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ABSTRACT

The shape of the orbital aperture has long been a method for assessing both sex and group 

affiliation in human skeletal remains.  Very few studies have been undertaken to test the validity 

of this observation.  The present study analyzes the shape of the orbital aperture and immediately 

surrounding structures to test their usefulness in determining both sex and group affiliation.  The 

orbit and mid-face were defined via a series of twenty-one measurements and three observations 

which were recorded on a sample of American Blacks and Whites from the Hamman-Todd 

Collection.  

Results identified statistically significant differences in several of the measurements 

between both sex and group affiliation.  Furthermore, through the use of discriminant function 

models, there is evidence for changes in the size and shape of the orbit for the four iterations of 

group and sex (White males – White females; Black males – Black females; White males –

Black males; White females – Black females) as well as the pooled sex and groups sample.  The 

success rate of these models ranges from 43 percent to 84 percent, indicating limited usefulness 

of both the discriminant function models and orbital aperture shape for the purpose of group and 

sex estimation.  This study identified the weakness of the nonmetric standards, and the limited 

reliability of traditional definitions of orbital aperture shape.
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CHAPTER ONE

INTRODUCTION

Statement of Purpose

This thesis addresses the question of the validity of the use of orbital aperture shape in the 

assessment of both group affiliation and sexual dimorphism.  This research stems from a 

pressing need for standardization and rigorous testing of methods used in skeletal assessment.   

Few attempts at standardization of orbital observations have been made, with the testing of these 

observations almost non-existent.   

The area of the mid-face which will be primarily focused on in this study is the left 

orbital aperture.   A secondary focus of this study includes the bone around the orbits, as this can 

contribute to both the shape of the orbit, and the placement of the orbits within the greater mid-

face structure.   

The research presented here will address several issues.   First, it will examine the 

validity of the traditional nonmetric observations of the orbit and its immediately surrounding 

structures.  Second, it will determine which measurements of the eye orbit are the most useful in 

the analysis of group affiliation and sexual dimorphism.  Finally, it will attempt to quantify the 

shape and size of the orbit, testing whether the traditional shapes used to describe the orbit can be 

defined consistently and reliably.  

Developing a quantitative method to determine sex and group affiliation from the eye 

orbit can be immeasurably useful to biological anthropologists identifying skeletal remains.  The 

development of a quantitative method that surpasses the current standard nonmetric methods for 
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determining both group and sex would be of great benefit to researchers, as the eye orbit is an 

integral part of basic mid-facial morphology.

Through these analyses it is anticipated that conclusions can be drawn about the validity 

of orbital aperture shape, and their potential for use in the assessment of both sexual dimorphism 

and group affiliation.  Furthermore, recommendations for its retention or elimination from use in 

analyses will be made.

Skeletal Variation and Identification

Biological anthropology is the study of humans as biological organisms.  This 

investigation can be approached by several different facets, including the evolution of humans, 

variation in modern humans and their most recent ancestors and relatives, demography, boney 

responses to activity, stress, and trauma.  

Skeletal remains can provide important clues into the histories of past peoples and 

populations.  Through the research and experience of previous researchers much data can be 

interpolated from the skeleton.  Age, sex, group affiliation, habitual activities, trauma, disease, 

and developmental defects all are just examples of what can be learned by performing a basic 

skeletal profile.  With the collection of data from large samples of populations, inferences can 

attempted to be made on the population level, with the ultimate goal of a better understanding of 

human variation and the human condition.  The appreciation of variation in skeletal biology is 

important to take into consideration when investigating individuals on the individual level.  With 

the establishment of statistically verified results, the identification of individuals can be made 

with an increased sense of confidence, whether encountered in a setting of archaeological or 

forensic importance.  
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Sexual dimorphism and group affiliation are two essential aspects of identification in 

biological anthropology, from archaeological investigations to forensic examinations.  The most 

accurate method of estimating sex and group affiliation from an analysis of skeletal remains is by 

way of a comprehensive examination of the entire skeleton.  Frequently, however, when remains 

are recovered, much of the individual is missing, thus limiting identification to particular 

elements or portions of elements from the skeleton.  Due to these constraints, it was necessary to 

develop and refine adequate methods of identification of both group and sex from several 

different parts of the skeleton.  

The single part of the skeleton most useful for determining both sex and group affiliation 

is the cranium, with the pelvis following.  Past research on documented remains has confirmed 

the reliability of cranial morphology as an indicator of sex and group variation among human 

skeletal remains.  Hrdlicka (1920, 1952) cites the sex of an individual can be correctly assessed 

80% of the time with only the cranium present, this number increasing to 90-92% if either the 

mandible or postcranial skeleton is present.  Krogman (1962) concludes that the sex can be 

determined with 98-100% accuracy with the entire skeleton present, 92% with just the skull 

(cranium and mandible) present, and 98% with the skull and pelvis combined.  The methods 

developed, however, are not always appropriate due to fragmentation and can be problematic.  

To obtain a reliable assessment “an adequate choice of method, critical approach and much 

practical experience are required” (Acsadi and Nemeskeri 1970:75). Because of these 

limitations, there is a pressing need to test both the current metric and nonmetric observations to 

determine their validity on isolated parts of the cranium, and to continue the development and 

testing of new and innovative improvements to the accuracy of these methods.
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CHAPTER TWO

THE EYE ORBIT

Orbit Anatomy and Morphology

The eye orbits are two large, deep cavities situated in the upper, anterior part of the face, 

with one cavity on either side of the mid-sagittal plane.  Each orbit is composed of seven bones

including the maxilla, lacrimal, malar, palintine, ethmoid, frontal, and sphenoid.  Three of these 

bones, the ethmoid, frontal, and sphenoid are unpaired bones and thus contribute to the formation 

of both orbits.   The orbits are located between the upper extent of the nasal cavity, with the 

frontal process of the right and left maxillae and the right and left nasalia separating the two 

orbits.  

The orbit is roughly shaped as a quadrilateral pyramid, with the apex being the optic 

foramen or the medial wall of the superior orbital fissure and the base being the orbital margin 

(Wolff 1968, Grey 1977).  As the bony structure of the orbit develops around an eyeball, the 

orbit has a tendency in being spherical in form, with its greatest diameter not at the orbital 

margin, but at approximately 1.5 centimeters posterior (Wolff 1968:1).  

Each orbital margin is composed of three bones: the frontal, maxilla, and malar.  The 

superior orbital margin is composed entirely of the orbital arch of the frontal bone.  It is 

generally “concave downwards, convex forwards, sharp in its lateral two thirds and rounded in 

the medial third” (Wolff 1968:16).  Normally situated at the junction of the sharp lateral two 

thirds and rounded medial third is the supraorbital notch which allows for the passage of the 

supraorbital nerve.  It is not uncommon for the ligament which closes the notch inferiorly to 

ossify, creating a supraorbital foramen.  
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The lateral orbital margin is formed by the malar bone and the zygomatic process of the 

frontal bone.  Being that the lateral margin is the most susceptible to injury, this portion of the 

orbital margin is the strongest portion (Wolff 1968).  When viewed laterally, the lateral margin 

appears concave in profile, and does not extend as far anteriorly as the medial margin of the orbit 

(Wolff 1968).  

The inferior orbital margin is formed by the orbital surface of the maxilla and the orbital 

margin of the malar.  The inferior orbital margin is typically raised slightly above the floor of the 

orbit (Wolff 1968).   The zygomaxillary suture is typically angled laterally and inferiorly, and is 

occasionally marked by a tubercle.  The shape of the suture is thought to have some implication 

in group assessment (Rhine 1990).  The maxillary or marginal process of the zygomaxillary 

suture may occasionally manifest itself as a long thin spur or projection of the orbital margin of 

the malar.  This projection can extend quite medially, in some instances reaching the anterior 

lacrimal crest, thus excluding the maxilla from the formation of the inferior orbital margin 

(Wolff 1968).  

The medial orbital margin is formed by the lacrimal crest of the frontal process of the 

maxilla and the posterior lacrimal crest of the lacrimal bone.  As these crests may overlap, “the 

medial margin is thus not a continuous ridge, but runs up from the anterior lacrimal crest across 

the frontal process of the maxilla to the superior margin” (Wolff 1968:17).  

In a normal adult the orbits are orientated forward and outward, so that if an imaginary 

line were drawn posteriorly, they would intersect at the upper part of the clivus of the sphenoid.  

The distinctive orbital frontality is the result of several factors, including the frontal expansion, 

enlargement of the temporal lobes, and the general cranial orientation created by bipedalism 
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(Wolff 1969, Enlow 1968).  The position of the orbit greatly reduces the nasal region in Homo 

sapiens, resulting in a reduced olfactory sense in exchange for binocular vision (Enlow 1968). 

Growth and Development 

During the earliest stages of development the orbital boundaries mold to the shape of the 

optic cup, the precursor to the eyeball.  As the optic cup develops before the matrices of the bony 

elements of the orbit, the fetal orbit retains a very circular appearance until six to seven months 

in utero.  After this the circular appearance is retained, to varying degrees, up until puberty 

(Whitnall 1932).  

The eye orbit forms from approximately 16 centers of ossification which appear between 

the sixth and eight weeks of fetal life.  By six to seven months in utero these centers of 

ossification have fused to form into their respective component bones.  The exception to this is 

the sphenoidal bones which do not fuse until a later date (Whitnall 1932).   At the time of birth 

the orbit is characterized by several features, including a large orbital entrance, sharp and 

strongly developed orbital margins, and a closely positioned infraorbital foramen.   The well-

ossified orbital margins assist in protecting the eyeball and its structures from stress or injury 

during parturition (Wolff 1968).  The bones of the orbit are still widely separated by cartilage.  

The height and breath of the orbit are approximately equal, resulting in the round aperture noted 

above.  The long axis of the orbit is horizontal in these early stages of development, conversely 

the adult orbit features an inferior inclination (Whitnall 1932).  

Orbital development represents one of the most complex remodeling patterns in the facial 

skeleton, owing mainly to the close relationship of the bony orbit to the many associated 

structures around it (Enlow 1968).  These structures include the soft tissues (the eyeball, 
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muscles, glands, tissues, and nerves,) the anterior portion of the cranial floor, the nasal region, 

and parts of the mid-face (Enlow 1968, Whitnall 1932).  The growth and development of the 

orbit is significantly affected by the close relationships it shares with the other elements of the 

mid-face including the development of “the brain from behind and above, the nasal chambers on 

the medial side, the dental arch below, and the muscles of mastication on the lateral sides” 

(Enlow 1968:247).  Development must proceed in conjunction with, and is intrinsically affected 

by these relationships, as they directly act on the form of the orbit (Enlow 1968, Whitnall 1932). 

