Key et al. (1994) applied the Meindl &
Lovejoy (1985) method and found a large difference between the scores of males and females
from the Spitalfields sample. Alongside the significant difference between the sexes, bilateral
asymmetry and a large error rate were noted when comparing the results to the known age of the
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individuals. Because of these findings, Key and colleagues (1994) highlight that Meindl & Lovejoy’s
(1985) method using ectocranial sutures was not appropriate for use on this specific sample. The
third method was created by Perizonius (1984), where by two different scoring techniques were
formulated; one for individuals younger than 50 years, and the other for individuals older than 50
years. They found that this technique was insufficient in its application when concerning the
Spitalfields sample and found that the technique for 50+ years showed no relationship with age
for the older individuals. Only 47.5% of individuals younger than 50 years were recognised as
being younger than 50 by the system designed for the younger age group. However, of the 47.5%
that was recognised, a strong relationship between the Perizonius inferred age and actual age-atdeath was noted. This correspondence was mainly due to the assessment of the endocranial
sutures rather than the ectocranial sutures. After reviewing the three methods, they state that
cranial suture closure is a viable method for age-at-death estimation, however it is best to only
use them for broad age categories, i.e. young, middle-aged and old individuals.

Figure 4: Cranium in lateral view showing ten of the 17 ectocranial suture sites. (Image adapted from
Meindl & Lovejpy 1985a pg. 60).

With the overall view of using as many indicators as possible for age-at-death estimations,
Lovejoy et al. (1985a) proposed a multivariate statistical approach that combined several
methods to estimate a skeleton of unknown age. Their technique utilised the auricular surface
(Lovejoy et al. 1985b), pubic symphysis (Meindl et al. 1985a), trabecular involution of the
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proximal femur (Walker & Lovejoy 1985), cranial suture closure (Meindl & Lovejoy 1985), and
dental wear (Lovejoy 1985a). They compared the multivariate model alongside seriation results.
They found that after the analysis of the Hamann-Todd collection, Summary Age (multifactorial
age estimation technique) had a high correlation with known age-at-death and only presented a
small amount of bias. They hypothesised that the bias was caused by the different sample sizes
between males and females which resulted in different mean age-at-death for both groups
skewing the data set (Lovejoy et al. 1985a). After the results of this test, Lovejoy and colleagues
(1985a) conclude that their multifactorial ageing technique “Summary Age” outperforms any of
the age’s based on a single indicator. In 1993, Bedford and colleagues applied the Summary Age
method onto 55 known age and sex skeletons from the Grant Collection (Toronto CA). However,
this article was followed by a string of comments regarding their claim for being able to estimate
age that was “statistically indistinguishable from those of real age” (Bedford et al. 1993 pp297)
and raised the issue with their small sample size and statistical reasoning (Fairgrieve & Oost
1995). Boldsen et al. (2002) created a new approach to using multiple indicators for age-at-death
estimation and dubbed it “Transition Analysis”. They focused on three main and well-used areas
being: the auricular surface, pubic symphysis and cranial sutures (reviewed above). The two pelvic
indicators were broken down into several components which follow a new scoring system while
scoring the ectocranial sutures followed a similar standard that has been performed for the past
50 years. A total of five cranial sutures, five components on the pubic symphysis, and nine
components of the auricular surface are to be scored for each skeleton for analysis. However,
normally when missing variables are present, multivariate analyses become difficult to use as not
a full data set is present. In the case of Transition Analysis and its basis on Bayesian statistics and
the ADBOU computer programme, analysis can still be conducted if variables are missing. Milner
& Boldsen (2012) produced a validation report using the Bass Donated Collection and individuals
from the Mercyhurst University. They found, like with Summary Age (Lovejoy et al. 1985a), using
single indicators can be detrimental to the estimation of age, especially when using cranial
sutures. Milner and Boldsen also state that their method does not work as well as they would
originally hope, but with further work (i.e. refining component descriptions for scoring) and
analysis of new skeletal samples, improvements are more than likely.

2.3.3 Ancestry Estimation
The concept of race and its validity to define human populations has been debated and
scrutinised for over a century (Ousley et al. 2009). In the past, the classification of race used
arbitrary traits such as skin colour, skeletal morphology, facial characteristics and sometimes even
behavioural traits to divide humans into three distinct biological groups: “Caucasoid”, “Negroid”,
and “Mongoloid” (Stein & Rowe 1989). Because of these distinctions of racial groups, it inspired
the idea that there existed an ideal set of characteristics which inevitably lead to discrimination,
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segregation, and racist thinking between groups (Brace 1995). Human populations are more
diverse than just the biological traits they have; they are also influenced by culture, religion and
language including their geography, making race, not just a biological concept, but also a social
concept as well (Edgar & Hunley 2009; L’abbe et al. 2013a).
Biological anthropologists are frequently asked to estimate the ancestry of skeletal elements by
those in law enforcement to aid in the identification of the unknown individual. They are also
asked to help identify ancestry in cases of repatriation of skeletal remains within both forensic
and archaeological practices. Typically, the cranium will be used to make this estimation using
metric and morphoscopic analyses and has been stated as being the best element to use for this
task (Isçan & Steyn 1999; Hefner 2009; L’Abbé et al. 2011). Giles and Elliot (1962) applied
multivariate analyses – DFA – to classify different populational groups using craniometrics to
which then lead to Howells (1973) creating a worldwide databank of cranial measurements to aid
in population variation. The most current system for ancestry estimation from cranial
measurements is the FORDISC 3.0 program (Jantz & Ousley 2005). This program takes
measurements outlined by Buikstra and Ubelaker (1994) and attempts to place the skull in one of
the many population groups the Forensic Databank has. The FORDISC 3.0 program also has access
to the Howells databank to look at a much wider geographic distribution. Even though it has the
huge popularity for ancestry estimation, it does not come without its faults. The faults can range
from an incorrect interpretation of the results or that the individual’s population is not part of the
databank (Ousley, 2015, Pers. Comms.). These faults came to attention in 2016 when South
Western Hispanics were being classified as Asian, or more accurately as Japanese (Dudzik & Jantz
2016). Alongside the metric analysis of the skull, morphoscopic observations have also been
under scrutiny and rigorous testing for their applicability to ancestry estimation. The majority of
cranial traits that are taught and used in investigations will be those outlined by Rhine (1990).
However, when observing the data, traits were not necessarily attributed to a particular
population. Hefner (2009) analysed 11 traits and created new, more refined, descriptions to help
categorise each trait and found that once applying a good statistical framework, the use of
morphoscopic cranial traits became more promising for ancestry estimation (Figure 5). Following
Hefner (2009), L’Abbé (2011) investigated the use of morphoscopic cranial traits for South African
populations. They found that using only a visual and experienced based assessment the results
were not reliable, only when under the scrutiny of a statistical framework can they be used for
estimating ancestry.
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Figure 5: Lateral view of crania showing the absence (left) and presence of a bregmatic depression (right).
(Image adapted from Hefner 2009 pg.990).

After the cranium, the mandible has been used for ancestry estimation using both metric and
non-metric analyses. Kile (1983) (found in Berg 2008) applied DFA onto 25 metric variables from
the mandible using the Terry collection to help differentiate between American Whites and
Blacks. He found that accuracies ranged between 38.5% and 76.9% depending on variables used
and state that the mandibular corpus and ramus had the best discriminatory power. Rhine (1990)
also stated mandibular traits as well as cranial traits but with the same issues as before; the
conclusions made were based on small samples sizes which created sweeping generalisations
about population affinity. Berg (2001) examined seven morphoscopic mandibular traits from
three populations but only assessed males. From this analysis, it was found that it was incorrect to
substitute Native Americans with Asians as their morphology differed greatly. This was followed
several years later when Berg (2006) who applied these ordinal scores of non-metric traits to
linear discriminant functions to determine ancestry with a leave-one-out cross-validation method.
Berg found that a two-group comparison had the best result (as expected) but when a new
comparative group was added, accuracy declined. An average of 74% accuracy was obtained
when observing two closely related groups for determining ancestry. Buck & Vidarsdottir (2004)
attempted to estimate ancestry for subadult mandibles using three-dimensional geometric
morphometrics. After obtaining 17 landmarks from five different sample populations, the crossvalidated linear discriminant functions produced ~70% accuracy for the five-way comparison. To
mimic fragmentation, Buck & Vidarsdottir (2004) split their data into two sets: the corpus and the
ramus, and found that the ramus was a better predictor of ancestry than the corpus (73% and
67% respectively).
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The assessment of postcranial elements has not been in favour for ancestry estimation as
researcher’s state that they provide inconsistent and unreliable results (Stewart 1979; Albanese &
Saunders 2006). Because of this, limited work has been conducted on how well they can perform.
Morphological characteristics of the femur have been used (Stewart 1979) to how many talar
articular facets are present on the superior portion of the calcaneus (Bidmos 2006). One of the
most well used postcranial metric analyses for ancestry estimation is the creation of the
platymeric index of the femur (Brown 2006). The platymeric index is created by taking the
anteroposterior sub-trochanteric diameter and dividing it by the transverse subtrochanteric
diameter and multiplying it by 100. The index creates “shape” information where individuals are
said to be more rounded (eurymeric) or flat (platymeric) (Brown 2006). Multivariate analysis of
postcranial elements has been undertaken; however, they are limited. Patriquin et al. (2002) and
Bidmos (2006) applied multivariate analysis on metric measurements from the pelvis and the
femur which resulted in accuracies averaging around 80%. Even though accuracies this high have
been generated, these studies are limited by their sample size and unclear definitions of
measurements taken.

2.3.4 Stature Estimation
Anthropologists and archaeologists estimate living stature of individuals using skeletal
measurements and applying them to regression formulae. When a complete skeleton is present,
the most accurate method for stature estimation is the revised Fully method (Raxter et al. 2006).
This revised method followed the same principle as the original created in 1956 (Fully 1956)
however it included some correction factors (e.g. the interaction of soft tissue) to the linear
equation (Raxter et al. 2006). Raxter et al. (2006) found that when applying the revised method,
estimates were within 4.5cm of documented stature for 95% of individuals in their sample.
However, complete skeletal remains are rare, so when incomplete remains are all that is to offer
for analysis, long bones such as the femur, tibia, and fibula can be used to provide estimates. The
long bones of the lower limb have a strong correlation between overall living stature and limb
bone length (Trotter 1970, Jantz 1992). When bone fragments are only available, researchers
have investigated the use of metacarpals (Meadows & Jantz 1992) and metatarsals (Byers et al.
1989); however, their accuracy is much lower than those of the lower limb.
When applying most stature estimation formulae, they come with a caveat stating they are
population specific, sex specific, or both, and when neither ancestry or sex can be determined
then a ‘less powerful’ formula must be used (Feldesman & Fountain 1996). Albanese et al. (2011)
tested this presumption by applying stature estimation equations within the FORDISC 3.1
computer program on American Whites and Blacks. They found that the sex specific and
population specific stature equations were comparable to those that were not population or sex
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specific. To continue testing the caution of equation specificity, Albanese et al. (2016) developed
new regression formulae based on American White and Black populations from the Terry
collection and applied them to individuals within the Forensic Data Bank and the Lisbon
Collection. They found that regardless of knowing the individual’s geographic origin or sex, that
living stature could be estimated for over 95% of their study sample (Albanese et al. 2016). With
this being said, caution must be taken, until further research on this has been undertaken using
different population samples.

2.3.5 Adult Sex Estimation
Conventional sexing of adult skeletal remains can be separated into two main categories being
metric or morphoscopic analysis. Both categories have the same sub-categories also, where they
split into either cranial or postcranial assessment. When a complete skeleton is present, a
multifactorial approach is best (Meindl et al. 1985b) by taking into account both metric and
morphoscopic/ cranial and postcranial features from the skeleton which can have accuracies as
high 98% (Meindl et al. 1985b).
When observing the skull, the Workshop for European Anthropologists published a report named
“Recommendations for Age and Sex Diagnoses of Skeletons” (1980). They table ten cranial and
four mandibular morphoscopic characteristics for sex estimation with (very) brief descriptions of
how to score each trait. From this article, the presence and expression of the glabella, mastoid
process, nuchal crest, and zygomatic process are all given equal and strong weightings for sex
estimation. As useful as having weightings attached to the morphoscopic traits, having one-word
descriptions for scoring (e.g. smooth or marked) opens up a minefield of interpretation errors and
no standard towards scoring. Another issue with this article is the lack of visual descriptions. The
Workshop for European Anthropologists (1980) are “describing” morphoscopic traits yet only
included two sketches, therefore, the remaining eight traits are left for personal interpretation,
and all four of the mandibular characteristics are also left with the same issue. In 1994, Buikstra &
Ubelaker produced a document as a set of standards for recording human skeletal material
ranging from creating a biological profile to an introduction to skeletal pathologies (Buikstra &
Ubelaker 1994). In their section for cranial morphology for sex estimation (Buikstra & Ubelaker
1994 pp 19), they focus on only five traits with descriptions and images for how to score each,
unlike the recommendations made 14 years prior. These five traits (nuchal crest, mastoid process,
supra-orbital margin, supra-orbital ridge/glabella, and the mental eminence) each were given a
five-scale scoring system where a score of “1” would be defined as definite female, “3” as being
ambiguous, and “5” as definite male (Figure 6). In 2008, Walker (2008) took these descriptions
and illustrations and applied them to multivariate analysis to see how well these traits were at
discriminating sex. Walker (2008) collected data from 304 individuals from the Hamann-Todd
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collection (American White and Black), Terry Collection (American White and Black), and Saint
Brides Church (UK). He found that applying the descriptions from Buikstra & Ubelaker (1994) to
logistic regressions; accuracies ranged between 84%-88% for correct classification depending on
the number of variables used. With the need to create population specific equations for South
African individuals, Krüger et al. (2015) applied the descriptions from Buikstra and Ubelaker
(1994) to a sample of South African White and Black skulls (N=245). After the data had been
collected, they were applied to Walkers (2008) logistic regression equations. Using the equations
from Walker (2008), an accuracy of 68%-84% was achieved, however, when both sex and ancestry
was taken into account, females were misclassified more often than males. With this issue, Krüger
et al. (2015) created new population specific equations using ordinal logistic regressions where
accuracies were 80% or higher depending on the variables used. Alongside the ordinal logistic
regressions to estimate sex, Krüger et al. (2015) collected 19 craniometric variables and applied a
polyserial correlation to assess the relationship between the craniometric variables and the five
morphoscopic variables. They found that scores for the glabella were highly correlated (strong
and positive) with the craniometric variable BNL and the mastoid process was highly correlated
(strong and positive) with the measurement MDH.

Figure 6: Morphoscopic scoring of the cranium. (Image adapted from Buikstra & Ubelaker
pg. 20).
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When only using metric analysis of the skull, the Workshop for European Anthropologists (1980)
reported two equations that were derived from DFA. They provide the cranial DFA equation
created by Giles & Elliot (1963) and Giles (1966, 1968) which used eight variables and was created
from White American individuals from the Terry Collection (USA). The report states that the
misclassification percentage as 13.4% and also provides the sectioning points for males and
females. The Workshop for European Anthropologists (1980) provided one metric illustration but
included the definitions for each measurement that needed to be taken. Even though they only
provided one equation which can only be used for one population, they do provide information
on who had created multivariate equations for other populations. Alongside the cranial equation,
the Workshop for European Anthropologists (1980) highlight an equation that can be used for
mandibular measurements that were formulated by Giles (1964). This equation was also created
using White American individuals from the Terry Collection (USA) and includes three variables
that need to be collected. Spradley & Jantz (2011) questioned the idea that the skull is the second
best indicator for sex estimation, with the pelvis coming in first place. They evaluated over 500
individuals from the Forensic Databank and created a different multivariate equation for several
individual skeletal elements. They found that when using the cranium, eight variables were
chosen from the stepwise-discriminant analysis for American Whites and 11 variables were
chosen for the American Black equation. For the White American sample, an accuracy of 90.64%
was found and 90.01% for Black individuals. For Black Americans, the cranium was fifth best out
of 14 equations, where the humerus resulted in an accuracy of 93.84%. The cranium was eighth
best for American Whites, and the best skeletal element was the radius for sex estimation with an
accuracy of 94.34%.
Postcranial sex estimation normally involves metric analysis of long bones (e.g. humerus and
femur). The most highly used metric measurements taken for sex estimation using the femur are
on the femoral head (Asala 2001). One of the first examples of how the femur could be used as a
sex indicator in Britain was done by Parsons (1914). Parsons (1914) used a British-Medieval
sample (n=300) and took multiple measurements including maximum femoral length, the
diameter of the femoral head and maximum antero-posterior diameter of the femoral shaft.
Parsons (1914) found that the maximum diameter of the femoral head was the most useful due to
its availability in archaeological remains. Parsons (1915) refined his previous method using a
modern population. He found that 65% of the femora could be correctly sexed with just the
vertical measurement of the femoral head; the rest would need further femoral measurements
taken to aid in the estimations. He concluded that this updated method should give an accuracy
of 91% - 92%. Steel (1964) took Parsons (1915) research and attempted to create new formulae
into sexing using long bones. He concluded that even though Parsons states that the femoral head
is the best indicator of sex, it is, in fact, the bicondylar width of the femur that is more sexually
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dimorphic. Steyn & Iscan (1997) thought it was best to use not only the femur but also the tibia to
estimate sex using osteometric analysis. The analysis that included measurements based on
“width” and “circumference” dimensions yielded better sex classification than measurements that
only incorporated “length” dimensions (Steyn & Iscan 1997). Circumstances in South Africa
resulted in the need to identify individuals using only fragmentary remains. Asala (2001) found
that the femoral head had symmetrical benefits and did not show any bilateral asymmetry. Asala
(2002) looked at the demarking points for males and females on the femoral head to see if a
higher accuracy could be achieved than individuals from south eastern Nigeria with original
accuracies ranging between 29.6 to 55.1% (Asala 2002). Sadly, Asala (2002) reported accuracies of
32% was found for both white and black South Africans. Purkait (2003) suspended the femur in
“life position” and collected four measurements from the proximal portion. Purkait (2003)
managed to achieve an accuracy as high as 92.1% for identifying sex by using the vertical and
horizontal diameter of the femoral head. The femur can be used not only in modern forensic
investigations but for a prehistoric context also (Murphy 2005). Murphy’s (2005) article showed
that accuracies ranging from 80.9 – 82.4% can still be achieved with the use of discriminant
function analyses; however, this is based off other assessments rather than known sex. The use of
radiographs has now been incorporated into sex identification (Harma & Karakas 2007; Kranioti et
al. 2011). Harma & Karakas (2007) used radiographs and managed to correctly sex 77% of the
sample just by observing the vertical diameter of the femoral head, with the use of the student t
test.
The human pelvis has been highlighted as being the best skeletal element for sex estimation.
Metric analysis of the pelvis normally relies on the principals that females have bigger pelves than
males due to the additional functional pressure’s females have (Tague 2000). Patriquin et al.
(2005) studied 400 specimens from the Raymond A. Dart and Pretoria Skeletal collection to
understand the sex differences between South African black and whites pelves. They took nine
measurements across the os coxa and were chosen for their: expected sexual dimorphism,
landmarks that can be easily identified for measuring, and for their likeliness to be present when
fragmentation has occurred. From the nine measurements, they applied stepwise and direct DFA
and created six functions for South African Whites and South African Blacks. When all
measurements were used, accuracy ranged from 90% -98% of the two samples once the crossvalidated procedure had been implemented. Accuracies did drop quite dramatically when the
other five functions were used. These five functions were created by grouping measurements that
were close to each other, i.e. Function 2: Sciatic Notch – Sciatic Notch Width and Sciatic Notch
Depth. This second function had a much lower accuracy of ~75% for both sample populations
(Patriquin et al. 2005). Even though Patriquin and colleagues created these equations for sex
estimation, they did not investigate how the equations would perform if ancestry were unknown.
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Steyn & Iscan (2008) measured 192 os coxa from Heraklion (Crete) to try and establish a specific
metric sexing equation for a contemporary Greek population. They originally had 15 variables that
were taken from the os coxa and sacrum and applied a step-wise DFA to establish the
measurements that were the ‘most sexually dimorphic’. The remaining six functions were created
by focussing on certain areas of the pelvis, e.g. the Sciatic Notch by applying only certain variables
to a “direct” DFA analysis. The best function for sex estimation was from the stepwise DFA where
six variables were chosen (Acetabular Diameter, Sciatic Notch Breadth, Total Height, Pubic Length,
Ischial Length, and Pubic Tubercle-Acetabulum Length) and resulted in a cross-validated accuracy
of 93.5%. From the remaining six functions, “Function 2” had the greatest accuracy of 89%
(variables from the pubis and ischium) and “Function 5” had the lowest accuracy of 59.4%
(variables taken from the sacrum). To test the idea of population specificity, Steyn & Patriquin
(2009) assessed seven pelvic measurements from two modern day South African samples and one
contemporary Greek sample from Crete. Steyn & Patriquin (2009) created five discriminant
function equations for each of the three samples and then combined all three samples together
and repeated the analysis to compare the results. From the first round of analysis (when the
samples were evaluated separately) they achieved average accuracies of 93.5% - 94.1% when all
measurements were included. This result falls within previous accuracies found by Patriquin et al.
(2005). As fewer variables were included, accuracies did decrease. These results again mirror that
of Patriquin et al. (2005) where accuracies were between 73% - 79%. When all three samples
were pooled together, accuracies did not vary greatly between the individual analyses. From
these articles, when all measurements were not present, using variables from the pubis and
ischium were better at discriminating sex than those located near the acetabulum and greater
sciatic notch (Patriquin et al. 2005; Steyn & Patriquin 2009). Gómez-Valdés et al. (2011) created
several discriminant function equations for sex estimation based on a contemporary Mexican
sample from the National Autonomous University of Mexico. A total of 24 metric measurements
were taken from both coxal bones and the sacrum resulting in three groupings of equations (left
os coxa, right os coxa, and sacrum). From the step-wise DFA analysis, four equations were created
for each os coxa where if all (four) variables were used then accuracy could range between 97.9%
(left os coxa) and 99.1% (right os coxa). These equations included variables from across the os
coxa such as total pelvic height, transverse acetabular diameter, pubic length, and iliac width.
When observing the sacrum, three variables were chosen: anterior-posterior diameter of the
base, transverse diameter of the base and anterior superior breadth of the sacral body, resulting
in an accuracy of 86.8%. Accuracy dropped by 11% when the anterior-posterior diameter of the
base was not used alongside the other two variables. Moving away from dry remains, Decker et
al. (2011) evaluated the use of collecting measurements from 3D CT pelvic models from living
patients. They originally took 12 distance measurements and two angles from the reconstructed
37

pelves and ran a Pearsons Correlation Coefficient to determine which variables would be the best
at predicting sex. From this analysis, four variables were chosen: innominate height, greater
sciatic notch angle, subpubic angle, and transverse pelvic outlet. From these four variables, a
binary logistic regression was used to predict sex which resulted in a 100% accuracy for both
males and females. Instead of ending the research at that point, Decker et al. applied their sample
(60 males and 40 females from patients at the University of South Florida College of Medicine) to
the inbuilt postcranial sex estimation package in Fordisc 3.0. For this to run, seven variables were
chosen and an accuracy of 86% was achieved where females were classified more successfully
than males (98.3% and 67.5% respectively). Considering that Decker and colleagues achieved a
perfect result, it can be said that they ‘cherry picked’ the best variables for the job – it would be
interesting to see how well the other variables would estimate sex. Another issue would be the
comparison between their binary regression and the results from the Fordisc 3.0 output. Only one
variable remained the same between both analyses (the innominate height), which begs the
question “Can you compare these results?”
Nagesh et al. (2007) looked at investigating an index that took into consideration the pubis (seen
previously to be a good sex assessor) and the acetabulum for sex estimation in a South-Indian
sample. They took the pubis length and acetabulum diameter and created an index value. Once
the index was calculated, an identification point and “demarking point” was established. When a
sectioning point was used to estimate sex, an accuracy of 81% for females and 83% males were
found. Accuracy did decrease when using the identification point where the majority of accuracies
were found between 53% for males and 48% for females. Accuracy took an even more dramatic
decline when the demarking point was used where only 17% of males and 26% of females were
correctly identified. There are some issues with this article being the terminology used (gender
and sex are used interchangeably) and also descriptions/illustrations created for data collection
(Page 306 Figure 1. Photograph of a penned outline of an os coxa on creased paper). Nagesh et al.
(2007) also did not provide an inter-observer error analysis.
Chapman et al. (2014) applied the Diagnose Sexuelle Pobabiliste (DSP) tool, created by Murail et
al. (2005), onto 49 dry pelves from the Body Donation Programme of the Université de Bruxelles
however sex was not known. They compared visual assessments to the measurements defined by
DSP to assess how well the DSP tool estimated sex. When comparing the visual assessment to the
manual measurement taking for DSP variables, there was a 94% agreement between the two.
From here, they compared the manual taking of DSP measurements to virtually measuring CT
scans of the same individuals and found a 100% agreement in sex assignment. One of the benefits
of the DSP tool is that its database contains 2040 individuals from 12 different reference
populations (Murail et al. 2005).
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Benazzi et al. (2008) used a novel approach of using the profile of the acetabulum to estimate sex
for forensic cases due to its robusticity. They used AutoCAD to draw the profile of the acetabular
rim and created four variables: area of the acetabular profile’s internal surface, acetabular
perimeter, the difference in max and min values along the y-axis, and the difference in max and
min values along the x-axis. After applying step-wise discriminant function analysis and using all
four variables, a 94.9% accuracy for males and a 97.7% accuracy for females was achieved. Even
though such a high accuracy was achieved for both males and females, the amount of time it
would take to extract the relevant information would be large. Macaluso Jr. (2011) used a very
similar method for assessing pelvic remains from the George Olivier Collection housed at the
Musée de l’Homme (France). The acetabular rim was recorded using ImageJ, and three variables
were collected: Acetabular diameter, area, and perimeter. From here, both DFA and Logistic
Regressions were created to assess how well these three variables were for estimating sex.
Macaluso Jr. (2011) only used univariate models for both the statistical tests as accuracies did not
increase when the other variables were used. With this is mind accuracies did not exceed the 90%
margin like the Benazzi et al. (2008) study. From applying photogrammetry to collect metric
variables, Gonzalez et al. (2009) used 2D images of dry pelvic bones and applied Geometric
Morphometric analysis to estimate sex. They used a sample of 121 left os coxa from the Coimbra
Collection (Portugal) and focussed their analysis on two areas: the greater sciatic notch, and the
ischiopubic complex. For the greater sciatic notch, two landmarks were placed (the base of ischial
spine and the piriform tubercle) to which 14 semi landmarks were placed. The same procedure
was used for the ischiopubic complex where two landmarks were used to place another 25 semi
landmarks. Using this data, a k means cluster analysis was used where accuracies ranged between
90% to 95% depending on if the two areas were analysed separately or combined. When shape
and size were both taken into account, a much greater range in accuracy was found, ranging from
87.6% to 95.86%. Overall accuracy increased for the “shape” and “shape and size” variables when
both areas were applied to a DFA (94.2% and 90.09% correct classification, respectively).
When estimating sex, visual observations are widely used in archaeological and forensic cases and
are often termed as morphoscopic, morphological, or non-metric analysis. This type of analysis
has been argued to be very subjective and needs a high amount of user experience to be properly
used. Even with these negatives, there has been a drive in trying to make them less subjective
with clear definitions of how each trait will look along the scale of male to female (Klales et al.
2012). The most famous and well used non-metric technique for sex estimation is the Phenice
technique (1969). Phenice (1969) utilised three traits, the subpubic concavity, medial aspect of
the ischiopubic ramus, and the ventral arc) From its simplicity, other techniques did become
apparent like the Bruzek method (Bruzek 2002). Bruzek developed a three-score procedure for
five areas of the pelvis using two European collections (France and Portugal). The five areas
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focussed on the morphology of the true pelvis, to which three assessments (bar one) were to be
made (Figure 7). Bruzek achieved an overall accuracy of 95% with 3% of the sample being classed
as unknown, and the remaining 2% being incorrectly sex. This technique states that it uses a
three-point scale system rather than a five-point ordinal scale because it is less subjective and
shows the “inherent variation seen in pelvic morphology” (Bruzek 2002: pg. 167). Sadly, no
observer error was reported. Listi (2010) observed 21 morphoscopic sexing variables using three
osteological collections in the USA (William M. Bass Donated Collection, Robert J. Terry
Anatomical Skeletal Collection, and the Donated Collection at Louisiana State University) in the
hope to assess if there were any racial differences in how the traits presented themselves and if
that would affect sex estimation. The 21 morphoscopic traits included variables outlined by
Phenice (1969) and Bruzek (2002). From using two observers, they found that there was a slight
difference in scoring between males for two of the traits (shape of the pubic bone and external
eversion) and four traits for female specimens (ventral arc, negative relief of the preauricular
sulcus, presence/absence of the preauricular, and the existence of grooves/pits in the

preauricular area). For their main hypothesis, “Does ancestry affect sex assessment?”, they found
that these traits showed very little difference between American whites and blacks.

Figure 7: Scoring of the composite as described by Bruzek (2002). Left image shows female morphology
and the right shows the male morphology. (Image adpated from Bruzek 2002 pg. 161).

40

Novak et al. (2012) used the William M. Bass Donated Skeletal Collection and the Terry Collection
to analyse individuals from European and African ancestry to assess how well the posterior ilium
is for sex estimation. They used the elevation of the auricular surface, the presence of the
preauricular sulcus, and the width of the greater sciatic notch. Sadly, no description (except a
brief definition of how to score) for the elevation of the auricular surface was provided therefore
repeating the study would be difficult. They compared accuracy results to a logistic regression
formula to see if combining the traits would increase the accuracy. They found that using the
logistic regression did increase accuracy compared to the univariate analysis by 6%, resulting in an
overall 94.9% accuracy. The elevation of the auricular surface had the third highest accuracy
(79.3%), yet it was nearly 10% lower than the sciatic notch (88.4%). Wescott (2015) defined the
elevation of the auricular surface and was scored as either being completely elevated, partially
elevated or nonelevated; complete elevation was a female expression, and nonelevation was a
male expression. When only this trait was used, an accuracy of 83.1% was achieved however a
large bias between the sexes was apparent. Male accuracy was near perfect with only one male
being incorrectly sexed while females were only sexed ~67% of the time.
The following section describes the morphoscopic traits of the pelvis that are most well used by
researchers and practitioners alike.

2.4 Morphoscopic Sexing Traits of the Pelvis
2.4.1 Greater Sciatic Notch
The greater sciatic notch starts at the sacroiliac joint and finishes distally on the ischium forming
the ischial spine. This area is home to several ligament attachments such as the anterior sacroiliac
ligament and the sacrospinous ligament. Throughout the literature, it has been described as
showing a high degree of sexual dimorphism and is often used by anatomists, anthropologists and
archaeologists alike to aid them in the diagnosis of sex.
The sexual dimorphism for the notch is described to be narrow in males and wide in females
(Lazorthes & Lhez 1940, Jovanovich & Zivanivich 1965, Glanville 1967, Singh & Potturi 1978)
(Figure 3). From the general description of the notch’s angle, Acsádi & Nemeskéri (1970) created a
5-point grading system to assess the sexual dimorphism between males and females and
integrated it into their ‘complex method’ for sex estimation. From there, the European meeting of
Anthropologists (1980) and Buikstra & Ubelaker (1994) adapted Acsádi & Nemeskéri’s (1970)
descriptions in an attempt to standardise osteological techniques to sex estimation. Walker
(2005) published his results on the descriptions from Buikstra & Ubelaker (1994) and found that
88% of females exhibited the extreme morphology of “Grade 1”, whilst males showed more
variation with 91% ranging from the ambiguous score of “3” to the hyper masculine score of “5”.
Gómez-Valdéz et al. (2012) applied the Walker (2005) descriptions on a modern Mexican
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population to find similar results. The majority of females were deemed to be in the hyper
feminine score of 1 while males showed more variation and spanned the ordinal scale.
From applying visual methods, researchers have attempted to ‘metricise’ the greater sciatic notch
by calculating the angle and linear measurements (MacLaughlin & Bruce 1986, Singh & Potturi,
1978). Also, researchers have investigated its morphology using geometric morphometric
methods (Gómez-Valdés et al. 2012, Velemínská et al. 2013). When applying a geometric
morphometric approach, Gómez-Valdéz et al. (2012) found an accuracy of more than 80%.
However, further work needs to be done for this method to become normal practice. One of the
issues with this approach is the length of time it takes to analyse each specimen; hence the
‘classic’ visual technique of scoring is preferred in both archaeological and forensic cases.
The morphology of the greater sciatic notch is also one of the preferred sexing techniques
because of it robusticity and likelihood of survival. Waldron (1987) and Stojanowski et al. (2002)
observed the rate of preservation of skeletal elements from different archaeological assemblages
and found that when focussing on the pelvic bones, the sacroiliac joint was preserved at a much
higher frequency than the os pubis.