The width between the orbits and the height of the orbits in relation to the rest of the face and 

cranium are influenced by the growth of the nasal fossa and ethmodal air cells, coupled with the 

development of the frontal lobe of the brain.  These changes increase the width between and 

height of the medial orbital walls (Whitnall 1932, Wolff 1968).  

As the orbits develop they will grow and move in a “forward, descending, and slightly 

lateral direction” (Enlow 1968:248).  This is achieved through several different and concurrent 

processes.  The lining of the orbit is characteristically depositional in nature, affording a 

continuous addition of bone within the orbital cavity.  This allows for the entire area to 

simultaneously extend and move anteriorly (Enlow 1978).  

As an individual grows and matures, the bones of the face, and by association the eye, 

also grow and mature.  Although the eyeballs themselves reach their adult size relatively early in 

life, the orbits will usually reach their adult size, shape, and location by puberty.  The primary 

factor for this is that puberty marks the end of the most active cranial growth, including its 

impact on the shape of the orbit (Whitnall 1932).  
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Maturation Changes in the Upper Face and Orbits

With advanced age, there is commonly a variety of changes which occur in the skeleton.  

These include a decrease in bone water weight and an increase in the volume of the skeleton 

resulting in a decrease in the weight of the skeleton overall (Behrents 1990).  Although the bone 

turnover rate has slowed significantly from that seen in childhood, it is not absent in adults.  

Active bone formation and resorption occurs both during and after middle age (Behrents 1990).  

Additionally, there is evidence that the growth and development of the craniofacial skeleton does 

not terminate in adolescence, rather it continues through adulthood.  Sinus size and shape 

continue to change, as well as thinning of the parietal bones and overall growth of many cranial 

dimensions (Behrents 1990).  The growth of the facial skeleton is a continuous process, with a 

generalized increase of two to ten percent during the process of development.  There is 

differentiation in the degree to which the bones are affected, with the bones of the cranial base 

being altered the least, the bones which comprise the face being affected a moderate amount, and 

the frontal sinus being altered the most.  The changes seen were similar to adolescent alterations 

but of a lesser magnitude and rate (Behrents 1990).  As the orbit is so intergraded within the mid-

face complex, these changes are reflected there as well.  The margin of the orbit tends to be 

become flatter as an individual ages.  The orbital aperture will become broader and higher in an 

older adult, owing partially to a generalized atrophy of bone seen throughout the skeleton 

(Whitnall 1932).  In the orbit, this atrophy presents most prominently in a loss of bone in the 

lateral wall of the orbit.  

Wolff (1968) has noted that it is not uncommon to find holes or perforations in the thin 

walls which compose the roof of the eye orbit in older individuals.  In these cases, the periorbita 

will be in direct contact with the dura mater of the brain.  Additionally, Wolff notes that the 
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lacrimal are commonly resorbed in older individuals, and the lateral wall may show either a 

marked amount of thinning or actual perforations in the surfaces.  Whitnall (1932) also notes that 

the lateral wall frequently exhibits the most amount of atrophy and bone loss.  Older individuals 

also tend to show a widening of the orbital fissures due to the absorption of their margins (Wolff 

1968).  
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CHAPTER THREE

BACKGROUND

Qualitative research

Research based strictly on qualitative observations of the cranium is comparatively rare 

and is rarely re-examined.  A possible explanation for the absence of review and validation of 

these methods is the inherent observer bias which is typical of the method.  Even the most well 

trained and experienced biological anthropologist might observe a trait differently from one day 

to another.  The possibility of inter-observer error is magnified with a less experienced observer.  

Nevertheless, the literature does not want for generalizations about of mid-facial features 

regarding both group and sex.  Landear (1919) remarked during the examination of a cranium 

that the orbits were “very megasemic, such as are found in the yellow races” (291).  Hrdlicka 

(1920, 1952) thoroughly described a series of features to examine when attempting to determine 

the sex of an individual from the skeletal material including supraorbital crests, mastoids, malars 

among many others (1952:128-9).  Hrdlicka’s observations were primarily based on the 

generalization that “large size or pronounced robustness of the skeletal parts indicate in general a 

male, the reverse mostly – but not always – a female” (1952:128).  Many of these early 

assertions, those of the mid-face in particular, enjoyed little or no actual research to support 

them.  Those related to sex indicated females as more gracile, and more likely to retain child-like 

features, such as rounded orbits and frontal or parietal bossing.  Males, conversely, were 

described as more robust.  Statements related to group were based on broad stereotypes, and used 

terminology, far from socially acceptable today.  In both cases, little metric data was available to 

compliment these remarks.  
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A wide variety of terms are used in the literature to describe the shape of the orbital 

aperture.  These terms are used for both the assessment of both sex and group affiliation.  There 

seems to be little standardization in the methods used to describe the orbits.  Whitnall (1932) 

primarily described sex differences in the orbits, noting that as the margin of the orbit becomes

more oval over the course of development, females tend to retain the sharper border more often 

than males.  Whitnall also noted that males feature a more prominent supraorbital ridge more 

rounded orbital margins.  Although Whitnall did not address the matter in depth, he did make 

passing reference to group differences in the orbit, citing a photograph of an Australian aborigine 

with rectangular orbits as an example (Whitnall 1932: Fig. 44).  

Krogman (1962) detailed both sex and group differences in the orbits.  He described male 

orbits as “squared, lower, relatively smaller, with rounded margins,” while female orbits were 

“rounded, higher, relatively larger, with sharp margins” (Krogman 1962: Table 31).  Krogman 

discussed differences in the associated structures, including supraorbital ridges and glabella.  The 

supraorbital ridge is more strongly developed in males than in females, with males “ranging from 

moderate to excessive development, the females from a mere trace to moderate development” 

(Krogman 1962:116).  Glabella sex differences were described such that as a small glabella 

indicates female, and a large glabella indicates male.  Krogman did note, however, that there was 

a greater range of variation present in the observation of glabella than in the supraorbital ridges 

(Krogmen 1962).  

Krogman also investigated several group differences in the orbital region.  He utilized 

three main groups: Caucasoid, Negroid, and Mongoloid.  The Caucasoid group was further 

subdivided into Nordic/ North European, Alpine/ Central European, and Mediterranean/ South 

European.  This was not done for either of the other two groups.  The orbital openings for the 
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Caucasoid subgroups were described as angular, rounded, and angular respectively.  The 

Negroid group was described as rectangular, and the Mongoloid as rounded (Krogman 1962 

Table 62).  Each of these descriptors remained undefined.    

More recently, Acsadi and Nemeskeri (1970) published on several cranial and pelvic 

traits for their usefulness in sex assessment.  The aspects of this work involved in nonmetric

assessment of sex were largely a compilation of previous work, including that of Hrdlicka (1920, 

1952), Hooton (1946), Broca (1879), Krogman (1962), Lander (1917-19), and Whitnall (1932).  

They cited general sex differences in orbital shape: males tend toward squared or subrectangular 

orbits, and females typically possess rounded orbits (Acsadi and Nemeskeri 1970: Table 10).  

Acsadi and Nemeskeri (1970) combined the observations of the supraorbital margin and 

orbital aperture into a single score-able observation.  A score of -2 or “very sharp edge, circular” 

indicates female, and a +2 score or “Rounded edge, square” indicates male (Acsadi and 

Nemeskeri 1970: Table 14).  Glabella was described as ranging from “smooth, showing only a 

line occasionally,” to “showing a massive prominence” (Acsadi and Nemeskeri 1970: Table 14).  

Group differences were not discussed in regards to orbital shape.  

Rhine (1990) compiled an extensive list of cranial traits, including orbital shape that 

could be used in the group assessment for Native Americans, Blacks, and Whites.  The list was

derived from the professional expertise of a group of practicing biological anthropologists, and 

was tested on the collections located at the Maxwell Museum at the University of New Mexico.  

The traits were then depicted through line drawings.  The lists were only compiled for the groups 

Caucasoid (which included Anglo and Hispanic), Southwestern Mongoloid, and American Black 

(Rhine 1990:9).  The results characterized the Caucasoid group as having sloping orbits, the 

Southwestern Mongoloid group as having rounded orbits, and the American Black group as 
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having rectangular orbits.  It is important to note that the sample sizes were very small, and 

largely representative of the population of New Mexico.  Rhine concedes that “the sample 

represents only a very small fragment of the continuum of variability which makes up the 

Mongoloid group.  The Caucasoid sample is similarly of restricted range, and the Negroid 

sample gives only a vague perception of contemporary American Blacks” (Rhine 1990:13).  The 

definition provided of these shapes is “Orbital Shape (obliquity of orbit): tendency towards a 

‘rounded,’ ‘rectangular,’ or ‘sloping’ orbit, the latter being a lateral inclination of the orbit” 

(Rhine 1990:20).  This statement is remarkably vague, with the only hint of detailed description 

being provided for the sloping shape.  

Quantitative Studies

Past studies have explored cranial morphometrics utilizing various approaches.  Howells 

(1989) explored biological distance and the disbursement of modern populations via 

craniometrics.  Overall vault morphology has been analyzed thoroughly by several studies 

seeking to create methods for assessing group affiliation, secular change, and variation among 

modern human populations (Giles and Elliot 1962, Moore-Jansen 1989).  Key (1983) examined 

the craniometric variation observed among Plains Native American groups.  Gill and Gilbert 

(1990) assumed a more narrowed approach to the assessment of group by focusing their 

investigation on the mid-facial region, attempting to quantify nonmetric variation seen in the 

interorbital region.  

Several statistical studies have been undertaken exploring various aspects of the orbit or 

mid-face morphology. The upper mid-face has been shown to be the portion of the cranium with

the most amount of variation, and thus very important for distinguishing between both groups 
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and sexes (Keur 2005). Features such as tear duct size relative to group and sex were observed 

through statistical analyses to determine that Black American males have, on average, larger and 

shorter nasolacrimal canals than Black females and White males and females (Martin 1928, Post 

1969).  

More recently, perhaps in response to the lack of statistical backing to many traditional 

observations, there has been a move to increase the number of statistical analyses of skeletal 

material to assist in the creation of a biological profile of individuals.  Pretorious et al.  (2006) 

attempted to use technology and new developments in geomorphometric analyses to study 

sexually dimorphic characterizations that have been typically difficult to study, focusing 

primarily on the shape of the greater sciatic notch, mandibular ramus flexure, and the shape of 

the orbits.  They attempted to do this by establishing 10 digitally defined landmarks around the 

orbit.  The results of this study found that the orbits, although not as useful as the sciatic notch, 

were nonetheless still useful in sex determination.  The male orbits tended to be more elongated 

and rectangular, whereas the female orbits tended to be more round and sloping downward on 

the lateral side (Pretorious, et al. 2006).  Although this study provided positive results, the 

sample used is from South Africa, and the technique requires the use of expensive computer 

technology and software.  