Figure 8: Left: Os coxa of female showing a wide greater sciatic notch. Right: Os coxa of male showing a
narrower greater sciatic notch. (Images adapted from Forensic Anthropology Training Manual 2nd ed.
2007. Page 122).
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2.4.2 Preauricular Sulcus
The preauricular sulcus, or paraglenoid sulcus, is located on the inferior portion of the sacroiliac
joint of the pelvis. The main ligament attachment is the anterior sacroiliac ligament. The sulcus is
an important landmark for sex assessment due to its preservation potential in both archaeological
and forensic material. Because of its good preservation, it is commonly used in
palaeodemographic studies to help in sex estimations of skeletons (Ubelaker & De La Paz 2012).
Even though the sulcus has been greatly researched and scrutinised (Zaaijer 1866, Derry 1911,
Hoshi 1961, Angel 1969, Acsádi & Nemeskéri 1970, Houghton 1974, Houghton 1975, Ubelaker &
De La Paz 2012) its aetiology is still unknown. Also, researchers are still unsure as to why there is a
difference in morphology between males and females and if it is a sign of parity in females.
It was first described in 1866 by Zaaijer (1866) when analysing and describing known skeletal
material from Java. Zaaijer (1866) found that the sulcus preauricularis was present in 23 of the 26
females he analysed and hypothesised the cause of the sulcus was due to the anterior sacroiliac
ligaments. Derry (1911) stated that the sulcus preauricularis was found more commonly in
females than in males.
The preauricular sulcus has primarily been studied to see if it is a marker for parity/childbirth or
not. Angel (1969) suggested that preauricular sulcus can not only give information on if the
female had given birth but also allude to how many children the woman had bore. With this
publication, its popularity as a parity indicator grew and Acsádi & Nemeskéri (1970) created an
ordinal scale to assess the severity of the sulcus. The more the severe the sulcus, the more likely it
would be female. With this, Houghton (1974, 1975) continued research into the preauricular
sulcus and described that there were two types of sulci. The groove of parturition (GP) which
were only found in parous females; and the groove of ligamentous attachment (GL) which were
found in both nulli/parous females and males. Individuals that did not have a GP or GL groove
were more likely to be male. With the research into the question of whether the sulcus was a
parity indicator, Tague (1988) investigated the hormones and enzymes that cause bone resorption
and pitting in both human and non-human mammals. He compared the resorption between three
Amerindian populations and samples of Gorilla gorilla and Pan troglodytes and concluded that it is
highly unlikely to be a parity indicator. Spring et al. (1989) looked at abdominal radiographs from
living individuals to not only observe if the sulcus can be seen radiographically but also its possible
relationship to parity. They found that only 15% of females showed signs of having a groove and
for those that had a groove, a deep sulcus was present in both parous and nulliparous females.
When looking at the preauricular sulcus for sex diagnosis, Hoshi (1961) concluded from his sample
of modern Japanese specimens that the mere presence of a sulcus is not indicative of sex.
However, when observing the morphology of the grooves, he found two distinct types of groove.
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The ‘Cavity Type’ being more frequent in females and the ‘Furrow Type’ found more frequently in
males. These grooves were later described by Houghton (1974) as GP and a GL grooves. When
observing the morphology of the sulcus, Bruzek (2002) observed three different characteristics of
the preauricular area. Even though the Bruzek (2002) approach is considered more complex, it
yields a better classification of the sexes and doesn’t fall into the controversial subject of parity.
Figure 4 illustrates the scoring method set out by Milner (1992).

Figure 9: Illustrations of the different types of preauricular sulcus. (Image adapted from Standards for
data collection from human skeletal remains: proceedings of a seminar at the Field Museum of Natural
History. 1994. Page 19).

2.4.3 Subpubic Angle
The subpubic angle is created when both pubic bones are placed together in correct anatomical
position. While in the living person they are separated by hyaline cartilage, in dry skeletal analysis
both sides touch. The angle is then formed by the inferior pubic rami.
Normally, the subpubic angle is used as a metric assessment and defined as being greater than
90° in females and less than 90° in males (Rösing et al. 2007). However, when assessing modern
day Egyptians, Abd-El-Hameed et al. (2012) found that the angles were much larger. If an
individual had an angle less than 111.64°, it was a male (with a 74% accuracy), and those greater
than 127.31° were female (with an 86.7% accuracy). This is a much higher accuracy than those
seen in the study conducted by Igbigbi & Igbigbi (2003). They calculated the demarcation point for
the angles at <80.53° for males and >136.10° for females. Given this wide range left in the
indeterminate range, accuracies were as low as 31.82% for males and 10.53% for females, which
can be described as being worse than ‘flipping a coin’. Igbibgi & Igbigbi (2003) explain that this is
due to the high amount of variation found within the Ugandan sample, another factor could be
the use of a demarking point method. Msamati et al. (2005) study resulted in a much higher
accuracy which averaged at ~65%. This vast improvement over Igbibgi & Igbigbi (2003) is most
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likely due to a better-defined sectioning point for males and females alongside a much narrower
indeterminate range.
Despite the work done on the metric analysis of the angle, anthropologists still visually score the
angle. In the publication from the Workshop of European Anthropologists (1980), it is described
as being the third best morphoscopic feature to use for sex diagnosis (Figure 5). They recommend
scoring the angle using a similar method devised by Acsádi & Nemeskéri (1970) on a five-point
ordinal scale. Rogers & Saunders (1990) applied a simplified version of the grading system and
established that if the angle were more of a ‘U’ shape, the individual would be female, and if it
was more ‘V’ shaped, then it was male. After analysing 49 os coxae from a 19th-century cemetery,
they found that the subpubic angle had an overall accuracy of 83.8% (N=37) when they used the
simplified version. The ‘simplified’ criteria for the subpubic angle has also been used in forensic
cases and has been recommended as one of the best traits to use for sex identification (Durić et
al. 2005, Sidler et al. 2007).
The vague descriptions for the subpubic angle mean that its analysis is open to interpretation; and
yet it is still one of the most applied morphoscopic techniques to estimate sex. Researchers have
concluded that the main difference between male and female morphology is due to females
having the ability to give birth. Obstetrical studies have shown that a wider angle is ‘better’
adapted to childbirth (Tague 1992, Kurki 2007, 2011, 2013a, 2013b). From this, researchers have
used the subpubic angle for sex estimation of fossil hominid remains, such as AL-228-1
(Australopithecus afarensis) (Tague & Lovejoy 1986) and BSN49/P27 (Homo erectus) (Simpson et
al. 2008) and LB1 (Homo floresiensis) (Jungers et al. 2009). The five-point scoring method was
applied to fossil, and modern anatomical human remains for sex estimation to aid in a
multivariate analysis for sex estimation (Rennie et al. 2015). Rennie et al. 2015 found that the
subpubic angle was one of the most influential sex indicators from the other seven morphoscopic
traits studied.

Figure 10: Left: Female os coxae showing a wide “U” shaped subpubic angle. Right: Male os coxae showing
a narrow “V” shaped subpubic angle. (Image adapted from The Human Bone Manual. 2005. Pages 415416).
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2.4.4 Obturator Foramen
The obturator foramen is formed by the interior borders of the pubis and ischium. The obturator
foramen houses several soft tissue structures such as the obturator membrane which allows the
obturator artery, vein and nerve to pass through the canal. Superiorly to the membrane lies the
obturator groove to which the vessels pass. The obturator membrane attaches to two tubercles
on the foramen, the posterior and anterior obturator tubercle. The posterior tubercle is located
along the medial border of the ischium, while the anterior tubercle lies in the superior ramus of
the pubis.
Sexual differences have been described by many authors (i.e. Schaeffer 1953, White & Folkens
2000, Standring 2008). The differences include the foramen tending to be large and oval in males
and relatively smaller and more triangular for females (Figure 6). These descriptions have not
changed in nearly 200 hundred years of medical/anatomical research since it was first described
in the late 18th Century by Ackermann (1788).
Considering this long history, very little work has been undertaken into why the obturator
foramen is sexually dimorphic, and there have been little to no updates on the descriptions of the
oval and triangular classification.
The Workshop for European Anthropologists (1980) gave the recommendation of a five-point
grading system that could be used to score the sexual variation a given skeleton has along with
other morphoscopic features. Rösing et al. (2007) also recommended the visual assessment of the
obturator foramen for forensic identification as well as an intermediate weight as to how well it
performs as a sex indicator. Rogers & Saunders (1994) used a multitude of morphoscopic sexing
traits to assess which combinations diagnose sex with the highest accuracy. They found that
combining the obturator foramen with the ventral arc or the true pelvis shape the accuracy was
as high as 98%. This ranking of the obturator foramen within the top five traits used for sex
determination contradicts results by St. Hoyme (1984) who stated that the foramen had very little
value when considering it a sex indicator.
Metric analysis has also been conducted to help create a more ‘standard’ approach to assessing
the shape of the foramen. Quantitative analysis was first attempted by Martin (1914) who used
four reference points to create an index for sexual differences. Martin (1914) found accuracies of
~65%.
With the advancement of statistical tests, Bierry et al. (2013) applied a Fourier analysis to assess if
there was any truth behind the obturator foramen shape differences between males and females.
They used Computerised Tomography (CT) images from the virtual collection at the University
Hospital in Strasbourg (France). When applying this multivariate approach with the addition of a
Discriminant Function Analysis, an overall accuracy of 84.6% was achieved.
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For this technique to be used further, better images of the shape change with detailed
descriptions are needed so that it can be used more effectively by anthropologists, archaeologists,
and anatomists alike.

Figure 11: Left: Female os coxa showing a triangular obturator foramen; Right: Male os coxa showing a
rounder obturator foramen. (Illustrations created by author).

2.4.5 Shape of the Pubic Body
The pubic body (Corpus ossis pubis) is the attachment site for several ligament attachments along
with the union of the two pubes with the pubic symphysis. This feature has been described as
being high in sexual dimorphism between males and females. It is described as being wide and
rectangular in females and smaller with more of a triangular/wedge shape in males (Figure 7).
The shape of the pubic body was investigated by Rogers & Saunders (1994) who followed the
descriptions set by St. Hoyme (1984) on the corpus morphology. Rogers & Saunders (1994) found
that as a stand-alone sex indicator, it could correctly identify sex with an 86.2% accuracy (N=36).
This trait was ranked sixth out of the 17 that were tested by Rogers & Saunders (1994). Listi
(2010) extracted the information from the St Hoyme (1984) and the Rogers & Saunders (1994)
publications and applied the descriptions to American White and Black skeletal populations from
the William M. Bass Donated Collection (University of Tennessee, USA), Robert J. Terry
Anatomical Skeletal Collection (National Museum of Natural History, USA) and the Donated
Forensic Collection (Louisiana State University, USA). Listi aimed to assess differences between
American White and Black individuals and found that the morphology of the pubic body was
stable between the two populational groups.
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Differences between males and females have been noted in other species as well, and not just in
primates. Zammit et al. (2013) described the sex difference in pelvic morphology within two
otariid species (Sea Lions). They discovered that the reverse morphology was evident when
focusing on the pubic body. Males presented a rather large square body while its female
counterpart had a much smaller body. However, they never concluded why a difference was
present in the species.

Figure 12: Left: Female os pubis with a broad corpus; Right: Male os pubis with a smaller, wedge shaped
corpus. (Image adapted from Anderson 1990, page 450).

2.4.6 Ventral Arc
The ventral arc has been used for the basis of sex determination in human skeletal remains for
over 50 years. Located on the ventral surface of the Corpus pubis it can be seen medially, close to
the pubic symphysis. Considering its common use, the anatomical description of the ventral arc
and its attachments were not fully outlined until 1990 (Anderson 1990, Budinoff & Tague 1990).
Before then, Todd (1920) stated that the ventral arc was the line of attachment for the gracilis
muscle, followed by Buikstra & Mielke (1985) who said that the ventral arc was related to the crus
penis and crus clitoris. Bass (1987) described it as the attachment of the arcuate ligament. From
their dissections, Budinoff & Tague (1990) concluded that the tendons from the gracilis and
adductor brevis attach to the ventral arc. From there, Naňko et al. (2007) and Šedý et al. (2008)
concluded that the reason for different yet similar morphology is due to how the nervus dorsalis
penis/clitoridis are situated along the os pubis.
Phenice (1969) used the ventral arc to create his technique for sex estimation from the os pubis
(with two other anatomical features). He described the female expression of this feature as a
“slightly elevated ridge of bone which extends from the pubic crest and arcs inferiorly across the
ventral surface to the lateral most extension of the subpubic concavity where it blends with the
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medial border of the ischiopubic ramus.” (Phenice 1969: 298) (Figure 8). The male expression was
the absence of this ridge or presence of something similar. The latter was described as the ridge
of bone extending from the pubic crest inferiorly and run parallel to the medial border of the
symphysis. Rogers & Saunders (1994) evaluated the trait, and pre-emptively placed it as one of
the most reliable traits to be used for sexing. They found that when it was used as a single trait, it
yielded an accuracy of 86.9%. When combined with the obturator foramen it could estimate sex
at a 98% accuracy. Klales et al. (2012) redefined the descriptions originally set out by Phenice
(1969) and also created a new scoring system for the ventral arc morphology. Instead of it being
male, female, or ambiguous; it was scaled to a 1 to 5 system that described the morphoscopic
changes from “typical male” to “typical female”. With the new descriptions, an accuracy of 88.5%
was achieved when used on its own. However, when combined with either of the other two
Phenice traits, accuracy increased to greater than 90%. Because of the new description, the
confusion between the ‘ridge of bone’ that can be present in both males and females has been
addressed and incorporated into the Klales et al. (2012) ventral arc description.
An investigation into if the trait could be observed on digitised remains and still yield a high
accuracy like on real remains was conducted by Gamble et al. (2011). Gamble et al. (2011) used
CT scans, surface laser scans and real specimens to assess morphoscopic sexing techniques. They
found that the intra and inter observer accuracies did not change drastically between the digital
and real specimens.

Figure 13: Left: Female os pubis showing the presence of a ventral arc; Right: Male os pubis showing the
absence of a ventral arc. (Image adapted from Anderson 1990, page 450).

2.4.7 Subpubic Concavity
The morphology of the subpubic concavity was first described as being sexually dimorphic by
Phenice (1969) when he combined this trait with the ventral arc and the medial aspect of the
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ischiopubic ramus. The subpubic concavity refers to the area lateral to the pubic symphysis on the
ischiopubic ramus (Buikstra & Ubelaker 1994). Phenice (1969) described the female morphology
as having a lateral recurve below the pubic symphysis when viewing the pubis and ischiopubic
ramus dorsally. Males tend not to have this “recurve” present but, like the ventral arc, males can
present a small amount of “recurve” however this morphology is uncommon (Figure 9).
When looking how the subpubic concavity should be weighed in accordance to other traits,
Rogers & Saunders (1994) placed it as being one of the most effective based on the results from
Phenice (1969). When analysed, it achieved an accuracy of 83.8% (N=37) and was ranked ninth
best trait from an original 17 traits analysed. When paired with sacrum shape, accuracy
dramatically increased to 95%. Similar to Rogers & Saunders (1994) weighting of the trait,
Kjellström (2004) noted it as one of the strongest, alongside the greater sciatic notch and ventral
arc.
Arsuaga & Carretero (1994) analysed ten non-metric indicators of sex from 418 pelves from the
known age and sex Coimbra Collection (Portugal) and found that when using Phenice’s (1969)
description, the overall correct classification was 88.6%. The trait performed much better for
males (95.8%) than it did for females (77.6%).
Klales et al. (2012), updated the original description made by Phenice (1969), referring to it as the
subpubic contour and created a scoring system from 1 to 5 to help explain the “recurve” of the
concavity as it goes from most male to most female. When applying the new scoring system to a
logistic regression analysis, an overall accuracy of 86.6% was found. Contrary to Arsuaga &
Carretero (1994), they found that the subpubic contour was better at correctly classifying females
(90.4%) than males (82.8%). This flip in which sex performed better between Klales et al. (2012)
and Arsuaga & Carretero (1994) could be explained by the new grading system that Klales et al.
(2012) implemented and/or the different sample used (one American, the other European).
Gamble et al. (2011) assessed the observer error between scoring the trait on real specimens and
its virtual counterpart. They found that the subpubic concavity performed the best with an almost
perfect repeatability score.
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Figure 14: Left: Female os pubis presenting a concave Ischiopubic ramus; Right: Male os pubis with no
subpubic concavity. (Image adapted from Anderson 1990, page 450).

2.4.8 Medial aspect of the Ischiopubic Ramus
The ischiopubic ramus is located on the dorsal surface of the pelvis. Phenice (1969) described the
male form to have a broad surface on the ramus directly beneath the symphyseal surface of the
pubis. In contrast, females were described to have a ridge along the ramus that presents more of
a ‘pinched’ look (Figure 10). It is important to note that Phenice (1969) does state that there is a
slight overlap between the male and female forms.
Using the descriptions set by Phenice (1969), Arsuaga & Carretero (1994) gained an overall
accuracy of 76.7% when they applied them to the Coimbra Collection. They found that the trait
works equally well for both males and females; 77.4% and 76% respectively. Rogers & Saunders
(1994) assessed the ischiopubic ramus and classed it as a trait that should only be used in
conjunction with others based on the results by Coleman (1969). Once analysed, it achieved an
overall accuracy of 80% and was ranked 11th best out of the 17 traits that they analysed. When
tested for intra-observer error, Rogers & Saunders (1994) found that it had the highest
percentage error (11.3%) from the 17 traits.
Issues were raised by several validation studies (Lovell 1989; Maclaughlin & Bruce 1990; McBride
et al. 2001) regarding the reported accuracies from the Phenice (1969) study. Klales et al. (2012)
tackled this issue by redefining the descriptions and images and fully testing both inter and intra
observer errors. From the new definition and applying the 1-5 scoring method to logistic
regression analysis an overall accuracy of 75.8% was found. The trait performed better for males
(79.3%) than females (72.3%).
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Figure 15: Left: Female os pubis with a pinched ischiopubic ramus (indicated by no. 4); Right: Male os
pubis with a broad ischiopubic ramus (indicated by no. 5) (Image taken from Phenice 1969, page 299).

2.5 Statistical Approaches in Biological Anthropology
The use of multivariate statistics within biological anthropology has grown exponentially over the
last couple of decades. Normally the focus for biological anthropology has been to try and
develop new ways to classify individuals, for both extant and extinct humans (Berge 1984, Steudel
1978, Arsuaga & Carretero 1994).
The main approach for classification is the Discriminant Function Analysis (DFA). Morrison (1969)
described the approach as a classification tool using a set of independent variables to classify
objects into x amount of categories. With this as its main function, it is ideal for creating
population specific equations for age, sex and ancestry determination. Calcagno (1981) used 29
measurements from the mandible and mandibular dentition to assess how well a DFA would be
for determining sex from three separate sample groups in the USA. Calcagno (1981) obtained an
accuracy ranging between 91.7% to 98.6%. Luo (1995) used 122 individuals to create a
Discriminant Function equation from four measurements on the os pubis. When applied to
specimens from the Human Identification Laboratory, Department of Anthropology, University of
Arizona (USA), an accuracy of 100% was achieved. DFA has been used on nearly every skeletal
element within the human body from the femur (Asala 2004), skull (Johnson et al. 1989, L’Abbé et
al. 2013, Krüger et al. 2015) and the pelvis (Dixit et al. 2007, Gómez-Valdés et al. 2011, 2012). Due
to the nature of the statistical analysis, a priori knowledge is needed to create the linear
equations (Mitteroecker & Bookstein 2011). Alongside the need for the prior knowledge of groups
for individuals to be classified into, another issue that has to be taken into account are the
differences found between data points. This exaggeration of data can be seen as a good thing in
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the case of classifying however because of this, information relating to the samples actual
variation can be seen as being skewed (Mitteroecker & Bookstein 2011). Another issue of DFA
would be that the analysis only allows individuals to be classified into x amount of groups that
have been. If the individual does not have a represented group to be classified into, it will be
forced into the closest group. An example of this would be when an unknown cranium is analysed
by the program FORDISC 3.0. The unknown crania can be “forced” into a group that is not related
to therefore rendering the analysis useless. Because this can happen frequently, it is important to
take a closer inspection of the descriptive statistics associated with the analysis.
A less extreme version of DFA is Principal Components Analysis (PCA). Prior knowledge of the
groups is not needed because the analysis searches for variability within the sample rather than
specific groups or clusters (Zar 2010, Sokal & Rohlf 2012). This approach has primarily been used
to look at variation differences between and within groups. PCA has been used in geometric
morphometrics, linear measurements and molecular data (e.g. DNA Haplotype) (Key & Jantz 1981,
Kennedy et al. 1985, Lockwood et al. 2004). It also it has been used to explain shape changes in
the human skull associated with geographic affinities (Powell & Neves 1999), shape changes in the
humerus concerning human evolution (Bacon 2000) and odontometric differences between
human populations (Harris & Bailit 1988).
Very little work has been produced using non-metric variables when using multivariate statistics.
This does not mean PCA has not been attempted. Lovejoy et al. (1985) used PCA to create a
multifactorial ageing technique using degenerative age changes observed on the skull and pelvis
and radiographic data from the femoral neck. PCA has also been used to analyse
ordinal/categorical data from Likert scales. Likert scales are mainly used in behavioural studies or
market research. Because of the amount of information that is collected in this format,
researchers choose to apply PCA as a data reduction technique and as a first step for analysis
(Zani & Berziari 2008). Stull et al. (2013) used a wide array of multivariate statistics on non-metric
sex indicators from the skull and pelvis such as Linear Discriminant Analysis, Flexible Discriminant
Analysis and Logistic Regressions. They found that Logistic Regressions outperformed the other
four multivariate statistical analyses.
When analysing non-metric/ordinal data, the statistical approach would be to conduct either an
Ordinal Logistic Regression or Correspondence Analysis. However, researchers have attempted at
using other methods, as mentioned previously, like Stull et al. (2013) who used DFA on non-metric
data. Another example of this would be Berg (2008). In his doctoral dissertation, Berg (2008)
applied linear discriminant functions to estimate ancestry and sex from morphoscopic traits of the
mandible. To help increase accuracy, he then went on to combine metric and morphoscopic
variables using the same statistical approach to produce a “morphometroscopic” analysis. To
combine ordinal and continuous variables is said to violate the assumptions that a DFA adheres
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to; being that the variables must be continuous. Berg (2008) states that even though the analysis
violates this assumption, the results are still meaningful and the method can be applied to
forensic work. This is because researchers have argued that ordinal scoring is an extension of
binary data (see Berg 2008 pg. 46 Ousley & Hefner 2005). Hefner & Ousley (2014) applied ordinal
data for ancestry estimation to 10 different classification methods including Quadratic
Discriminant Function Analysis (QDFA), Linear Discriminant Function Analysis (LDFA), and Logistic
Regression. They state that even though they were “…bending or even breaking the rules… The
classification performance can be very good” (Hefner & Ousley 2014 pg. 885). With this, they
found that LDFA outperformed the Logistic Regressions because LDFA has stricter assumptions
(considering they were broken) than the regression analysis.
Correspondence Analysis (CA) is used as an alternative to PCA as it is a data reduction technique
that helps understand the variation within the sample(s). The main differences between the two
are that CA uses categorical/ordinal data while PCA assumes the data are continuous and that
instead of the inter-correlation matrix the PCA produces, CA uses a chi-square distance matrix.
Similar to PCA, each axis that the CA calculates relates to the amount of variation present, with
the x-axis explaining the largest amount of variation within the sample (Irish 2005). With this
analysis, it is possible to observe which of the variables are the most influential in causing the
variation. Irish (2005) applied CA to 36 dental traits from 12 dental samples (eight samples from
Lower Nubia and four samples for Upper Nubia). He found that the Jebel Sahaba sample (Lower
Nubia) differed from the other samples indicating possible genetic discontinuity by population
replacement. Wirth et al. (2004) applied CA onto genetic data to try and distinguish human
populations via Helicobacter pylori bacteria. Wirth et al. (2004) found that after analysing
microsatellite genotypes with CA, two main clusters could be found that separated Buddhists
from Muslims from the Ladakhis sample.
Ordinal Logistic Regression (OLR) has several assumptions that must be met; being that the
dependent variable must be dichotomous, the data does not need to be normally distributed, the
independent variables are measured without error, and that the independent variables are not
linear combinations of each other (Press & Wilson 1978). To gain accurate results, it is said that a
minimum of at least 50 cases is needed per predictor variable (personal communication
Kenyhercz 2015). OLR is based on odds ratio which can be defined as the ratio of the probabilities
of success and the probabilities of failure. In the context of this thesis, it is the probability of being
correctly classified as male or female (success) and the probability of being misclassified (failure).
Klales et al. (2012) applied OLR to a newly revised method of the Phenice technique (Phenice
1969), extending the “M, ?, F” classification to a five point ordinal scale ranging from most
feminine to most masculine. The success of this approach has led to recalibrating the original
equation Klales et al. (2012) created for other sample populations, e.g. Mexico (Gómez-Valdes et
54

al. 2017). Gómez-Valdes et al. (2017) found that even though the original equation worked well,
the recalibrated equation was said to not only improve classification accuracy but also helped
eliminate population bias. The technique has also been adapted and applied to juvenile sex
estimation using OLR to calculate the probability of correct sex (Klales & Burns 2016). Klales &
Burns (2016) found that sex could be accurately predicted in the oldest cohort at 97.2% accuracy
with accuracy decreasing the younger the individual. Krüger et al. (2015) applied OLR to nonmetric sexing traits from the skull in an attempt to create population specific equations for South
African Whites and Blacks. Not only are logistic regressions used for sex estimation techniques,
but they have also been used for age and ancestry estimation. Hefner & Ousley (2014) and Klales
& Kenyhercz (2015) applied several cranial morphoscopic traits to determine ancestry to OLR.
Hefner & Ousley (2014) found that out of ten classification methods used, that OLR was the least
effective at classifying all three sample populations (American White, American Black, and
Hispanic) with Hispanics having a misclassification rate as low as 58.2%. Klales & Kenyhercz (2015)
applied a variation of cranial morphoscopic traits that differed from Hefner & Ousley (2014) study,
which resulted in a higher classification accuracy for both American Black and White samples.
Also, OLR was the highest performing statistical approach compared to the other four analyses
that Klales & Kenyhercz (2015) tested (kNN, LDFA, Random Forest Models, and Naïve Bayesian
Statistics). Dudzik & Langley (2015) applied logistic regression on age-at-death scores to create a
new system for age-at-death estimation. They took scoring systems from previous authors and
created a three phase scoring system relating to the age ranges. Dudzik & Langley (2015) found
that with the regression formulae, the highest accuracies were for the first two age categories at
91% for females and 88% for males. However, after analysis, they state that there may be a need
for an overlapping phase for categories 2 and three as that is where the majority of the
misclassifications were.
One of the largest drawbacks to using these multivariate statistics is that all variables must be
present/observable. When dealing with human remains, complete skeletons are a rarity for both
forensic and archaeological cases. Therefore, as powerful as these techniques can be, they are
rendered useless if one variable is not present. Little research has been conducted in how to
overcome fragmentation that doesn't involve “just guessing”. Kjellström (2004) investigated the
use of calculating weighted means to determine sex from a skeletal collection in Sweden.
Kjellström followed previous research by Acsádi & Nemeskéri (1970) and calculated the mean,
rather than the medium, for ordinal data to assess the amount of sexualisation present in each
skeletal individual. For missing data, a neutral score was used in its place, therefore reducing the
amount of “sexualisation” that the weighted means approach is trying to portray. With this
weighted means approach, Kjellström found that individuals were likely to be identified as
feminine if more than five traits were originally missing. Even though using a neutral score for
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missing data allows for analysis, it does dampen the amount of sexual dimorphism present in the
skeletal remains and does not portray the amount of, as she terms, “sexualisation” correctly.
Kjellström (2004) did highlight however that in biological terms a skeleton is either male or
female, but the range of variation between the two is vast and requires analysis that is not strictly
binary (in a sense), but data should be collected that helps account for the variation between the
sexes. Kenyhercz et al. (2016) presented several approaches towards missing data imputation for
morphoscopic features. Kenyhercz and colleagues used six cranial morphoscopic traits associated
with ancestry estimation and randomly deleted scores from their sample of 688 individuals (Black
= 292, White = 210, Hispanic = 186). From there, they applied four different methods for missing
data: Hot Desk, Iterative Robust Model-based, K Nearest Neighbour (kNN), and Trait Median
Replacement. Hot Desk replaces the missing variables by observing a similar individual whose
known variables match that of the individuals in question. This individual is known as a donor, and
each individual that has missing variables have their own donor. Iterative Robust Model-Based
imputations (IRMI) is a multivariate model that uses the missing data as a response variable, and
with that, known variables (regressors) are used to input the missing data. Because this method
assumes a normal distribution, the predicted values can be ridiculously large or small which
sometimes are not biologically meaningful for analysis. K Nearest Neighbour imputations use the
kNN algorithm to observe individuals that are most similar to the individual with missing data and
calculates what that score could be based in its most similar “neighbour(s)”. For this to be a viable
method, there must be a good representation of the missing data variable within the rest of the
sample. These three descriptions were taken from Kenyhercz & Passalacqua (2016). Kenyhercz et
al. (2016) found that the median achieved the highest classification when 50% of the data had to
calculated (59.2% classification when compared to 65.5% from the complete dataset) and that
Hot Desk had the lowest classification. With this being said, Hot Desk achieved the highest
accuracy when only 25% of data was missing. Kenyhercz et al. (2016) state that the method for
missing data imputation depends on how much data are originally missing from the dataset and
to continue from there. This thought process of missing data imputation was also applied to
metric variables from the skull by Kenyhercz & Passalacqua (2016). They found that when dealing
with metric variables that kNN imputation had the smallest difference in accuracy when
compared to the original dataset where 25% of data were missing. When presented with 50% of
the data needing to be calculated, Hot Desk was found to be the best method when compared to
the original dataset, followed by using the variable mean (Kenyhercz & Passalacqua 2016).
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3. Materials
Throughout the literature, there is very little diversity/or the same type of diversity when
evaluating sex differences and creating multivariate equations; such as American research only
focussing on American Black and White. Only recently is there an integration of Hispanic data. The
same occurs in South Africa, where the majority of osteological research is conducted on South
African Whites and Blacks with very little produced for South African Coloureds. However, these
are normally very localised pieces of research. With this in mind, the samples chosen for this
project ranged from prehistoric American to modern day South African giving the project a large
span both in terms of geography and in time. The geographic spread of the samples studied here
has only been seen a couple of times (see Berg 2008, Klales et al. 2016, and Betti et al. 2017), but
sadly only have a breadth in geography, not in time. In this chapter, we review the histories of
each of the eight human samples chosen for the PhD study.
a) The Christ Church, Spitalfields sample. This is a rare example of a British historic collection
of known age and sex individuals and allows the methods to be checked for accuracy
against the known sex of the individuals.
b) The two Medieval British samples (Poulton and St. Owens). These were chosen for two
reasons. Firstly, neither of the Poulton or St. Owens samples have been studied in great
detail before, and this is one of the first glimpses at what these collections have to offer
(other
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Liverpool

John

Moores

University

include

palaeodemographic analysis (Davenport 2017), assessing non-metric traits (Burrell 2017),
evaluation of stress markers (Dove 2017), and cranial variation (Valoriani 2018). Secondly,
because of the ease of access being held at Liverpool John Moores University.
c) The prehistoric Chumash and historic Andaman samples. They were chosen for similar
reasons to the medieval British samples. Barely any anthropological research has been
undertaken in these collections held at the Natural History Museum, London. So not only
would choosing to study these two additional samples highlight some of the lesser known
collections at the institution, but they also added a fantastic temporal and geographical
depth to the project.
d) The three South African samples (South African White, Black, and Coloured). They were
selected after successfully acquiring funding to study in South Africa (Erasmus Mundus:
AESOP Scholarship). In the past many studies in South Africa had a tendency to focus on
white and black South African groups. Only recently are the coloured South African group
being studied in light of biological/forensic anthropology; with this project being one of a
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handful to incorporate the population in its analysis (others include biodistance analysis
using cranial discrete traits (Sutherland 2015), and postcranial metric analysis (Liebenberg
2014)).

3.1 Christ Church Spitalfields, U.K.
Christ Church, Spitalfields is located east of Bishopsgate within the city of London (U.K.) (Figure
11). Created from the Manor of Stepney, the hamlet gained its parish as construction of Christ
Church began in 1714 and was finally completed 15 years later. The church was later modified to
‘fit in’ with the ecclesiastical ideologies that were present in mid-1850. The area in which the
parish was built derived its name ‘Spitalfields’ from the meaning ‘belonging to a hospital’ because
the site of St. Mary’s hospital also was located within the area. After its initial construction, the
church was consecrated on the 5th June 1729 and their first burial was three days later. It is
estimated that 68,000 burials followed, with the last internment being the 23rd February 1859.
Christ Church also had many vault burials, some of which were family burials and other members
of the parochial church. These vaults were sealed in 1867. During the sealing process, each coffin
was covered with ash and sand, which acted as a sanitizing layer between the coffins stacked on
top of each other (Cox 1989, Reeves & Adam 1993, Molleson & Cox 1993).
The occupants of Spitalfields were mostly of French origin, whose ancestors may have settled
there after the St. Bartholomew massacre in France and through subsequent migrations from
1572. As time progressed the area was dubbed ‘Petty France’ due to the high percentage of
French Huguenots. With the craft skills that the Huguenots brought to the area, Spitalfields was
thriving and prosperous during the early-mid 1800’s.
Plans to restore the church were approved in 1965. During the initial inspection of the church
grounds and vaults, the church council agreed that the restoration was needed. Excavations of the
crypts began 19 years later in 1984 under the direction of Jez Reeve and were completed in 1986.
It was the first scientific excavation of a church vault within the U.K. As well as providing
osteological material, the excavation also retrieved material for those who specialise in
funerary/burial practices.

The human remains were removed in varying degrees of

decomposition. This is largely due to the differential preservation caused by the individuals being
interred in lead lined coffins or not. Nine hundred and sixty-eight individuals were exhumed from
the crypts and out of these, 387 individuals are included in the named coffin-plate collection. This
collection was selected by strict criteria; each skeleton had to be retrieved in a secure association
with the legible coffin plate. Each of the skeletons kept the original identification numbers
assigned by the archaeologists and the abbreviation ‘CAS’ was given, for example CAS 2956 (Cox
1989, Reeves & Adam 1993, Molleson & Cox 1993). The collection is currently housed at The
Natural History Museum, London (UK).
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After the excavation of the crypt, analysis of the remains began which identified 296 adults (18+
years old) and 91 non-adults (<18 years old). By using archival evidence, it was possible to
associate place of birth to 206 of the individuals. They found that 7 were born in France and, as
this was a Huguenot community, there was a high chance that they came from Normandy, Picardy
or Poitou (Cox 1989, Molleson & Cox 1993).

Figure 16: Ordnance Survey Map of Christ Church, Spitalfield, First Series, Sheet 1. 19th century. (Taken
from http://www.visionofbritain.org.uk/maps/). Christ Church, Spitalfield is marked in red.

3.2 South Africa
Three skeletal collections were used to create samples that best describe the diversity of the
country’s demography. The three samples were modern day white South African, black South
African, and coloured South African. The locations of each of the human skeletal collections are
shown in Figure 12. The different population groups within South Africa all come from different
origins and with past segregations and social barriers (e.g. Apartheid regime), this resulted in
limiting the gene flow between the groups. The Union of South Africa was established in 1910 and
is labelled as one of the precursors of the Apartheid regime. This period in time is also referred to
as the segregation era where the start of large racial divides began, which lay in favour of white
South Africans. This era forced all individuals who resided in the country to be classified by race,
and then depending on their race, be designated where in the country they shall live, and by what
standard. Alongside this, it was made illegal for ‘inter-group’ marriages further restricting the
gene flow between groups (Ross 1999, Morris 2012, Thompson 2013). The Apartheid regime,
itself, was also another detriment to gene-flow. The regime was enforced in 1948 and was later
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abolished in 1991. The apartheid regime created even tighter laws regarding the classification of
its citizens (as either black, white, coloured, Asian/Indian, or ‘other’), where they could live and
who they could marry. This resulted in a large amount of variation not just between groups, but
within them. Below is a brief history of three modern South African population groups that have
been chosen for study.

3.2.1 Black South Africans
The ancestral route of the black South African people has been said to be a result of a southward
migration of Bantu speakers from western-central Africa (Ribot 2004, Franklin et al 2010). The
term ‘Bantu’ refers to the near 500 languages which are spoken in the western and sub-Saharan
African countries (Ribot 2004). According to the Bantu-expansion theory, they originated in
modern day Nigeria and Cameroon with the first migration wave starting ~2000 BC, with branches
heading both east and west (de Filippo et al. 2012). The separate groups arrived in modern day
South Africa around 300 AD. The migration of the Bantu speakers led to further
divisions/groups/tribes which all have different cultural systems (Hall & Morris 1983, Herbert
1990). There are currently nine Bantu subgroups/tribes residing in South Africa which include
Nguni (Ndebele, Swazi, Xhosa, and Zulu), Sotho (Tswana, Pedi, Southern Sotho, and Tswana),
Shangaan-Tsonga and Venda (Franklin et al. 2007). Because of the southern migration and
separation of the Bantu speaking tribes, researchers have attempted test if there are differences,
on a tribal level, to try and further aid in skeletal identification (Franklin et al. 2007, Siddiqi 2013).
The phenotypic differences between the tribes are thought to be due to a restricted gene flow
resulting from segregational regimes, however some mixing with other indigenous groups such as
the Khoesan is apparent (Franklin et al. 2007, Franklin et al. 2010).

3.2.2 White South Africans
There were two periods of colonisation in South Africa during the 17th Century. The Dutch East
Indian Company (also known as the Veerenigde Oost-Indische Compagnie or VOC) established the
Cape colony which saw the migration of firstly Dutch immigrants and later the British, German
and French immigrants (Greef 2007, Thompson 2013). With South Africa’s history regarding race
and the laws surrounding it, led to a uniform white populace which can be distinguished quite
easily from the other South African groups. Considering their European descent, South African
White’s differ skeletally from there other European and North American white individuals. This
can be explained by the founder’s effect and the adaptation to the new environmental conditions
(Boas 1931, Steyn & Iscan 1997, Steyn & Iscan 1999, Steyn & Smith 2007).
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3.2.3 Coloured South African
The term “coloured”, in South Africa, refers to an individual from a highly diverse social group
which has a large amount of phenotypic variability (Adhikari 2005). The group consists of people
of mixed ancestry, from descendants of the Khoesan subgroup and slaves later brought to South
Africa from Malaysia and Indonesia by the VOC (Adhikara 2005). The Khoesan is a collective term
which consists of two separate groups originally being the Khoe (pastoralists) and the San (huntergatherers) (also referred to as “Hottentots” or “Bushmen” by European colonists) (Barnard 1992).
The Khoesan originally occupied southern Africa around 2000 years ago (Sampson 2010) before
the southward migration of the Bantu tribes. The San tribes, in comparison the Khoe, were
smaller in stature and more petite due to their hunter-gatherer lifestyle (Thompson 2013). Even
though they are from different ways of life, they are recognised as different components of the
same single genetic population (Stynder 2009). During the colonial period, the Khoesan had their
land repossessed and were forced into slavery by the European settlers. Present day Khoesan are
mainly living in the Kalahari regions of Botswana and Namibia (Peterson et al. 2013). A large
contribution to the modern day coloured South Africans are from various other groups that were
brought to the Cape colony from the European settlers. Some of the contributing populations
include Indonesia, Malaysia and India (Patterson et al. 2010, de Wit et al. 2010).
The Khoesan are related however to some of the Bantu speaking tribes mentioned previously. A
study using geometric morphometrics links the Khoesan to the Xhosa, Venda, Zulu and Southern
Sotho tribes (Franklin et al. 2007) and their relationship can also be seen both genetically and
linguistically (Wood et al. 2005).
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Figure 17: Map of South Africa with its neighbouring countries. (Taken from www.africaguide.com)
Location of the Pretoria Bone and Raymond A. Dart Collections are highlighted in red and the Kirsten
Collection is highlighted in purple.

3.2.4 Pretoria Bone Collection, RSA
The Pretoria Bone Collection (PBC) is housed within the Department of Health Sciences at the
University of Pretoria, located within the northern portion of the Gauteng Province (South Africa).
The PBC started in the 1942 when the University created its medical school within the
Department of Anatomy. All of the material housed was originally used to teach students of
medicine, nursing, dentistry and associated healthcare fields. The collection is comprised of
donated cadavers following the regulations of the South African Human Tissue Act 2003. It states
that if a body is unclaimed within a 24-hour period then it can be donated. For an individual to
claim a body (even after donation) they must show proof of relationship or a court order. If the
body has been claimed, then all expenses lie with the claimant. Approximately 50-100 bodies are
reclaimed per annum (L’Abbé et al. 2005)
The procedure of an individual being accessioned into the PBC once it has complied with Act 61 of
the South African Human Tissue Act 2003, is that they must be ‘known’. ‘Known’ in this case
means the individuals sex, age at death, geographic origin and population affinity, height, weight,
and cause of death was noted during autopsy. Once the individual had been transferred from the
hospital to the University, an accession number is generated and then embalmed. After a one to
two year period, the individual will then be used as a teaching aid for medical and clinical
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anatomy students for dissection. Once finished with dissection, they are macerated and
accessioned into the PBC. The same accession number is kept from arrival to the University to
placement within the skeletal collection. This lowers the amount of transcription errors. After
maceration, if an individual is not complete and/or certain information is not known (i.e. sex or
age at death) they are accessioned into the Student-Teaching Collection. Each skeleton is stored
in an acid free box.
The PBC is separated into five research areas being Complete Skeleton, Complete Skull,
Incomplete Skull, Complete Postcranial and Incomplete Postcranial. For these five research areas,
demographics can be provided. Not only can geographic origin be given but also an individual’s
population affinity. There are several main population groups within this collection; white South
African, black South African, and coloured South African. Coloured South African refers to
individuals with mixed ancestry (white, black, and/or Asian). There are noticeable differences in
the composition of the collection regarding the population groups. These variances can be
explained by the differences in religion, socioeconomic circumstances and the regulations within
the South African Human Tissue Act 2003.

3.2.5 Raymond A. Dart Collection of Human Skeletons, RSA
The Raymond A. Dart Collection (RDC) is housed within the School of Anatomical Sciences at the
University of the Witwatersrand, Johannesburg, Gauteng Province (South Africa). The collection
was established in the early 1920’s by Dr Raymond A. Dart who was a lecturer in anatomy. The
collection is comprised of donated cadavers, which are firstly used as teaching aids for dissection
for the medical and clinical anatomy students. After this, the individual is macerated and
accessioned within the collection. The RDC currently holds over 2,600 human skeletal remains
that are used solely for research purposes (Dayal et al. 2009).
The collection is one of the most well-known and established collections not only in South Africa
but also in the world, being the second largest modern skeletal collection in the world. Because of
this, it is used as both a comparative collection and it also helps to create population standards
within biological/forensic anthropology. It is primarily used as a research collection within the
fields of forensic anthropology, population biology, dentistry/dental anthropology and clinical
anatomy.
Sadly, in 1959, the basement where the collection was kept was flooded which ended up with a
large amount of the known skeletal material being mixed. This occurred before the skeletal
material had been fully labelled with the individuals generated accession number. This mixing of
the remains was sadly never fully rectified and researchers have noted problems with the
specimen’s accessioned pre 1959.
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The collection contains three main groups being white South African, black South African and
coloured South African. As previously mentioned in the PBC history, “coloured” refers individuals
of mixed ancestry. Not only does the collection state what main ancestral group they belong too,
but in the case of black South Africans information of the individuals “tribe” is known. South
Africa is rich in diversity having 11 official languages to which many are attached to specific
indigenous South African tribes such as Zulu, Khoisan or Soto. Similar to the PBC, there are
differences in the number of males and females, and age groups within the three main ancestral
groups. Again, this is due to differences in religious practices etc.

3.2.6 Kirsten Skeletal Collection, RSA
The Kirsten Skeletal Collection (KSC) is housed within the Division of Anatomy and Histology at
Stellenbosch University, Western Cape Province (South Africa). The collection consists of 892
cadaver derived skeletal remains, which are representative of the population located within the
northern suburbs of Cape Town and its surrounding areas in the Western Cape.
Each skeleton goes through a similar accession process seen by the collection housed at the
University of Pretoria and University of the Witwatersrand. Information on each cadaver includes
their name, last residence, date of birth, age at death, sex, ancestry and cause of death. Some
records are incomplete due to a lack of information for unclaimed bodies. The medical histories of
all individuals are unknown. Males represent a larger proportion of the skeletons (54%) than
females. Age at death ranges from 15 to 100 years, with the majority (87%) of individuals dying
between the ages of 40 and 69. The collection mainly represents three population groups, black
(14.3%), white (13.9%) and coloured (60.9%) South Africans. The remaining individuals in the KSC
are from archaeological excavations with the majority having their ancestry estimated to being of
the historic Khoe and San tribes (pers. coms. Mandi Alblas 2015).
As a result of damage and loss due to student use, the collection currently has 454 complete
individuals (54 of which are articulated) and 363 incomplete individuals; 91 individuals have
mainly post cranial skeletal elements and 272 skulls only. The rest of the individuals are on loan to
other institutions.

3.3 Medieval Britain, U.K.
Two human skeletal collections were chosen for analysis which have been dated to be from the
British Medieval period. There were two events in British history that helped define the Medieval
period, the Norman conquest in 1066 AD and the battle of Bosworth in 1485 AD (Whittock 2009).
This period saw a transition in political mind set and had several large scale events such as the
development of the church, evolution of the language, industry, and the change in social
hierarchy (Whittock 2009). Even though there was a division between men and women in this
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period, the treatment of the dead was very similar (Whittock 2009). The vast majority of
individuals were buried in a Christian style which was on an east-west alignment (Daniell 1998)
although some deviations can be found. A change from the norm can be dictated by a person
‘honour’ or/and wealth, warranting them a burial closer or even within the chancel or church. This
meant that the churchyard was left for the ‘general person’ or layman.
Two samples were chosen for this project being the Medieval Poulton Chapel, close to Chester,
and St. Owens Church in Gloucester. The two sites are located along the English-Welsh border
with both following a Christian-like burial practice of east-west alignment. The main differences
between the two are that they are from different ways of living, individuals from the Poulton
Chapel having a rural lifestyle and the individuals from the St. Owens having an urban lifestyle.

3.3.1 Poulton Skeletal Collection
The Poulton Skeletal Collection originates 3 miles south of Chester along the border of Wales
(Figure 13). This is a multi-period site and it can be dated between the Mesolithic period 4,300 BC
to World War II (1939 AD-1945 AD). The sites primary focus is on locating the ‘lost’ Cistercian
abbey (built 1153 AD) with the chapel itself ‘vanishing’ in the 17th Century (Emery 1996, 2000). At
present, the full outline of the chapel has been excavated along with the tower, nave and chancel.
Approximately 770 burials have been identified with roughly 550 housed at Liverpool John
Moores University (LJMU). Approximately 30 individuals were repatriated at Mt. St. Bernard and
the remaining being housed onsite or at the University of Liverpool (UoL). From the skeletons
excavated so far, it is thought that these 770 individuals represent only a small proportion of the
burials that are within the chapel’s limit. More burials are expected once the chapel has been fully
excavated (pers. coms. Mike Emery 2013). The excavation is still ongoing but with a shift in focus
from the medieval cemetery to the Roman ring ditches.
The majority of individuals were buried in the typical east-west Christian burial format (Daniell
1998), however a few have been noted to be buried in a west-east orientation. This can be due to
several reasons such as limited space within the churchyard - causing head to toe packing of
bodies, carelessness, or deliberate ill treatment of the dead (Burrell & Carpenter 2013). There is
currently no evidence of any coffin burials at this site, however large amounts of shroud pins have
been identified (Burrell & Carpenter 2013). Apart from the shroud pins, there has been a small
number of associated finds for the burials at Poulton. The only other notable finds that have been
recorded were the metal arrowheads found within the thorax of two skeletons (Canavan 2014), a
‘belt buckle’, and a small knife blade (Burrell & Carpenter 2013). Because of the geology of the
site, finding a complete set of preserved human remains is rare with a large portion of skeletons
excavated suffering from a high degree of taphonomic damage leading to fragmentation (Burrell
2017, Davenport 2017). Several individuals from the collection were sent for AMS Radiocarbon
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Dating. Two specimens (SK53 and SK535) were analysed in 2012 which provided dates ranging
from 1280-1320 AD and 1560-1630 AD. These dates are in agreement with additional analysis of
SK535 which was associated with a M7 Bodkin arrowhead found within the ribcage of the
individual (Canavan 2014). Two additional AMS Radiocarbon dates were obtained after analysis of
two individuals with Paget’s disease of bone (Burrell et al. 2016). Specimen SK463 gave two
possible dates being 1275-1310 AD and 1360-1385 AD and specimen SK750 being dated as 12851330 AD and 1340-1395 AD. These dates and the material culture found on the archaeological
site suggest that Poulton Chapel was in use between, and at the latest, 1285 AD and 1630 AD.

Figure 18: Ordnance Survey Map of Poulton, First Series, Sheet 80. 19th century. (Taken from
http://www.visionofbritain.org.uk/maps/). The Poulton site is marked in red.

3.3.2 St. Owens Skeletal Collection
The St. Owens skeletal collection is also housed at Liverpool John Moores University. This
collection derives from excavations at Southgate Street in Gloucester (U.K.) with the site running
close to the Welsh border along the River Severn. This sample is from a multi-period
archaeological site (Figure 14), where there were two stages of excavation (in association with
Bristol and Gloucester Archaeology), the first excavation in 1983 now referred to as 13/83, and
the second in 1989 referred to as 3/89. Rawe & Hodsdon (1990) suggested that the site was
originally a Roman suburb that was later acquired by the Llanthony Priory in 1137. Many other
excavations in this area have been undertaken which reveal information regarding the earliest
phases of the Roman Conquest. As well as the archaeological evidence, the earliest archival
record of Gloucester/Gloucestershire can be found in the Doomsday Book in 1086 (Morgan 1978).
After the flourishing Roman settlement between the 2nd and 5th Centuries, the area was attacked
by Anglo-Saxons leading to the site being abandoned for a small amount of time until the 10th and
11th Century (Atkin & Garrod 1990). Because of this new Anglo-conquest, the foundations of St.
Peters Abbey and Llanthony Priory were built south of the now fortified Roman city wall. The St.
Owens Church was founded in 1100 and became possession of the Llanthany Priory in 1137
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(Fullbrook-Leggatt 1945). The church was demolished in 1847 for the extension of dockland (Atkin
& Garrod 1990).

Figure 19: Ordnance Survey Map of Gloucester, First Series, Sheet 43. 19th century. (Taken from
http://www.visionofbritain.org.uk/maps/). The Llanthony Priory site is marked in red.

From these two excavations, ~300 burials were located within the priory’s surrounding
churchyard. It is believed that they are of Christian origin due to burial orientation (Atkin &
Garrod 1990) with only one individual being buried in the reverse west-east orientation. Research
on this collection has been limited especially when concerning the study of the skeletal material.
This will be one of the first pieces of research undertaken on the collection. The initial excavation
in 1983 resulted in 71 individuals being exhumed and the 1989 excavation in exhuming 225
individuals. From archival records, it seems that a large proportion of the burials were shroud
burials with suggestions that some individuals were coffin burials. Further archival research is
needed to validate this idea.

3.4 Chumash, U.S.A.
The Native American tribe known as the Chumash originates from the Pacific coast of Northern
America, in the state of California (Figure 15). Before the European contact, there were more than
60 spoken languages with complex socioeconomic systems (described as chiefdoms) in this area
(Arnold 2001). Even though it is unknown when or where the first people entered, what is now
California, it is known that it was inhabited as early as 13,000 years ago. This date was suggested
by AMS radiocarbon dates from a femur found in the Arlington Canyon on the Island of Santa
Rosa (Orr 1962, Johnson et al. 1999, Reeder et al. 2008). Even though direct dating was used on
the femur, very little information could be further gleaned due to the amount of erosion. Walker
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(2006) stated that it is possible to divide the region into five periods of occupation being PaleoIndian (pre-9,000 BC), Early (9,000 – 1,000 BC), Middle (1,000 BC – 1,100 AD), Late (1,100 – 1769
AD), and Colonial (1,100 AD – present). Using Walker’s (2006) periods of occupation, the femur
mentioned previously sits easily within the Paleo-Indian period for California. With the early
Chumash (9,000 BC – 1,000 BC), there was evidence that the those inhabiting the Channel Islands
predominantly relied on a high carbohydrate diet with a higher prevalence of dental caries found
in females than males (Walker & Erlandson 1986). Even though they were relying on a high
carbohydrate diet, isotopic analysis (of Nitrogen and Carbon ratios) show that the Islanders
consumed a high proportion of marine life in contrast to their mainland counterparts (Walker &
DeNiro 1986). There is also isotopic evidence as well to suggest that as time progressed and
entered the Middle phase of occupation, the southern islands on the Californian Coast traded
foods with the mainland (Goldberg 1993).
The Californian Channel Islands were excavated under the direction of Roy Lee Moodie in 1932 as
part of a Wellcome Institute grant to study health and disease in past populations. The remains
were then transported to the U.K. to be studied, sadly, Roy Moodie died in 1934 never completing
his work on the Chumash skeletal material. The skeletal collection remained at the Wellcome
Institute until 1981/1982 where they were sent to the British Museum (Natural History) for
curation (pers. coms. Margaret Clegg 2015). The collection holds individuals from the Santa Cruz,
San Miguel, Santa Rosa, Santa Barbara, San Nicolas, Santa Catalina and San Clemente islands. The
collection, now housed at the Natural History Museum, London (U.K.) formerly part of the British
Museum, contains ~500 human skeletons varying from complete specimens to only a metacarpal
being present. There are approximately 350 adult and 150 sub-adult human skeletons present.
However, caution must be taken when only using the collections catalogue as some errors are
apparent, i.e. sub-adults being misrepresented as adults and vice versa. Even though little
research has been done on this collection, preliminary studies have been undertaken into how old
the skeletons are. From unpublished AMS radio carbon dates, the collection ranges from
4,490±40BP to 1,030±40BP (per. Coms. Silvia Gonzalez, 2014), placing it within the Early and
Middle periods of Californian prehistory (Walker 2006).
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Figure 20: Map showing the location of the Channel Islands in relation to the United States of America
(Taken from http://www.montroserestoration.noaa.gov/case-document/ssettlement/ map-sc-bightand-chan-is-incl-white-pt-bmp/)

3.5 Andaman Islands, India
The Andaman and Nicobar Islands are located in southern Asia and they are declared as one of
the seven union territories of India. The islands fall between the Bay of Bengal and the Andaman
Sea (Table 16). The Andamanese are part of the Negrito groups and they are classed as one of few
pygmy populations in the world. Originally there were five major tribes living on the islands; Great
Andamanese, Jarawa, Jangli, Sentinelese, and Onge. However, the population declined drastically
when the British started to colonise South East Asia. European colonisation began in the 16th
Century however, the British did not colonise the Bay of Bengal until 1783. With this invasion,
introduction of European mainland diseases nearly wiped the entire population out.
Transportation of the human skeletal remains from the Andaman Islands started in the 18th
Century and continued throughout the 19th and early 20th Centuries.
The Andaman collection is currently held at the Natural History Museum, London and contains
approximately 100 specimens. Some of the specimens in the collection hold information
regarding their age at death, sex and which city they lived in on the Islands, with the large
majority from Port Blair. Due to the current closure of the collections at the Natural History
Museum, information of when the collection was curated and also the demographics of the
collections are unavailable. It is expected that they will be available in early 2017.
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Figure 21: Map showing the location of the Andaman and Nicobar Islands in relation to Thailand. (Taken
from Google Maps, 20/12/2015).

3.6 Selection Criteria and Sampling
For individuals to be selected for analysis, only those with a partial or complete pelvis who were
aged 18 years and above were chosen. The 18 years old ‘cut of point’ was chosen as this is
generally seen as the point of adulthood. For the four known age and sex samples (Christ Church,
Spitalfields, South African White, South African Black, and South African Coloured), age was taken
from collection/cadaver records. The Spitalfields age and sex is from the associated coffin plate
they were found with. The three south African samples are from cadaver based human skeletal
collections, thus sex and age is determined from physical examination before dissection and
medical records. The two British Medieval samples (Poulton and St. Owens) underwent individual
skeletal aging and sex was estimated using a technique known as seriation. These estimation
techniques for both age and sex are stated in the Chapter 4. The Chumash and Andaman samples
age and sex were based from museum records and previous research. Both samples would have
undergone a similar method seen to the medieval samples but due to time and lack of physical
space at the Natural History Museum, their records had to be used. Because some issues had
arisen when collecting data from the Native American sample, age and sex estimations had to be
undertaken to make amendments to the museum records but only in extreme circumstances (i.e.
individual referred to as sub-adult aged 9-10 years when in fact it was a fully matured adult
skeleton). Age and sex for these individuals were estimated using the same methods for the sexed
based seriation and age estimations for the Poulton and St. Owens samples.
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Below are the sample sizes created using the selection criteria described above (Table 2). An
overall sample of 1,128 individuals were analysed which included 27 Andaman, 38 Chumash, 205
black South Africans, 205 coloured South Africans, 193 white South Africans, 132 from Medieval
Poulton, 100 from Medieval St. Owens, and 228 from Christ Church, Spitalfields. Figure 17 shows
the geographic distribution of the samples with Table 1 highlighting their place in time.

Table 1: Breakdown of the eight human skeletal samples analysed.

Population

Location

Andamanese

Andaman Islands

27

18th/19th Century

Chumash

North America

38

4,490 BP-1,090 BP

RSA Black

South Africa

205

20th/21st Century

RSA Coloured

South Africa

205

20th/21st Century

RSA White

South Africa

193

20th/21st Century

Poulton

U.K.

132

13th Century

St. Owens

U.K.

100

15th Century

Spitalfields

U.K.

228

18th/19th Century

Total

Sample Size (N)

Time Period

1128
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Figure 22: World map showing the location of the eight populations analysed. (Image adapted from
https://upload.wikimedia.org/wikipedia/commons/e/ec/World_map_blank_without_borders.svg)
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4. Methodology
This chapter will be explaining the methods used for data collection and data analysis. To help
move the analysis forward, the overall sample of 1,128 individuals was split into two groups.
Firstly, the known age and sex samples (Spitalfields and the three South African samples) and
secondly the four archaeological samples (Chumash, Andaman, Poulton, and St. Owens). The
primary analysis will be performed onto the first group and then later applied onto the second
group.

4.1 Scoring System & Data Collection
Eight observations were made on each individual in the sample. Eight morphoscopic traits from
the pelvis were chosen specifically for this study: ventral arc, subpubic concavity, medial aspect of
the ischiopubic ramus, shape of the pubic body, subpubic angle, obturator foramen, greater
sciatic notch, and the preauricular sulcus. These eight were chosen because of their popularity
among practitioners and researchers for estimating sex for both archaeological and forensic
remains (The Workshop for European Anthropologists 1980, Rogers & Saunders 1994, White &
Folkens 2000, Durić et al. 2005, Rösing et al. 2007, Sidler et al. 2007). They were also chosen
because of their location; not one specific area of the pelvis was taken into account, the whole
pelvis was taken into consideration for sex estimation. Table 2 summarises the eight
morphoscopic traits with their associated accuracies.
Each trait on the pelvis was scored along a five-point ordinal scale ranging between “-2” (hyper
feminine) to “+2” (hyper masculine), with “0” being classed as ambiguous. For the Greater Sciatic
Notch, Walker’s (2005) descriptions were used (Figure 18) and the descriptions and illustrations
from Klales et al. (2012) were used for scoring the Phenice triad (1969) (Figure 19). The
Preauricular Sulcus (Figure 20) was scored using the descriptions made by Milner (1992) (taken
from Buikstra & Ubelaker 1994). The scoring of the obturator foramen and subpubic angle were
based from the Workshop of European Anthropologists (1980). Basic descriptions for the shape of
the pubic body were found in Roger & Saunders (1994).
Because the obturator foramen, the shape of the pubic body, and subpubic angle do not have any
illustrations and/or descriptions for a five-scale ordinal scale, new illustrations and expanded
descriptions were created for this study. Figures 21 - 23 show the new scoring method for the
obturator foramen (Figure 21), shape of the pubic body (Figure 22), and the subpubic angle
(Figure 23). These definitions have been previously tested on individuals with varying experience
of morphoscopic analysis and have been modified to best suit all levels of expertise. Results from
the inter/intra observer can be found in Chapter 5.
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The scoring system described for the Phenice triad (Klales et al. 2012), Greater Sciatic Notch
(Walker 2005), and Preauriucular Sulcus (Milner 1992 found in Buikstra & Ubelaker 1994) was
adapted to fit a scale described by Acsadi & Nemskeri (1979). So, instead of a “1” to “5” scale,
scoring ranged from “-2” to “+2”, where “-2” was female and “+2” was male. The remaining three
traits (described below) follow this new scoring scale.
Table 2: Morphoscopic traits used in this study and associated accuracies.

Trait

Source

Accuracy

Ventral Arc

Rogers & Saunders 1994; Klales et al. 2012

86-95%

Subpubic Concavity

Rogers & Saunders 1994; Klales et al. 2012

80-95%

Ischiopubic Ramus

Rogers & Saunders 1994, Klales et al. 2012

75-95%

Obturator Foramen
Shape of Pubic Body
Preauricular Sulcus

Subpubic Angle
Greater Sciatic Notch

Workshop for European Anthropologists, 1980;
Rogers & Saunders 1994
Rogers & Saunders 1994
Workshop for European Anthropologists 1980;
Houghton 1974, Buikstra & Ubelaker 1994
Workshop for European Anthropologists 1980;
Rogers & Saunders 1994
Walker 2005; Gómez-Valdes et al. 2012

93.80%
86.20%
76%

74%
65-70%

The descriptions for the scoring of the greater sciatic notch described by Walker in Buikstra &
Ubelaker (1994) are as follows:
“The notch should be held six inches above the diagram [Figure 18] so that the greater sciatic
notch has the same orientation as the outlines, aligning the straight anterior portion of the notch
that terminates at the ischial spine with the right side of the diagram. While holding the bone in
this manner, move it to determine the closest match. Ignore any exostoses that may be present
near the preauricular sulcus and the inferior posterior iliac spine. Configurations more extreme
than “1” and “5” should be scored as “1” and “5” respectively. [Figure 18], illustration ”1” present
a typical female morphology, while the higher numbers show masculine conformations.” (Buikstra
& Ubelaker 1994 page 18). For this study, a score of “1” has been changed to a score of “-2”, and
a score of “5” is now a score of “+2”.
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Figure 23: Morphoscopic scoring for the Greater Sciatic Notch ranging from most female (1) to most male
(5). Image taken from Buikstra & Ubelaker page 18

The descriptions for the Phenice triad described by Klales et al. (2012) are as follows:
•

Ventral Arc
1. Arc present at approximately or at least a 408 angle in relation to the symphyseal
face with a large trian- gular portion of bone inferiorly placed to arc. Scored as -2.
2. 2. Arc present at approximately a 25–408 angle in rela- tion to the symphyseal
face with a small triangular portion of bone inferiorly placed to arc. Scored as -1.
3. 3. Arc present at a slight angle (less than 258) to the symphyseal face with a
slight, nontriangular portion of bone inferiorly placed to arc. Scored as 0.
4. 4. Arc present approximately parallel to the symphyseal face with hardly any
additional bone present inferior to arc. Scored as +1.
5. 5. No arc present (therefore, no additional bone present inferior to the arc).
Scored as +2.

•

Subpubic Concavity (described as Subpubic Contour in Klales et al. 2012)
1. Well-developed concavity present inferior to symphy- seal face and along length
of inferior ramus. Scored as -2.
2. 2. Slight concavity present inferior to face extended par- tially down inferior
ramus. Scored as -1.
3. 3. No concavity present, bone is nearly straight (may be a very slight indentation
just below the symphyseal face). Scored as 0.
4. 4. Small convexity, especially pronounced along inferior pubic ramus. Scored as
+1.
5. 5. Large convexity, especially pronounced along inferior pubic ramus. Scored as
+2.
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•

Medial Aspect of the Ischiopubic Ramus
1. Ascending ramus is narrow dorso-ventrally with a sharp ridge of bone present
below the symphyseal face. Scored as -2.
2. 2. Ascending ramus is narrow dorso-ventrally with a plateau/rounded ridge of
bone present below the sym- physeal face. Scored as -1.
3. 3. Ascending ramus is narrow dorso-ventrally with no ridge present. Scored as 0.
4. 4. Ascending ramus is medium width dorso-ventrally with no ridge present.
Scored as +1.
5. 5. Ascending ramus is very broad dorso-ventrally with no ridge present. Scored as
+2

Figure 24: Phenice triad taken from Klales et al. 2012. Scoring for the Subpubic Concavity, medial aspect
of the Ischio-pubic Ramus, and Ventral Arc. Female (1), ambiguous (3), and male (5).

76

The descriptions for the preauricular sulcus described in Buikstra & Ubelaker (1994) are as
follows:
1. The preauricular sulcus is wide, typically exceeding 0.5cm, and deep. Scored as -2.
2. The preauricular sulcus is wide (usually greater than 0.5cm) but shallow. Scored as -1.
3. The preauricular sulcus is well defined but narrow, less than 0.5cm deep. Scored as 0.
4. The preauricular sulcus is a narrow (less than 0.5cm), shallow, and smooth walled
depression. Scored as +1.
5. Absence of preauricular sulcus (not illustrated). Scored as +2.

Figure 25: Morphoscopic scoring of the Preauricular Sulcus ranging from female (1) to male? (4).
Absence of sulcus not illustrated. Image taken from Buikstra and Ubelaker 1994 page 19.
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Figure 26: Morphoscopic scoring of the Obturator Foramen (dorsal view) ranging from male (+2) to
female (-2). Drawn by author.
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Figure 27: Morphoscopic scoring for the Shape of the Pubic Body (anterior view/ ventral surface of the
pubic body) ranging from male (+2) to female (-2). Drawn by author.
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Figure 28: Morphoscopic scores for the Subpubic Angle (dorsal view) ranging from male (+2) to female (2). Drawn by author.
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4.2 Statistical Analysis
Each of the four known age and sex samples were analysed separately. Firstly, trait frequencies
were calculated to look at the spread of the five scores for each sex within a sample. From there,
accuracies were calculated to see how well each morphoscopic trait was for estimating sex.
Inter and intra observer analyses will be conducted on the ordinal data using Kappa Cohens test
of repeatability following Landis & Koch’s (1977) definitions (Figure 24).

Figure 29: Statistics and definitions for the Kappa Cohens test of repeatability. Taken from Landis & Koch
(1977).

From here, Ordinal Logistic Regression analysis will be performed on each of the four populations
using R-Studio (R Core Team 2015, RStudio Team 2015). The glm() function using the binomial
distribution will be applied to create the OLR using all eight morphoscopic traits. A Wald Test
from the package {aod}, function wald.test(), will be conducted on the OLR which will state if four
models (each sample) were significant, meaning that the variables used all contribute to the
model. Following this, cv.glm() function, from the package {boot}, will be performed to cross
validate the regression analysis. Therefore, all results reported will be once they have undergone
the cross-validation procedure. ROC curves will be generated for each of the OLR analyses. These
curves will produce a visual representation of ‘how well the model fits for its intended task’.
Once these results have been generated, each equation will be applied onto the other three to
assess how accuracies differ when population specific equations are used on differing samples. To
attempt a ‘universal’ equation, two cluster equations will be created. This will be achieved by
combining the three South African samples to generate a collective South African OLR equation,
and a Summary Sex equation will be created using all four samples. These will be created using
the same functions seen above.

4.3 Archaeological Sex and Age-at-Death Estimation
Once the accuracy rates for each of the, now six, OLR equations have been tested, they will each
be applied onto the four archaeological samples. Because these samples are not of known age or
81

sex (except seven individuals from the Andaman samples), the results from applying the OLR
equation will be compared to the either the museum records (for the Chumash and Andaman
samples) or the results from the sexed based seriation (Poulton and St. Owens samples).

4.3.1 Age-at-death estimation
One of the selection criteria for analysis was that each individual had to be considered to be of 18
years or older, termed ‘adult’. For the known age and sex samples, this was taken from the
medical/museum records, however, for the medieval samples age-at-death had to be estimated.
To make sure each individual was at least 18 years old at death, fusion of the ischial tuberosity
and iliac crest was examined. If both epiphyses were at a stage of “later partial fusion” to
“complete fusion” with the fusion line obliterated, then the individual was considered for analysis.
However, if the iliac crest was only partially fused onto the iliac blade with the partial fusion of the
ischial tuberosity then they were not considered. Descriptions from Webb & Suchey (1985) and
Cardoso (2008) were used for epiphyseal fusion alongside Schaefer et al. (2009). After the initial
observation, age-at-death estimations were undertaken using morphology of the auricular surface
(Lovejoy et al. 1985a, Buckberry & Chamberlain 2002) and the pubic symphysis (Meindl et al.
1985a, Suchey & Brooks 1990), and cranial suture closure (Meindl & Lovejoy 1985) if a skull was
present. Individuals were placed into three broad categories being young (18-35), middle (35 –
60), and old (60+) adult. These methods were also used to estimate age-at-death for several
individuals from the Chumash collection which were originally aged younger than 18 years but
were much older on inspection. Other than these individuals from the Chumash sample, the
remaining Chumash and the Andaman sample, age-at-death was taken from the museum records.