Qualitative and Quantitative Data 

There are a number of problems with the current qualitative and quantitative methods 

used to observe the orbit.  First, qualitative methods are subject the interpretation of an observer.  

Therefore, these observations traditionally exhibit inter- and intra-observer error.  Additionally, 

there are as yet no thorough analyses exploring the validity of the observations being used to 
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determine sex and group affiliation.  Two quantitative measurements are in popular use today, 

orbital height and orbital breadth (Moore-Jansen et al. 1994).  These two measurements fall 

grossly short of describing the shape of the orbit in terms of sloping, rounded, square and 

rectangular.  Specifically, comparison of orbital breadth to orbital height does not translate to any 

of these shapes.  Due to the difficulty in establishing consistent landmarks on the orbit, little has 

been done to rectify this problem.  
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CHAPTER FOUR

MATERIALS AND METHODS

Collection History

The study sample from which the calibration and test samples were drawn is known as 

the Hamann-Todd Osteological Collection.  Over time this collection amassed over 3,000 

extensively documented individuals, making this collection the largest documented osteological 

collection in the world.  Many of the individuals in the collection arrived via the University 

Hospital, either as donated cadavers or as unclaimed itinerants.  Currently the collection is 

housed in the Cleveland Museum of Natural History.  

It should be noted that this collection is not necessarily a reflective sample of the 

population of America during the early part of the 20th century, or today, for that matter.  Todd

(1928) commented that the collection was in no way representative of the American population, 

as the city of Cleveland has a population distribution where three-quarters of the population were 

foreign born or first generation American born.  Furthermore, the collection was not even 

entirely reflective of the city of Cleveland, as the individuals who composed the collection were 

from the middle to lower classes of society, excluding the upper middle class and “financially 

stable parts of society” (Todd 1928:37).  

There were some variations in the personal histories of the individuals in the collection.  

Many more of the White females were native born to America than were the White males.   The 

origins of the White population, – native born or not – also varies, with the greatest number 

“hailing, themselves or their parents, from the region of Europe extending from the Rhine to the

Riga and from the northern seas through the hinterlands as far as Danube” (Todd 1928:38).  
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Todd (1928) additionally notes that there are a number of individuals of British or Italian origin, 

and a few of French and Balkan.  

Many of the individuals composing the Black Population arrived in Cleveland as a result 

of a migration into Cleveland during the First World War (Todd 1928).  These individuals hailed 

mostly from the American south, the birthplace of many being Alabama.  Todd believed that the 

individuals in the collection were a representative sample of the “American Negro,” largely 

uninfluenced by admixture (Todd 1928: 38).  

These factors are taken into consideration when analyzing the results of this study, as 

there is presumably a considerably smaller degree of homogeneity in the population of America 

today than that observed in a historic sample such as this one.  

Study Sample

Individuals were selected at random from the Hamann-Todd collection.  In all, data were 

collected on 66 Black males, 73 White males, 71 Black females, and 71 White females, allowing 

for a total study sample of 281 individuals.  Fifty individuals from each of these sub samples 

were used as a calibration sample for the purpose of establishing a statistical method.  The 

remaining individuals were used as a test sample.  

Care was taken to select for individuals whose crania were not cut sagitally at the time of 

autopsy, as this would decrease the precision of the measurements spanning across the length of 

the face.  Due to the small size of the White female collection, the utilization of individuals 

whose crania were cut sagitally could not be avoided.  Cameron (1931) cited that “after careful 

calculation Professor Todd found that on average 1mm of thickness had to be added to each 

measurement to make up for the loss of bone tissue incurred while the bone was being sectioned 
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in the midline” (Cameron 1931:510).  Todd’s advice was followed in this study, however in 

instances where the accuracy of these measurements could not be guaranteed, individuals were 

excluded from the study.  

Individuals featuring any noticeable pathology reflected in the mid-face, or where there 

appeared to be possible deformation of the splanchnocranium of a traumatic, developmental, or 

pathological origin, were excluded from the sample.   

All individuals used in this sample were skeletally mature adults, ranging in age from 17 

to 89, allowing for a mean age being 45.61 with a standard deviation of 15.12 years.  

Measurement Protocol

A protocol was developed, tested, and refined on the Wichita State University Biological 

Anthropology Lab Cadaver collection, a modern human collection obtained from the University 

of Kansas Medical School.  

To quantify the morphology of the orbit, a series of six recognized and novel landmarks 

around the orbit were established (Table 1, Figure 1).  These landmarks were used to compile 16 

unilateral measurements (two standard and 14 novel) to define the shape of the orbital aperture.  

Additionally, five standard and nonstandard bilateral measurements, as well as three standard 

nonmetric observations were recorded for a total of 24 observations.  All measurements and 

observations used are detailed in Appendix A.  

The three standard nonmetric observations were recorded to test the validity of the use of 

these observations for both age and group assessment.  The first two nonmetric observations 

(prominence of glabella and thickness of supraorbital margins) are part of a series of landmarks 
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which are traditionally used during the sexual assessment process, part of forming the biological 

profile (Buikstra et al. 1994:15-21, Acsadi and Nemeskeri 1970:73-135). 

Table 2. Landmark Definitions

Name Abbreviation Definition
Dacryon dk The apex of the lacrimal fossa, as it impinges on the frontal 

bone. The point should be located on the frontal bone (Martin 
1956, Howells 1973).

Ectoconchion ek The intersection of the most anterior surface of the lateral 
border of the orbit and a line bisecting the orbit along its long 
axis. The point is on the line of the true profile of the orbit, the 
anterior crest (Howells 1973). 

Frontomalare 
Anterior

fm:a The most anterior point on the fronto-malar suture. It may be 
found with the side of a pencil lead held in the transverse plane 
(Howells 1973).

Lateral 
Infraorbitale

li The superior point created by taking the cheek height (as 
defined by Howells 1973). When the cheek height is taken, a 
pencil mark should be placed at the superior point created by 
this measurement. The point should be found midway between 
the facial and orbital surfaces, on the malar. 

Supraorbitale so The superior point created when taking the orbital height. The 
point should be found midway between the facial and orbital 
surfaces.

Zygoorbitale zo The intersection of the orbital margin and the zygomaxillary 
suture. The point should be found midway between the facial 
and orbital surfaces. (Howells 1973)

The third observation recorded, orbital shape, has been used in both sex and group 

assessment.  This observation, defined by Rhine (1990) is used as a visual assessment of the 

shape of the orbit and is what ultimately this study aimed to be able to quantify.  The six 

landmarks which were utilized to define the orbit were carefully selected or developed, 

accounting for previous studies that used standard landmarks, as well as selecting for those 

landmarks that would provide a continuous degree of accuracy and ease of repetition.  
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Figure 2. Landmark locations.

Bilateral measurements taken include Orbital Height, Bifrontal breadth, Biorbital breadth, 

Interorbital breadth, Zygoorbitale breadth, and the Simotic Chord.  These measurements were all 

taken as defined by Howells (1973).  

Two standard quantitative measures have been defined in the literature to describe orbital 

shape: orbital height and breadth.  There is, however, variation in how these measurements are 

observed.  One method for measuring orbital breadth is defined as the laterally sloping distance 

from Maxillofrontale to Ectoconchion, with Ectoconchion located on the medial edge of the 

lateral orbital margin (Martin and Saller 1956:477-78 #51, Moore-Jansen and Jantz 1986).  This 

measurement is in contrast to a second variant in which the measurement is taken from Dacryon 

to Ectoconchion, with Ectoconchion located on the most anterior surface of the lateral border of 

the orbit (Howells 1973, Moore-Jansen et al. 1994).  The latter measurement has a medial point 
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of Dacryon, whereas the former measurement uses the point of Maxillofrontale.  Dacryon was 

selected for use in this study, as it is believed to be a more consistently visible landmark, thus 

providing for a more consistent measurement (Howells 1973).  Howells’ definition of 

Ectoconchion was also chosen for use in this study over Martin’s definition, as the definition 

Howells provides is on a line of the true profile of the orbit.  

The two non-standard Howells measurements used in this study, Frontomalare Anterior 

and Zygoorbitale, were selected to assist in defining the superior-lateral and inferior medial 

borders of the orbit (Howells 1973).  These measurements were chosen based on their ease of 

identification, as well their location in relation to other landmarks employed.  

Two landmarks were developed during methodology development to aid in defining the 

boundaries of the orbital aperture.  The first, Supraorbitale, was developed to assist in defining 

the superior margin of the orbit.  It is defined as the superior point created when taking the 

orbital height, a derivative of orbital breadth (as defined by Howells 1973).  This point lies on 

the superior margin of the orbit, midway between the facial and orbital surfaces.  The second, 

Lateral Infraorbitale, was developed to define the inferior-lateral portion of the orbit.  This point

is the superior point created by taking the cheek height (as defined by Howells 1973).  When the 

cheek height is taken, a pencil mark should be placed at the superior point created by this 

measurement.  The point should be found midway between the facial and orbital surfaces, on the 

malar.  Although it may seem a bit incestuous to use landmarks created from other 

measurements, as there is a marked lack of features around the circumference of the orbit for 

alternative use.  

An unfortunate consequence of establishing these landmarks should be noted.  To create 

landmarks that could be easily replicated, there is an absence of landmarks in the medial superior 
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and medial inferior orbit.  This did not appear to be avoidable during the establishment of the 

methodology for this study.

Data Collection

Twenty-one measurements and three observations were taken on each specimen.  

Landmarks were marked on each cranium using a pencil.  Measurements were taken with 

Mitutoyo digital calipers with the capacity for direct electronic entry into a Microsoft Excel 

spreadsheet.  This technique was utilized to minimize human error present in manually recording 

metric data.  Nonmetric observations were scored visually then entered into the same spreadsheet 

as the metric data, along with the Cleveland Museum of Natural History Accession number, age, 

sex, and group data.  

Analysis

All data were processed using SPSS version 16.0 (SPSS Inc. 2007).  Basic summary 

statistics were run using the frequency procedure.  An Independent Samples T-test was used to 

determine if the differences between the group means were significant.  The metric data were 

analyzed through Principal Component Analyses to examine the variables for redundancy.  A

Stepwise Discriminant Function procedure was used to see which variables were the most useful 

in the assessment of group and sex.  Additional statistical tests were run during the course of the 

discriminant function analysis.  An Analysis of Variance test (ANOVA) was used to test for 

significance in the variance of the means.  A Box’s M test of Covariance Matrices was used to 

test for the presence of homogeneity of variances, one of the conditions of a Discriminant 

Function analysis.  
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CHAPTER FIVE

RESULTS

Qualitative Observations

All crania examined were scored for the thickness of the supraorbital margin, prominence 

of glabella, and orbital shape (After Acsadi and Nemeskeri 1970, Buikstra et al. 1994, Rhine 

1990). All nonmetric data collected were run in SPSS version 16.0 using the frequency 

procedure to analyze the distribution, and to elucidate any patterning in the distribution of the 

nonmetric data. 

The variables were first examined for variation between the sexes (Table 2). When 

characterizing the supraorbital margin on 281 crania, 85% of the females were classified as 

either score 1 or 2, indicating a small to small-medium size expression.  No individuals were 

classified into the most robust range, a score of 5.  Only 43% of males were characterized as 

large or very large (scores 4 and 5).  The remaining males were distributed primarily among 

score 2 (22% classified) and score 3 (26%). 

Table 3. Variation in Supraorbital Margin by Sex

Score
1 2 3 4 5 Total

Female Count 72 49 18 3 0 142
Percent 50.7 34.5 12.7 2.1 0.0 100.0

Male Count 5 31 36 38 29 139
Percent 3.6 22.3 25.9 27.3 20.9 100.0

Total Count 77 80 54 41 29 281
Percent 27.4 28.5 19.2 14.6 10.3 100.0

Table 3 describes the distribution of glabella scores within the sexes.  For females, the 

observation Glabella (Table 3) showed a similar distribution to that observed with the 
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supraorbital margin, with 83% of the females being scored as either score 1 or 2. Males also 

showed a similar distribution to that seen with the supraorbital margin, with only 46% of the 

males falling into scores 4 and 5. The most prevalent score for of male glabellae was 3 (32%), 

and 18% were classified as score 2.

Table 3. Variation in Glabella by Sex

Score
1 2 3 4 5 Total

Female Count 78 40 17 7 0 142
Percent 54.9 28.2 12.0 4.9 0.0 100.0

Male Count 5 25 45 39 25 139
Percent 3.6 18.0 32.4 28.1 18.0 100.0

Total Count 83 65 62 46 25 281
Percent 29.5 23.1 22.1 16.4 8.9 100.0

To provide additional insight into the differences expressed by the variables glabella and 

supraorbital margin for the individuals collected in this data sample, the observations were also 

analyzed for any group differences (Table 4, 5). For both observations, the White and Black 

groups each tended to classify more gracile than would be expected if this were a normal 

distribution. 

To further investigate possible group differences, both glabella and supraorbital margin 

were examined by group sex. White and Black females appeared to classify approximately the 

same for the observation supraorbital margin, with White females classifying slightly more 

robust than Black females (Table 6). This difference was seen with even more pronounced 

degree in males. Approximately 58% of White males fell into the robust range of the spectrum 

(score 4 or 5), whereas 38% of Black males scored a 4 or 5. Although the White male sample 

had no individuals which were scored a 1, five Black males were scored as being extremely 

gracile with a sharp orbital margin.
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Table 4.  Variation in Supraorbital Margin by Group

Score
1 2 3 4 5 Total

White Count 35 41 25 25 18 144
Percent 24.3 28.5 17.4 17.4 12.5 100.0

Black Count 42 39 29 16 11 137
Percent 30.7 28.5 21.2 11.7 8.0 100.0

Total Count 77 80 54 41 29 281
Percent 27.4 28.5 19.2 14.6 10.3 100.0

Table 5.  Variation in Glabella by Group

Score
1 2 3 4 5 Total

White Count 39 33 28 27 17 144
Percent 27.1 22.9 19.4 18.8 11.8 100.0

Black Count 44 32 34 19 8 137
Percent 32.1 23.4 24.8 13.9 5.8 100.0

Total Count 83 65 62 46 25 281
Percent 29.5 23.1 22.1 16.4 8.9 100.0

Table 6.  Variation in Supraorbital Margin by Sex and Group

Score
1 2 3 4 5 Total

Female White Count 35 25 10 1 0 71
Percent 49.3 35.2 14.1 1.4 0.0 100.0

Black Count 37 24 8 2 0 71
Percent 52.1 33.8 11.3 2.8 0.0 100.0

Total 72 49 18 3 0 142
Percent of Total 50.7 34.5 12.7 2.1 0.0 100.0

Male White Count 0 16 15 24 18 73
Percent 0.0 21.9 20.5 32.9 24.7 100.0

Black Count 5 15 21 14 11 66
Percent 7.6 22.7 31.8 21.2 16.7 100.0

Total 5 31 36 38 29 139
Percent of Total 3.6 22.3 25.9 27.3 20.9 100.0
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The classifications for the observation glabella were also investigated by group and sex 

(Table 7). Black females tended to score slightly more robust than White females. Males were 

similar to the classification scheme seen with supraorbital margin, where Black males tended to 

score more gracile than White males. Approximately 12% of White males classified into the 

gracile range, while 32% of Black males had classified into the gracile range (scores 1 to 2). 

Table 7.  Variation in Glabella by Sex and Group

Score
1 2 3 4 5 Total

Female White Count 38 25 6 2 0 71
Percent 53.5 35.2 8.5 2.8 0.0 100.0

Black Count 40 15 11 5 0 71
Percent 56.3 21.1 15.5 7.0 0.0 100.0

Total 72 78 40 17 7 0
Percent of Total 50.7 54.9 28.2 12.0 4.9 0.0

Male White Count 1 8 22 25 17 73
Percent 1.4 11.0 30.1 34.2 23.3 100.0

Black Count 4 17 23 14 8 66
Percent 6.1 25.8 34.8 21.2 12.1 100.0

Total 5 5 25 45 39 25
Percent of Total 3.6 3.6 18.0 32.4 28.1 18.0

Metric Observations

Summary Statistics

Summary statistics were performed on the entire data set and revealed basic similarities 

and differences between the subsets of the sample (Appendix A). The data were separated by 

pooled groups, pooled sex, and by both group and sex.  For each variable means, standard 

deviations, variance, minimum values, and maximum values were recorded.  There were several 

basic differences which were observed overall in the data. For many measurements, the male

sample had a tendency to be larger than the female sample. Furthermore, the values recorded for 
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the measurements taken on the Black sample generally were larger than those taken on the White 

sample. 

Independent Samples T-Test

Several differences in means were observed among the summary statistics. To investigate 

if these differences were statistically significant, an Independent Samples T-Test was run on the 

entire data set to determine the significance of these differences. 

When the variable’s means were evaluated by sex only (Appendix C), statistically 

significant differences (P<0.05) were observed in the bilateral variables Bifrontal Breadth 

(FMB), Biorbital Breadth (EKB), Interorbital Breadth (DKB), Simotic Chord (SIB), and 

unilateral variables Dacryon to Frontomalare (DKFM), Dacryon to Ectoconchion (DKEK), 

Dacryon to Lateral Infraorbitale (DKLI), Supraorbitale to Frontomalare (SOFM), Supraorbitale 

to Ectoconchion (SOEK), Ectoconchion to Lateral Infraorbitale (EKLI), and Lateral Infraorbitale 

to Zygoorbitale (LIZO). The means for males were larger for these variables, with the exception 

of the variable EKLI, where the females had a larger mean.

The variable means were also evaluated on the basis of group only (Appendix D). 

Statistically significant differences were seen in many of the variables for the sample. The 

following variables were significant at the P<0.05 level: (bilateral) Bifrontal Breadth (FMB), 

Biorbital Breadth (EKB), Zygoorbitale Breadth (ZOB), Interorbital breadth (DKB), (unilateral) 

Orbital height (OBH), Dacryon to Supraorbitale (DKSO), Dacryon to Frontomalare (DKFM), 

Dacryon to Ectoconchion (DKEK), Dacryon to Lateral Infraorbitale (DKLI), Dacryon to 

Zygoorbitale (DKZO), Supraorbitale to Frontomalare (SOFM), Supraorbitale to Ectoconchion 

(SOEK), Supraorbitale to Lateral Infraorbitale (SOLI), Supraorbitale to Zygoorbitale (SOZO), 



28

Frontomalare to Ectoconchion (FMEK), Frontomalare to Lateral Infraorbitale (FMLI), 

Frontomalare to Zygoorbitale (FMZO), Ectoconchion to Lateral Infraorbitale (EKLI), and  

Lateral Infraorbitale to Zygoorbitale (LIZO). 

Means were also compared separately by both group and sex (White sex comparison, 

Black sex comparison, Female group comparison, and Male group comparison.) This variation in 

the division of the samples was done to see if the significant differences could be explained 

either due to sex related size or shape differences in regards to the group sample, or due to group 

related size or shape differences in regards to the size sample.

 The females, when compared by group, expressed statistically significant differences for 

the bilateral variables Bifrontal Breadth (FMB), Biorbital Breadth (EKB), Zygoorbitale Breadth 

(ZOB), Interorbital breadth (DKB), and unilateral variables Orbital height (OBH), Dacryon to 

Supraorbitale (DKSO), Dacryon to Frontomalare (DKFM), Dacryon to Ectoconchion (DKEK), 

Dacryon to Lateral Infraorbitale (DKLI), Dacryon to Zygoorbitale (DKZO), Supraorbitale to 

Frontomalare (SOFM), Supraorbitale to Ectoconchion (SOEK), Supraorbitale to Lateral 

Infraorbitale (SOLI), Supraorbitale to Zygoorbitale (SOZO), Frontomalare to Lateral 

Infraorbitale (FMLI), Ectoconchion to Lateral Infraorbitale (EKLI), Ectoconchion to 

Zygoorbitale (EKZO), and  Lateral Infraorbitale to Zygoorbitale (LIZO) (Appendix E). The 

Black means were larger than the White means for all these variables listed, with the exception 

of EKZO and LIZO for which the White means were larger than the Black means. 