4.3.2 Sex Estimation
Both the rural and urban medieval skeletal samples were seriated to estimate sex. To do this,
each individual in the sample was ranked according to how ‘male’ or ‘female’ their morphology
was. Several alternative sexing techniques from the cranium and mandible (if present), femur,
and the pelvis were employed to aid in the seriation. For the cranium and mandible, Walker’s
(2008) descriptions of five morphoscopic traits were used (Mental Eminence, Orbital Margin.
Nuchal Area, Mastoid Process, and the Glabellar area). These data were collected if they were
present with no attempt to reconstruct missing data. Dimensions of the femoral head were taken
for estimating sex using Stewart (1979) using a Mitsitoyo digital calliper. The overall robusticity of
the pelvis was taken into account as well for determining where in the seriation an individual
would be placed. The final set of variables that were taken were also from the pelvis; Bruzeks
(2002) morphoscopic descriptions were applied to all individuals. When trying to rank which traits
perform best, inspiration was taken from Kjellström (2004) article on sexing fragmented human
skeletal remains. The dimensions from the femoral head held the lowest ranking, cranial traits
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were classed as ‘mid-ground’, and the pelvic traits were of the highest ranking. Only once each
individual had been analysed and placed within the seriation was sex then assigned. This
procedure follows what was originally done in 1985 by Lovejoy and colleagues (Lovejoy et al.
1985a) who seriated skeletons for age-at-death estimations using the Hamann-Todd collection at
the Cleveland Museum of Natural History (USA). These methods were also used to estimate sex
for several individuals of the Chumash collection but did not undergo seriation. Other than these
individuals from the Chumash sample, the remaining Chumash and the Andaman sample, sex was
taken from the museum records.

4.4 Applying the Known onto the Unknown
After collecting the data from the four archaeological samples, the six OLR equations will be
applied onto them to assess how the assignment of sex differs from the museum
records/seriation sex estimates. Only individuals with all eight traits present were chosen for
analysis. Figure 25 illustrates how each archaeological sample will be analysed.

Figure 30: Framework for applying the OLR equations onto the archaeological samples. Drawn by author.

4.5 Fragmentation
As with many osteological collections, fragmented remains are common. In order to not disqualify
specimens from further study, three possible routes were taken to increase sample sizes.
1. Use the individuals median value to replace all missing scores to complete the OLR
equations for fragmented samples.
2. Apply only sections of the already generated OLR equations onto individuals who are
fragmented to increase sample size:
a. OLR Equations with only the ventral arc, subpubic concavity, and ischiopubic
ramus variables (“Phenice OLR equation”).
b. OLR Equations with only the subpubic angle and shape of the pubic body
(“Anterior Posterior OLR equation”).
c. OLR Equations with only the greater sciatic notch and preauricular sulcus
variables (“Posterior Pelvis OLR equation”).
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3. Apply new and shorter OLR equations onto individuals who are fragmented:
a. OLR Equations with only the ventral arc, subpubic concavity, and ischiopubic
ramus variables (“Phenice OLR equation”).
b. OLR Equations with only the subpubic angle and shape of the pubic body
(“Anterior Pelvis OLR equation”).
c. OLR Equations with only the greater sciatic notch and preauricular sulcus
variables (“Posterior Pelvis OLR equation”).

The first approach will be applied onto four samples that originally excluded individuals with
missing data (Spitalfields, Poulton, St. Owens, and Chumash). To calculate the median value,
imagine an individual that only had the variables greater sciatic notch and preauricular sulcus
present and they were scored “-1” and “-2” respectively. Then the remaining six variables, that
were originally missing, would have the value of “-1.5” in place of “N/A”. Once an individual’s
median value had been calculated the new samples were ready for the six OLR equations to be
tested.
The second and third routes would be an attempt to increase sample sizes without having to
estimate missing values (unlike the first approach). The second approach is to create smaller OLR
equations by taking sections of previously created OLR equations. Three sectioned equations will
be created for each sample which best represent groups of variables. The first sectioned equation
will be comprised of three traits originally used by Phenice (1969) and later adapted by Klales et
al. (2012). The second set of sectioned equations, termed “Anterior Pelvis”, will be created by
pairing the subpubic angle and the shape of the pubic body. Lastly, the “Posterior Pelvis” equation
will be made by lifting the greater sciatic notch and preauricular sulcus sections from the six
previously created OLR equations.
To see if sectioning previously generated OLR equations will yield high accuracies and is a viable
option for including individuals who are fragmented, a third approach will be created. This route
will mirror the types of equations created for the second approach, but instead of sectioning OLR
equations, they will be newly created OLR equations. This third route will hopefully show that
sectioning equations have the same discriminatory power than new equations.

84

5. Results I
5.1 Introduction
In this chapter, we will be investigating the use of eight morphoscopic sexing traits of the human
pelvis from four known age and sex samples using a variety of methods. Firstly, we observe the
sexing accuracy for only one morphoscopic trait. Secondly, we apply all eight sexing traits to an
Ordinal Logistic Regression (OLR) and compare the results to the single sexing trait. Thirdly, we
attempt to create a universal OLR sexing equation.
This chapter tackles three hypotheses.
1H1: The results from the OLR will provide a greater accuracy than that of a single
morphoscopic trait for sex estimation.
1H0: The results from the OLR will not differ from the sexing accuracy from a single
morphoscopic trait for sex estimation.
After this, we assess the applicability of the using an OLR equation created from one sample and
using it on the other three known age and sex samples. This will assess if the OLR equations are
population specific.
2H1: There is a difference in sexing accuracy when a different OLR equation is applied onto
a sample.
2H0: There is no difference in sexing accuracy when a different OLR equation is applied
onto a sample.
If differences are found, and we reject the second null hypothesis, then an attempt into creating a
universal equation that still yields a high sexing accuracy will be investigated. This will be achieved
by combining samples together and observing if they reduce the inaccuracies seen in the previous
analysis.
3H1: The creation of a “universal” OLR sexing equation will reduce the misclassification
rate seen when applying different OLR sexing equations on populations they were not created
from.
3H0: The creation of a “universal” OLR equation will not reduce the misclassification rate
seen when applying different OLR sexing equations on populations they were not created from.
Once these three hypotheses have been tested, a summary of the results, considering each
hypothesis, will be reviewed and a small discussion into what the results tell us will be stated.
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5.2 Trait Frequency
To give an overview of trait frequencies for each population, all individuals (complete and
incomplete pelves) were considered for analysis from each of the four known sex samples. Each
sample was analysed separately, and percentage accuracies were calculated for each trait as a
single sex assessor. If a minus score was given, the individual was deemed female and if a positive
score it would be deemed male.

5.2.1 Christ Church, Spitalfields UK
The distribution of scores for males and females shows that, the majority of individuals have
typical morphology with the scores of “-2” for females and “+2” for males or the Ventral Arc,
Ischiopubic Ramus, and the Pubic Body Shape. There was very little variation in distribution with
regards to the other scores given for both males and females for these traits. Males were shown
to have a higher distribution of scores ranging from “+2” – “-1”. Female individuals were shown to
have a the more typical form of the subpubic angle whilst males had a much wider distribution
ranging from the ambiguous “0” score to the typical male “V” shape angle with a score of “+2”
score. The opposite can be seen for the preauricular sulcus; males were observed to have
predominantly no sulcus present whilst females were found to have a range of all five scores. The
obturator foramen and greater sciatic notch shown the largest amount of variation between the
scores for males and females. This can be seen in the percent accuracy these traits have as single
sex assessors (Table 3).
Table 3 shows the results from the macroscopic assessment of each trait. The shape of the pubic
body performed the best as a single sex assessor with an accuracy of 90.42% and had the lowest
rate of misclassification. This was followed by, the subpubic angle, and preauricular sulcus with
accuracies of 83.95% and 79.91%, respectively. The remaining five traits all had accuracies ranging
between 70 – 75%, with the subpubic concavity having the lowest accuracy of 70.59% and the
highest inaccuracy of 18.82%.

5.2.2 South Africa: White
The distribution of scores for the ventral arc, subpubic concavity, and preauricular sulcus are very
similar, in that the majority of males show the “+2” morphology whilst females show more of a
spread of scores “-2” – “0”. The shape of the pubic body and subpubic angle have near identical
spread of scores between males and females. Predominantly females shown a “-2” score for both
traits whilst males were split between the hyper-masculine and masculine scores of “+2” and
“+1”. The greater sciatic notch and ischiopubic ramus both show an equal spread of “masculine”
and “feminine” scores for their associated sex, more so for the ischiopubic ramus than the greater
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sciatic notch. The obturator foramen shows a wide distribution and a large overlap between
scores for both sexes.
For the White population of South Africa, the shape of the pubic body followed closely by the
subpubic angle were the traits that had the highest correct sex accuracy (88.60% and 88.08%
respectively). The three Phenice (1969) traits and greater sciatic notch had accuracies ranging
between 79 - 87%. The remaining two traits had the lowest accuracies being 69.43% for the
obturator foramen and 68.39% for the preauricular sulcus (Table 4).
Table 3: Accuracy rates for each morphoscopic trait for the Christ Church, Spitalfields sample.

Christ Church, Spitalfields (UK)
Correct

Unknown

Incorrect

VA

120/163 (73.62%)

8/163 (4.91%)

35/163 (21.47%)

SPC

120/170 (70.59%)

18/170 (10.00%)

32/170 (18.82%)

IPR

125/173 (72.25%)

28/173 (16.18%)

20/173 (11.56%)

PBS

151/167 (90.42%)

8/167 (4.79%)

8/167 (4.79%)

SPA

136/162 (83.95%)

17/167 (10.18%)

9/167 (5.39%)

OF

115/154 (74.68%)

14/154 (9.09%)

25/154 (16.23%)

GSN

159/220 (72.27%)

39/220 (17.73%)

22/220 (10.00%)

PAS

171/214 (79.91%)

8/214 (4.68%)

35/214 (16.36%)

Table 4: Accuracy rates for each morphoscopic trait for the South African White sample.

South Africa: White Sample
Correct

Unknown

Incorrect

VA

153/193 (79.27%)

18/193 (9.33%)

22/193 (11.40%)

SPC

162/193 (83.94%)

11/193 (5.70%)

20/193 (10.36%)

IPR

167/193 (86.53%)

11/193 (5.70%)

15/193 (7.77%)

PBS

171/193 (88.60%)

14/193 (7.25%)

8/193 (4.15%)

SPA

170/193 (88.08%)

11/193 (5.70%)

12/193 (2.12%)

OF

134/193 (69.43%)

24/193 (12.44%)

35/193 (18.13%)

GSN

159/193 (82.38%)

16/193 (8.29%)

18/193 (9.33%)

PAS

132/193 (68.39%)

32/193 (16.58%)

29/193 (15.03%)

87

5.2.3 South Africa: Black
The distribution of scores of males and females for South African Black individuals are very similar
for the shape of the pubic body, subpubic concavity, subpubic angle, ischiopubic ramus, and
greater sciatic notch. All five have clear distinctions between males and females. The preauricular
sulcus and ventral arc have near identical distributions, with more males having more of the
“typical male” morphology whilst females showing more of a spread of scores ranging mainly
between “-2” and “0”. The obturator foramen shows a large overlap between the sexes.
Table 5 shows the results for the South African Black population. The shape of the pubic body and
subpubic angle have the highest accuracies being 86.83% and 85.85%. The ischiopubic ramus,
subpubic concavity, greater sciatic notch, and preauricular sulcus range in accuracies between 71
– 80%. The last two traits, the ventral arc and obturator foramen, had the lowest success rate at
65.37% and 57.56% respectively.

5.2.4 South Africa: Coloured
For South African Coloured individuals, the subpubic concavity, ischiopubic ramus, pubic body,
and the subpubic angle all have similar distribution of scores for males and females. Primarily, the
sexes are observed to follow their associated morphology of “+2” and “+1” for males and “-2” and
“-1” for females with a very small amount of overlap. The ventral arc has a similar pattern but the
female scores are more shifted towards to the “male end of the spectrum” with the majority of
scores being “-1”. The greater sciatic notch shows the greatest amount of distinction between the
sexes with the vast majority being scored on both extremes of the ordinal scale. The lack of any
sulcus present is found in the vast majority of males however the presence in females is quite
variables with scores ranging from “-2” to “+2”. The obturator foramen has the largest overlap
between the sexes present in all of the samples studied. A near equal distribution across the
ordinal scale is found in males and with females showing morphology ranging from “-2” to “0”.
The subpubic angle, pubic body shape, and subpubic concavity have the highest percentage
accuracy of >80% with the greater sciatic notch and ischiopubic ramus having accuracies ranging
between 76-79% (Table 6). Both the ventral arc and preauricular sulcus had correct classifications
between 70-69%. The lowest correct classification was from the obturator foramen, for which had
an accuracy <50% for diagnosing the correct sex.
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Table 5: Accuracy rates for each morphoscopic trait for the South African Black sample.

South Africa: Black Sample
Correct

Unknown

Incorrect

VA

134/205 (65.37%)

33/205 (16.10%)

38/205 (18.54%)

SPC

159/205 (77.56%)

23/205 (11.22%)

23/205 (11.22%)

IPR

164/205 (80.00%)

14/205 (6.89%)

27/205 (13.17%)

PBS

178/205 (86.83%)

11/205 (5.37%)

16/205 (7.80%)

SPA

176/205 (85.85%)

13/205 (6.34%)

16/205 (7.80%)

OF

118/205 (57.56%)

44/205 (21.46%)

43/205 (20.98%)

GSN

155/205 (75.60%)

18/205 (8.78%)

32/205 (15.60%)

PAS

146/205 (71.22%)

31/205 (15.12%)

28/205 (13.66%)

Table 6: Accuracy rates for each morphoscopic trait for the South African Coloured sample.

South Africa: Coloured Sample
Correct

Unknown

Incorrect

VA

140/205 (68.29%)

27/205 (13.17%)

38/205 (18.54%)

SPC

166/205 (80.98%)

27/205 (13.17%)

12/205 (5.85%)

IPR

156/205 (76.10%

30/205 (14.63%)

19/205 (9.27%)

PBS

169/205 (82.44%)

23/205 (11.22%)

13/205 (6.34%)

SPA

170/205 (82.93%)

24/205 (11.71%)

11/205 (5.37%)

OF

95/205 (46.34%)

49/205 (23.90%)

61/205 (29.76%)

GSN

160/205 (78.05%)

27/205 (13.17%)

18/205 (8.78%)

PAS

133/205 (64.88%)

13/205 (6.34%)

59/205 (28.78%)
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5.3 Intra/inter Observer Error
Intra/inter observer errors were analysed using the Kappa Cohen’s test for repeatability following
Landis & Koch’s (1977) definitions. The samples held at Liverpool John Moores University (Poulton
and St. Owens sample) and the University of Pretoria (South African White and Black sample)
were used for the observer analysis. These samples were chosen because of the ease of getting
individuals for the inter-observer error analysis. A random sample was generated using random
sample generator built in SPSS (IBM Corp. 2012) to create a sub-sample for re-evaluation (N=113).
The sample for re-evaluation included 20 specimens from the Poulton sample, 20 from the St.
Owens sample and the remaining 73 were from the three South African Samples (30 South African
White, and 43 South African Black).
The intra-observer analysis was conducted two weeks after the initial data were collected at both
institutions.
All of the eight morphoscopic traits scored >0.65 in regards to the Kappa Cohen’s value when
testing for intra observer error (Table 7). Using Landis & Koch’s (1977) definitions of the Kappa
values, four traits (Ischiopubic Ramus, Pubic Body Shape, Obturator Foramen, and Greater Sciatic
Notch) have substantial agreement between the intra observer scores. The remaining four traits
all have values >0.8 meaning that there is almost perfect agreement between the intra observer
scores.
Table 7: Intra observer results for the eight morphoscopic traits (N=113).

Intra Observer Error
Kappa Value

p Value

Interpretation
(Landis & Koch 1977)

Ventral Arc

0.823

<0.001

Almost Perfect Agreement

Subpubic Concavity

0.844

<0.001

Almost Perfect Agreement

Ischiopubic Ramus

0.724

<0.001

Substantial Agreement

Pubic Body Shape

0.741

<0.001

Substantial Agreement

Subpubic Angle

0.861

<0.001

Almost Perfect Agreement

Obturator Foramen

0.676

<0.001

Substantial Agreement

Greater Sciatic Notch

0.690

<0.001

Substantial Agreement

Preauricular Sulcus

0.883

<0.001

Almost Perfect Agreement

Trait
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Two observers were chosen to conduct the inter-observer analysis. The first observer (Observer 1)
holds a M.Sc. in Anatomy and has four years of experience assisting in forensic anthropology
casework. Observer 1 has conducted similar research on morphoscopic sexing traits but from the
human skull.
The second observer (Observer 2) holds a B.Sc. (Hons) in Forensic Anthropology and is currently a
PhD Candidate in Biological Anthropology and has 4 years of experience of skeletal analysis on
archaeological skeletal remains. The second observer has conducted research on cranial nonmetric/discrete traits from the human skeleton.
Both conducted the inter-observer error with no assistance, only the descriptions of the scoring
techniques described in Chapter 4. Observer 1 rescored 73 individuals from South Africa and
Observer 2 rescored the 40 individuals from the Poulton and St. Owens samples.
When analysing the inter observer data, all traits showed a minimum of having a moderate
agreement between the scoring for both observers (Table 8 and Table 9).
For Observer 1, three traits scored between 0.5 and 0.6 (Pubic Body Shape, Obturator Foramen,
and Greater Sciatic Notch) showing that there was a moderate amount if agreement between the
author and Observer 1. The Ventral Arc, Subpubic Concavity, Ischiopubic Concavity and Subpubic
Angle all had a substantial agreement between scorers. The only trait to remain in almost perfect
agreement was the Preauricular Sulcus with a Kappa value of 0.861 (p<0.001).
For the second observer, three of the eight traits resulted in a Kappa Value ranging between 0.5 –
0.6 (Obturator Foramen, Pubic Body Shape, and Ischiopubic Ramus) stating a moderate
agreement between observers was apparent. The Ventral Arc, Subpubic Concavity, Greater Sciatic
Notch and Subpubic Angle all had a substantial agreement between scorers. The Preauricular
Sulcus resulted in a Kappa value of 0.848 meaning the trait achieved a better than accepted error
rate between the author and Observer 2.
There is only a small difference between the two observer results being the scoring relating to the
Greater Sciatic Notch and the Ischiopubic Ramus. The scores of Observer 2 were more in
agreement in regards to the Greater Sciatic Notch whilst the Ischiopubic Ramus was less accurate,
being interpreted as having only a “moderate agreement”. The opposite can be seen for Observer
1, where the Ischiopubic Ramus was scored more accurately than the Greater Sciatic Notch.
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Table 8: Inter observer results for the eight morphoscopic traits (Observer 1) (N=73).

Inter Observer Error (Observer 1)
Kappa Value

p Value

Interpretation
(Landis & Koch 1977)

Ventral Arc

0.799

<0.001

Substantial Agreement

Subpubic Concavity

0.704

<0.001

Substantial Agreement

Ischiopubic Ramus

0.644

<0.001

Substantial Agreement

Pubic Body Shape

0.567

<0.001

Moderate Agreement

Subpubic Angle

0.620

<0.001

Substantial Agreement

Obturator Foramen

0.529

<0.001

Moderate Agreement

Greater Sciatic Notch

0.577

<0.001

Moderate Agreement

Preauricular Sulcus

0.861

<0.001

Almost Perfect Agreement

Trait

Table 9: Inter observer results for the eight morphoscopic traits (Observer 2) (N=40).

Inter Observer Error (Observer 2)
Kappa Value

p Value

Interpretation
(Landis & Koch 1977)

Ventral Arc

0.701

<0.001

Substantial Agreement

Subpubic Concavity

0.724

<0.001

Substantial Agreement

Ischiopubic Ramus

0.600

<0.001

Moderate Agreement

Pubic Body Shape

0.550

<0.001

Moderate Agreement

Subpubic Angle

0.705

<0.001

Substantial Agreement

Obturator Foramen

0.437

<0.001

Moderate Agreement

Greater Sciatic Notch

0.733

<0.001

Substantial Agreement

Preauricular Sulcus

0.848

<0.001

Almost Perfect Agreement

Trait
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5.4 Sexing using Ordinal Logistic Regression
A more formal approach to analysing ordinal data for classifications would be to use an Ordinal
Logistic Regression (OLR). For this round of analysis, only individuals with all eight morphoscopic
traits present were considered for analysis. Table 10 highlights the demographic of the four
samples used to create four population specific OLR equations.
Table 10: Breakdown of the four Known Sex samples (N=741).

Sample

N

Mean Age (Years)

Min-Max (Years)

Male

69

57.29

22-91

Female

69

58.43

23-89

Total

138

57.86

22-91

Male

95

63.16

28-94

Female

98

67.51

19-88

Total

193

65.37

19-94

Male

108

45.44

20-86

Female

97

45.05

20-80

Total

205

45.26

20-86

Male

102

53.34

19-101

Female

103

46.17

18-89

Total

205

49.74

18-101

Christ Church,
Spitalfields

South African White

South African Black

South African
Coloured

The glm() function using the binomial distribution was applied to create the ordinal logistic
regression using all eight morphoscopic traits. A Wald Test from the package {aod}, function
wald.test(), was conducted on the OLR which stated that all of the four models were significant,
meaning that the variables used all contribute to the model (Table 11). Following this, cv.glm()
function, from the package {boot}, was performed to cross validate the regression analysis. All
results that are reported are after the cross-validation procedure.
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Table 11: Results from the Wald Test for the four Known Sex samples.

x2

df

p Value

Christ Church, Spitalfields

17.3

5

<0.01

South African White

16.6

5

<0.01

South African Black

21.5

5

<0.001

South African Coloured

24.6

5

<0.001

Sample

OLR Generated Equations
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Table 12: Classification results for the four Known Sex samples with their specific OLR analysis.

Sample

N

Correct Female

Correct Male

Overall Accuracy

Christ Church, Spitalfields

138

68/69 (98.55%)

65/69 (94.20%)

96.38%

South African White

193

93/98 (94.90%)

91/95 (95.79%)

95.34%

South African Black

205

85/97 (87.63%)

100/108 (92.59%)

90.24%

South African Coloured

205

95/103 (92.23%)

98/102 (96.08%)

94.15%

From the OLR analysis, all samples achieved an overall accuracy that was greater than 90% (Table
12). The highest accuracy found was the British sample from Christ Church, Spitalfields with an
accuracy of 96.38%. A total of five individuals were misclassified being four males and one female
meaning that females were scored with a higher accuracy than males (98.55% and 94.20%
respectively). South African White’s gained an overall accuracy of 95.34% from their population
specific OLR equation. Nine individuals were misclassified, five females incorrectly sexed as male
and four males incorrectly sexed as females. Males had a slightly higher percentage accuracy of
95.79% than females (94.90%). The South African Black OLR analysis resulted in the lowest overall
accuracy from the four samples with an accuracy of 90.24%. Females were misclassified at a
higher rate with a total of 12 misclassifications, which resulted in an accuracy of 87.63%, whilst
males had a higher success rate of 92.59% with only eight being misclassified as female. An overall
accuracy of 94.15% was achieved when analysing the South African Coloured individuals. Eight
females and four males were misclassified (92.23% and 96.08% respectively), totalling in 12
individuals overall.
After the analysis, the 46 individuals were cross compared to original records to see if any of the
misclassifications were in fact false negatives. No clerical errors were made hence the 46
individuals remained as true misclassifications.
Figures 26 – 29 are ROC curves produced from each of the four individual OLR equations. As we
can see, all four show that they have an extremely good discriminatory power. Slight variations
can be seen between the four curves, the most extreme between the Christ Church, Spitalfields
(Figure 26) and South African Coloured (Figure 29) samples. The Christ Church, Spitalfields OLR
produced a near perfect model from the onset whilst the South African Coloured OLR produced
more ‘steps’ earlier. With this being said, only a 2.23% difference in accuracies (cross validated)
was seen (Table 12).
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Figure 31: ROC curve for the Christ Church, Spitalfields OLR equation.
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Figure 32: ROC curve for the South African White OLR equation.
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Figure 33: ROC curve for the South African Black OLR equation.
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Figure 34: ROC curve for the South African Coloured OLR equation.
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5.5 Cross comparing samples
The argument for population specific equations are given in several articles, however, many of
these articles do not apply their population specific equation onto other populations such as
Steyn & Patriquin (2009) (See Chapters 2 and 8 for further discussion).
The following section applies each of the four OLR equations to the other three samples. This will
allow any differences in percentage accuracy to be noted between the population specific OLR
equation and the three others for each sample. Tables 13 – 16 show the classification results for
the cross comparisons.
When applying the three South African OLR equations onto the 138 individuals from Christ
Church, Spitalfields sample, the same percentage accuracy was achieved from using the South
African White and Coloured OLR equations (96.38%). However, when using the South African
Coloured equation different individuals were misclassified. An additional female and one less
male was misclassified meaning that females had a lower accuracy at 97.10% and males had a
higher accuracy at 95.65%. The South African White equation resulted in the same individuals
being misclassified that were found from the original Christ Church, Spitalfields OLR equation. A
slight decrease in overall accuracy was noted when the South African Black OLR equation was
applied to the British sample. Two females and four males were misclassified (98.55% and 94.20%
accuracies respectively) which resulting in the overall accuracy of 95.65% (Table 13).
Table 13: Classification results for the Christ Church, Spitalfields sample using each of the four OLR
equations (N=138).

OLR Equation

Correct Female

Correct Male

Overall Accuracy

Christ Church, Spitalfields

68/69 (98.55%)

65/69 (94.20%)

96.38%

South African White

68/69 (98.55%)

65/69 (94.20%)

96.38%

South African Black

67/69 (97.10%)

65/69 (94.20%)

95.65%

South African Coloured

67/69 (97.10%)

66/69 (95.65%)

96.38%

Using the South African White sample (N=193) as a base to apply the remaining two South African
equations and the 18th/19th Century British equation, it was found that accuracy did not differ
greatly overall. The same individuals were misclassified after applying the Christ Church,
Spitalfields OLR equation resulting in the same percentage accuracy (95.34%). The South African
Coloured equation resulted in a slightly lower percentage accuracy with one additional female
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being misclassified when compared to the results from the South African White and Christ
Church, Spitalfields OLR equations. Females had a correct classification of 93.88% and males
remained the same with a correct classification of 95.79% creating an overall accuracy of 94.82%.
The South African Black equation resulted in an accuracy greater than the population specific OLR
equation. One additional male was correctly classified which resulted in a 0.51% increase in the
overall accuracy (Table 14).
Table 14: Classification results for the South African White sample using each of the four OLR equations
(N=193).

OLR Equation

Correct Female

Correct Male

Overall Accuracy

Christ Church, Spitalfields

93/98 (94.90%)

91/95 (95.79%)

95.34%

South African White

93/98 (94.90%)

91/95 (95.79%)

95.34%

South African Black

93/98 (94.90%)

92/95 (96.84%)

95.85%

South African Coloured

92/98 (93.88%)

91/95 (95.79%)

94.82%

The South African Black OLR equation resulted in the lowest percentage accuracy when applied
onto its own sample. When applying the other two South African equations, the same accuracy
was not maintained. For both South African equations, two additional males were correctly
identified increasing the male accuracy from 92.59% to 94.44%. However, five additional females
were misclassified which lowered their accuracy from 87.63% down to 82.47%. This dropped the
overall accuracy for the South African Black sample to 88.78%. The Christ Church, Spitalfields OLR
equation proved to work better than the South African White and Coloured equations by correctly
identifying one additional female. This increased the female accuracy to 83.51%, which in turn
increased the overall accuracy to 89.27%. However, these three equations still did not achieve the
same accuracy as the original set of results created by the South African Black OLR equation.
Table 15: Classification results for the South African Black sample using each of the four OLR equations
(N=205).

OLR Equation

Correct Female

Correct Male

Overall Accuracy

Christ Church, Spitalfields

81/97 (83.51%)

102/108 (94.44%)

89.27%

South African White

80/97 (82.47%)

102/108 (94.44%)

88.78%

South African Black

85/97 (87.63%)

100/108 (92.59%)

90.24%

South African Coloured

80/97 (82.47%)

102/108 (94.44%)

88.78%
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The last comparison was using the South African Coloured sample and applying the South African
White and Black, and Christ Church, Spitalfields OLR equations to it. The original overall accuracy
was 94.15% which sadly was not recreated by the other three equations. The South African White
and Christ Church, Spitalfields equation resulted in the same overall accuracy of 93.17%, however
a different amount of males and females were classified correctly. Three females were
misclassified when using the Christ Church, Spitalfields equation lowering its accuracy to 89.32%
when compared to the South African Coloured equation. From this, a further two females were
incorrectly sexed when applying the South African White equation, lowering the female
percentage accuracy even further to 87.37% (Table 16). On the other hand, male classifications
increased when using the South African White and Christ Church, Spitalfields equations. One
additional male was when using the Christ Church, Spitalfields equation (97.06% male accuracy)
and three males were additionally correctly identified using the South African White equation
(99.02% male accuracy). The South African Black equation achieved the lowest accuracy of all four
equations that were applied onto this sample. It did classify the same amount of males as the
South African White equation with an accuracy of 99.02%, however 19 females were misclassified
resulting in the lowest female accuracy for this sample (81.55%). This lowered the overall
accuracy to 90.24%.
Table 16: Classification results for the South African Coloured sample using each of the four OLR
equations (N=205).

OLR Equation

Correct Female

Correct Male

Overall Accuracy

Christ Church, Spitalfields

92/103 (89.32%)

99/102 (97.06%)

93.17%

South African White

90/103 (87.37%)

101/102 (99.02%)

93.17%

South African Black

84/103 (81.55%)

101/102 (99.02%)

90.24%

South African Coloured

95/103 (92.23%)

98/102 (96.08%)

94.15%

5.6 Attempting to find a Universal Equation
Following the cross comparison of the population specific OLR equations onto the four known sex
samples, some slight differences can be found in the percentage accuracies in sexing. Applying the
correct equation to an individual or individuals would require knowledge of their ethnicity or
geographic origin. This becomes an issue when this is unknown, and no estimation of ancestry can
be made, especially if certain skeletal elements are missing (e.g. the skull). This section will
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attempt to create a universal OLR equation to try and tackle the issue of population specificity but
first creating (and cross validating) a South African OLR equation and applying it onto the 18th/19th
Century British population. This will hopefully create a standard equation for South Africa that can
be used on three of the four main population groups for that country and also test its possible use
on a geographically and temporally different sample. From there, an overall equation will be
created (and cross validated) by combining all four known samples to create a potentially
universal OLR equation which will be dubbed “Summary Sex”.
The glm() function using the binomial distribution was applied to create the ordinal logistic
regression using all eight morphoscopic traits. A Wald Test from the package {aod}, function
wald.test(), was conducted on the OLR which stated that all of the four models were significant,
meaning that the variables used all contribute to the model (Table 17). Following this, cv.glm()
function, from the package {boot}, was performed to cross validate the regression analysis. All
results that are reported are after the cross-validation procedure.
Table 17: Results from the Wald Test for the clustered samples.

x2

df

p Value

South African

61.2

8

<0.001

Summary Sex

87.4

8

<0.001

Sample

OLR Generated Equations
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Table 18: Classification results for the two clustered samples from their specific OLR equations.

Sample

N

Correct Female

Correct Male

Overall Accuracy

South African

603

269/298 (90.28%)

289/305 (94.75%)

92.54%

Summary Sex

741

334/367 (91.01%)

355/374 (94.99%)

92.98%

After combining the South African White, Black, and Coloured samples together to create a single
South African sample and applying the new population specific OLR equation on the dataset, an
overall accuracy of 92.54% was achieved. A total of 29 females were misclassified which resulted
in a percentage accuracy of 90.28% and 16 males were incorrectly sexed creating a male accuracy
of 94.75%. The same female individuals were misclassified in this analysis and in the original OLR
results (Table 18 and Table 12) with an additional four females, these being three South African
Black females and one South African Coloured female. For males, the same individuals were
misclassified as using the South African OLR equation and from the three South African
population specific OLR equations.
When applying the South African OLR equation to the Christ Church, Spitalfields sample a higher
overall percentage accuracy (97.10%) was achieved when compared against the samples specific
OLR equation. Similar to the original result, only one female was misclassified creating a female
accuracy of 98.55% whilst only three males were misclassified unlike the four that were in from
the original analysis. This resulted in the males having a 95.65% accuracy when applying the South
African OLR equation.
A total of 52 individuals were misclassified when the Summary Sex OLR equation was applied to
the four known sex samples (N=741). Females were correctly sexed with an accuracy of 91.01%
meaning a total of 33 were misclassified (Table 18). The same females were misclassified that
were found in the combined South African OLR analysis and the single female from the Christ
Church, Spitalfields sample, with the addition of three more South African Black females. For
males, a total of 19 were misclassified. These males were the same males misclassified from the
combined South African OLR analysis where 16 males were misclassified from South Africa and
three were misclassified from the Christ Church, Spitalfields sample.
Similarly, to the sample specific OLR analyses, ROC curves were created for the South African and
Summary Sex samples. Both ROC curves are practically identical and indicate that they both have
a great discriminatory power (Figure 30 and Figure 31).
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Figure 35: ROC curve for the South African OLR equation.
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Figure 36: ROC curve for the Summary Sex OLR equation.