When the males were compared by group, they expressed statistically significant 

differences for the bilateral variables Bifrontal Breadth (FMB), Biorbital Breadth (EKB), 

Zygoorbitale Breadth (ZOB), Interorbital breadth (DKB), and unilateral variables Orbital Height 

(OBH), Dacryon to Ectoconchion (DKEK), Dacryon to Lateral Infraorbitale (DKLI), 
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Supraorbitale to Frontomalare (SOFM), Supraorbitale to Ectoconchion (SOEK), Supraorbitale to 

Lateral Infraorbitale (SOLI), Supraorbitale to Zygoorbitale (SOZO), Frontomalare to 

Ectoconchion (FMEK), Frontomalare to Lateral Infraorbitale (FKLI), and Frontomalare to 

Zygoorbitale (FMZO) (Appendix F). In the instances where there was a statistically significant 

difference in the male sample between groups, the Black mean was always larger than the White

mean. 

To explore sex differences in the means within groups, the means for the Black males and 

females, and White males and females were compared (Appendix G). The White sample, when 

compared by sex, expressed statistically significant differences in the means for the bilateral 

variables Bifrontal Breadth (FMB), Biorbital Breadth (EKB), Zygoorbitale breadth (ZOB), 

Inerorbital breadth (DKB), and unilateral variables Orbital Height (OBH), Dacryon to 

Frontomalare (DKFM), Dacryon to Ectoconchion (DKEK), Dacryon to Lateral Infraorbitale 

(DKLI), Dacryon to Zygoorbitale (DKZO), Supraorbitale to Frontomalare (SOFM), 

Supraorbitale to Ectoconchion (SOEK), and Ectoconchion to Lateral Infraorbitale (EKLI). The 

means for the males were larger than those of females for all these variables with the exception 

of EKLI. In this instance the female mean was larger than the male mean. 

The Black sample, when compared by sex, expressed statistically significant differences 

in the unilateral variables Bifrontal Breadth (FMB), Biorbital Breadth (EKB), Simotic Chord 

(SIB), and bilateral variables Dacryon to Lateral Infraorbitale (DKLI), Supraorbitale to 

Frontomalare (SOFM), Supraorbitale to Ectoconchion (SOEK), Frontomalare to Zygoorbitale 

(FMZO), Ectoconchion to Lateral Infraorbitale (EKLI), and Lateral Infraorbitale to Zygoorbitale 

(LIZO) (Appendix H). Similar to the White sample, the means for the males were larger than the 

female means, with the exception of EKLI.
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The means of the variables of the orbits (unilateral variables) appeared to vary the most 

in regards to group differences, rather than sex differences.  Two variables were observed as 

being statistically significant in all six subgroups, SOEK and SOFM. The variable EKLI was 

both statistically significant in all three subgroups which examined sex differences (Pooled 

Sexes, White sexes and Black sexes) and had a larger mean in females than in males for these 

subgroups. 

Principal Component Analysis

With the exception of Orbital Breadth and Orbital Height, all unilateral measurements 

were novel measurements developed for use by this study. As these novel measurements have 

yet to be examined statistically, there is a possibility for redundancy in the variables. A Principal 

Component Analysis was performed on all 16 unilateral variables to identify those variables 

which are highly correlated to one another, and thus suggest measurement redundancy.

The Correlation matrix is in Appendix I. The three variables that showed the highest 

correlation were the variables Orbital height (OBH), Supraorbitale to Lateral Infraorbitale 

(SOLI) and Supraorbitale to Zygoorbitale (SOZO). 

In all, four components had eigenvalues over 1.0 and so were extracted. In the first 

component, the variables OBH, SOLI, and SOZO explained the most amount of variation in the 

sample (Table 8). 

Because of this high correlation and high contribution to the first component of the 

Principal Component Analysis, these three variables were closely examined for the high degree

of relatedness observed. All three variables are height measurements, spanning from the same 

point on the superior margin of the orbit, to a point on the inferior margin of the orbit. As the 
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variable Orbital Height contains only one fixed landmark, and the other two variables are 

composed of two fixed landmarks, a decision was made to exclude the variable Orbital Height

from further analyses. This decision is sensible, as all other variables are defined as articulating 

two of the six landmarks. 

Table 8.  Principal Component Matrix

Component
Variable 1 2 3 4
SOLI .898 -.027 -.162 -.016
SOZO .862 -.105 -.214 -.065
OBH .826 -.104 -.250 -.085
FMLI .774 .015 -.530 -.070
FMZO .770 .427 -.282 .086
SOEK .759 -.031 .274 .215
DKEK .734 -.036 .454 .111
DKLI .667 -.196 .403 .363
DKFM .646 .035 .581 -.164
DKSO .640 -.013 -.018 -.025
EKZO .405 .849 .004 -.136
LIZO -.014 .773 .243 .496
DKZO .514 -.759 .117 -.039
SOFM .358 .082 .728 -.307
EKLI .489 .228 -.254 -.693
FMEK .465 -.124 -.440 .636

Discriminant Function Analysis

Calibration samples of 50 Black males, 50 White males, 50 Black females, and 50 White 

females were used to reveal patterns of variation among the 16 unilateral metric variables 

defining orbital dimensions of shape and size. Adjusted and equal sample sizes in each group 

eliminated potential problems of posterior probability associated with unequal sample sizes. All 

cases not included in the calibration samples were used as a control sample to test the reliability 

of the method established on an independent sample. 
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The samples were analyzed in several different ways to examine any differences among 

the cases. Group differences were examined among samples of Black males and females, White

males and females, White and Black males, Black and White females, and pooled sex and group

(Black females, Black males, White females, and White males).

White Males and Females. An ANOVA procedure was performed to test the equality of 

the variance in the group means for White males and females (Table 9). The variables found to 

have significant differences in the variances of the means are Dacryon to Frontomalare (DKFM), 

Dacryon to Ectoconchion (DKEK), Dacryon to Lateral Infraorbitale (DKLI), Dacryon to 

Zygoorbitale (DKZO), Supraorbitale to Frontomalare (SOFM), and Supraorbitale to 

Ectoconchion (SOEK). 

Table 9.  ANOVA Results for White Males and Females

Wilks’
Lambda F Sig.

DKSO .999 .057 .811
DKFM* .918 8.701 .004
DKEK* .837 19.117 .000
DKLI* .831 19.991 .000
DKZO* .878 13.621 .000
SOFM* .910 9.646 .002
SOEK* .878 13.637 .000
SOLI .975 2.515 .116
SOZO .988 1.170 .282
FMEK .995 .512 .476
FMLI .990 1.014 .316
FMZO .997 .247 .621
EKLI .963 3.811 .054
EKZO .997 .262 .610
LIZO 1.000 .010 .919
* indicates significance at P < 0.05
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A Box’s M test of Covariance Matrices provided a significance level of 0.220, indicating 

homogeneity of variance between the groups in the sample (Table 10).

Table 10. Box’s Test of Equality of Covariance Matrices

Box’s M 19.959
F Approx. 1.258

df1 15
df2 38668.737
Sig. .220

The stepwise procedure was used to select those variables most reliable for estimating 

both group and sex in the sample. The discriminant functions calculated for White males and 

females is provided in Table 11. This function separated out the five variables Dacryon to 

Zygoorbitale, (DKZO,) Dacryon to Lateral Infraorbitale (DKLI), Supraorbitale to Ectoconchion 

(SOEK), Frontomalare to Lateral Infraorbitale (FMLI), and Dacryon to Supraorbitale (DKSO) as 

the most effective for discriminating between males and females when looking at the White

sample. The unstandardized canonical discriminant functions evaluated at group centroids are 

provided in Table 12. Of these five variables, the ones which appear to contribute the most to the 

formation of the discriminant function for the variables represented by low function values were 

DKZO for White females and FMLI for White males.

Table 11.  Classification Function Coefficients for White Males and Females

Female Male
DKSO 1.714 1.373
DKLI 6.832 7.298
DKZO .903 1.202
SOEK 3.386 3.985
FMLI 1.435 .870
(Constant) -221.866 -239.052
Fisher’s linear discriminant functions
Significant at a P value <0.05
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Table 12.  Functions at Group Centroids for White Males and Females

Function
1

White Female -.746
White Male .746

One canonical function was used in the analysis, which accounted for 100% of the 

variance in the sample (Table 13). The first canonical axis provided an R value of 0.602, with a 

Wilks’ Lambda of 0.638 at a significance level of p >0.000. 

Table 13.  Canonical Correlation for White Males and Females

Function Eigenvalue
% of 

Variance
Cumulative 

%

Canonical 
Correlation 

(R)
1 .568 100.0 100.0 .602

Five variables identified on this axis explained 80% of the variation in the test sample of 

females and 72% of the test sample of males correctly (Table 14).

Table 14.  Classification Results White Females and Males

Predicted Group Membership

White Females White Males Total
Calibration Count White Females 40 10 50

White Males 14 36 50
Percent White Females 80.0 20.0 100.0

White Males 28.0 72.0 100.0
Test Count White Females 17 4 21

White Males 10 13 23
Percent White Females 80.95 19.05 100.0

White Males 43.48 56.52 100.0
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When applied to an independent control sample, the effectiveness of the function remained 

relatively steady for the female sample with 80.95% of females correctly classified. The percent 

correctly classified dropped to 56.52% when applied to an independent test sample of White 

males. 

Black Males and Females. The variables found to have significant differences in the 

variances of the means through the ANOVA procedure (Table 15) are the variables Dacryon to 

Lateral Infraorbitale (DKLI), Supraorbitale to Frontomalare (SOFM), Supraorbitale to 

Ectoconchion (SOEK), Ectoconchion to Lateral Infraorbitale (EKLI), and Lateral Infraorbitale to 

Zygoorbitale (LIZO). The variables indicated as the most important, as indicated by a high F 

value are SOFM, SOEK, and EKLI. 

Table 15.  ANOVA results for Black Males and Females

Wilks’
Lambda F Sig.

DKSO .988 1.193 .277
DKFM .981 1.891 .172
DKEK .982 1.771 .186
DKLI* .958 4.340 .040
DKZO 1.000 .044 .835
SOFM* .858 16.237 .000
SOEK* .866 15.119 .000
SOLI .999 .063 .803
SOZO .994 .618 .434
FMEK .996 .370 .544
FMLI .969 3.101 .081
FMZO .998 .236 .628
EKLI* .848 17.606 .000
EKZO 1.000 .000 .993
LIZO* .878 13.579 .000
* indicates significance at P < 0.05
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A Box’s M test of Covariance Matrices provided a significance level of 0.231, indicating 

homogeneity of variances between the groups in the sample (Table 16).

The discriminant function calculated for Black males and females is provided in Table 

17. The variables which were selected as being the best for discriminating between Black males 

and Black females are Lateral Infraorbitale to Zygoorbitale (LIZO), Supraorbitale to 

Ectoconchion (SOEK), and Ectoconchion to Lateral Infraorbitale (EKLI). The variable which 

appeared to be the most important for the function represented by low function values was LIZO. 

Table 16.  Box’s Test of Equality of Covariance Matrices
Box’s M 8.375
F Approx. 1.349

df1 6
df2 69583.698
Sig. .231

Table 17.  Classification Function Coefficients Black Males and Females
Black

Females
Black
Males

LIZO 1.369 1.643
SOEK 10.624 11.179
EKLI 4.144 3.585
(Constant) -189.801 -199.362
Fisher’s linear discriminant functions
Significant at a P value <0.05

One canonical axis provided for 56.8% of the correlation between Black males and 

females (Table 18). A Wilks’ Lambda score of 0.678 was given, with a significance level of P >

0.000. The unstandardized canonical discriminant functions evaluated at group centroids are 

provided in Table 19.
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Table 18.  Canonical Correlation for Black Males and Females

Function Eigenvalue
% of 

Variance
Cumulative 

%

Canonical 
Correlation 

(R)
1 .476 100.0 100.0 .568

Table 19.  Functions at Group Centroids for Black Males and Females

Function
1

Black Females -.683
Black Males .683

These three variables returned a classification accuracy of 72% for Black females and 

76% for Black males in the calibration sample (Table 20). When applied to the test sample, 

approximately 76 % of Black females were correctly classified while the number of Black males 

who were correctly classified dropped to approximately 62%. 

Table 20.  Classification Results for Black Females and Males

Predicted Group Membership

Black Females Black Males Total
Calibration Count Black Females 36 14 50

Black Males 12 38 50
Percent Black Females 72.0 28.0 100.0

Black Males 24.0 76.0 100.0
Test Count Black Females 16 5 21

Black Males 6 10 16
Percent Black Females 76.19 23.81 100.0

Black Males 37.5 62.5 100.0

White and Black Males. The variables which were found to have significant differences 

in the variances of the means through the ANOVA procedure are listed in Table 21. The 
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variables indicated as the most important, as indicated by a high F value are Supraorbitale to 

Ectoconchion (SOEK), Supraorbitale to Frontomalare (SOFM), and Supraorbitale to 

Zygoorbitale (SOZO).

Table 21.  ANOVA Results for White and Black Males

Wilks’
Lambda F Sig.

DKSO .978 2.176 .143
DKFM* .952 4.906 .029
DKEK .988 1.158 .285
DKLI .988 1.176 .281
DKZO* .959 4.177 .044
SOFM* .909 9.867 .002
SOEK* .893 11.690 .001
SOLI* .918 8.794 .004
SOZO* .868 14.919 .000
FMEK .983 1.730 .192
FMLI .962 3.860 .052
FMZO* .929 7.461 .007
EKLI 1.000 .017 .898
EKZO .990 .989 .322
LIZO .983 1.653 .202
* indicates significance at P < 0.05

A Box’s M test of Covariance Matrices provided a significance level of 0.231, indicating 

homogeneity of variances between the groups in the sample (Table 22).

Table 22.  Box’s Test of Equality of Covariance Matrices

Box’s M 2.739
F Approx. .441

df1 6
df2 69583.698
Sig. .852

The discriminant function analysis separated out three variables for being the best for 

discriminating between Blacks and White males (Table 23). These variables were Supraorbitale 
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to Frontomalare (SOFM), Frontomalare to Zygoorbitale (FMZO), and Ectoconchion to 

Zygoorbitale (EKZO). The variable which appeared to contribute the most to the function, as 

evidenced by a low function value was EKZO. The unstandardized canonical discriminant 

functions evaluated at group centroids are provided in Table 24. 

Table 23.  Classification Function Coefficients for Black and White Males

White
Males

Black
Males

SOFM 3.576 3.943
FMZO 7.786 8.401
EKZO 2.197 1.610
(Constant) -181.265 -192.981

Fisher’s linear discriminant functions
Significant at a P value <0.05

Table 24.  Functions at Group Centroids for Black and White Males

Function
1

White Males -.557
Black Males .557

One canonical axis was defined, which provided for a relatively low correlation of 49%, 

indicating that the function provided for 49% of the variation in the sample (Table 25). A Wilks’

Lambda of 0.759 was given with a significance level of P < 0.000. 

Table 25.  Canonical Correlation for Black and White Males

Function Eigenvalue
% of 

Variance
Cumulative 

%
Canonical 
Correlation

1 .317 100.0 100.0 .490
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This function was able to correctly classify 70% of the White males in the calibration 

sample, and 80% of the Black males in the calibration sample. When this function was applied to 

the independent test sample, approximately 70% of the White males were correctly classified. 

The Black male classification, however, dropped to 50% correctly classified (Table 26).

Table 26.  Classification Results for White and Black Males

Predicted Group 
Membership

White Males Black Males Total
Calibration Count White males 35 15 50

Black males 10 40 50
Percent White males 70.0 30.0 100.0

Black males 20.0 80.0 100.0
Test Count White males 16 7 23

Black males 8 8 16
Percent White males 69.57 30.43 100.0

Black males 50.0 50.0 100.0

White and Black Females. An ANOVA procedure was performed to test the equality of 

variances for the groups White females and Black females. The variables which were found to 

have significant differences in the variances of the means are listed in Table 27. The variables 

indicated as the most important, as indicated by a high F value are Dacryon to Zygoorbitale 

(DKZO), Supraorbitale to Lateral Infraorbitale (SOLI), and Supraorbitale to Zygoorbitale 

(SOZO). 

A Box’s M test of Covariance Matrices provided a significance level of 0.204, indicating 

homogeneity of variances between the groups in the sample (Table 28).

The stepwise procedure was used to select those variables most reliable for estimating 

group for females. The discriminant function calculated for White females and Black Females is 

provided in Table 29. This function indicated four variables Dacryon to Zygoorbitale (DKZO), 
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Lateral Infraorbitale to Zygoorbitale (LIZO), Supraorbitale to Lateral Infraorbitale (SOLI), and 

Supraorbitale to Frontomalare (SOFM) as the most effective for discriminating between White 

and Black females.  Of these four variables, the one which appears to contribute the most to the 

formation of the discriminant function for the variables represented by low function values was 

SOFM. The unstandardized canonical discriminant functions evaluated at group centroids are 

provided in Table 30. 

Table 27.  ANOVA Results for White and Black Females

Wilks’ 
Lambda F Sig.

DKSO .968 3.259 .074
DKFM* .895 11.489 .001
DKEK* .855 16.574 .000
DKLI* .888 12.339 .001
DKZO* .705 40.962 .000
SOFM* .932 7.177 .009
SOEK* .872 14.424 .000
SOLI* .813 22.502 .000
SOZO* .793 25.593 .000
FMEK .988 1.233 .269
FMLI* .930 7.348 .008
FMZO .968 3.206 .076
EKLI* .944 5.850 .017
EKZO .984 1.642 .203
LIZO* .827 20.470 .000

* indicates significance at P < 0.05

Table 28.  Box’s Test of Equality of Covariance Matrices

Box’s M 13.987
F Approx. 1.337

df1 10
df2 45915.538
Sig. .204
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Table 29.  Classification Function Coefficients for White and Black Females

White 
Females

Black 
Females

DKZO 9.066 9.442
SOFM 3.573 3.944
SOLI 6.650 7.141
LIZO 6.008 5.663
(Constant) -299.653 -329.497

Fisher’s linear discriminant functions
Significant at a P value <0.05

Table 30.  Functions at Group Centroids for White and Black Females

Function
1

White females -.860
Black females .860

One canonical axis was defined which provided a canonical correlation of 65.6% (Table 

31). A Wilks’ Lambda score of 0.570 was provided with a significance of P > 0.000. 

Table 31.  Canonical Correlation for White and Black Females

Function Eigenvalue
% of 

Variance
Cumulative 

%
Canonical 

Correlation
1 .755 100.0 100.0 .656

The discriminant function was able to correctly classify 82% of White females and 84% 

of Black females in the calibration sample (Table 32). When the function was applied to the 

independent test sample, approximately 71% of the White females and approximately 86% of the 

Black females were able to be correctly classified, indicating little change between the 

calibration sample and the test sample.
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Table 32.  Classification Results for White and Black Females

Predicted Group 
Membership

White 
Females

Black 
Females Total

Calibration Count White Females 41 9 50
Black Females 8 42 50

Percent White Females 82.0 18.0 100.0
Black Females 16.0 84.0 100.0

Test Count White Females 17 4 21
Black Females 6 15 21

Percent White Females 80.95 19.05 100.0
Black Females 28.57 71.43 100.0

Pooled sex and group. To investigate how the sub groups in the sample compared to each 

other, the discriminant function procedure was performed on the groups White females, White

males, Black females, and Black males.

An ANOVA procedure was performed to test the equality of the variances between the 

group means for the four groups with significant differences listed in Table 33. All variables 

were found to have significant differences in the variances of the means with the exception of the 

variables Dacryon to Supraorbitale (DKSO), Frontomalare to Ectoconchion (FMEK), and 

Ectoconchion to Zygoorbitale (EKZO). The variables indicated as the most important, as 

indicated by a high F value, are DKZO, SOEK, and SOFM. 

A Box’s M test of Covariance Matrices provided a significance level of 0.016, indicating 

a lack of homogeneity of variances between the groups in the sample (Table 34).
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Table 33.  AVOVA Results for Pooled Sex and Group

Wilks’ 
Lambda F Sig.

DKSO .968 2.185 .091
DKFM* .882 8.728 .000
DKEK* .851 11.402 .000
DKLI* .852 11.390 .000
DKZO* .813 15.038 .000
SOFM* .824 13.952 .000
SOEK* .782 18.183 .000
SOLI* .861 10.576 .000
SOZO* .829 13.440 .000
FMEK .982 1.227 .301
FMLI* .928 5.089 .002
FMZO* .948 3.581 .015
EKLI* .883 8.688 .000
EKZO .986 .956 .415
LIZO* .865 10.212 .000

* indicates significance of P < 0.05

Table 34.  Box’s Test of Equality of Covariance Matrices

Box’s M 70.793
F Approx. 1.501

df1 45
df2 95090.840
Sig. .016

The stepwise procedure was used to select those variables most reliable for estimating 

both group and sex in the sample (Table 35). The five variables which are the most optimal for 

discriminating between the four groups are Dacryon to Ectoconchion (DKEK), Supraorbitale to 

Frontomalare (SOFM), Supraorbitale to Zygoorbitale (SOZO), Ectoconchion to Lateral 

Infraorbitale (EKLI), and Lateral Infraorbitale to Zygoorbitale (LIZO). Of these five variables, 

the one which contributes the most to the formation of the discriminant function for all groups is 
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LIZO. The unstandardized canonical discriminant functions evaluated at group centroids are 

provided in Table 36.