103

5.7 Summary
The results presented in this chapter show that multivariate analyses, that combine several sexing
morphoscopic traits, can be used to determine sex at a much higher accuracy than only using a
single morphoscopic trait. With this in mind, it is still good to note that the trait with the greatest
accuracy was the shape of the pubic body (Christ Church, Spitalfields: 90.42%; South African
White: 88.60%; South African Black: 86.83%) (Tables 4, 5, and 6) and the subpubic angle having
the greatest accuracy for the South African Coloured sample (82.93%) (Table 7). Accuracies for the
OLR equations ranged from 90.24% to 96.38%.
They later show that the four OLR equations created show signs of population specifity. This was
determined by applying each equation onto the remaining three data sets and to compare if
accuracies differ, which they inevitably did.
The final hypothesis was to create and assess the use of a universal equation to see if it would
have solved the issue of population specifity seen with the four OLR equations. Two equations
were created, the South African equation (which contained all three South African samples) and
the Summary Sex equation (which contained all four samples). Accuracies were lower than the
specific OLR results, but higher than when they were individually applied onto samples that were
not their own.
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6. Results II
6.1 Introduction
In this chapter, we investigate the use of the OLR equations, created and assessed in the previous
chapter (Chapter 5) on archaeological samples and if they are applicable for archaeological
skeletal collections. Because sex is not known in these samples, we are basing the results from
these analyses from predetermined sex. For the Andaman and Chumash samples, sex was based
from records held at the Natural History Museum, London (UK). For the Poulton and St. Owens
samples, sex was based from the individuals being seriated for sex using cranial morphoscopic
assessment (Walker 2008), femoral head diameter (Stewart 1979) and general size and robusticity
of the pelvis (Acsádi & Nemeskéri 1970, European meeting of Anthropologists 1980)
Similarly, to the previous chapter, accuracy of each trait will be observed for each sample and
from there each OLR equation will be applied to the samples. This chapter has one testable
hypothesis:
H1: The results from the OLR will provide a greater accuracy than that of a single
morphoscopic trait for sex estimation.
H0: The results from the OLR will not differ from the sexing accuracy from a single
morphoscopic trait for sex estimation.

6.2 Trait Frequencies for Archaeological Samples
A seriation for sex was used for the Poulton and St. Owens samples. This meant assessing overall
pelvic morphology and robustness following the descriptions from European meeting of
Anthropologists (1980), skull morphology (Walker 2008), and the diameter of the femoral head
(Stewart 1979). The latter was used primarily because these two samples shown signs of a high
degree of fragmentation. This issue of fragmentation will be fully explored in Chapter 7.
Individuals were not assigned sex until all individuals in the sample had been seriated and the
spread of sexual variability was assessed.
For the Chumash sample, estimated sex was based in information made available from the
museum’s database and from work of previous researchers. There were some issues surrounding
this, for example some individuals in the database were described to be 12 years therefore they
were not assigned a sex even though the physical remains were that of a fully mature adult.
Walker’s (2008) skull morphology and diameter of the femoral head (Stewart 1979) was used to
establish sex.
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Sex for the Andaman sample was based on information from previous researchers and the
database records. Some of the individuals in the sample had death certificates and written
notation of who the individual was, detailing their name and sex.
To give an overview of trait frequencies for each archaeological sample, all individuals (complete
and incomplete pelves) were considered for analysis from each of the four archaeological
samples. Each sample was analysed separately and percentage accuracies were calculated for
each trait as a single sex assessor. If a minus score was given, the individual was deemed female
and if a positive score was given then it would be male.

6.2.1 Poulton UK
The female individuals from the Poulton sample seem to show a small amount of spread
throughout the five possible scores with the majority showing the hyper-feminine morphology “2”. Males on the other hand have a very different story. A much larger spread is seen with the
majority of males either not showing any ventral arc (+2) or showing a similar morphology of an
arc which is indicative of females with a score of “-1”. The shape of the pubic body, subpubic
concavity and the greater sciatic notch all have a similar spread of scores for males and females.
The majority of males show the hyper-masculine form of “+2” with a lower proportion with a
score of “+1” and an even lower amount with an ambiguous score “0”. Females show that the
majority have the hyper-feminine form with only a slightly lower proportion with a “-1”
morphology. Both males and females were observed to show extreme morphologies for the
ischiopubic ramus, more so for females than males. However, males were slightly split between
both male scores of “+2” and “+1”. There were slight differences evident between males and
females when reviewing the obturator foramen. The morphologies for males was more prominent
than for females. Females show a much more even distribution from the “-2” to the “0” many of
the males stay within the masculine scores of “+2” and “+1. There is a clear distinction between
males and females in regards to the preauricular sulcus with the vast majority of both sexes
showing their expected extreme forms.
Table 19 shows the results for the medieval Poulton collection. The four traits that had the
highest accuracy were the ischiopubic ramus, shape of the pubic body, the subpubic angle, and
the preauricular sulcus. All of these four traits had accuracies greater than 80%. The subpubic
concavity and obturator foramen achieved accuracies of 79.41% and 72.34% respectively. The
remaining two traits, ventral arc and the greater sciatic notch showed the lowest accuracies
ranging between 60-65%.
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6.2.2 St. Owens, Gloucester UK
The subpubic concavity, ischiopubic ramus, and pubic body shape all show a similar spread of
scores for males and females. Males tend to show a more extreme morphology with a “+2” whilst
females show more of a slight spread between the female scores of “-2” and “-1”. Nearly all males
have no preauricular sulcus whilst females show a range of morphology. This is similar to the
morphology of the ventral arc but to a lesser extent with males showing more variability in the
presence of the arc. The obturator foramen and the greater sciatic notch show similar distribution
of scores for males and females with males revealing a much larger amount of variability then
their female counterparts. The subpubic angle shows a clear distinction between males and
females and is the opposite of what was seen for the preauricular sulcus. Nearly all females were
observed with the hyper-feminine score of “-2” and males were observed with a nearly equal
distribution of scores ranging from “+2” to “0”. Table 20 shows the results for the medieval St.
Owens collection. The two traits with the highest accuracy rates were the shape of the pubic body
and the subpubic angle (83.33% and 82.98%). Following these, the three Phenice traits achieved
accuracies ~80% followed closely by the greater sciatic notch with an accuracy of 78.79%. The last
two traits had the lowest overall accuracies; preauricular sulcus (74.74%) and obturator foramen
(68.29%).

Table 19: Accuracy rates for each morphoscopic trait for the Poulton sample.

Poulton, (UK)
Correct

Unknown

Incorrect

VA

51/80 (63.75%)

3/80 (3.75%)

26/80 (32.5%)

SPC

54/68 (79.41%)

10/68 (14.71%)

4/68 (5.88%)

IPR

60/74 (81.10%)

10/74 (13.51%)

4/74 (5.41%)

PBS

66/82 (80.49%)

9/82 (10.98%)

7/82 (8.54%)

SPA

64/76 (84.21%)

5/76 (6.58%)

7/76 (9.21%)

OF

34/47 (72.34%)

7/47 (14.89%)

5/47 (10.63%)

GSN

83/129 (64.34%)

31/129 (24.03%)

15/129 (11.63%)

PAS

107/126 (84.92%)

0/126 (0%)

19/126 (15.08%)
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Table 20: Accuracy rates for each morphoscopic trait for the St. Owens sample.

St. Owens, Gloucester (UK)
Correct

Unknown

Incorrect

VA

38/47 (80.85%)

4/47 (8.15%)

5/47 (10.64%)

SPC

38/48 (79.17%)

6/48 (12.50%)

4/48 (8.33%)

IPR

39/48 (81.25%)

6/48 (12.50%)

3/48 (6.25%)

PBS

40/48 (83.33%)

5/48 (10.42%)

3/48 (6.25%)

SPA

39/47 (82.98%)

6/47 (12.77%)

2/47 (4.26%)

OF

28/41 (68.29%)

9/41 (21.95%)

4/41 (9.76%)

GSN

78/99 (78.79%)

15/99 (15.12%)

6/99 (6.06%)

PAS

74/99 (74.74%)

12/99 (12.12%)

13/99 (13.13%)

6.2.3 Chumash USA
The three Phenice traits all had similar male and female score distributions with a large
proportion of males scoring more the along the extreme morphology of “+2” than any other.
Females, on the other hand, had a greater distribution throughout the scores from “-2” to “0”.
The obturator foramen and preauricular sulcus had the greatest overlap between males and
females, having distribution scores from “+2” and “-2”. This is the first sample where a “-2”
morphology was observed on a male individual. The shape of the pubic body and the subpubic
angle both showed that males and females were found to have more of their extreme
morphologies present. The greater sciatic notch also presented a good distinction between the
sexes, however males were found to have a greater spread from “+2” to “0” whilst females
predominantly remained with the negative scores.
The results for the Chumash population can be found in Table 21. In general, the accuracies were
much lower than those seen previously. The trait that correctly estimated sex was the subpubic
angle (86.49%) followed closely by the ischiopubic angle (85.71%). The ventral arc, subpubic
concavity and shape of the pubic body gained accuracies between 70-80%. From these, the
greater sciatic notch and obturator foramen had the sixth and seventh highest percentage
accuracies (68.42% and 62.16% respectively). The preauricular sulcus had the lowest accuracy,
correctly classifying just over 50% of individuals in the population.

6.2.4 Andaman Islands
The results from the trait frequencies can be seen in Table 22. Only the shape of the pubic body
achieved an accuracy of greater than 90% with only one unknown and incorrect classification. The
subpubic angle and the subpubic concavity gained accuracies just lower than 90% (88.89% each)
with the ventral arc getting the fourth highest accuracy of 81.48%. The remaining four traits had
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accuracies ranging between 70-80% apart from the preauricular sulcus who achieved a correct
classification rate of 66.67%.
The ventral arc, pubic body shape, subpubic angle, and the preauricular sulcus all show the same
distribution for males scores. The majority of all males having a “+2” morphology whilst females
showed a greater distribution of scores which ranged predominantly between “-2” and “0”. For
the subpubic concavity males and females were generally spread between their scores (positive
for males and negative for females) with one male observed with a feminine morphology. Males
were shown to have the widest variability in greater sciatic notch scores ranging between the
“+2” to “-1” which slightly overlapped with the females which typically ranged in the negative
scores. Females had a more equal distribution of negative scores for the obturator foramen whilst
the majority of males were shown to have a “+1” morphology. The male ischiopubic ramus had a
greater amount of variation than females scoring from (with the majority) hyper-masculine “+2”
to ambiguous “0” whilst females were more equally distributed between “-1” and “-2”.

Table 21: Accuracy rates for each morphoscopic trait for the Chumash sample.

Chumash (USA)
Correct

Unknown

Incorrect

VA

27/35 (77.14%)

2/35 (5.72%)

6/35 (17.14%)

SPC

28/37 (75.68%)

3/37 (8.11%)

6/37 (16.21%)

IPR

30/35 (85.71%)

1/35 (2.86%)

4/35 (11.43%)

PBS

29/37 (78.38%)

1/37 (2.70%)

7/37 (18.92%)

SPA

32/37 (86.49%)

0/37 (0.00%)

5/37 (13.51%)

OF

23/37 (62.16%)

7/37 (18.92%)

7/37 (18.92%)

GSN

26/38 (68.42%)

8/38 (21.05%)

4/38 (10.53%)

PAS

20/38 (52.63%)

7/38 (18.42%)

11/38 (28.95%)

.
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Table 22: Accuracy rates for each morphoscopic trait for the Andamanese sample.

Andaman (India)
Correct

Unknown

Incorrect

VA

22/27 (81.48%)

3/27 (11.11%)

2/27 (7.41%)

SPC

24/27 (88.89%)

2/27 (7.41%)

1/27 (3.70%)

IPR

21/27 (77.78%)

5/27 (18.52%)

1/27 (3.70%)

PBS

25/27 (92.60%)

1/27 (3.70%)

1/27 (3.70%)

SPA

24/27 (88.89%)

1/27 (3.70%)

2/27 (7.41%)

OF

21/27 (77.78%)

3/27 (11.11%)

3/27 (11.11%)

GSN

20/27 (74.07%)

3/27 (11.11%)

4/27 (14.82%)

PAS

18/27 (66.67%)

6/27 (22.22%)

3/27 (11.11%)

6.3 Applying Known onto the Unknown
The use of population specific equations is fundamental to forensic investigations however,
knowing how applicable they are for archaeological material and/ or the unknown is still
undetermined. The following chapter shows the results from applying the four population specific
and two clustered population equations onto four unknown archaeological samples. Percentage
accuracy will be changed to percentage agreement as sex for the archaeological samples have all
been estimated or have circumstantial evidence for that sex. This chapter will only deal with
individuals that had all eight morphoscopic traits present. Individuals that were fragmented and
missing variables will be discussed and analysed in Chapter 7. Table 23 gives the breakdown of
sexes for these four samples.

Table 23: Breakdown of complete male and female skeletons in the four archaeological samples.

Sample

N

Females

Males

Poulton

47

24

23

St. Owens

30

18

12

Chumash

34

16

18

Andaman

27

13

14
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From the Poulton sample, 47 individuals had all eight morphoscopic sexing traits present. This
breaks down as 24 adult females and 23 adult males (Table 23). These 47 individuals had each of
the OLR equations from Chapter 5 applied to them and a percentage agreement was calculated.
When applying the four OLR equations, the overall agreement to the sex based from the seriation
was 93.62%. One female and two males were sexed differently (95.83% and 91.30%, respectively).
All three misclassifications were the same individuals in all four analyses. The same percentage
agreement was also achieved when applying the combined equation “Summary Sex” with the
same individuals being sexed differently. One additional male was sexed correctly when using the
South African equation increasing the overall percentage agreement to 95.74% and increasing the
male accuracy to 95.65% (Table 24).

Table 24: Classification results for the Poulton sample using each of the six OLR equations (N=47).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

23/24 (95.83%)

21/23 (91.30%)

93.62%

South African White

23/24 (95.83%)

21/23 (91.30%)

93.62%

South African Black

23/24 (95.83%)

21/23 (91.30%)

93.62%

South African Coloured

23/24 (95.83%)

21/23 (91.30%)

93.62%

South African

23/24 (95.83%)

22/23 (95.65%)

95.74%

Summary Sex

23/24 (95.83%)

21/23 (91.30%)

93.62%

A total of 30 individuals had a complete set of eight morphoscopic traits from the St. Owens
archaeological sample. From the seriation analysis, it was found that there were 18 females and
12 males in this sample (Table 23). After applying the four population specific OLR equations, all
individuals were sexed the same as from the seriation analysis with the exception of the South
African Coloured equation (Table 25). When the South African Coloured equation was applied,
one male was miss-identified as female thus creating a male agreement accuracy of 91.67%. The
overall agreement for this equation was 96.67% for the St. Owens sample. The two combined OLR
equations, South African and Summary Sex, resulted in all individuals being sexed the same as the
seriation analysis, just like the three population specific OLR equations.
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Table 25: Classification results for the St. Owens sample using each of the six OLR equations (N=30).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

18/18 (100%)

12/12 (100%)

100.00%

South African White

18/18 (100%)

12/12 (100%)

100.00%

South African Black

18/18 (100%)

12/12 (100%)

100.00%

South African Coloured

18/18 (100%)

11/12 (91.67%)

96.67%

South African

18/18 (100%)

12/12 (100%)

100.00%

Summary Sex

18/18 (100%)

12/12 (100%)

100.00%

There were 16 females and 18 males that had all eight sexing traits preserved in the Chumash
sample, with a complete sample size of 34 individuals (Table 23). After applying all six OLR
equations, the same four females and two males were misclassified in all instances. This created
an overall agreement accuracy of 82.35% with a 75% accuracy for females and an 88.89%
accuracy for males (Table 26).
Table 26: Classification results for the Chumash sample using each of the six OLR equations (N=34).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

12/16 (75.00%)

16/18 (88.89%)

82.35%

South African White

12/16 (75.00%)

16/18 (88.89%)

82.35%

South African Black

12/16 (75.00%)

16/18 (88.89%)

82.35%

South African Coloured

12/16 (75.00%)

16/18 (88.89%)

82.35%

South African

12/16 (75.00%)

16/18 (88.89%)

82.35%

Summary Sex

12/16 (75.00%)

16/18 (88.89%)

82.35%

A total of 27 individuals created the Andaman sample with 13 females and 14 males (Table 23). All
these 27 individuals had all eight sexing traits present for analysis. Only one female was
misclassified when applying the OLR equations for Spitalfields, South African White, South African
Coloured samples This was also the same for the two combined South African and Summary Sex
equations, which created an overall accuracy of 96.30% (92.31% accuracy for females and 100%
agreement for males). One additional female was misclassified when the South African Black
equation was applied onto the Andaman sample. This lowered the female accuracy to 84.62% and
the overall accuracy to 92.59% (Table 27).
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Table 27: Classification results for the Andaman sample using each of the six OLR equations (N=27).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

12/13 (92.31%)

14/14 (100%)

96.30%

South African White

12/13 (92.31%)

14/14 (100%)

96.30%

South African Black

11/13 (84.62%)

14/14 (100%)

92.59%

South African Coloured

12/13 (92.31%)

14/14 (100%)

96.30%

South African

12/13 (92.31%)

14/14 (100%)

96.30%

Summary Sex

12/13 (92.31%)

14/14 (100%)

96.30%

When applying all six OLR equations onto the archaeological samples with very minor percentage
differences between them, normally only one individual is further misclassified (Tables 24 – 27).
The only OLR equation that came close to matching the results from the seriation analysis
(Poulton and St. Owens samples) and the catalogue records (Chumash and Andaman samples)
was the combined South African OLR equation. The results from the South African equation had
the same percentage agreement for St. Owens, Chumash, and Andaman samples but increased
accuracy for the Poulton sample by classifying one additional male (Table 24). This result is
surprising because the South African individuals are completely different geographically and
temporally. For these samples, the South African OLR equation attains the highest accuracy which
reveals that it is the least biased both geographically and temporally.

6.4 Summary
Four archaeological skeletal samples were used to evaluate the possible use of pre-made OLR
equations on known age and sex skeletal samples. First, the accuracies of each morphoscopic trait
were explored, resulting in the subpubic angle having the greatest accuracy for the Poulton and
Chumash samples (84.11% and 86.49%) (Tables 19 and 21) as well as the shape of the pubic body
for the St. Owens and Andaman samples (83.33% and 92.60%) (Table 20 and 22). To reject the
null hypothesis stating that the OLR equations will not yield greater accuracies compared to single
morphoscopic traits, each OLR equation would have to result in an equal to, or lower accuracy to
those listed above. For Poulton, St. Owens, and Andaman samples, the null hypothesis can be
rejected with accuracies ranging from 92.59%-100.00% (Tables 24, 25, and 27).
H1: The results from the OLR will provide a greater accuracy than that of a single
morphoscopic trait for sex estimation.
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The Chumash sample however achieved a lower accuracy with all the OLR equations which was
4.14% lower than using just subpubic angle (Table 26). Caution must be taken when viewing the
results from the Chumash sample due to issues with the records being noted. This will be fully
discussed in Chapter 8.
H0: The results from the OLR will not differ from the sexing accuracy from a single
morphoscopic trait for sex estimation.
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7. Results III
7.1 Dealing with Fragmentation
In an ideal scenario, all skeletal elements would be preserved and undamaged from taphonomic
processes such as bio erosion and/or fire/burning. This scenario is rare, and what is normally
found in both archaeological and forensic cases are fragmented pieces of the human skeleton, if
not fragmented, then damaged to an extent where analysis is not possible.
As we can see from the sample sizes for the archaeological sample (Chapters 3 and 6), very few
preserved all eight morphoscopic traits on the pelvis. In this chapter, we explore three different
ways in how to deal with fragmented remains and sex estimation:
1. Use the individual’s median value to replace all missing scores to complete the OLR
equations for fragmented samples.
2. Apply only sections of the OLR equations onto individuals who are fragmented to increase
sample size:
a. OLR Equations with only the ventral arc, subpubic concavity, and ischiopubic
ramus variables (“Phenice OLR equation”).
b. OLR Equations with only the subpubic angle and shape of the pubic body
(“Anterior Posterior OLR equation”).
c. OLR Equations with only the greater sciatic notch and preauricular sulcus
variables (“Posterior Pelvis OLR equation”).
3. Apply new and shorter OLR equations onto individuals who are fragmented:
a. OLR Equations with only the ventral arc, subpubic concavity, and ischiopubic
ramus variables (“Phenice OLR equation”).
b. OLR Equations with only the subpubic angle and shape of the pubic body
(“Anterior Pelvis OLR equation”).
c. OLR Equations with only the greater sciatic notch and preauricular sulcus
variables (“Posterior Pelvis OLR equation”).
The second and third method of potentially dealing with fragmented remains will be attempted
on known samples first, then applied onto the four archaeological samples. Applying sections
firstly onto the knowns samples will provide known accuracies for when the sectioned equations
will be used for the archaeological samples.
This chapter has several hypotheses that will be tested:
1H1: A difference in accuracy will be found when using median values for missing variables
for fragmented individuals and the original accuracies from the previous chapter.
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1H0: No difference in accuracy will be observed when using median values for missing
variables for fragmented individuals and the original accuracies from the previous chapter.

2H1: A difference in accuracy will be found when using sectioned OLR Equations to that of
the original accuracies from the previous chapter.
2H0: No difference in accuracy will be observed when using sectioned OLR Equations to
that of the original accuracies from the previous chapter.

3H1: A difference in accuracy will be found when using the new ’smaller’ OLR Equations to
that of the original accuracies from the previous chapter.
3H0: No difference in accuracy will be observed when using the new ‘smaller’ OLR
Equations to that of the original accuracies from the previous chapter.

7.2 Median value replacing missing scores
To include individuals that were fragmented, the median value for each specimen was calculated
and replaced all missing values for that specimen. Four samples had individuals with a fragmented
pelvis. From the Christ Church, Spitalfields population, 90 specimens did not preserve all eight
morphoscopic traits. From the 90 individuals, there were 464 missing values with the majority of
individuals only having two (N=42), five (N=9) or eight (N=15) morphoscopic traits present. From
the Poulton collection, 85 individuals had at least one missing trait. A total of 207 missing values
were replaced with individuals only having two (N=49) traits present. The St. Owens collection
had 70 individuals that had a fragmented pelvis, to which most of the individuals only had two
traits present (N=50) similar to the Poulton collection however, there were 238 missing values
that were replaced overall. The last population that had fragmented remains was the Chumash
population. Four individuals had a fragmented pelvis, with only 22 missing values overall. Two
individuals had five traits missing, whilst the remaining individuals had four and seven traits
replaced with their median score. An overview of the four samples can be seen in Tables 19 - 22.
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Table 28: Breakdown of fragmented individuals

Sample

N

Mean Age (Years)

Min-Max (Years)

Male

43

56.37

21-83

Female

47

57.89

26-87

Total

90

57.17

21-87

Male

41

Adult

Adult

Female

44

Adult

Adult

Total

85

Adult

Adult

Male

44

Adult

Adult

Female

26

Adult

Adult

Total

70

Adult

Adult

Male

1

Adult

Adult

Female

3

Adult

Adult

Total

4

Adult

Adult

Christ Church, Spitalfields

Poulton

St. Owens

Chumash

Table 29 summarises the results for the 90 individuals from the Spitalfields sample that had their
median value replace missing scores. After applying all six OLR equations (found in Results
Chapter 1) the lowest overall accuracy was achieved by the South African Black and the South
African equation at 90.00%. Both these equations achieved the same male-female classification
with six female misclassifications and three male misclassifications. However, the three male
misclassifications were calculated to be ‘unknown’ or truly ambiguous. The remaining four
equations achieved an overall accuracy of 91.11% however, differences in the male-female
classification were seen. The South African Coloured equation had a higher classification of
females with 93.62% being correctly sexed whilst the other three equations (Spitalfields, South
African White, and Summary Sex) achieved a lower accuracy of 89.36%. With this being said,
these three equations had a higher accuracy for males being 93.02% where the three males were
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deemed as ambiguous rather than male or female. The South African Coloured equation
misclassified an additional two males as females unlike previously.
After analysing the 85 individuals from the Poulton sample that had missing values replaced by
their median score, the equation with the greatest percentage agreement was the South African
Coloured equation. With an overall agreement of 88.24%, only five females and five males were
sexed differently. The Spitalfields equation generated the lowest agreement by sexing five
females and eight males differently (88.64% and 80.49%) resulting in an overall agreement of just
84.71% (Table 30). The remaining four equations yielded the same overall agreement (85.88%)
and male-female classification (80.49% and 90.91% respectively). No individuals were calculated
to be ambiguous.
Table 29: Classification results for the fragmented Christ Church, Spitalfields sample using each of the six
OLR equations (N=90).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

42/47 (89.36%)

40/43 (93.02%)*

91.11%

South African White

42/47 (89.36%)

40/43 (93.02%)*

91.11%

South African Black

41/47 (87.23%)

40/43 (93.02%)*

90.00%

South African Coloured

44/47 (93.62%)

38/43 (88.37%)*

91.11%

South African

41/47 (87.23%)

40/43 (93.02%)*

90.00%

Summary Sex

42/47 (89.36%)

40/43 (93.02%)*

91.11%

* 3 male individuals were classified as unknown and deemed incorrect
Table 30: Classification results for the fragmented Poulton sample using each of the six OLR equations
(N=85).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

39/44 (88.64%)

33/41 (80.49%)

84.71%

South African White

40/44 (90.91%)

33/41 (80.49%)

85.88%

South African Black

40/44 (90.91%)

33/41 (80.49%)

85.88%

South African Coloured

39/44 (88.64%)

36/41 (87.80%)

88.24%

South African

40/44 (90.91%)

33/41 (80.49%)

85.88%

Summary Sex

40/44 (90.91%)

33/41 (80.49%)

85.88%
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Table 31 shows the results for the fragmented medieval St. Owens sample (N=70). The South
African Coloured equation achieved the greatest agreement with 88.75% with only two females
and six males being sexed differently. From the six males, two were deemed to be truly
ambiguous whilst the remaining four were sexed as female. Four equations achieved the same
overall agreement and male-female classification. The Spitalfields, South African White, the
clustered South African, and Summary Sex equations achieved an 82.86% agreement with five
females and seven males being sexed differently. The male misclassifications from these four
equations include two males being deemed ambiguous. The South African Coloured equation
achieved a slightly greater agreement than the previous four with one less male being sexed as
female resulting in an overall agreement of 84.26%.
From the Chumash sample, only four individuals had missing values that were replaced by their
median score. After applying the six OLR equations all three females and one male was sexed
correctly (Table 32).
Table 31: Classification results for the fragmented St. Owens sample using each of the six OLR equations
(N=70).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

21/26 (80.77%)

37/44 (84.09%)*

82.86%

South African White

21/26 (80.77%)

37/44 (84.09%)*

82.86%

South African Black

21/26 (80.77%)

38/44 (86.36%)*

84.26%

South African Coloured

24/26 (92.31%)

38/44 (86.36%)*

88.57%

South African

21/26 (80.77%)

37/44 (84.09%)*

82.86%

Summary Sex

21/26 (80.77%)

37/44 (84.09%)*

82.86%

* 2 male individuals were classified as unknown and deemed incorrect
Table 32: Classification results for the fragmented Chumash sample using each of the six OLR equations
(N=4).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

3/3 (100.00%)

1/1 (100.00%)

100.00%

South African White

3/3 (100.00%)

1/1 (100.00%)

100.00%

South African Black

3/3 (100.00%)

1/1 (100.00%)

100.00%

South African Coloured

3/3 (100.00%)

1/1 (100.00%)

100.00%

South African

3/3 (100.00%)

1/1 (100.00%)

100.00%

Summary Sex

3/3 (100.00%)

1/1 (100.00%)

100.00%
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7.3 Sectioned OLR Equations
Another route for dealing with fragmented remains is to use sections of an already created
equation and considering what variables are actually present in the sample. To highlight the use if
this method, each equation was sectioned three times which best shown the possible
combinations an osteologist might encounter. The first combination is recreating the Phenice
method (1969) and Klales et al. (2012) method which use three traits, Ventral Arc, Subpubic
Concavity, and the medial aspect of the Ischiopubic Ramus. The second combination includes the
two traits from the posterior pelvis, the Greater Sciatic Notch, and the Preauricular Sulcus. The
final combination includes two traits from the anterior pelvis being the shape of the pubic body
and the subpubic angle. Even though there are countless more combinations that could be
created, these three are the most likely combinations to appear. The obturator foramen was not
included in any of the equations because normally when fragmentation occurs, the break occurs
along the inferior and superior ramus of the pubis. Each of the sectioned OLR equations can be
found in Appendices A – C. Firstly, the equations will be tested on the four known age and sex
samples then applied to the four archaeological samples (Tables 10, 23, and 28).

7.3.1 Sectioned Phenice OLR
After applying the sectioned Phenice OLR equations onto the Christ Church, Spitalfields sample,
the sample size increased from 138 individuals (breakdown can be seen in Chapter 5, Table 10) to
158 individuals. This is an addition of 8 females and 18 males. As we can see in Figure 32
(Appendix A.2 Table 1) no equation achieved an accuracy greater than 90%. Three equations
(South African White, clustered South African, and Summary Sex) nearly achieved an overall
accuracy of 89.87%. Both of these equations achieved better accuracies for females (94.81%) than
for males (85.19%) with 4 female and 18 male misclassifications. Both the South African Black and
Coloured equations misclassified one further female which decreased the accuracy to 89.24%.
Surprisingly, the Spitalfields sectioned Phenice OLR equation achieved the lowest accuracy of
88.61%. Two additional females were misclassified when compared against the three equations
resulting in the greatest accuracy (Appendix A.2 Table 1).
No additional individuals were added to the South African White sample because all individuals
had all traits present. Regardless of this, the sectioned OLR equations were applied onto this
sample and the results are summarised in Figure 32 (Appendix A.2 Table 2). As expected the
South African White sectioned equation performed the best with an overall accuracy of 94.30%
alongside the two clustered equations (South African and Summary Sex). A total of eight females
(91.84%) and three males (96.84%) were misclassified. Both the Spitalfields and South African
Black equation resulted in a near similar accuracy however, one additional female was
misclassified. This resulted in a lower accuracy of 93.78%. The lowest accuracy was found when
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applying the South African Coloured equation. This equation resulted in eight females (91.84%)
and seven males (92.63%) being misclassified. No individuals were deemed as being ambiguous.
When applying the sectioned OLR equation to just include the Phenice traits onto the South
African Black sample (N=205), no equation exceeded an accuracy of 85% (Appendix Table A.2
Table 3). Four of the six equations, Summary Sex, South African, South African Coloured, and
South African White, achieved the greatest accuracy of 84.44% with nine males (91.67%) and 22
females (76.53%) being incorrectly sexed (one female was classed as ambiguous). The Spitalfields
equation resulted in a near similar accuracy of 84.39% but had a completely different male-female
misclassification accuracy. Twenty-four females (75.26%) and eight males (92.59%) were
misclassified which includes one female being classed as ambiguous. Similar to the results seen in
Figure 32, the South African Black equation resulted in the lowest accuracy on its own sample.
Nine males were misclassified, similar to the four of the other equations, but a total of 27 females
were incorrectly sexed. This created an overall accuracy of 82.44%.
The fourth clustered column in Figure 32 (Appendix A.2 Table 4) summarises the results from
sectioning the OLR equations and applying them onto the South African Coloured sample (N=205).
The South African Coloured equation resulted in the highest accuracy of 92.20% with only three
males (97.06%) and 13 females (88.24%) being misclassified. The South African White, South
African, and Summary Sex equations had a slightly lower accuracy (91.22%) than previous, with
one additional female and one additional male being misclassified. The Spitalfields and South
African Black equations resulted in the lowest accuracies with 88.29% and 87.80% respectively
(Appendix A.2 Table 4).
After testing the Phenice OLR equation onto the known skeletal samples, Appendix Tables 5 – 8
summarise the results of applying them onto the four archaeological samples and can also be
seen on the right hand side of Figure 32.
The Poulton sample has an increased sample of 67 individuals (previously 47). The South African
Black equation resulted in the lowest agreement with 82.90% with more females being sexed
correctly (91.18%) than males (70.58%). The Spitalfields Phenice OLR equation had a greater
accuracy than the South African Black by nearly 7%. An overall agreement of 89.55% was
calculated with only two females and five males being sexed differently. The remaining four
equations (South African White, South African Coloured, South African, and Summary Sex) all
ended with the same overall percentage agreement of 92.54% however, the South African
Coloured equation had a slightly different male-female agreement. Two female and three males
were misclassified for the South African Coloured equation whilst the other three equations only
had one female and four males misclassified. No individuals were deemed to be of unknown sex.
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The results of applying the sectioned Phenice OLR equation onto the St. Owens sample can be
seen in Appendix A.2 Table 6. Each equation achieved an overall agreement greater than 90%.
The South African Coloured equation correctly sexed all the females in the sample with only two
male misclassifications creating an overall agreement of 95.45%. Three other equations achieved
the same overall agreement of 95.45% (South African White, South African, and Summary Sex),
however they all had one female and one male sexed incorrectly. The remaining two equations,
Spitalfields and South African Black, had one additional female sexed differently creating an
overall percentage agreement of 93.18%.
The Chumash sample increased to 35 individuals with one female being included. All six equations
resulted in the same overall percentage agreement of 82.86%. Each equation had the same malefemale misclassification of four females and two males (Appendix A.2 Table 7). No individuals
were deemed ambiguous.
Each equation for the Andaman sample correctly sexed each male but incorrectly identified three
females with two being deemed ambiguous. This created an overall agreement of 88.89%.

Figure 37: Bar chart showing the results of each Sectioned Phenice OLR equation for the eight samples
tested.
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7.3.2 Sectioned Posterior Pelvis OLR
After sectioning the original OLR equations that included just the Greater Sciatic Notch and
Preauricular Sulcus variables, they were applied on the four known samples (Appendix B.2 Tables
1 – 4). Figure 33 (Appendix B.2 Table 1) summarises the results for the Spitalfields sample which
has been increased to 214 individuals. The South African Coloured equation performed the best
with an overall accuracy of 88.32% with 14 females and 11 males being misclassified. One of the
male misclassifications was deemed ambiguous. The South African Black equation obtained the
lowest accuracy of 82.71%. More females were misclassified than males by a wide margin. A total
of 30 females were incorrectly sexed compared against the seven males (including one male being
classed as ambiguous). The remaining four equations, including the two clustered equations, all
gave the same accuracy (83.18%) and male-female classification (Female: 73.15% and Male:
93.40%). As seen by the other equations as well, one male was deemed unknown.
Appendix B.2 Table 2 describes the results for the South African White sample. From all of the
equations, two females and one male were calculated to be ambiguous. From there, the South
African Coloured equation achieved the greatest accuracy 88.08% with 16 females and seven
males being misclassified. The South African Black equation proved to be the least affective for
correct sex identification with an accuracy of 80.83%. This resulted from, albeit only four male
misclassifications, a total of 33 females being incorrectly sexed. The remaining equations all
achieved the same accuracy of 89.53%.
Five of the six equations for the South African Black sample all achieved the same overall
agreement of 81.95% (Figure 33). However, the South African Black equation differed from the
rest with a different male-female classification ratio. The South African Coloured equation had the
only different overall accuracy which was slightly lower than the other at 80.49%. All the
equations however classified one female and three males as being unknown.
Four of the six equations for the South African Coloured samples obtained and accuracy of 79.02%
with 43 females being the only specimens that were misclassified (One female was determined to
be ambiguous). These equations were the Christ Church, Spitalfields, South African White, South
African, and Summary Sex equations. The remaining two equations resulted in the highest and
lowest accuracies. The South African Coloured equation obtained an overall accuracy of 87.80%
with a much higher classification rate for females than the previous four equations (an additional
12 females being correctly sexed = 79.61%). With this being said, four males were misclassified
resulting in the loss of the 100% success rate as seen by the other four OLR equations. The South
African Black equation obtained the lowest accuracy of 71.22% with less than half of the females
being correctly sexed (42.72%). However, all male individuals were correctly sexed. As mentioned
before, one female in all of the six analyses was identified as being ambiguous.
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Moving from the known age and sex samples, the archaeological sample of Medieval Poulton was
assessed using the sectioned OLR equation for variables found at the posterior portion of the
pelvis (Figure 33). An increased sample size to 125 individuals was found with the new selection
criteria (Females: 63, Males: 62). All but one equation achieved the same overall agreement and
agreement rates for both males and females. The two clustered equations, Christ Church,
Spitalfields, South African White and Black all achieved an overall agreement of 84.80% which
included a higher percentage of females being sexed correctly than males (88.89% and 80.65%
respectively). Only the South African Coloured equation resulted in a different agreement
accuracy. Overall, the equation performed better with 87.20% of individuals being sexed
correctly. Four additional males were correctly sexed increasing its accuracy to 87.10%, however
female accuracy did drop by one additional female being sexed differently (87.30%). No
individuals in this sample were deemed ambiguous.
The St. Owens Medieval sample increased from 30 individuals to 98 with 44 adult females and 48
adult males being included in the analysis. All equation except the South African Coloured
equation obtained the same accuracy for males and females being 75.00% for females and
88.89% for males. This created an overall agreement accuracy of 82.65%. The only difference
found when applying the South African Coloured equation onto the St. Owens sample was that
two additional females were correctly sexed increasing the female accuracy to 79.55%, which in
turn increased the overall agreement to 84.65%. One female and two males were deemed as
ambiguous from these six analyses and therefore classed as incorrect sex (Appendix B.2 Table 6).
The Chumash sample was increased to its maximum sample size of 38 with 19 females and 19
males. Similarly to the St. Owens sample, all but one equation achieved the same agreement
accuracies. All but the South African Black equation achieved an overall 75.68% with only three
females and six males being misclassified. The South African Black equation produced a much
lower agreement accuracy of 70.27% which included an additional two males being misclassified.
No individuals were deemed to be ambiguous.
The Andamanese sample (N=27) achieved accuracies much higher than those obtained by the
Chumash sample as stated previously (Figure 33). Five out of the six equations achieved and
accuracy of 85.19% with only three females and one male being sexed differently (76.92% and
92.86% correct agreement, respectively). The only equation to differ was the South African
Coloured equation which achieved a slighter higher accuracy of 88.89% (Appendix B.2 Table 8).
This higher accuracy was due to one additional female being correctly identified, in turn
increasing the female percentage agreement to 84.62%.
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Figure 38: Bar chart showing the results of each Sectioned Posterior Pelvis OLR equation for the eight
samples tested.

7.3.3 Sectioned Anterior Pelvis OLR
The final sectioned OLR equation included two variables found on the anterior portion of the
pelvis; the subpubic angle and the shape of the pubic body with the results presented in Figure 34
(Appendix C.2 Tables 1 – 8). The first sample to apply the Anterior Pelvis OLR equations was the
Christ Church, Spitalfields with an overall sample size of 162 individuals (Females: 81, Males: 81).
The three South African equations (White, Black, and Coloured) obtained the highest overall
accuracy of 95.68% with only one female and six males being misclassified. The remaining three
equations (Christ Church, Spitalfields, South African, and Summary Sex) had a slightly lower
accuracy yet still achieving over 95%. The latter three had only one female and seven males
misclassified resulting in an overall accuracy of 95.06%. Each equation did however classify one
male as ambiguous.
For the South African White sample the Christ Church, Spitalfields equation performed the best
with an overall accuracy of 93.78% with two females and seven males being misclassified (94.90%
and 92.63% accuracies respectively). The South African Black equation achieved the lowest
accuracy of 90.67% with 90.81% of females and 90.53% of males being correctly sexed. The
remaining four equations achieved the same overall accuracy (92.22%) and accuracies for females
and males (91.84% and 92.63%). With this being said, two males were classified as ambiguous in
all six analyses and were deemed as misclassifications.
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Three of the six equations obtained an accuracy of 87.80% when applying the sectioned Anterior
Pelvis equation on the South African Black sample. The Christ Church, Spitalfields, South African,
and Summary Sex equations all correctly identified 82.47% of females and 92.59% of males in the
sample. The South African White and Coloured equations obtained the lowest accuracy of 87.32%
with one additional female being misclassified. The highest accuracy was obtained by the South
African Black equation with an overall accuracy of 89.76% which included 86.60% of females and
92.59% of males being sexed correctly. These analyses did classify two females and one male as
unknown however.
All but one equation differed when applying the equations onto the South African Coloured
sample. The South African Black equation obtained the highest accuracy of 89.76% with ten
female and nine male misclassifications (90.29% and 89.22% accuracies respectively). The
remaining five correctly identified one additional male raising its accuracy to 90.20% but
misclassified two additional females lowering female accuracy to 88.35%. These five equations all
had an overall accuracy of 89.27%. All six equations resulted in one female and six males being
classed as being ambiguous.
Moving from the known age and sex samples, the first archaeological sample to have the
sectioned Anterior Pelvis OLR equations was the medieval Poulton sample with an overall sample
size of 76 (Females: 37, Males: 39). All of the six equations obtained the same male agreement
accuracy of 87.18% with no males being classified as ambiguous. The only difference was in the
female identification. Four of the equations (Christ Church, Spitalfields, South African Coloured,
clustered South African, and Summary Sex) all had five female misclassifications which resulted in
an overall percentage agreement of 86.84% for the Poulton sample. The South African White
equation had one additional female misclassification, lowering the overall accuracy to 85.53
whilst the South African Black had one additional female classified as female, increasing the
overall accuracy to 88.16%. All six equations did deem one female as unknown.
The St. Owens samples increased its overall sample size to 46 with 24 females and 22 males. After
applying the six Anterior Pelvis equations, four produced the highest agreement accuracies
(95.65%) (Figure 34). The Christ Church, Spitalfields, South African Black, clustered South African,
and the Summary Sex equations resulted in only two males being misclassified with all females
being sexed in accordance with previous records. The remaining two equations (South African
White and Coloured) differed only slightly with one female being misclassified which lowered the
overall agreement accuracy to 93.48%. No individuals for this sample were classified as being
ambiguous.
The Chumash sample (N=37) achieved the lowest agreement accuracies of any of the eight
samples analysed. Five of the six equations achieved an overall agreement of 81.08% which
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included five females and two males being misclassified (72.22% and 89.47% accuracies
respectively). The only equation to differ was the South African Black equation which performed
better than the other five with an additional two females being correctly identified raising the
overall agreement accuracy to 86.49%.
The last sample to be analysed was the Andaman sample with an overall sample size of 27
(Female: 13, Male: 14). Each of the six equations correctly identified all of the males in the
sample. Only the female accuracy differed where two females were misclassified using all but the
South African Black equation, where they resulted in an overall accuracy of 92.59%. The South
African Black equation misclassified one additional female lowering the accuracy to 88.89%. No
individuals were classified as ambiguous.

Figure 39: Bar chart showing the results of each Sectioned Anterior Pelvis OLR equations for the eight
samples tested.
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7.4 New OLR Equations
The previous section of this chapter looked at the possible route of sectioning previously
developed OLR equations to help include individuals that were fragmented. To see if sectioning
the equations worked to its highest capacity, new OLR equations were developed and applied
onto each sample which will later be compared to the its sectioned counterparts. The same three
equations were recreated, the Phenice equation (Ventral Arc, Subpubic Concavity, and medial
aspect of the Ischiopubic Ramus variables), the Posterior Pelvis equation (Preauricular Sulcus and
Greater Sciatic Notch variables), and the Anterior Pelvis equation (shape of the Pubic Body and
Subpubic Angle variables). Each of the new OLR equations can be found in Appendices D – F along
with their corresponding Wald Test and ROC Curve. Each equation was first applied to the four
known age and sex samples then onto the four archaeological samples (Figures 35 – 37).

7.4.1 New Phenice OLR
When applying the six new Phenice OLR equations onto the 18th/19th Century British sample of
Spitalfields, we see that none of the six produce accuracies reaching 90%. The best performing
equation was the one modelled on itself with an accuracy of 89.87% with females have a slightly
higher accuracy (90.91%) than males (88.89%). The South African Black and clustered South
African equations obtained the second highest accuracy of 89.24%. These two equations
identified two additional females raising the female accuracy to 93.51% but misclassified an
additional three males lowering their accuracy to 85.19%. The Summary Sex and South African
White equations achieved an accuracy of 88.61% which included six females and 12 males being
incorrectly sexed (92.21% and 85.19% accuracy respectively). The lowest accuracy for this sample
was achieved by applying the South African Coloured equation resulting in an overall accuracy of
87.34% with more females being correctly sexed than males (90.91% and 83.95%).
All six equations when applied onto the South African White sample achieved accuracies greater
than 90%. Four of the six (South African, Summary Sex, South African White and Black equations)
obtained the same overall accuracy along with accuracies for males and females (Appendix D.4
Table 2). Females were correctly identified with a percentage 91.84% (eight misclassifications)
and males were correctly sexed with a percentage accuracy of 97.89% (two misclassifications)
resulting in an overall accuracy of 94.82%. The Christ Church, Spitalfields equation achieved an
accuracy of 93.26% with only one male misclassification (98.85% accuracy) but a greater number
of females being misclassified resulting in an 87.76% accuracy for females. The lowest accuracy
was obtained by the South African Coloured equation with an accuracy of 92.75% with only eight
females and six males being incorrectly sexed.
Similar to the results from the South African White sample, four of the six equations obtained the
same accuracy for the South African Black sample however they differed by approximately 10%.
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The Summary Sex, South African, South African Black and White equations all resulted in an
overall accuracy of 84.88% (Figure 35), however the latter equation had a different female and
male accuracy to the other three. The South African White equation correctly identified 74
females (76.29%) and 100 males (92.59%) whilst the other three identified one less female and
one additional male (75.26% and 93.52% respectively). The South African Coloured equation
achieved an accuracy of 82.93% and the Christ Church, Spitalfields equation achieving the lowest
accuracy for this sample with 81.95%.
The best performing equation for the South African Coloured sample was its sample specific one.
This equation misclassified 13 females and only one male resulting in an overall accuracy of
93.17%. The two cluster equations and the South African Black equation obtained the same
accuracies for both males and females with an overall accuracy of 91.22%. The South African
White equation was the only other equation that obtained an accuracy greater than 90% with an
overall accuracy of 90.73%. This included an accuracy of 83.50% for females and 98.04% accuracy
for males. The lowest accuracy was achieved by the Christ Church, Spitalfields equation which
incorrectly sexed 21 females and two males creating an overall accuracy of 88.78%.
The Poulton sample increased to 67 individuals by using the new selection criteria of just the
three Phenice variables with 34 females and 33 males. Similar to the results achieved by the South
African Coloured equation, all but one achieved accuracies greater than 90%. The Christ Church,
Spitalfields equation had an overall agreement accuracy of 89.55% and misclassified four females
and three males. The South African Coloured equation surpassed the 90% marker with an overall
agreement of 91.04% where one less female was sexed as a male. The clustered South African,
Summary Sex, and South African Black equations all obtained the same accuracy of 92.54% with
only two females and three males being sexed differently. The South African White equation had
the highest percentage agreement with 94.03% which had only one female misclassification along
with the three male misclassifications.
The urban Medieval St. Owens sample increased to 44 individuals with 24 females and 20 males.
The Christ Church, Spitalfields, South African White and Black equations obtained the same
accuracy of 93.18%. Only two females and one male being sexed differently for the former two
equations and one female and two males for the latter. The remaining three equations all
achieved the same overall accuracy of 95.45%, however the female-male accuracies differed
slightly. The South African Coloured equation only sexed two males differently whilst the South
African and Summary Sex equations sexed one male and one female differently. No individuals
were deemed as being ambiguous.
All six equations using the original Phenice variables achieved the same accuracies and the same
female-male accuracies for the Chumash sample. Four females and two males were sexed
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differently than the museum records resulting in an overall accuracy of 82.86%. No individuals
from these analyses were deemed to be ambiguous.
The six equations, when applied onto the Andaman sample, all obtained the same overall
accuracy and female-male accuracy. No males were sexed differently from the museum records
and only three females were sexed as males creating an overall accuracy of 88.89%. No
individuals were classed as being ambiguous.

Figure 40:Bar chart showing the results of each New Phenice OLR equation for the eight samples tested.

7.4.2 New Posterior Pelvis OLR
Three of the six new Posterior Pelvis OLR equations achieved the same accuracy for the
Spitalfields sample (N=214). The South African White and Black, and the clustered South African
equations all obtained the lower accuracy of 83.18% with a much lower proportion of females
being correctly sexed than males (73.15% and 93.40% respectively). The remaining three
equations achieved an increase in accuracy of 5% with a total of 88.32% of individuals being sexed
correctly (Figure 36). An increase of females being correctly sexed grew to 87.15% however, male
classification was reduced to 89.62%. One male was classified an ambiguous when using all six
equations.
The South African White and clustered South African equations achieved the lowest accuracy for
the South African White sample with a total of 86.53% (77.55% for females and 95.79% for
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males). The remaining four equations achieved only slightly higher accuracies of 88.08% (Christ
Church, Spitalfields, South African Black, and Summary Sex equations) and 88.60% (South African
Coloured equation). From all six analyses, two females and one male was classed as being
ambiguous (Appendix E.4 Table 2).
The South African Black sample achieved the highest accuracy of 81.95% by using the South
African White and/or the South African equation with 94.44% of males being correctly sexed yet
only 68.04% of females being sexed accurately. All six equations however had the same accuracy
when concerning female individuals in the sample with 33 misclassifications. Male accuracy did
differ. The South African Black equation had one additional male misclassification than previously
resulting in an overall accuracy of 81.46%. The remaining three equations had the same accuracy
of 80.49% where there were nine male misclassifications. All six analyses did classify one female
and three males as ambiguous.
The final known age and sex sample, South African Coloured, gained its highest accuracy (87.80%)
when applying the Christ Church, Spitalfields, South African Coloured, and Summary Sex
equations with 79.61% of females and 96.08% of males being correctly sexed. The South African
White and Black equations had the lowest overall accuracy of 79.02% (Figure 36) but interestingly
achieved 100% accuracy for sexing male individuals. Females were sexed with an accuracy of
58.25%. The South African Coloured equation achieved an accuracy slightly higher than the
previous two with an overall accuracy of 80.49%. Unlike the previous two equations, three males
were misclassified resulting in a male accuracy of 97.06% with female accuracy similar to the first
two equations of 79.61%. All six equations did misclassify one female however.
After applying the new Posterior Pelvis OLR equation onto the rural medieval Poulton sample,
three equations obtained the highest accuracy of 87.20% (Figure 36). The Summary Sex, South
African Coloured, and Christ Church, Spitalfields equation all correctly identified 87.30% of
females and 87.10% of males in the sample. The remaining three equations (South African White
and Black, and the clustered South African equation) had a decrease of nearly 3% to 84.80%. This
lower percentage was due to one additional female and four additional males being sexed
differently (Appendix D.4 Table 5).
The urban medieval St. Owens sample obtained its highest accuracy of 84.65% when applying the
Christ Church, Spitalfields, South African Coloured and Summary Sex equations, similar to the
Poulton sample. These thee equations sexed 79.55% of females and 88.89% of males when
compared to the sex assigned via seriation. The clustered South African and South African White
equations sexed 75.00% of females and 88.89% of males the same as the seriation based sexing
which gave an overall agreement of 82.65%. The lowest agreement accuracy was achieved by the
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South African Black equation which had one addition male misclassification lowering the accuracy
to 81.63%. One female and two males were classified as being ambiguous.
All six equations that were applied onto the Chumash sample achieved the same overall accuracy
of 75.68% (Figure 36). Three females and seven males were sexed differently from the museum
records resulting in an agreement accuracy of 84.21% for females and 63.16% for males. No
individuals were classified as being ambiguous (Appendix D.4 Table 7).
The last sample to have the six Posterior Pelvis OLR equations applied to was the Andaman
sample. The lowest accuracy was achieved by the clustered South African equation and the South
African Black and White equations. They resulted in an accuracy of 85.19% with 76.92% of
females and 92.86% of males being sexed in accordance with the museum records. The remaining
three equations obtained the highest accuracy of 88.89%. The only difference between the
former and latter three equations was that one additional female was sexed correctly raising the
female accuracy to 84.62%. No individuals were classed as being ambiguous for the Andaman
sample.

Figure 41:Bar chart showing the results of each New Posterior Pelvis OLR equation for the eight samples
tested.
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7.4.3 New Anterior Pelvis OLR
The first sample to have the new Anterior Pelvis equations applied was the Christ Church,
Spitalfields sample (N=162). The highest accuracy for this sample was achieved by the Spitalfields
equation with an overall accuracy of 96.91% with only one female and four males being
misclassified (98.77% and 95.06% accuracies respectively). The three South African equations
(White, Black, and Coloured) along with the clustered Summary Sex equation had one additional
male misclassified as female, lowering male accuracy to 93.83% and overall to 96.30%. The
clustered South African equation obtained the lowest accuracy of 95.68% with a further
additional male misclassification. No individuals from this sample was deemed ambiguous using
these six equations.
Both the South African White and the clustered South African equations achieved the lowest
accuracy for the South African White sample with 93.78% (Figure 37). This included five females
and seven males being incorrectly sexed (94.40% and 92.63% accuracies). The South African Black
equation correctly identified two additional males increasing the overall accuracy to 94.84%. The
remaining three equations obtained the highest accuracy of 95.34% with 94.40% of females and
95.79% of males being correctly identified. No individuals in the South African sample was
classified as being ambiguous.
The South African Black equation obtained the lowest accuracy when applied onto its own sample
with an accuracy of 87.80% which included 81.44% of females and 93.52% of males being sexed
correctly. A slight increase in overall accuracy was made when applying either the Christ Church,
Spitalfields, South African Coloured, or Summary Sex equations (Figure 37). They achieved an
accuracy of 88.29% with an additional female raising the female accuracy to 86.60%. The
remaining two equations, the clustered South African and South African White, achieved the
highest accuracy of 90.24%. This was due to an increase of female classification up to 86.70%. No
individuals in this sample was classified as ambiguous.
The South African White and the clustered South African equations resulted in the highest
accuracy for the South African Coloured sample (N=205) with a female accuracy of 90.29% and a
male accuracy of 95.10%. This created an overall accuracy of 92.68% (Figure 37; Appendix F.4
Table 2). The remaining four equations obtained a slightly lower overall accuracy of 92.20%. This
was due to two females being further misclassified as male, lowering their accuracy to 88.35%.
However, male accuracy did rise to 96.08% by correctly identifying one additional male. No
individuals were found to be of unknown sex.
The archaeological sample from Poulton (N=76) obtained its lowest accuracy after applying the
South African Black and the South African Coloured equations. They achieved an overall
agreement of 86.84%. However, they did not have the same female-male accuracies. The South
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African Black equation had an agreement of 83.78% for females and 89.74% for males whilst the
South African Coloured equation had one less female and one more male in agreement with the
sex based seriation (86.49% and 87.18% respectively). The South African White and the clustered
South African equations obtained a female agreement of 89.19% and a male agreement of
87.18% resulting in the overall agreement of 88.16%. The remaining two equations (Christ Church,
Spitalfields and Summary Sex) also obtained an overall accuracy of 88.16% However, their female
agreement accuracy was lower at 86.49% and male agreement accuracy was higher at 89.74%. No
individuals were deemed as being ambiguous.
All six equations, apart from the South African Black equation, achieved the same agreement
accuracy for the urban medieval St. Owens sample (N=76). These five equations correctly
identified each female in the same and only had two males sexed as females creating an overall
agreement of 95.65%. The South African Black equation had the same male accuracy of 90.91%
but sadly incorrectly sexed one female lowering the accuracy to 95.83% and lowering the overall
agreement to 93.48%.
The Chumash sample achieved its highest accuracy when the clustered South African and South
African White equations were applied (Figure 37). They both achieved an accuracy of 86.49% with
only three females and two males being misclassified. The remaining four equations all achieved a
lower accuracy of 81.08% because two more females were misclassified as males. No individuals
in the Chumash sample were deemed ambiguous.
The last sample to be tested was the Andaman sample. The highest performing equation was that
of the South African Black equation. This equation correctly identified all males in the sample and
only misclassified two females resulting in an overall accuracy of 92.59%. The remaining five
equations had one additional female being sexed as a male which lowered the female accuracy to
76.92% which in turn lowered the overall accuracy to 88.89%. No individuals were classified as
ambiguous.
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Figure 42:Bar chart showing the results of each New Anterior Pelvis OLR equation for the eight samples
tested.

7.5 Summary
This chapter aimed to explore three possible routes in how to analyse samples that have
fragmented material. Firstly, we looked at substituting all missing scores with the individual’s
median value to create a full data set. After this, we looked at using the previously created OLR
equations (Results Chapter 1) and sectioning them to help increase the sample size. Three sets of
sectioned OLR equations were created being the Phenice OLR Equation (Ventral Arc, Subpubic
Concavity, and the medial aspect of the Ischiopubic Ramus variables), the Posterior Pelvis OLR
Equation (Greater Sciatic Notch and Preauricular Sulcus variables), and the Anterior Pelvis OLR
Equation (shape of the Pubic Body and the Subpubic Angle variables). Lastly, to assess the
feasibility of using sectioned OLR equations, new OLR equations were created to mirror the
sectioned equations.
From these simple comparisons, it is evident that using the new versions of the OLR equations are
a better option in terms of higher accuracy for the eight samples provided. However, only if it is
absolutely necessary then sectioning an already created OLR equation will give similar results,
albeit a slightly lower sexing accuracy and is not recommended.
From the creation of the three new equations, the group of variables that performed with the
highest overall accuracy were those used for the Anterior Pelvis equations (both sectioned and
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new) and the worst performers were the Posterior Pelvis equations. This can be explained by the
os pubis having a better discriminatory power/ higher amount of sexual dimorphism than the
posterior portion of the os coxae.
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8. Discussion
The main aim of the PhD research was to provide a plausible universal equation for sex estimation
using eight morphoscopic traits from the human pelvis. To do this, eight human skeletal samples
from different time periods and different locations around the world were examined. Using these
samples, three main objectives were created and were explored in Chapters 5, 6, and 7:
•

Create population specific multivariate equations for sex estimation for the four known age

and sex samples and test the idea of population specificity (Chapter 5).
•

Apply each multivariate equation to four archaeological samples to see if accuracies differ

from previous sex estimation results (Chapter 6).
• Investigate the use of using the median score to replace missing data and to explore the use of
smaller equations to help assess fragmented skeletal remains (Chapter 7).
This piece of work produces several cross-validated equations that can be used specifically for
their sample population and would be able to aid in forensic human identification (South African
Samples) (Chapters 5, 7, and Appendices A – F). This research also has produced three new
definitions for three morphoscopic sexing traits that previously did not have details (descriptions
and/or images) on how to use them for sex determination (Chapter 4) with associated intra/inter
observer analysis (Chapters 5 and 6). The final product of this study was the investigation of
fragmented remains and how to overcome this issue when using multivariate equations. This
investigation found that using the median value was a good substitution for missing values but
should only be used as a last resort.

8.1 Study Results
8.1.1 Chapter 5 Results I
Four known age and sex samples were used to investigate the sexing accuracy of eight
morphoscopic traits found on the human pelvis. Firstly, accuracies for each morphoscopic trait
was explored which resulted in the shape of the pubic body having the greatest accuracy for three
samples (Christ Church, Spitalfields: 90.42%; South African White: 88.60%; South African Black:
86.83%) (Tables 4, 5, and 6) and the subpubic angle having the greatest accuracy for the South
African Coloured sample (82.93%) (Table 7). For the first null hypothesis (1H0) (Chapter 5) to be
accepted each OLR equation would have to have a lower or equal accuracy than the single
morphoscopic analysis. The OLR equations greatly increased accuracy for all four populations
regarding the single morphoscopic traits with the greatest accuracy (Table 13). An increase of
5.96% was observed for the Christ Church, Spitalfields sample, 6.74% increase for South African
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White, 3.41% increase for South African Black, and 11.22% increase for South African Coloured.
With these results the first null hypothesis has been rejected:
1H1: The results from the OLR will provide a greater accuracy than that of a single
morphoscopic trait for sex estimation.
The second hypothesis in Chapter 5 stated that there would be a difference in sexing accuracy
when other OLR equations were applied onto a sample. When the three South African equations
were applied onto the Christ Church, Spitalfields sample only the South African Black equation
gave a different accuracy which was 0.73% lower than the original accuracy (Table 12 and Table
13). For the South African White sample, only the Christ Church, Spitalfields equation recreated
the same accuracy from the original OLR equation (Table 12 and Table 14). Both the South African
Black and Coloured equations resulted in different accuracies. All three other OLR equations for
the South African Black and Coloured samples resulted in different accuracies (Tables 15 and 16).
With different accuracies being observed when other OLR equations are being applied onto the
samples, we reject the second null hypothesis:
2H1: There is a difference in sexing accuracy when a different OLR equation is applied onto
a sample.
The final hypothesis in Chapter 5 was to create and assess the use of a universal equation to see if
it would have solved the issue of population specifity seen with the four OLR equations. If we take
the lowest accuracies from each of the samples (Christ Church, Spitalfields: 95.65%, South African
White: 94.82%, South African Black: 88.87%, and South African Coloured: 90.24%) (Tables 13 – 16)
we get a mean accuracy of 92.37%. From the last analysis, the OLR equations from both the South
African sample and “Summary Sex” sample, accuracies of 92.54% and 92.98% (respectively) were
calculated (Table 18). This slight improvement of 0.17% (South African OLR) and 0.61% (Summary
Sex OLR) shows that they have reduced the classification rate seen by applying different OLR
equations onto a sample, barely. With this being the case, the third null hypothesis rejected:
3H1: The creation of a “universal” OLR sexing equation will reduce the misclassification
rate seen when applying different OLR sexing equations on populations they were not created
from.

8.1.2 Chapter 6 Results II
In Chapter 6, four archaeological skeletal samples were used to evaluate the possible use of premade OLR equations on known age and sex skeletal samples. First, the accuracies of each
morphoscopic trait were explored, resulting in the subpubic angle having the greatest accuracy
for the Poulton and Chumash samples (84.11% and 86.49%) (Tables 19 and 21) as well as the
shape of the pubic body for the St. Owens and Andaman samples (83.33% and 92.60%) (Table 20
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and 22). To reject the null hypothesis stating that the OLR equations will not yield greater
accuracies compared to single morphoscopic traits, each OLR equation would have to result in an
equal to, or lower accuracy to those listed above. For Poulton, St. Owens, and Andaman samples,
the null hypothesis can be rejected with accuracies ranging from 92.59%-100.00% (Tables 24, 25,
and 27).
H1: The results from the OLR will provide a greater accuracy than that of a single
morphoscopic trait for sex estimation.
The Chumash sample however achieved a lower accuracy with all the OLR equations which was
4.14% lower than using just subpubic angle (Table 26). Caution must be taken when viewing the
results from the Chumash sample due to issues with the records being noted. This will be fully
discussed in Chapter 8.
H0: The results from the OLR will not differ from the sexing accuracy from a single
morphoscopic trait for sex estimation.