Table 35. Classification Function Coefficients for Pooled Sex and Group

White Females Black Females White Males Black Males
DKEK 9.194 9.572 9.778 9.730
SOFM .690 .903 .975 1.330
SOZO 5.614 5.972 5.691 6.180
EKLI -.341 -.458 -.929 -1.249
LIZO 1.581 1.020 1.428 1.250
(Constant) -285.286 -307.768 -304.181 -318.687
Fisher’s linear discriminant functions
Significant at a P value <0.05

Table 36.  Functions at Group Centroids for Pooled Sex and Group

Function
1 2 3

White females -1.104 .182 .183
Black females .025 -.862 -.088
White males .049 .488 -.308
Black Males 1.029 .193 .213

Three canonical functions were used in the analysis, which combined accounted for 

100% of the variance in the sample (Table 37). A canonical correlation of 0.607 was provided 

for the first function, 0.474 for the second function, and 0.255 for the third function. 

Table 37.  Canonical Correlation for Pooled Sex and Group

Function Eigenvalue
% of 

Variance
Cumulative 

%

Canonical 
Correlation 

(R)
1 .582 64.9 64.9 .607
2 .268 29.9 94.8 .460
3 .046 5.2 100.0 .210
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This function of five variables was able to correctly classify 70% of White females, 60% 

of Black females, 38% of White males, and 60% of Black Males in the Calibration sample 

(Table 38). When the function was applied to the independent test sample, approximately 52% of 

the White females were able to be correctly classified; 67% of the Black females were able to be 

correctly classified; 43% of the White males were able to be correctly classified; and 31% of the 

Black males were able to be correctly classified. 

Table 38.  Classification Results for Pooled Sex and Group

Predicted Group Membership
White 

Females
Black 

Females
White 
Males

Black 
Males Total

Calibration Count White Females 35 9 6 0 50
Black Females 10 30 2 8 50
White Males 11 5 19 15 50
Black Males 3 12 5 30 50

% White Females 70.0 18.0 12.0 .0 100.0
Black Females 20.0 60.0 4.0 16.0 100.0
White Males 22.0 10.0 38.0 30.0 100.0
Black Males 6.0 24.0 10.0 60.0 100.0

Test Count White Females 11 5 3 2 21
Black Females 2 14 2 4 21
White Males 5 4 10 4 23
Black Males 2 5 4 5 16

% White Females 52.38 23.81 14.86 9.52 100.0
Black Females 9.52 66.67 9.52 19.05 100.0
White Males 21.74 17.39 43.47 17.39 100.0
Black Males 12.5 31.25 25 31.25 100.0

The canonical plot for the pooled sex and groups (Figure 2) enunciated some of the 

reasons for the differences in the group outcomes. The first canonical function represents size 

differences, while the second represents shape differences. There are differences of both size and 

shape between the White and Black females. The males have size differences, with the Blacks 
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being larger than the Whites. Shape, however, differed little. The White females also show a 

slight shape difference between the males; however, size differed considerably. 
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Figure 2.  Canonical Plot of first two discriminate functions for Pooled Sex and Group.

Discriminant Models

Based on discriminant functions defined in the previous section, five models were created 

to describe how these statistically significant models translate into actual differences in orbital 

morphology between sexes and between groups. These models were plotted on a diagram of the 

orbit, with differences in calibration sample means included to illustrate how the groups 

compared to each other. 
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White Males and Females Model

The variables Dacryon to Supraorbitale (DKSO), Dacryon to Zygoorbitale, (DKZO,) 

Dacryon to Lateral Infraorbitale (DKLI), Supraorbitale to Ectoconchion (SOEK), and 

Frontomalare to Lateral Infraorbitale (FMLI) were distinguished as being the most useful in 

discriminating between White males and females. The calibration means for the variables are 

listed in Table 39, with mean differences indicated. 

Table 39.  White Males and Females Calibration Sample Means

Variable White Females White Males Relative size order
DKSO 27.93 27.83 F>M
DKLI 35.58 37.21 F<M
DKZO 26.76 28.35 F<M
SOEK 26.44 27.68 F<M
FMLI 26.24 25.86 F>M

To examine how these differences correspond to orbital morphology, these five variables 

were plotted on the orbit (Figure 3). As illustrated on the orbit, Females were larger than males 

with respect to the height measurements extending from the medial margin to the middle 

superior margin (DKSO), and the lateral superior margin to the lateral inferior margin (FMLI). 

Males were larger than females in regards to the breadth measurements which extend from the 

medial margin to the middle inferior margin and lateral inferior margin (DKZO), and from the 

middle superior margin to the middle lateral margin (SOZO). This indicates that the differences 

between White males and females encompass both height and breadth. Males appeared to have 

orbits that were more elongated medial-superior to lateral-inferior, while females appear to have 

orbits in which the medial-superior and lateral-superior margin was extended in height from 

males. 
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Figure 3.  White males and females model 
(+ indicates Female > Male, –  indicates Female < Male).

Black Males and Females Model

The variables Lateral Infraorbitale to Zygoorbitale (LIZO), Supraorbitale to 

Ectoconchion (SOEK), and Ectoconchion to Lateral Infraorbitale (EKLI) were the three 

measurements which were discriminated as being the most effective in distinguishing between 

the Black male and Black female calibration sample. The calibration means for the variables 

defined in the model are listed in Table 40 with larger or smaller differences noted. 

The variables were plotted on an orbital diagram to examine how these three 

measurements defined overall orbital morphological variation between the sexes in Blacks 

(Figure 4).  The breadth measurements which span from the mid-superior margin to the mid-

lateral margin (SOEK) and the mid inferior margin to the lateral inferior margin (LIZO) were 
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larger for males than females. The sole discriminated height measurement, which spans from the 

mid-lateral margin to the lateral-inferior margin (EKLI) was larger for females than males. This 

indicates an elongation of the lateral half of the orbit from Black females to Black males, and an 

extension of either the mid lateral margin or lateral inferior margin in Black females. 

Table 40.  Black Males and Females Calibration Means

Variable Black Females Black Males Relative size order
SOEK 27.62 28.81 F<M
EKLI 17.07 15.63 F>M
LIZO 10.25 11.69 F<M

Figure 4.  Black males and females model 
(+ indicates Female > Male, – indicates Female < Male)



51

White Males and Black Males Model

The measurements Supraorbitale to Frontomalare (SOFM), Frontomalare to Zygoorbitale 

(FMZO), and Ectoconchion to Zygoorbitale (EKZO) were the three variables which are the most 

effective in distinguishing between White males and Black males in the calibration sample. The 

calibration sample means for the variables defined in the model are listed in Table 41 with larger 

or smaller differences indicated. 

Table 41.  White and Black Male Calibration Means

Variable White Males Black Males Relative Size Order
SOFM 17.07 18.24 W<B
FMZO 31.53 32.53 W<B
EKZO 24.82 24.48 W>B

The variables were plotted on an orbital diagram to examine how these three 

measurements defined overall orbital morphological variation between the groups White and 

Black for males (Figure 5).  Blacks were larger than White males for the breadth measurement 

extending from the mid-superior margin to the lateral- superior margin (SOFM), indicating a 

lateral extension of this lateral superior margin for Blacks. Black males were also larger than 

White males for the height measurement extending from the lateral-superior margin to the mid-

inferior margin (FMZO). These two factors are consistent with a lateral or lateral-superior 

movement of the lateral-superior margin of the orbit, suggesting a more angled lateral-superior 

margin in Black males than in White males. White males were larger in the measurement 

extending from the mid-lateral margin to the mid-inferior margin of the orbit (EKZO). The 

extension of this area indicates either a general enlargement in the lateral inferior margin for 

White males, or either a lateral drift of the lateral orbit, or inferior drift of the inferior orbit. 
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Figure 5.  Black and White males model
(+ indicates White > Black, – indicates White < Black)

White Females and Black Females Model

The variables Dacryon to Zygoorbitale (DKZO), Supraorbitale to Lateral Infraorbital 

(SOLI), Supraorbitale to Frontomalare (SOFM) and Lateral Infraorbitale to Zygoorbitale (LIZO) 

were the four variables which are the most effective in distinguishing between White males and 

Black males in the calibration sample. The calibration means are listed in Table 42 with larger or 

smaller differences noted. 

To examine how these three measurements defined overall orbital morphological 

variation between the groups White and Black for females, the variables were plotted on an 

orbital diagram (Figure 6).
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Table 42.  White and Black Females Calibration Means

Variable White Females Black Females Relative Size Order
DKZO 26.76 29.45 W<B
SOLI 33.89 35.72 W<B
SOFM 15.83 16.84 W<B
LIZO 12.22 10.25 W>B

Figure 6.  Black and White females model
(+ indicates White > Black, – indicates White < Black)

Blacks were larger for both height measurements included in this model, indicating an increase 

in the distance from the middle medial margin to the middle inferior margin (DKZO), as well as 

an increase in the distance from the middle superior margin to the lateral inferior margin (SOLI). 

This suggests that Black females have an elevated superior-medial margin, or a lateral-inferior 

extension of the lateral-inferior margin. Additionally, Black females were larger than White 
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females for the distance from the middle superior margin to the superior lateral margin (SOFM). 

This is indicative of a more laterally or superiorly placed superior lateral margin in Black 

females than in White females. White females were larger than Black females for the distance 

between the middle inferior margin and the lateral-inferior margin (LIZO), illustrating a lateral 

extension of the lateral orbit in White females. 

Pooled Sex and Group Model

The five variables Dacryon to Ectoconchion (DKEK), Supraorbitale to Frontomalare 

(SOFM), Supraorbitale to Zygoorbitale (SOZO), Ectoconchion to Lateral Infraorbitale (EKLI),

and Lateral Infraorbitale to Zygoorbitale (LIZO) were selected as being the best for 

discriminating between the groups Black Females, Black males, White females, and White 

males. It should be noted that classification results were relatively weak (particularly in regard to 

White males). Nevertheless, it is believed that the variables provided in this function are useful

in describing differences in orbital shape. The calibration means are listed in Table 43, with the 

differences in means ordered by group. 