8.1.3 Chapter 7 Results III
Chapter 7 aimed to explore three possible routes in how to analyse samples that have fragmented
material. Firstly, we looked at substituting all missing scores with the individual’s median value to
create a full data set. After this, we looked at using the previously created OLR equations (Results
Chapter 1) and sectioning them to help increase the sample size. Three sets of sectioned OLR
equations were created being the Phenice OLR Equation (Ventral Arc, Subpubic Concavity, and the
medial aspect of the Ischiopubic Ramus variables), the Posterior Pelvis OLR Equation (Greater
Sciatic Notch and Preauricular Sulcus variables), and the Anterior Pelvis OLR Equation (shape of
the Pubic Body and the Subpubic Angle variables). Lastly, to assess the feasibility of using
sectioned OLR equations, new OLR equations were created to mirror the sectioned equations.
Four of the eight samples had their missing values substituted with the individuals median score
with good success. The best performing OLR equation for all four samples was the South African
Coloured equation. If this equation did not perform on par to others, it was better by 2-3% when
compared to the other five OLR equations. The original accuracies for the Christ Church,
Spitalfields sample (found in Chapter 5) ranged between 95.38% (obtained from the South African
Coloured equation) and 97.10% (achieved by the clustered South African and Summary Sex
equations). After analysing the Spitalfields sample, that had missing values replaced, lower
accuracies were found ranging between 90.00% and 91.11%. The Poulton sample had 85
individuals which were fragmented. After substituting missing values, accuracies ranged between
84.71% (Christ Church, Spitalfields equation) to 88.24% (South African Coloured equation). This is
considerably lower than the original analysis on the 47 individuals who had a full data set which
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range between 93.62% and 95.74%. The same can be said for the St. Owens sample. The
substitution of missing values had a much lower agreement accuracy than individuals with a
complete data set. There was over a 10% difference in sexing between the two as the highest
agreement for a full data set was 100% whilst for those with a substituted missing value it was
88.24%. The Chumash sample had a slightly different result but can be explained by the sample
size. Hence comparing the percentage agreement will not be considered but the frequency of
misclassifications will be. The difference between the two analyses were four female
misclassifications and two male misclassifications, which can be described as not being a large
number of misclassifications to begin with. The reason why the missing value substitution has
been labelled as a good success is because we were inferring what the missing data could have
been following the sexual dimorphism already present in the variables that were present. A dip in
accuracy is to be expected when this is the case. Because differences were found however, the
first null hypothesis for this chapter has been rejected.
1H1: A difference in accuracy will be found when using median values for missing variables
for fragmented individuals and the original accuracies from the previous chapter.
The next possible route was to section the OLR equations, found in the Chapter 5, into three
equations that would help increase sample size. When applied onto the eight samples the
clustered South African and Summary Sex equations obtained the highest accuracies for the
sectioned Phenice OLR equations. The only case where accuracy dipped was when they were
applied onto the South African Coloured sample where its own equation performed better with
an increase of 0.98%. When comparing the results from the sectioned Phenice OLR to the original
analyses in Chapter 5 there is a considerable drop in accuracy for the four known age and sex
samples. Original accuracies for the Spitalfields sample predominantly stayed around the 95.00%
marker whilst for the sectioned Phenice OLR analysis, it was much lower (~88.00%). The South
African White sample had an accuracy drop of 2-3% across the six equations. A drop in 5-8% was
found between the original results in Chapter 5 and the Phenice OLR equations for the South
African Black sample. The South African Coloured sample averaged a similar accuracy but had a
greater range in percentages than the original, this time ranging from 87.80% to 92.20%. For the
Poulton sample, a decrease in approximately 4% was seen between the results found in Chapter 6
and this analysis. The largest difference was found when using the South African Black equations
as there was over a 10% difference in agreement with the sex estimated by seriation. A slight
decrease is agreement was found for the St. Owens samples. With an increase of sample from 30
to 44 a maximum of three individuals were misclassified from all six sectioned Phenice OLR’s. The
Andaman sample had a decrease in accuracy ranging from 4 – 8% with the greatest difference
from all but the South African Black equation. The Chumash sample however had the only
increase in accuracy of nearly 6% across all six equations.
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The next sectioned OLR equation was the Posterior Pelvis (Figure 33; Appendix B). None of the six
equations achieved accuracies reaching 90% for any of the eight samples tested. Even though this
is the case, the clustered equations (South African and Summary Sex) were the equations that on
average performed the best when only using the Preauricular Sulcus and Greater Sciatic Notch
variables. The sample most affected by using these equations was the South African Coloured
sample. The greatest difference was nearly 20% which was achieved by applying the South African
Black equations. A close second to the South African Coloured sample was the St. Owens sample
which had a difference in accuracy of approximately 18%. The majority of the other six samples
had differences around 10%. The sectioned Posterior Pelvis OLR equations were all less effective
than the original OLR and the sectioned Phenice OLR equations.
The final sectioned OLR equation was from using the shape of the Pubic Body and the Subpubic
Angle variables. As a general statement, these equations had a much better performance than the
other two sectioned OLR equations (Phenice and Posterior Pelvis). The South African Black
Anterior Pelvis OLR equation, on average, performed the best for the eight samples. For the
Spitalfields sample, accuracy was very close to the original accuracy of 96% with an accuracy as
high as 95.68%. The only negative is that this top accuracy was achieved by the three South
African equations (White, Black, and Coloured). A decrease in accuracy between 2-5% was seen
for the South African White sample as the results stayed within the low 90’s when using the
sectioned Anterior Pelvis OLR equations. Accuracies did not drop by much when applied onto the
South African Black sample. A maximum of 1.5% difference was found between Spitalfields
equations when comparing the original to the sectioned OLR equation. The greatest percentage
difference to be found for the South African Coloured sample was from the equation it was
derived from which was nearly 5%. The South African Black equation however had the least
amount of difference from the sectioned to the original being 0.48%. No equation for this sample
achieved an accuracy reaching 90%. Each of the four archaeological samples all resulted in lower
percentage agreements to either sex estimated by seriation or the museum records. However,
they were much closer to the original results found in Chapter 6 than the results from the
sectioned Posterior Pelvis OLR equations.
In terms of the second hypothesis for Chapter 7, it is clear that the null hypothesis has been
rejected:
2H1: A difference in accuracy will be found when using sectioned OLR Equations to that of
the original accuracies from the previous chapter.
The last route that was explored was to create new, shorter OLR equations that mirrored the
sectioned equations and to test their accuracy on the six samples. The best performing equation
overall was the clustered South African equation even though a lower accuracy was observed
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when applied to the South African Coloured and medieval Poulton samples. The first set of
equations to be analysed was the new Phenice OLR equations (Appendix D). Similar to what was
seen in the sectioned Phenice OLR for the Spitalfields sample, a decrease in accuracy of at least
5% was evident as none of the six equations managed to achieve an overall accuracy of 90%. All
results were found in the higher 80’s. For the South African White sample, accuracy only
decreased by 2% making it very similar to the original OLR results. The South African Black sample
on the hand had a much larger difference in accuracy by 4-5% with accuracies as low as 81.95%
for the new Phenice OLR equations. However, saying this, the greatest difference seen was
between the two Spitalfields equations with a percentage difference of 8%. The South African
Coloured sample had a dip in accuracy very similar to the South African White sample, around 2%
for the majority of equations, however one equation did surpass this by a difference of 4% which
was seen by the two Spitalfields equations. With an increased sample size for the Poulton sample,
accuracy did decrease by 3-4% on average, but the majority of the equations resulted in a 90+%
agreement (bar the Christ Church, Spitalfields Phenice OLR equation). However, an increase of
accuracy was found when comparing the results from the original South African White equation
to the new Phenice OLR equation, which was by 1%. A small difference was found when
comparing the results from the original results for the St. Owens analysis by having 2-3 individuals
being misclassified, lowering its 100% agreement to 93.18% - 95.45%. However, with an increase
of 14 individuals, this is only a small difference. There was a difference of less than 1% when
comparing the Chumash results but the same cannot be said for the Andaman sample. A
maximum difference of 8% was noted between the two sets of analyses dropping its percentage
agreement from the mid 90’s to the high 80’s.
The new Posterior Pelvis OLR analyses (Appendix E) for the Christ Church, Spitalfields sample had
very similar accuracies to those found by using the new Phenice OLR equations. No equation
reached 90% accuracy. The smallest difference between original and new equations was 11%
which was by the samples own specific equations. The greatest difference was seen by the South
African Black equations where a difference of 13% can be noted. The South African White sample
did not fare any better as again, no equation managed to reach 90% with an average of 7%
difference between the original results and the new Posterior Pelvis OLR results. Even more so for
the South African Black sample having an average of 9% decrease in sexing accuracy across all six
equations. The South African Coloured sample’s results for the new OLR equation ranged by 10%
from the high 70’s to high 80’s which is unlike the original results which stayed within the low/mid
90% mark. With this, a substantial difference of 13% can be seen (between the South African
White equations) and with the smallest difference of 10% (between the South African Black
equations). All of the four archaeological samples exhibited a similar 10% reduction in agreement
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with either the museum records (Chumash and Andaman samples) or the sex estimated from
seriation (Poulton and St. Owens samples).
The last set of new OLR equations were created from using the shape of the Pubic Body and the
Subpubic Angle variables (Appendix F). The Summary Sex and Spitalfields equations were the two
equations that performed the best overall for each of the eight samples. The Christ Church,
Spitalfields sample achieved accuracies greater than 95% for all six equations, with the highest
performing equation attaining 96.91% which is higher than the original OLR equation. All six
equations achieved accuracies greater than 90% for the South African White sample which
mirrors what was originally obtained from the original OLR equations in Chapter 5. The greatest
difference found for the South African White sample was 1.5% which was from the equations
originally created for this sample. The same can be seen for the South African Black and Coloured
samples. The results from the new Anterior Pelvis OLR equations did not greatly differ from the
original OLR equations. Both the Poulton and Andaman samples had large difference in
percentage agreement with an approximate 10% decline when compared to the original
application found in Chapter 6. The Chumash sample on average had a very similar accuracy to
the original OLR equation apart from two equations. The clustered South African and the South
African White Anterior Pelvis OLR’s obtained higher accuracies of nearly 4%. The St. Owens
sample had a slight decline in percentage agreement by 5% which included 3 – 5 individuals being
sexed differently than the sex based on its seriation.
In terms of the third and final hypothesis for Chapter 7, the null hypothesis has been rejected:
3H1: A difference in accuracy will be found when using the new ’smaller’ OLR Equations to
that of the original accuracies from the previous chapter.
One thing to consider between the last two possible routes is if it is a valid option, in terms of
accuracy, to section a previously constructed equation or to create a brand new equation that fit
within the parameters needed. Did accuracies differ greatly between the two methods? As an
overall view, when considering the Phenice OLR equations, the newly created equations
performed better for each sample. However, some minor differences between the two same
sampled equations can be seen. For instance, the Spitalfields sample concerning its own specific
equation ranged in accuracy of around 1-2%, having a better accuracy for the new OLR equation.
The largest difference in accuracy was seen when applying the South African Black equations on
the medieval Poulton sample. The sectioned equation obtained an accuracy of 82.90% whilst the
new OLR achieved an accuracy of 92.54%. Similar to the Phenice OLR equations, the new
Posterior Pelvis OLR equations had a better accuracy for all six equations for the eight samples.
From the sectioned OLR equations, it is clear that the South African Coloured equation was more
effective for all samples bar the South African Black sample. For the new Posterior Pelvis OLR
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equations, primarily the Spitalfields and the Summary Sex equations had such an increase in
accuracy to match the accuracies set by the fore runner – South African Coloured equation.
Saying this however, even though sample size did increase the most when using the Posterior
Pelvis OLR equations, they were some of the lowest accuracies reported for both the sectioned
and the new versions of the equation. The final comparison between the Anterior Pelvis OLR
equations show that, again the new OLR versions of the Anterior Pelvis equations performed
better for all samples bar the Andaman sample. This is more evident in the four known and age
sex samples is that the new OLR analysis, more equations were obtaining similar and higher
accuracies. This is also seen for the archaeological samples but not to the same degree, especially
concerning the Andaman sample where the reverse was seen.
From these simple comparisons, it is evident that using the new versions of the OLR equations are
a better option in terms of higher accuracy for the eight samples provided. However, only if it is
absolutely necessary then sectioning an already created OLR equation will give similar results,
albeit a slightly lower sexing accuracy and is not recommended.
From the creation of the three new equations, the group of variables that performed with the
highest overall accuracy were those used for the Anterior Pelvis equations (both sectioned and
new) and the worst performers were the Posterior Pelvis equations. This can be explained by the
os pubis having a better discriminatory power/ higher amount of sexual dimorphism than the
posterior portion of the os coxae.

8.2 Morphoscopic Trait Analysis
Chapters 5 and 6 investigated the use of OLR generated sexing equations and how they compared
against simple morphological analyses. From all eight samples, the majority of the OLR equations
outperformed the single trait analysis. Overall, the results from the single trait analysis are what
were expected.
Two traits were consistently more effective at estimating sex than the other six. The subpubic
angle and the shape of the pubic body were found to have the highest accuracies across all eight
samples. The anterior portion of the human pelvis (especially the os pubis) has been described as
being the most sexually dimorphic structure (Klales et al. 2012), hence it is not surprising that the
subpubic angle and pubic body shape are the best at identifying sex. This can be because the
anterior pelvis needs to develop a certain way to help facilitate birth; a wider subpubic
anglemakes for easier transitions between rotations the neonate’s head has to make in navigating
the birth canal. This highlights the importance of using traits that are more sexually dimorphic in
sex estimation.
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The obturator foramen, on the other hand, was found on the opposite side of the scale, being one
of the worst performing morphoscopic traits for sex estimation. When comparing the
morphoscopic results to Rogers & Saunders (1994) study, both similarities and differences are
present. They found that the obturator foramen was the second most effective sex indicator for
their Canadian sample with accuracies as high as 93.8%. There are a number of reasons why this
may be the case. Firstly, the individuals from Canada may exhibit the extreme morphologies for
males and females for the obturator foramen. Secondly, they use descriptions made by St. Hoyme
(1984), where no visual diagrams can be found, therefore trying to recreate their study regarding
the obturator foramen is impossible. If the descriptions from European Meeting for
Anthropologists (1980) were the same as St. Hoyme (1984), then caution should be taken as there
are no visual diagrams for how to score this trait and the only explanation for each score is a
maximum of three words. Fourth, because a new scoring method was created for this study,
different criteria were used which could account for some of the discrepancies found between
this study and Rogers & Saunders’ (1994). This study is more in agreement with the interpretation
made by St. Hoyme (1984) that the foramen has little value when considering its use for sex
estimation. Accuracies did differ between populations in this study but averaged an overall
accuracy of 66% which is similar to Arsuaga & Carretero (1994) (63.5% correct classification).
Comparing the results to Beirry et al. (2013), significant differences in accuracy rates are present.
However, this can be explained by the use of Fourier analysis and Discriminant Function Analysis
to categorise the oval (male) and triangular (female) expressions rather than relying on the naked
eye, like in Beirry’s study. Ridgeway et al. (2008) concluded after analysing 96 female pelves that
the considerable amount of shape variation seen in obturator foramen could be due to an
individual’s height, noting that the greater the foramen area is, the taller the individual was.
Ridgeway and colleagues (2008) found no significant difference was found between shape and a
person’s race. Because an individual’s height was not considered, as it would have been largely
estimated unlike the known height in Ridgeway’s study, their conclusions could not be tested.
However, a large amount of variation was seen not only between samples, but within samples as
well which coincide with Ridgeway et al. (2008) findings of their not being a link between shape
and an individual’s race. The obturator foramen seems to be “hit and miss” when applying it to
sex determination (this study being a miss). With this in mind, the obturator foramen should not
be used to determine sex on its own as it is a poor discriminator. Arguments can be made to
include it into a multiproxy assessment however, with other morphoscopic traits that perform
much better.
The preauricular sulcus averaged an accuracy of 70% between all eight populations with a range
of >30% (Poulton = 84.92%; Chumash = 52.63%). Rogers & Saunders (1994) yielded an accuracy as
high as 91% but only scored it as a presence/absence after St. Holmes (1984) descriptions.
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Houghton (1974) found that no males had shown the ‘GP’ groove, but the majority did show some
bony modification, which was also found in this study as some males scored “0”. The greater
sciatic notch has been stated to have a higher accuracy for females than males, as more females
show the hyperfeminine description by Walker (2005) which was later supported by GómezValdéz et al. (2012). Walker (2005) analysed the British sample of St. Brides as part of his research
to which all females, bar one, was correctly sexed as either a score of “1” or “2”. For the
Spitalfields sample, a similar pattern can be seen. The vast majority of females showed the hyper
feminine morphology with only a few being seen as indeterminate. On the other side, males were
spread out across the scores, with the majority scoring intermediate through to hyper-masculine.
This pattern mirrors what was seen by Walker (2005). The same can be said for the South African
White and St. Owens samples. Interestingly, the opposite occurred for the South African Black
sample, where more variation was seen in the females than the males. Walker (2005) and GómezValdéz et al. (2012) achieved accuracies greater than 80%, unlike this study which averaged
74.23% across eight different human populations. This can be explained by the greater diversity of
populations analysed for this study and also larger sample sizes. Walker (2005) analysed two
American populations (White and Black) from the 20th Century and an 18th/19th Century British
population whilst Gómez-Valdéz et al. (2012) only used a contemporary Mexican population.
Considering the lower accuracy, the greater sciatic notch identified females at a greater rate than
males giving further support to Walker (2005) and Gómez-Valdéz et al. (2012) results.
After observing the three original Phenice (1969) traits using Klales et al. (2012) description, the
ventral arc achieved the lowest accuracy. Overall, the ventral arc had an accuracy of 73% across
the eight populations which is considerably lower than those accuracies found in other studies.
Roger & Saunders (1994) found the ventral arc to correctly identify sex with an 86.9% accuracy.
Arsuaga & Carretero (1994) found a similar accuracy of 81.7%. However, these accuracies were a
result of using a 3-point grading system “Male, Ambiguous, Female” which does not consider
sexual variation of the trait, unlike the Klales et al. (2012) descriptions. They found that when
applying a logistic regression onto the ventral arc, accuracies as high as 88.5% could be achieved.
The Phenice (1969) trait that performed second best was the subpubic concavity. With an
averaged accuracy of 79.52%, it performed best for the Andaman and South African White
populations (88.89% and 83.94% respectively). Arsuaga & Carretero (1994) achieved an overall
accuracy for 88.6% which is similar to that of Klales et al. (2012) (86.6%) and the Andaman
population from this research. Sadly, the same accuracy was not recreated for the
Victorian/Georgian British population of Christ Church, Spitalfields resulting in an accuracy as low
as 70%. This difference in accuracy could be a result of population differences in sexual
dimorphism. The medial aspect of the ischiopubic ramus had the highest accuracy out of the
three Phenice (1969) traits (80.09%). Arsuaga & Carretero (1994) found that this trait had the
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lowest accuracy out of three with 76.7% and the same for Klales et al. (2012) (75.8%). Even with
this opposite result, accuracies between the studies are only minor, with a difference of <4%.
As far as single morphoscopic traits are concerned, populational differences and temporal
differences are evident. This is definitely the case for the obturator foramen, greater sciatic notch
and preauricular sulcus; not because of their lower accuracies, but due to their effectiveness
fluctuating across the eight samples studied. The Phenice (1969) traits show slight population
differences, more so for the ventral arc rather than the subpubic concavity and medial aspect of
the ischiopubic ramus. This is because the latter two have a more stable accuracy across the
samples. There are minor differences in the shape of the pubic body and subpubic angle traits
when sexing across the populations. These two traits would seem to be the most “stable” and
most likely to be universal for sexing human remains. This can be explained by the female pelvis
having to accommodate for both bipedalism and parturition (Tague 1992). Listi (2010) found that
the “variation” seen was more related to differences in the interpretation of each trait rather than
morphological dissimilarities between the populations she studied. With the results from the
morphoscopic traits in Chapters 5 and 6, the concept of population specifity is strengthened
especially concerning single trait analysis.
Using single traits for sex estimation do have strengths being that they can be used on
fragmented specimens without risking the application of a multivariate analysis. However, using
single traits for analysis is unwise and one should always utilise multiple traits where possible
(Bruzek 2002).
With the main aspect of the morphoscopic analysis being used as a baseline for the multivariate
analyses it was hypothesised that they would not yield a greater accuracy when compared against
the more robust analysis. All eight morphoscopic traits, including the subpubic angle, did not
perform as well as the least effective equation (South African Black) as seen in Chapters 5 and 6.
The only exception to this was the Chumash sample. Reasons as to why this may be the case is
discussed below. This supports the claim that multivariate approaches to identification are
superior to univariate analyses (Liebenberg 2014).

8.3 Multivariate Analysis
As stated previously, the multivariate analyses outperformed the single trait analysis in regard to
all the eight samples.
Firstly, when observing the results from the four known age and sex samples, all equations
achieved accuracies greater than 90% after a leave-one-out cross validation procedure. How well
do these results compare to other sex estimation techniques using morphoscopic traits? Walker
(2008) found that his most effective logistic regression formula, that used all five cranial traits,
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correctly classified a total of 87.8% of the modern skulls in his sample. This is much lower than the
least effective population specific logistic regression created here, where its accuracy was 90.24%
(South African Black equation). Garvin et al. (2014) applied the five cranial traits described by
Walker (2008) but instead of using logistic regressions to calculate accuracies, they instead used
canonical discriminant function analysis. With this controversial technique, they managed to
achieve accuracies that ranged from 81.0% to 86.1% when collections were pooled to help create
larger ancestry samples. Even with a more discriminatory statistical approach, accuracies did not
reach the same heights as the four population specific equations, and the two clustered equations
seen here. Krüger et al. (2015) used OLR to analyse the five Walker (2008) traits on modern-day
White and Black South Africans. They found that the most effective White South African equation
had an accuracy of 93%, however, when using the pelvic traits in this study, an increase of 2.34%
was achieved on the same sample population. When Krüger et al. (2015) created their Black South
African equation, accuracy was significantly lower, which mirrors the results seen in this research
where the South African Black equation resulted in an accuracy of 90.24%.

This lower

classification has been attributed to South Africans showing decreased levels of sexual
dimorphism compared to other populations (mainly North Americans) (L’Abbé et al. 2013, Krüger
et al. 2015). When looking at the results from the archaeological samples, accuracies ranged from
100% (St. Owens sample) to 82.35% (Chumash sample). Walker (2008) also applied his logistic
regressions onto a Native American archaeological skeletal collection from Santa Barbara,
California. He managed to achieve an accuracy of 78% after comparing the results to pelvic
morphology and museum records. The collection from Santa Barbara is also from the Chumash
Native American tribe however their collection spans over several time periods rather than the
just the Early Period (Walker 2006). With that being said, pelvic morphoscopic features being
applied to OLR was more successful than the cranial traits by 5.35%. The fact that all of the
equations from this piece of research yielded higher accuracies than those from cranial analyses
re-enforces the idea that the pelvis is more sexually dimorphic than the skull. This is most likely
due to the selection pressures the human pelvis is under, rather than the plastic nature of the
skull (Spradley & Jantz 2011).
Moving from skull morphology, how did the results from the OLR analysis compare with
osteometric analysis of the pelvis? Patriquin et al. (2004) found that the most effective pelvic
measurement in their sample of 400 South Africans was the ischial length for South African
Whites (averaged accuracy of 86%), and the acetabulum diameter for South African Blacks
(averages accuracy of 84%). When all nine of their pelvic measurements were used in the DFA,
accuracies of 95.5% and 94% were found. These high accuracies are similar to the results from this
study for the four known age and sex samples. Accuracies for the South African White samples are
practically the same, the only difference being a 0.16% lower accuracy for the morphological
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analysis. The biggest difference was the South African Black sample and equation. As mentioned
previously, in this study, a 90.24% accuracy was found which is considerably lower than the 94%
that was achieved by Patriquin et al. (2004). This difference could be due to not including
morphoscopic features that highlight the acetabulum, which exhibits large differences between
black males and females from South Africa. The results from this study also marry well with the
results found when applying six pelvic measurements to a modern-day Greek sample where their
accuracy was 93.5% (cross-validated) (Steyn & Iscan 2008). Normally, multivariate statistics focus
on using traditional linear measurements or geometric morphometric data especially in regard to
sex classification. Gómez-Valdéz et al. (2011) found that when applying Step-Wise Discriminant
Analysis (S-WDA) on nine coxal measurements, accuracy can range between 99.1% to 79.2%
depending on a number of variables used. They found that with a maximum of four
measurements would give them the highest accuracy. Yet, for these measurements to be taken,
complete bones are needed which can be a rarity in both forensic and archaeological cases
(Waldron 1987, Stojanowski et al. 2002).
Klales et al. (2012) study on redefining the Phenice method (Phenice 1969) created a cross
validated accuracy of 94.5% when experienced observers were collecting data. Klales et al. (2012)
results sit firmly within the range of accuracies found in this research; which further validates that
their technique is something that can be used universally. Sadly, the results from this study fall
short of the 100% accuracy the recalibrated Klales et al. (2012) equation had for the Mexican
sample (Gómez-Valdés et al. 2016). Kenyhercz (2012) applied Klales et al. (2012) trait descriptions
to South African Whites and Blacks and found that accuracy of sex estimation increased when
applying multivariate statistics rather than just the morphoscopic scores which can be seen in
Chapter 5. Stull et al. (2013) used a wide array of multivariate analyses for sex estimation using
both cranial and pelvic morphoscopic traits. They found that the os coxa was the most reliable
even when compared against cranial traits and applying logistic regressions to the scores was
overall the better analytical approach. Stull et al. (2013) achieved an accuracy of 99.2% using
logistic regressions. Alongside the logistic regressions, they also analysed the pelvic traits using
two different DFA’s; LDA and FDA (Flexible Discriminant Analysis). These DFA analyses gave a
cross validated accuracy of 96.5%. The OLR results in this study range between 90.24% (South
African Black) to 96.38% (Christ Church, Spitalfields). When the South African samples were
pooled to create the South African equation, accuracy was 92.54%, which is still considerably
lower than Stull et al. (2013) accuracy of 99.2%. The difference in accuracies could relate to Stull
et al. (2013) having a much smaller sample size than this study and pooling all of three
populations together without analysing them separately first. Also, even though they state they
had three samples, only having one South African Coloured individual does not equal a sample
representative of a population. The other thing to take into consideration with this, is that Stull et
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al. (2013) used statistical techniques that are used for continuous variables rather than ordinal
variables (e.g. DFA). This may have had an effect on the results they had calculated.
To further test Klales’ (2012) ordinal logistic regression equation for sex determination, Klales et
al. (2016) applied her technique to a worldwide population which included: U.S. White, Black and,
“Other” (Native American, Hispanic, and Asian), Thai, and South African Whites and Blacks. From
their original equation, accuracies ranged between 75.9%-93.3%. When they recalibrated the
equation to each specific population and to include a “global” sample, accuracies increased
dramatically to 97.9%-99.9%. Comparing their results to this study’s “Summary Sex” equation, a
difference of 4.92% - 6.92% was found. They concluded that “sexual dimorphism of the pelvis
exceeds population differences”, which coincide with the results from this research. Klales et al.
(2016) also state that their original equation shows a classification bias towards females. This can
be explained by the fact that when scoring the morphoscopic features, the observers are
automatically looking for the female morphology rather than the male. For instance, the presence
of a ventral arc is a female trait, alongside the concavity of the subpubic ramus. With this being
said, results found in Chapter 5 show that classification was biased towards males for the majority
of equations which contradicts this viewpoint.
Steyn & Patriquin (2009) observed seven metric measurements on the os coxa in an attempt to
understand the cost of using population specific equations on vastly different populations. After
creating three Step-Wise Discriminant functions to create the population specific equations, they
then created an overall equation pooling all three samples. Their results show that when pooling
populations and applying multivariate statistics have similar results to this study, however, the
notion of population specificity comes into question. This is because accuracies did not
significantly differ between the populations being analysed separately or being analysed as a
whole. However, Steyn & Patriquin (2009) did not apply one of the population specific equation
solely onto another. This leads to question, would the accuracies have differed if this was done?
From the results found in Chapters 5, 6, and 7, applying the different OLR equations onto other
populations saw that accuracies did not differ significantly. This is also the case when applying
pooled population equations onto other samples as well. They say one of the potential reasons
why this is the case is due to having a large sample size. A larger sample size “smooth’s out” the
small differences that are apparent in relatively differing populations making population specifics
(which focuses on these small dissimilarities) null and void. However, the revised Phenice method
when applied onto a similar skeletal sample had accuracies that dropped to 86.2% (Klales et al.
2012). When the OLR equations from Chapter 5 were applied onto other samples, the largest
discrepancy in accuracies was when the South African Black equation was applied to the South
African Coloured sample. This led to a decrease in accuracy of nearly 4%, which is nearly half the
size of the near 8% that was recorded by Klales et al. (2012). Therefore, having larger sample sizes
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does, to some extent, “smooth out” the small differences between populations, but not to the
same level that Steyn & Patriquin (2009) were stating.
Klales (2016) reviewed the possibility of secular differences in pelvic trait expressions using the
Hamann-Todd Collection and Bass Donated Collection. She noted that secular differences were
apparent for all of the traits for females and the subpubic concavity and ventral arc for males.
However, considering that significant differences were found for how the traits were expressed,
the descriptions set by Klales et al. (2012) are still applicable to archaeological and modern
populations. Differences in trait expression were noted but were not fully tested to the same
degree as Klales (2016).

8.4 Dealing with Fragmentation
8.4.1 Median Score
Fragmented human remains give rise to many issues, especially when creating a biological profile.
Unless the remains can be reconstructed (which can create reliability problems), certain analyses
have to be omitted. This research highlighted a potential solution for dealing with this issue when
performing morphoscopic analysis. Because data were scored in a similar fashion to a Lickert
scale, the median was the measure of central tendency (Manikandan, 2011). As can be seen from
Chapters 5, 6, and 7, there were slight differences in the accuracies between the equations that
only used complete remains and those that had the addition of fragmented remains with median
values substituting missing scores. These slight differences show that medians can be used
because it follows the amount of sexual dimorphism already observed in the os coxae. As
discussed by Kenyhercz et al. (2016), the median value was the best at replacing missing scores
when a large amount of data was already missing. This can definitely be said for the two British
Medieval sample of Poulton and St. Owens being highly fragmented. The technique of using the
median score is very easy to apply, rather than the weighted means approach that Kjellström
(2004) applied to the Sigtuna sample, and also does not dampen the amount of sexual
dimorphism that is present. The idea of using a neutral score to help account for this is an odd
approach.

8.4.2 Smaller Equations
To try and include more remains that were fragmented, and without using an averaged data point
to make a larger equation usable, smaller equations were investigated. Three equations were
chosen, all with varying success. The “Posterior Pelvis” equations were the least successful out of
the three with a large decline in overall accuracies for all eight samples. This result is not
surprising because both the greater sciatic notch and the preauricular sulcus were not great
performers at accurately estimating sex (see chapters 5 and 6 for original results for the
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morphoscopic traits); however, accuracies were slightly higher when combining the two together
and applying them to OLR. As far as results go, when the posterior pelvis criteria were applied to
the Chumash sample, accuracies mirrored those found by Walker (2008) when using cranial traits
for sex estimation. A positive for these equations was that more individuals were included,
especially considering how fragmented the Poulton and St. Owens Medieval samples were. This is
because the posterior portion of the pelvis is more robust and tends to have a better survival rate
than other areas of the pelvis (and skeleton). However, these sets of equations should only be
used as a last resort because better equations are available.
The “Anterior Pelvis” equations were better suited to estimating sex. For all samples except the
Chumash sample, accuracies were greater than 85%. Indeed the “Anterior Pelvis” equations were
the most successful (both sectioned and new) in sex estimation than any of the other equations.
This can be explained by the os pubis having a higher degree of sexual dimorphism than the
posterior portion of the os coxae. This is idea was highlighted by Bondioli et al. (2006) who
estimated sex for a one million-year-old pubic bone fragment. They state that the pubic bone held
enough sufficient information for an accurate sex assessment. That said, Rogers & Saunders
(1994) found that both the subpubic angle and shape of the pubic body were ranked ninth and
sixth (respectively) out of 17 pelvic traits for sex estimation, being outperformed by the sacrum
shape and obturator foramen(!). This difference in the traits of the anterior pelvis being less
effective can be explained by how they were scored. This study used a five-point ordinal scale,
whilst Rogers & Saunders (1994) only scored using a male expression and a female expression.
This meant that the amount of sexual variation was not considered.
The sectioned and new Phenice equations can be more readily compared to research by Klales et
al. (2012), Kenyhercz et al. (2012), Stull et al. (2013), Klales et al. (2016), and Gómez-Valdés et al.
(2016). As the same descriptions were used for scoring each of the three traits and two of the
same populations being studied, accuracies should be similar. The biggest difference in accuracy
was for the South African Black sample. The accuracy of this sample was much lower in this study
than those found by Kenyhercz et al. (2012) and Stull et al (2013). A reason as to why such a
difference could have occurred would be due to different collections being used. In this study, the
South African Black sample was created by pooling individuals from the Pretoria Bone Collection
and the Raymond A. Dart Collection, whilst Kenyhercz et al. (2012) and Stull et al (2013) only used
individuals from the Pretoria Bone Collection. This may sound like a small difference, however,
individuals that were accessioned into the Raymond A. Dart Collection before 1959 have been
known to not have the correct information due to the collection room being flooded. The same
can be said for the South African White sample, however not as an extreme difference in
accuracies were noted. The Phenice equations (both sectioned and new) did not perform as well
the “Anterior Pelvis” equation which can be seen as being surprising. This is because the original
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Phenice method (Phenice 1969) and Klales et al. (2012) reinterpretation of the technique hold
such a strong opinion for being one of the best morphoscopic techniques to use. But this does not
mean that the Phenice method has had its criticism over the decades (e.g. Lovell 1989).
Even though the use of smaller equations is better adapted for fragmented remains, their loss in
accuracy is their shortfall. This has been recorded in not just for morphoscopic analysis (this
study) but also for metric analysis on the pelvis (Patriquin et al. 2004; Steyn & Iscan 2008; Steyn &
Patriquin 2009).

8.5 Limitations
The main limitation that this research has is the use of morphoscopic sexing traits and scoring
them along an ordinal scale. The main risk of conducting this type of research is the high
possibility of inter and intra observer error, and the general need for an experienced researcher
who can consistently score accurately. To try and overcome both the issues of inter/intra
observer error and level of experience, using morphoscopic traits with good detailed descriptions
and illustrations and/or images that complement each other were used. However, this was only
available for the greater sciatic notch (Walker 2005) and the three Phenice traits: ventral arc,
subpubic concavity, and the medial aspect of the ischiopubic ramus (Phenice 1969, Klales et al.
2012). Sadly, this does not mean that they are the traits that have the highest accuracy, but all
yield moderately high accuracies (subpubic angle and shape of the pubic body being the most
accurate). This availability for these four traits is because of their popularity with practitioners.
For the subpubic angle, obturator foramen and shape of the pubic body, descriptions and
illustrations were expanded for this research and are found in Figures 21, 22, and 23. Images and
descriptions for the preauricular sulcus were not expanded for this research but standard scoring
was used (Buikstra & Ubelaker 1994). When looking at previous literature on the issue of using
morphoscopic traits with observer error, Vance (2007) found no significant difference between
her intra observer analysis. However, no descriptions of how she scored the traits are present so
performing an inter observer error analysis is impossible. Lavallo (2013) found that there were no
differences between scoring the same five traits when testing if there were any intra observer
differences. Blanchard (2010) assessed the three Phenice traits (Phenice 1969), greater sciatic
notch (Walker 2005) and the preauricular sulcus (Buikstra & Ubelaker 1994) and achieved
substantial agreement levels when testing for intra observer differences and moderate
agreement results for her inter observer analysis. Comparing her intra/inter observer results to
that of this study, no main differences can be seen apart from the preauricular sulcus trait. She
found that it was the trait with very low repeatability between observers whilst this study found
the complete opposite. The contrast between results in the observer error can be explained by
experience. For Blanchard (2010), her second observer was an anthropologist without any prior
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experience with scoring the preauricular sulcus using this technique; whilst in this study, the
second observer had prior experience using the scoring method described by Buikstra & Ubelaker
(1994).
Another limitation for this project relates to the Native American Chumash collection, currently
held at the Natural History Museum (London). Considering that the remains are approximately
4,000 years old and they are well preserved, issue lies with the museum records. There are many
inconsistencies between what is stated in the museum records and what is actually present for
that individual. The sample size for this population would have been greater but several
individuals were omitted. This was because these skeletons were described as being subadults
(<18 years old) even though the iliac crest and femoral head were fully fused. With the skeletons
being classed however as subadult, sex was not estimated when the remains were originally
curated. The age at death given for these individuals ranged from 12 months to 12 years, despite
the skeletons being fully mature adults. Alongside the issue that some individuals were aged
incorrectly, problems were found with the original inventory. Many specimens that stated a
partial or complete os coxae being present were found not to have any fragments present at all.
For this sample’s analysis, estimated sex from the multivariate statistics was compared against
the sex noted in the museum records. There could be a case that the sex stated in these records
could be wrong, so caution should be taken with the results regarding the Chumash population.
This could explain the lower accuracy seen in the Chumash population when compared against
the other seven populations. What this limitation highlights are the need for a more thorough and
reliable data collection for skeletal assemblages/archaeological excavations. Handling old skeletal
assemblages with potentially wrong data makes trying to understand past population
problematic.
From the Chumash population, another limitation surrounds the two medieval populations; the
urban St. Owens (N=100) and the rural Poulton (N=132) collections. The main limitation with
these was that sex was estimated using seriation meaning sex was not known. Sadly, due to poor
preservation of the Poulton skeletons, ancient DNA (aDNA) could not be extracted (Town 2015)
and sex could not be determined for a subsample of the remains. Ancient DNA has not been
attempted for the St. Owens collection to date.
The final limitation that relates to populations, is the lack of an Asian sample. Even though a
prehistoric Native American sample and a small pygmy sample from the Andaman Islands have
been analysed, it is by no means a substitute for this geographic group. One reason why data
were not collected and analysed for this geographic group was due to a lack of funding for the
project, which allowed only limited travel and consequently a reliance on remains curated in the
UK.
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9. Conclusions and further study
This piece of PhD research created several sex estimation equations using eight morphoscopic
traits on the human pelvis. For those equations that were population specific, accuracies ranged
from 90.24% to 96.38%. From these four known and sex samples, an investigation of population
specificity was conducted. It was found that after applying the different equations to the other
three samples, that accuracy did not alter greatly. The greatest accuracy difference was seen in
the South African Black equation that was applied to the South African Coloured sample. A
difference of 3.91% was found. As well as separate population specific equation, a country wide
equation was calculated that combined three South African samples together. This South Africa
equation had an overall accuracy of 92.54% (cross validated). When exploring the possibility of a
universal equation, an overall accuracy of 92.98% was calculated after a leave-one-out cross
validated procedure was undertaken. This equation was called “Summary Sex”.
This piece of work produced the following:
• Several cross-validated equations that can be used specifically for their sample population
and would be able to aid in forensic human identification (South African Samples)
(Chapters 5, 7, and Appendices A – F).
• Two cross-validates equations that can be used over a wider geographic and temporal
span which can be used to aid in forensic human identification (Chapters 5, 7, and
Appendices A – F).
• Three new definitions for three morphoscopic sexing traits that previously did not have
details (descriptions and/or images) on how to use them for sex determination (Chapter
4) with associated intra/inter observer analysis (Chapters 5 and 6).
•

An investigation into fragmented remains and how to overcome this issue when using
multivariate equations.

However, for this technique to be classed as truly universal more research is required. Because
there was a lack of an Asian population, obtaining data from a known skeletal collection would be
needed. After expanding and incorporating the Asian data into the “World” analysis updating the
“Summary Sex” equation would be needed. The addition of an American sample would also be
beneficial; samples from collections such as the Hamann-Todd human skeletal collection
(Cleveland Museum of Natural History) and the Robert J. Terry Anatomical Skeletal Collection
(Smithsonian, National Museum of Natural History). The additional Asian and American
populations would also count as further investigation into a universal equation. This research also
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has the potential to include other areas of the human skeleton such as the skull. Would the skull
show any populational differences when applying OLR to the Buikstra & Ubelaker (1994) and
Walker (2008) morphoscopic scoring methods? Would a mix of cranial and pelvic traits yield a
higher accuracy similarly to what was observed by Meindl et al. (1985)? Further analysis of secular
changes of pelvic traits could be explored, especially concerning the three South African samples.
With this increased sample, further testing of using the median score as a method for missing
data imputation could be investigated. Alongside the median score being used, other techniques
such as Hotdesk and k Nearest Neighbour imputation would be explored as possible avenues for
missing data. With the idea of population specificity, would a particular technique be more
beneficial for a certain population, or would the same missing data imputation technique work for
all? This would also help with the validation of the smaller equations created in Chapter 7 Results
III. Would these more robust equations be better adapted for archaeological samples?
Considering that only visual analysis had been conducted, it would be possible to expand this
project using geometric morphometric (GM) analysis. Would it be possible to map the
relationships between morphoscopic traits using GM analysis? This would be answered by
collecting landmark and semi landmark data firstly from the anterior portion of pelvis then
posterior to which statistical methods like General Procrustes Analysis, Thin Plate Splines,
Principal Component Analysis, and K-means Cluster Analysis would be utilised to assess the
relationships seen between certain traits. Folding in the GM analysis with the visual techniques
could provide a better understanding of pelvic morphology, especially concerning obstetrics. This
type of data can be collected from several sources like radiography (Computed Tomography
images), 2D/3D photogrammetry, 3D laser surface scans, and/or using a 3D Microscribe to digitise
the landmarks from the physical specimen.
From only analysing modern anatomical Homo sapiens, expanding the methodology and
technique (including the Geometric Morphometric Analysis) to analyse hominin remains (i.e.
Ardipithecus ramidus, Australopithecus aferensis, and Homo neanderthalensis) and other
extinct/extant primates (i.e. Proconsul africanus, Pan troglodytes, and Pongo abelii) will be
necessary. A preliminary study has already been conducted (Rennie et al. 2015) but needs to be
expanded. This research could help to indicate when certain morphoscopic traits started to
become sexually dimorphic and what lead those traits to become sexually dimorphic.
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Appendices
Appendix A. Sectioned Phenice OLR
Appendix A.1 Sectioned OLR Equation: Phenice

Appendix A.2 Tabulated Results
Appendix A.2 Table 2: Classification results for the Christ Church, Spitalfields sample (N=158).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

71/77 (92.21%)

69/81 (85.19%)

88.61%

South African White

73/77 (94.81%)

69/81 (85.19%)

89.87%

South African Black

72/77 (93.51%)

69/81 (85.19%)

89.24%

South African Coloured

72/77 (93.51%)

69/81 (85.19%)

87.97%

South African

73/77 (94.81%)

69/81 (85.19%)

89.87%

Summary Sex

73/77 (94.81%)

69/81 (85.19%)

89.87%
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Appendix A.2 Table 3: Classification results for the South African White sample (N=193).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

89/98 (90.81%)

92/95 (96.84%)

93.78%

South African White

90/98 (91.84%)

92/95 (96.84%)

94.30%

South African Black

89/98 (90.81%)

92/95 (96.84%)

93.78%

South African Coloured

90/98 (91.84%)

88/95 (92.63%)

92.23%

South African

90/98 (91.84%)

92/95 (96.84%)

94.30%

Summary Sex

90/98 (91.84%)

92/95 (96.84%)

94.30%

Appendix A.2 Table 4: Classification results for the South African Black sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

73/97 (75.26%)*

100/108 (92.59%)

84.39%

South African White

75/97 (76.53%)*

99/108 (91.67%)

84.88%

South African Black

70/97 (72.16%)*

99/108 (91.67%)

82.44%

South African Coloured

75/97 (76.53%)*

99/108 (91.67%)

84.88%

South African

75/97 (76.53%)*

99/108 (91.67%)

84.88%

Summary Sex

75/97 (76.53%)*

99/108 (91.67%)

84.88%

*One female was classified as unknown.

Appendix A.2 Table 5: Classification results for the South African Coloured sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

83/103(80.58%)

98/102 (96.08%)

88.29%

South African White

89/103(87.25%)

98/102 (96.08%)

91.22%

South African Black

81/103(78.64%)

99/102 (97.06%)

87.80%

South African Coloured

90/103(88.24%)

99/102 (97.06%)

92.20%

South African

89/103(87.25%)

98/102 (96.08%)

91.22%

Summary Sex

89/103(87.25%)

98/102 (96.08%)

91.22%
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Appendix A.2 Table 6: Classification results for the Poulton sample (N=67).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

32/34(94.12%)

28/33 (84.85%)

89.55%

South African White

33/34(97.06%)

29/33 (85.29%)

92.54%

South African Black

31/34(91.18%)

24/33 (70.58%)

82.90%

South African Coloured

32/34(94.12%)

30/33 (88.24%)

92.54%

South African

33/34(97.06%)

29/33 (96.08%)

92.54%

Summary Sex

33/34(97.06%)

29/33 (96.08%)

92.54%

Appendix A.2 Table 7: Classification results for the St. Owens sample (N=44).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

22/24 (91.67%)

19/20 (95.00%)

93.18%

South African White

23/24 (95.83%)

19/20 (95.00%)

95.45%

South African Black

22/24 (91.67%)

19/20 (95.00%)

93.18%

South African Coloured

24/24 (100.00%)

18/20 (90.00%)

95.45%

South African

23/24 (95.83%)

19/20 (95.00%)

95.45%

Summary Sex

23/24 (95.83%)

19/20 (95.00%)

95.45%

Appendix A.2 Table 8: Classification results for the Chumash sample (N=35).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

13/17 (76.47%)

16/18 (88.89%)

88.29%

South African White

13/17 (76.47%)

16/18 (88.89%)

88.29%

South African Black

13/17 (76.47%)

16/18 (88.89%)

88.29%

South African Coloured

13/17 (76.47%)

16/18 (88.89%)

88.29%

South African

13/17 (76.47%)

16/18 (88.89%)

88.29%

Summary Sex

13/17 (76.47%)

16/18 (88.89%)

88.29%
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Appendix A.2 Table 9: Classification results for the Andaman sample (N=27).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

10/13 (76.92%)*

14/14 (100.00%)

88.89%

South African White

10/13 (76.92%)*

14/14 (100.00%)

88.89%

South African Black

10/13 (76.92%)*

14/14 (100.00%)

88.89%

South African Coloured

10/13 (76.92%)*

14/14 (100.00%)

88.89%

South African

10/13 (76.92%)*

14/14 (100.00%)

88.89%

Summary Sex

10/13 (76.92%)*

14/14 (100.00%)

88.89%

*Two females were classified as unknown.
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Appendix B. Sectioned Posterior Pelvis OLR
Appendix B.1 Sectioned OLR Equation: Posterior Pelvis

Appendix B.2 Tabulated Results
Appendix B.2 Table 1: Classification results for the Christ Church, Spitalfields sample (N=214).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

79/108 (73.15%)

99/106 (93.40%)*

83.18%

South African White

79/108 (73.15%)

99/106 (93.40%)*

83.18%

South African Black

78/108 (72.22%)

99/106 (93.40%)*

82.71%

South African Coloured

94/108 (87.04%)

95/106 (89.62%)*

88.32%

South African

79/108 (73.15%)

99/106 (93.40%)*

83.18%

Summary Sex

79/108 (73.15%)

99/106 (93.40%)*

83.18%

*One male was classified as unknown.
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Appendix B.2 Table 2: Classification results for the South African White sample (N=193).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

76/98 (79.17%)*

91/95 (95.79%)*

86.53%

South African White

76/98 (79.17%)*

91/95 (95.79%)*

86.53%

South African Black

65/98 (66.33%)*

91/95 (95.79%)*

80.83%

South African Coloured

82/98 (83.67%)*

88/95 (92.63%)*

88.08%

South African

76/98 (79.17%)*

91/95 (95.79%)*

86.53%

Summary Sex

76/98 (79.17%)*

91/95 (95.79%)*

86.53%

*Two females and one male were classified as unknown

Appendix B.2 Table 3: Classification results for the South African Black sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

66/97 (68.04%)*

102/108 (94.44%)*

81.95%

South African White

66/97 (68.04%)*

102/108 (94.44%)*

81.95%

South African Black

64/97 (65.98%)*

104/108 (96.30%)*

81.95%

South African Coloured

66/97 (68.04%)*

99/108 (91.67%)*

80.49%

South African

66/97 (68.04%)*

102/108 (94.44%)*

81.95%

Summary Sex

66/97 (68.04%)*

102/108 (94.44%)*

81.95%

*One female and three males were classified as unknown.

Appendix B.2 Table 4: Classification results for the South African Coloured sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

60/103 (58.25%)*

102/102 (100.00%)

79.02%

South African White

60/103 (58.25%)*

102/102 (100.00%)

79.02%

South African Black

44/103 (42.72%)*

102/102 (100.00%)

71.22%

South African Coloured

82/103 (79.61%)*

98/102 (96.08%)

87.80%

South African

60/103 (58.25%)*

102/102 (100.00%)

79.02%

Summary Sex

60/103 (58.25%)*

102/102 (100.00%)

79.02%

*One female was classified as unknown
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Appendix B.2 Table 5: Classification results for the Poulton sample (N=125).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

56/63 (88.89%)

50/62 (80.65%)

84.80%

South African White

56/63 (88.89%)

50/62 (80.65%)

84.80%

South African Black

56/63 (88.89%)

50/62 (80.65%)

84.80%

South African Coloured

55/63 (87.30%)

54/62 (87.10%)

87.20%

South African

56/63 (88.89%)

50/62 (80.65%)

84.80%

Summary Sex

56/63 (88.89%)

50/62 (80.65%)

84.80%

Appendix B.2 Table 6: Classification results for the St. Owens sample (N=98).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

33/44 (75.00%)*

48/54 (88.89%)*

82.65%

South African White

33/44 (75.00%)*

48/54 (88.89%)*

82.65%

South African Black

33/44 (75.00%)*

48/54 (88.89%)*

82.65%

South African Coloured

35/44 (79.55%)*

48/54 (88.89%)*

84.69%

South African

33/44 (75.00%)*

48/54 (88.89%)*

82.65%

Summary Sex

33/44 (75.00%)*

48/54 (88.89%)*

82.65%

*One female and two males were classified as unknown.

Appendix B.2 Table 7: Classification results for the Chumash sample (N=38).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

16/19 (84.21%)

12/19 (63.16%)

75.68%

South African White

16/19 (84.21%)

12/19 (63.16%)

75.68%

South African Black

16/19 (84.21%)

10/19 (52.63%)

70.27%

South African Coloured

16/19 (84.21%)

12/19 (63.16%)

75.68%

South African

16/19 (84.21%)

12/19 (63.16%)

75.68%

Summary Sex

16/19 (84.21%)

12/19 (63.16%)

75.68%
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Appendix B.2 Table 8: Classification results for the Andaman sample (N=27).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

10/13 (76.92%)

13/14 (92.86%)

85.19%

South African White

10/13 (76.92%)

13/14 (92.86%)

85.19%

South African Black

10/13 (76.92%)

13/14 (92.86%)

85.19%

South African Coloured

11/13 (84.62%)

13/14 (92.86%)

88.89%

South African

10/13 (76.92%)

13/14 (92.86%)

85.19%

Summary Sex

10/13 (76.92%)

13/14 (92.86%)

85.19%
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Appendix C. Sectioned Anterior Pelvis OLR
Appendix C.1 Sectioned OLR Equation: Anterior Pelvis

Appendix C.2 Tabulated Results
Appendix C.2 Table 1: Classification results for the Christ Church, Spitalfields sample (N=262).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

80/81 (98.77%)

74/81 (91.36%)*

95.06%

South African White

80/81 (98.77%)

75/81 (92.59%)*

95.68%

South African Black

80/81 (98.77%)

75/81 (92.59%)*

95.68%

South African Coloured

80/81 (98.77%)

75/81 (92.59%)*

95.68%

South African

80/81 (98.77%)

74/81 (91.36%)*

95.06%

Summary Sex

80/81 (98.77%)

74/81 (91.36%)*

95.06%

*One male was classified as unknown.
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Appendix C.2 Table 2: Classification results for the South Africa White sample (N=193).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

93/98 (94.90%)

88/95 (92.63%)*

93.78%

South African White

90/98 (91.84%)

88/95 (92.63%)*

92.22%

South African Black

89/98 (90.81%)

86/95 (90.53%)*

90.67%

South African Coloured

90/98 (91.84%)

88/95 (92.63%)*

92.22%

South African

90/98 (91.84%)

88/95 (92.63%)*

92.22%

Summary Sex

90/98 (91.84%)

88/95 (92.63%)*

92.22%

*Two males were classified as unknown.

Appendix C.2 Table 3: Classification results for the South African Black sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

80/97 (82.47%)*

100/108 (92.59%)*

87.80%

South African White

79/97 (81.44%)*

100/108 (92.59%)*

87.32%

South African Black

84/97 (86.60%)*

100/108 (92.59%)*

89.76%

South African Coloured

79/97 (81.44%)*

100/108 (92.59%)*

87.32%

South African

80/97 (82.47%)*

100/108 (92.59%)*

87.80%

Summary Sex

80/97 (82.47%)*

100/108 (92.59%)*

87.80%

*Two females and one male were classified as unknown.

Appendix C.2 Table 4: Classification results for the South African Coloured sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

91/103(88.35%)*

92/102 (90.20%)*

89.27%

South African White

91/103(88.35%)*

92/102 (90.20%)*

89.27%

South African Black

93/103(90.29%)*

91/102 (89.22%)*

89.76%

South African Coloured

91/103(88.35%)*

92/102 (90.20%)*

89.27%

South African

91/103(88.35%)*

92/102 (90.20%)*

89.27%

Summary Sex

91/103(88.35%)*

92/102 (90.20%)*

89.27%

*One female and six males were classified as unknown.
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Appendix C.2 Table 5: Classification results for the Poulton sample (N=76).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

32/37 (86.49%)*

34/39 (87.18%)

86.84%

South African White

31/37 (83.78%)*

34/39 (87.18%)

85.53%

South African Black

33/37 (89.19%)*

34/39 (87.18%)

88.16%

South African Coloured

32/37 (86.49%)*

34/39 (87.18%)

86.84%

South African

32/37 (86.49%)*

34/39 (87.18%)

86.84%

Summary Sex

32/37 (86.49%)*

34/39 (87.18%)

86.84%

*One female was classified as unknown.

Appendix C.2 Table 6: Classification results for the St. Owens sample (N=46).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

24/24 (100.00%)

20/22 (90.91%)

95.65%

South African White

23/24 (95.83%)

20/22 (90.91%)

93.48%

South African Black

24/24 (100.00%)

20/22 (90.91%)

95.65%

South African Coloured

23/24 (95.83%)

20/22 (90.91%)

93.48%

South African

24/24 (100.00%)

20/22 (90.91%)

95.65%

Summary Sex

24/24 (100.00%)

20/22 (90.91%)

95.65%

Appendix C.2 Table 7: Classification results for the Chumash sample (N=37).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

13/18 (72.22%)

17/19 (89.47%)

81.08%

South African White

13/18 (72.22%)

17/19 (89.47%)

81.08%

South African Black

15/18 (83.33%)

17/19 (89.47%)

86.49%

South African Coloured

13/18 (72.22%)

17/19 (89.47%)

81.08%

South African

13/18 (72.22%)

17/19 (89.47%)

81.08%

Summary Sex

13/18 (72.22%)

17/19 (89.47%)

81.08%
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Appendix C.2 Table 8: Classification results for the Andaman sample (N=27).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

11/13 (84.62%)

14/14 (100.00%)

92.59%

South African White

11/13 (84.62%)

14/14 (100.00%)

92.59%

South African Black

10/13 (76.92%)

14/14 (100.00%)

88.89%

South African Coloured

11/13 (84.62%)

14/14 (100.00%)

92.59%

South African

11/13 (84.62%)

14/14 (100.00%)

92.59%

Summary Sex

11/13 (84.62%)

14/14 (100.00%)

92.59%
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Appendix D. New Phenice OLR
Appendix D.1 New OLR Equations: Phenice

Appendix D.2 Wald Test: New Phenice OLR
Appendix D.2 Table 1: Results from the Wald Test.

x2

df

p Value

Christ Church, Spitalfields

49.5

3

<0.001

South African White

60.9

3

<0.001

South African Black

68.8

3

<0.001

South African Coloured

67.1

3

<0.001

South African

201.1

3

<0.001

Summary Sex

253.3

3

<0.001

Sample
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Appendix D.3 ROC Curves: New Phenice OLR
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Appendix D.3 Figure 1: ROC curve for Christ Church, Spitalfields New Phenice OLR equation.
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Appendix D.3 Figure 2: ROC curve for South African White New Phenice OLR equation.
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Appendix D.3 Figure 3: ROC curve for South African Black New Phenice OLR equation.
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Appendix D.3 Figure 4: ROC curve for South African Coloured New Phenice OLR equation.
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Appendix D.3 Figure 5: ROC curve for South African New Phenice OLR equation.
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Appendix D.3 Figure 6: ROC curve for Summary Sex New Phenice OLR equation.
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Appendix D.4 Tabulated Results: New Phenice OLR
Appendix D.4 Table 1: Classification for the Christ Church, Spitalfields sample (N=158).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

70/77 (90.91%)

72/81 (88.89%)

89.87%

South African White

71/77 (92.21%)

69/81 (85.19%)

88.61%

South African Black

72/77 (93.51%)

69/81 (85.19%)

89.24%

South African Coloured

70/77 (90.91%)

68/81 (83.95%)

87.34%

South African

72/77 (93.51%)

69/81 (85.19%)

89.24%

Summary Sex

71/77 (92.21%)

69/81 (85.19%)

88.61%

Appendix D.4 Table 2: Classification for the South African White sample (N=193).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

86/98 (87.76%)

94/95 (98.95%)

93.26%

South African White

90/98 (91.84%)

93/95 (97.89%)

94.82%

South African Black

90/98 (91.84%)

93/95 (97.89%)

94.82%

South African Coloured

90/98 (91.84%)

89/95 (93.68%)

92.75%

South African

90/98 (91.84%)

93/95 (97.89%)

94.82%

Summary Sex

90/98 (91.84%)

93/95 (97.89%)

94.82%

Appendix D.4 Table 3: Classification for the South African Black sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

67/97 (69.07%)

101/108 (93.52%)

81.95%

South African White

73/97 (75.26%)

101/108 (93.52%)

84.88%

South African Black

74/97 (76.29%)

100/108 (92.59%)

84.88%

South African Coloured

71/97 (73.20%)

99/108 (91.67%)

82.93%

South African

74/97 (76.29%)

100/108 (92.59%)

84.88%

Summary Sex

74/97 (76.29%)

100/108 (92.59%)

84.88%
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Appendix D.4 Table 4: Classification for the South African Coloured sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

82/103 (79.61%)

100/102 (98.04%)

88.78%

South African White

86/103 (83.50%)

100/102 (98.04%)

90.73%

South African Black

87/103 (84.47%)

100/102 (98.04%)

91.22%

South African Coloured

90/103 (87.38%)

101/102 (99.02%)

93.17%

South African

87/103 (84.47%)

100/102 (98.04%)

91.22%

Summary Sex

87/103 (84.47%)

100/102 (98.04%)

91.22%

Appendix D.4 Table 5: Classification for the Poulton sample (N=67).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

30/34(88.24%)

30/33 (90.91%)

89.55%

South African White

33/34(97.06%)

30/33 (90.91%)

94.03%

South African Black

32/34(94.12%)

30/33 (90.91%)

92.54%

South African Coloured

31/34(91.18%)

30/33 (90.91%)

91.04%

South African

32/34(94.12%)

30/33 (90.91%)

92.54%

Summary Sex

32/34(94.12%)

30/33 (90.91%)

92.54%

Appendix D.4 Table 6: Classification for the St. Owens sample (N=44).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

22/24 (91.67%)

19/20 (95.00%)

93.18%

South African White

22/24 (91.67%)

19/20 (95.00%)

93.18%

South African Black

23/24 (95.83%)

18/20 (90.00%)

93.18%

South African Coloured

24/24 (100.00%)

18/20 (90.00%)

95.45%

South African

23/24 (95.83%)

19/20 (95.00%)

95.45%

Summary Sex

23/24 (95.83%)

19/20 (95.00%)

95.45%

174

Appendix D.4 Table 7: Classification for the Chumash sample (N=35).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

13/17 (76.47%)

16/18 (88.89%)

82.86%

South African White

13/17 (76.47%)

16/18 (88.89%)

82.86%

South African Black

13/17 (76.47%)

16/18 (88.89%)

82.86%

South African Coloured

13/17 (76.47%)

16/18 (88.89%)

82.86%

South African

13/17 (76.47%)

16/18 (88.89%)

82.86%

Summary Sex

13/17 (76.47%)

16/18 (88.89%)

82.86%

Appendix D.4 Table 8: Classification for the Andaman sample (N=27).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

10/13 (76.92%)

14/14 (100.00%)

88.89%

South African White

10/13 (76.92%)

14/14 (100.00%)

88.89%

South African Black

10/13 (76.92%)

14/14 (100.00%)

88.89%

South African Coloured

10/13 (76.92%)

14/14 (100.00%)

88.89%

South African

10/13 (76.92%)

14/14 (100.00%)

88.89%

Summary Sex

10/13 (76.92%)

14/14 (100.00%)

88.89%
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Appendix E. New Posterior Pelvis OLR
Appendix E.1 New OLR Equations: Posterior Pelvis

Appendix E.2 Wald Test: New Posterior Pelvis OLR
Appendix E.2 Table 1: Results from the Wald test.

x2

df

p Value

Christ Church, Spitalfields

60.5

2

<0.001

South African White

57.9

2

<0.001

South African Black

64

2

<0.001

South African Coloured

65

2

<0.001

South African

184.8

2

<0.001

Summary Sex

245

2

<0.001

Sample
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Appendix E.3 ROC Curves: New Posterior Pelvis OLR
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Appendix E.3 Figure 1: ROC curve for Christ Church, Spitalfields New Posterior Pelvis OLR equation.
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Appendix E.3 Figure 2: ROC curve for South African White New Posterior Pelvis OLR equation.
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Appendix E.3 Figure 3: ROC curve for South African Black New Posterior Pelvis OLR equation.
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Appendix E.3 Figure 4: ROC curve for South African Coloured New Posterior Pelvis OLR equation.
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Appendix E.3 Figure 5: ROC curve for South African New Posterior Pelvis OLR equation.
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Appendix E.3 Figure 6: ROC curve for Summary Sex New Posterior Pelvis OLR equation.
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Appendix E.4 Tabulated Results: New Posterior Pelvis OLR
Appendix E.4 Table 1: Classification results for the Christ Church, Spitalfields sample (N=214).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

94/108 (87.04%)

95/106 (89.62%)*

88.32%

South African White

79/108 (73.15%)

99/106 (93.40%)*

83.18%

South African Black

79/108 (73.15%)

99/106 (93.40%)*

83.18%

South African Coloured

94/108 (87.04%)

95/106 (89.62%)*

88.32%

South African

79/108 (73.15%)

99/106 (93.40%)*

83.18%

Summary Sex

94/108 (87.04%)

95/106 (89.62%)*

88.32%

*One male was classified as unknown.
Appendix E.4 Table 2: Classification results for the South African White sample (N=193).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

82/98 (83.67%)*

88/95 (92.63%)*

88.08%

South African White

76/98 (77.55%)*

91/95 (95.79%)*

86.53%

South African Black

81/98 (82.65%)*

90/95 (94.74%)*

88.60%

South African Coloured

82/98 (83.67%)*

88/95 (92.63%)*

88.08%

South African

76/98 (77.55%)*

91/95 (95.79%)*

86.53%

Summary Sex

82/98 (79.17%)*

88/95 (92.63%)*

88.08%

*Two females and one male were classified as unknown
Appendix E.4 Table 3: Classification results for the South African Black sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

66/97 (68.04%)*

99/108 (91.67%)*

80.49%

South African White

66/97 (68.04%)*

102/108 (94.44%)*

81.95%

South African Black

66/97 (68.04%)*

101/108 (93.52%)*

81.46%

South African Coloured

66/97 (68.04%)*

99/108 (91.67%)*

80.49%

South African

66/97 (68.04%)*

102/108 (94.44%)*

81.95%

Summary Sex

66/97 (68.04%)*

99/108 (91.67%)*

80.49%

*One female and three males were classified as unknown.
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Appendix E.4 Table 4: Classification results for the South African Coloured sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

82/103 (79.61%)*

98/102 (96.08%)

87.80%

South African White

60/103 (58.25%)*

102/102 (100.00%)

79.02%

South African Black

66/103 (64.08%)*

99/102 (97.06%)

80.49%

South African Coloured

82/103 (79.61%)*

98/102 (96.08%)

87.80%

South African

60/103 (58.25%)*

102/102 (100.00%)

79.02%

Summary Sex

82/103 (79.61%)*

98/102 (96.08%)

87.80%

*One female was classified as unknown
Appendix E.4 Table 5: Classification results for the Poulton sample (N=125).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

55/63 (87.30%)

54/62 (87.10%)

87.20%

South African White

56/63 (88.89%)

50/62 (80.65%)

84.80%

South African Black

56/63 (88.89%)

50/62 (80.65%)

84.80%

South African Coloured

55/63 (87.30%)

54/62 (87.10%)

87.20%

South African

56/63 (88.89%)

50/62 (80.65%)

84.80%

Summary Sex

55/63 (87.30%)

54/62 (87.10%)

87.20%

Appendix E.4 Table 6: Classification results for the St. Owens sample (N=98).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

35/44 (79.55%)*

48/54 (88.89%)*

84.69%

South African White

33/44 (75.00%)*

48/54 (88.89%)*

82.65%

South African Black

33/44 (75.00%)*

47/54 (87.04%)*

81.63%

South African Coloured

35/44 (79.55%)*

48/54 (88.89%)*

84.69%

South African

33/44 (75.00%)*

48/54 (88.89%)*

82.65%

Summary Sex

35/44 (79.55%)*

48/54 (88.89%)*

84.69%

*One female and two males were classified as unknown.
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Appendix E.4 Table 7: Classification results for the Chumash sample (N=38).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

16/19 (84.21%)

12/19 (63.16%)

75.68%

South African White

16/19 (84.21%)

12/19 (63.16%)

75.68%

South African Black

16/19 (84.21%)

12/19 (63.16%)

75.68%

South African Coloured

16/19 (84.21%)

12/19 (63.16%)

75.68%

South African

16/19 (84.21%)

12/19 (63.16%)

75.68%

Summary Sex

16/19 (84.21%)

12/19 (63.16%)

75.68%

Appendix E.4 Table 8: Classification results for the Andaman sample (N=27).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

11/13 (84.62%)

13/14 (92.86%)

88.89%

South African White

10/13 (76.92%)

13/14 (92.86%)

85.19%

South African Black

10/13 (76.92%)

13/14 (92.86%)

85.19%

South African Coloured

11/13 (84.62%)

13/14 (92.86%)

88.89%

South African

10/13 (76.92%)

13/14 (92.86%)

85.19%

Summary Sex

11/13 (84.62%)

13/14 (92.86%)

88.89%
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Appendix F. New Anterior Pelvis OLR
Appendix F.1 New OLR Equations: Anterior Pelvis

Appendix F.2 Wald Test: New Anterior Pelvis OLR
Appendix F.2 Table 1: Results from the Wald Test.

Sample

x2

df

p Value

Christ Church, Spitalfields

45

2

<0.001

South African White

63.8

2

<0.001

South African Black

73.3

2

<0.001

South African Coloured

62.8

2

<0.001

South African

202.9

2

<0.001

Summary Sex

255.9

2

<0.001
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Appendix F.3 ROC Curves: New Anterior Pelvis OLR
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Appendix F.3 Figure 1: ROC curve for Christ Church, Spitalfields New Anterior Pelvis OLR equation.
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Appendix F.3 Figure 2: ROC curve for South African White New Anterior Pelvis OLR equation.
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Appendix F.3 Figure 3: ROC curve for South African Black New Anterior Pelvis OLR equation.

0.6
0.4
0.0

0.2

True positive rate

0.8

1.0

Anterior Pelvis OLR: South African Coloured

0.0

0.2

0.4

0.6

0.8

1.0

False positive rate

Appendix F.3 Figure 4: ROC curve for South African Coloured New Anterior Pelvis OLR equation.

185

0.6
0.4
0.0

0.2

True positive rate

0.8

1.0

Anterior Pelvis OLR: South Africa

0.0

0.2

0.4

0.6

0.8

1.0

False positive rate

Appendix F.3 Figure 5: ROC curve for South African New Anterior Pelvis OLR equation.
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Appendix F.3 Figure 6: ROC curve for Summary Sex New Anterior Pelvis OLR equation.
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Appendix F.4 Tabulated Results: New Anterior Pelvis OLR
Appendix F.4 Table 1: Classification results for the Christ Church, Spitalfields sample (N=162).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

80/81 (98.77%)

77/81 (95.06%)

96.91%

South African White

80/81 (98.77%)

76/81 (93.83%)

96.30%

South African Black

80/81 (98.77%)

76/81 (93.83%)

96.30%

South African Coloured

80/81 (98.77%)

76/81 (93.83%)

96.30%

South African

80/81 (98.77%)

75/81 (92.59%)

95.68%

Summary Sex

80/81 (98.77%)

76/81 (93.83%)

96.30%

Appendix F.4 Table 2: Classification results for the South African White sample (N=193).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

93/98 (94.90%)

91/95 (95.79%)

95.34%

South African White

93/98 (94.90%)

88/95 (92.63%)

93.78%

South African Black

93/98 (94.90%)

90/95 (94.74%)

94.84%

South African Coloured

93/98 (94.90%)

91/95 (95.79%)

95.34%

South African

93/98 (94.90%)

88/95 (92.63%)

93.78%

Summary Sex

93/98 (94.90%)

91/95 (95.79%)

95.34%

Appendix F.4 Table 3: Classification results for the South African Black sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

80/97 (82.47%)

101/108 (93.52%)

88.29%

South African White

84/97 (86.60%)

101/108 (93.52%)

90.24%

South African Black

79/97 (81.44%)

101/108 (93.52%)

87.80%

South African Coloured

80/97 (82.47%)

101/108 (93.52%)

88.29%

South African

84/97 (86.60%)

101/108 (93.52%)

90.24%

Summary Sex

80/97 (82.47%)

101/108 (93.52%)

88.29%
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Appendix F.4 Table 4: Classification results for the South African Coloured sample (N=205).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

91/103(88.35%)

98/102 (96.08%)

92.20%

South African White

93/103(90.29%)

97/102 (95.10%)

92.68%

South African Black

91/103(88.35%)

98/102 (96.08%)

92.20%

South African Coloured

91/103(88.35%)

98/102 (96.08%)

92.20%

South African

93/103(90.29%)

97/102 (95.10%)

92.68%

Summary Sex

91/103(88.35%)

98/102 (96.08%)

92.20%

Appendix F.4 Table 5: Classification results for the Poulton sample (N=76).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

32/37 (86.49%)

35/39 (89.74%)

88.16%

South African White

33/37 (89.19%)

34/39 (87.18%)

88.16%

South African Black

31/37 (83.78%)

35/39 (89.74%)

86.84%

South African Coloured

32/37 (86.49%)

34/39 (87.18%)

86.84%

South African

33/37 (89.19%)

34/39 (87.18%)

88.16%

Summary Sex

32/37 (86.49%)

35/39 (89.74%)

88.16%

Appendix F.4 Table 6: Classification results for the St. Owens sample (N=46).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

24/24 (100.00%)

20/22 (90.91%)

95.65%

South African White

24/24 (100.00%)

20/22 (90.91%)

95.65%

South African Black

23/24 (95.83%)

20/22 (90.91%)

93.48%

South African Coloured

24/24 (100.00%)

20/22 (90.91%)

95.65%

South African

24/24 (100.00%)

20/22 (90.91%)

95.65%

Summary Sex

24/24 (100.00%)

20/22 (90.91%)

95.65%
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Appendix F.4 Table 7: Classification results for the Chumash sample (N=37).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

13/18 (72.22%)

17/19 (89.47%)

81.08%

South African White

15/18 (83.33%)

17/19 (89.47%)

86.49%

South African Black

13/18 (72.22%)

17/19 (89.47%)

81.08%

South African Coloured

13/18 (72.22%)

17/19 (89.47%)

81.08%

South African

15/18 (83.33%)

17/19 (89.47%)

86.49%

Summary Sex

13/18 (72.22%)

17/19 (89.47%)

81.08%

Appendix F.4 Table 8: Classification results for the Andaman sample (N=27).

OLR Equation

Correct Females

Correct Males

Overall Agreement (%)

Christ Church, Spitalfields

10/13 (76.92%)

14/14 (100.00%)

88.89%

South African White

10/13 (76.92%)

14/14 (100.00%)

88.89%

South African Black

11/13 (84.62%)

14/14 (100.00%)

92.59%

South African Coloured

10/13 (76.92%)

14/14 (100.00%)

88.89%

South African

10/13 (76.92%)

14/14 (100.00%)

88.89%

Summary Sex

10/13 (76.92%)

14/14 (100.00%)

88.89%
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