Table 43.  Pooled Sex and Group Calibration Means

Variable White 
Females

Black 
Females

White 
Males

Black 
Males

Relative Size Order

EKLI 16.26 17.07 15.67 15.63 BM<WM<WF<BF
LIZO 12.22 10.25 12.17 11.69 BF<BM<WM<WF
DKEK 38.32 39.81 39.90 40.29 WF<BF<WM<BM
SOZO 33.98 35.82 34.43 36.12 WF<WM<BF<BM
SOFM 15.83 16.84 17.07 18.24 WF<BF<WM<BM

To examine how these five measurements defined overall orbital morphological variation 

between the groups White females, Black females, White males, and Black males, the variables 
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were plotted on an orbital diagram (Figure 7). For ease of interpretation, how the groups differed 

for the dimensions was not labeled directly on the figure, as was done with the other four 

models. 

Figure 7.  Pooled sex and group model

The measurements SOFM and DKEK and EKLI appear to have a sex component to 

them, as the means are such that males were on one side a spectrum, and females were on the 

other. The breadth dimensions that span from the middle superior orbit to the superior lateral 

orbit (SOFM) and the medial orbit to lateral orbit (DKEK) appear to be attributed to a basic 

sexual dimorphism, in that males are larger than females. Curiously, is the dimension spanning 

from the medial-lateral orbit to the inferior-lateral orbit (EKLI), where both Black and White 
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females were larger than Black and White males. This is indicative of a sex related shape change 

in the lateral orbit, whereby the lateral inferior margin is projected inferiorly in females. 

The variables SOZO and LIZO appear to have a group component to the variation they 

exhibited. Blacks were larger than Whites for the height dimension which roughly spans from 

middle superior margin to the middle inferior margin (SOZO). Whites were larger than Blacks 

for the dimension which spans from the middle inferior margin to the inferior lateral margin 

(LIZO). This is indicative an increase in the dimensions of the inferior lateral portion of the orbit 

in Whites. 

Summary

In the present chapter various statistical techniques were performed on the data to assess 

similarities and differences present between the samples. In Chapter six, these similarities and 

differences between sex and between group analyses will be discussed for their strengths and 

weaknesses in defining orbital shape. 
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CHAPTER SIX

DISCUSSION

Several analyses were presented in Chapter 5 to analyze both metric and nonmetric data. 

Basic frequency statistics were used to discover sex and group differences in the nonmetric 

variables glabella and supraorbital margin. Basic summary statistics were performed on the 

metric data to see generalized trends in all the data. Males were observed to be larger than 

females and Blacks were observed to be larger than Whites for several of the variables. Principal 

Component Analysis of the unilateral variables was utilized to test for redundancy in the 

variables. One variable, Orbital Height, was excluded from the analysis based on the results of 

this test. 

Subsequently, several discriminant function analyses were performed using the remaining 

15 unilateral variables on the total sample, as well as the four iterations of group and sex (White 

males – White females; Black males – Black females; White males – Black males; White 

females – Black females.  Several of these discriminations proved significant, albeit relatively 

weak.  Despite the weakness of the results observed in the pooled sex and group function and the 

White and Black male function, these results are further investigated to examine the nature of the 

observed differences. From the results observed in these discriminant function analyses, five 

models were created based on the variables best suited for discrimination between the groups.

Furthermore, possible size and shape differences were investigated through comparison of 

variable means.
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Nonmetric Observations

The observation Orbital Shape was found to be very difficult to categorize during data 

collection. The categories described by Rhine (1990) were found to be general and difficult to 

implement and thus were, at times, almost impossible to use in practice.   The sample used in this 

study included many individuals who exhibited orbits which could be easily places into two or 

more categories. Although not necessarily part of the initial research design, additional 

observations were unavoidable during the process of data collection. Individuals were observed 

in which one orbit was firmly placed into the sloping category, whereas the other orbit fit firmly 

into the rectangular category. As no standardized protocol was in place to contend with this 

matter, orbital shape was described as it was observed, rather than creating composite categories 

(e.g. sloping rectangular or round sloping). The high level of variation in orbital shape seen 

within groups, sexes, and individuals further undermines the need for either a rigid statistical 

method of orbital shape assessment, or the abolishment of orbital shape for use in sex or group 

analysis. As such, the nonmetric observation Orbital Shape was not investigated further by 

means of statistical assessment. 

Other nonmetric observations, prominence of glabella and supraorbital margin, did show 

much better promise for use in sex assessment. When analyzed by sex, both the supraorbital 

margin and glabella have a much stronger classification success for females, than for males. 

Additionally, males tend to classify slightly less robust than expected, and skewed towards the 

sexually ambiguous portion of the spectrum. 

Overall, the data for groups tended to skew towards the smaller, gracile range. The 

sample populations did not distribute normally or evenly. The White sample tended to classify 
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slightly more robust than the Black sample for both glabella and the supraorbital ridge. Thirty 

percent of whites and 20% of Blacks were classified with a 4 or 5 score for supraorbital margin, 

and 31% of whites and 25% of blacks were classified with a score of 4 or 5 for glabella. This

distinction was also observed when the data are separated by both group and sex, indicating a 

possible group effect. Black males are markedly less robust in the upper mid-face than White

males, most notably at glabella. Few differences were noted for females of both groups for either 

of these variables.

The success of the observations of glabella and the supraorbital margin appear to be 

primarily contingent on sex. Female crania were correctly classified as “Female” or “Possible 

Female” in 83% of cases using Glabella and 85% of cases using supraorbital margin. These 

results far exceed the expected 50% success rate random attribution. The correct classifications 

of males were much less satisfying. Forty-three percent of males correctly classified in the 

“Possible Male” to “Male” range for using supraorbital margin, and 46% of males correctly 

classified in the “Possible Male” to “Male” range using glabella. These results are less than what 

one would expect by chance alone, indicating that the nonmetric observations of glabella and 

supraorbital margin are not adequate for this particular population. 

Preliminary group differences presented in the preceding chapter suggest that there is an 

additional group dimension to these scores. Black males were shown to classify as less robust 

than White males. This dimension of a group effect provides an interesting dimension to the use 

of nonmetric sex assessment traits, which has yet to be thoroughly investigated. Further 

investigation of within and between group variation of cranial nonmetric observations for Whites 

and Blacks is warranted.
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Metric Analyses

Statistically significant differences are observed in both the mid-face and in the orbital 

aperture. These differences are present both at the levels of group dimorphism and sexual 

dimorphism, positively reinforcing the usefulness of metric analyses in osteological 

investigation. 

The unilateral variables best at separating between the groups, defined by the 

discriminate function technique, were useful in describing differences in orbital aperture shape. 

The models created were essential in translating statistical results into an examination of how 

orbital shape actually differs between groups and sexes. 

The model for White males and White females shows that White males appear to have 

orbits that are more elongated medial-superior to lateral-inferior, while White females appear to 

have orbits in which the superior medial and superior lateral margin is extended higher than that 

of males. The height difference observed in females may add some support to the assumption 

that females tend to have what may appear to be rounder orbits than males, as indicated by an 

increase in these height measurements from males to females. 

The model for Black males and Black females indicates an elongation of the lateral half 

of the orbit from Black females to Black males, and an extension of either the mid lateral margin 

or lateral inferior margin in Black females.  These results are partially consistent with the 

findings provided by Pretorious et al. (2006), where the females in the sample were found to 

have orbits which were more rounded, and sloping on the lateral side than the males in the 

sample. 
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Although the model for Black males and White males had the lowest canonical 

correlation of all the models (Canonical Correlation of 0.490), the data presented some 

interesting results. Based on the measurements and their means present in this model, it can be 

suggested that a more lateral or lateral-superior position of the lateral superior margin of the orbit 

is present in Black males, possibly resulting in a more angled lateral superior margin in Black 

males than is seen in White males. White males exhibited a larger Ectoconchion to Zygoorbitale 

dimension, reflecting an extended mid-lateral margin to the mid inferior margin of the orbit. The 

extension of this dimension suggests that White male sample exhibits a general greater lateral 

inferior margin, a more lateral position of the lateral orbital margin, or a relatively lower position 

of the inferior orbital margin, than the sample of Black males. The greater angulation seen in the 

lateral superior orbit, and enlargement or difference in position seen in the lateral inferior orbit 

provides some (albeit weak) evidence for the assumption Blacks tend to have more rectangular 

orbits than Whites given in Rhine (1990). 

Based on the observations of the Black females and White females model, Black females 

exhibited an elevated superior medial margin and or a lateral inferior extension of the lateral 

inferior margin. There is also evidence of a more laterally or superiorly placed superior lateral 

margin in Black females than is observed among White females. Furthermore, a lateral extension 

of the lateral orbit is observed in White females, when compared to data reported for the Black 

female sample. Although this function provided the best success in correct classification of the 

groups, it does not appear to provide much collaboration for the assertion that Blacks have more 

“rectangular” orbits, while Whites have more “slanting” orbits as proposed by Rhine (1990). 

The pooled sex and group model was useful in visualizing general trends between White 

females, Black females, White males, and black males. There is also an apparent difference in
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sexual dimorphism in the breadth dimensions which span from the middle superior orbit to the 

superior lateral orbit (Supraorbitale to Frontomalare), and the medial orbit to lateral orbit 

(Dacryon to Ectoconchion) evidenced by the males being larger than the females. Sexual 

dimorphism is also present in the dimension spanning from the medial lateral orbit to the inferior 

lateral orbit (Ectoconchion to Lateral Infraorbitale), indicative of a sex related shape difference

in the lateral orbit, whereby the lateral inferior margin is projected inferiorly in females. 

The pooled sex and group model also provided evidence for group component 

contributing to the differences observed. The Black sample means are larger than the White

sample means for Supraorbitale to Zygoorbitale, the height dimension which spans from middle 

superior margin to the middle inferior margin. Furthermore, Whites are larger than Blacks for the 

measurement Lateral Infraorbitale to Zygoorbitale, which spans from the middle inferior margin 

to the inferior lateral margin. This indicates increase in the dimensions of the inferior lateral 

portion of the orbit in Whites. 

Several measurements were not included in any discriminant functions, including 

Dacryon to Frontomalare and Frontomalare to Ectoconchion, signifying that those areas of the 

orbit vary little, and thus have little use for group or sex assessment. Conversely, two 

measurements appeared frequently, with each showing up in three of the five discriminant 

function models. Supraorbitale to Frontomalare was present in both the White and Black females 

and the White and Black males models, as well as the pooled sex and group model. Its presence 

in the first two models suggests a strong group component to this variable, and by association the 

area of the orbit. The measurement Lateral Infraorbitale to Zygoorbitale selected for the 

discriminant function models for Black males and females, White and Black females, and for the 
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pooled sex and group model. This suggests that this measurement or lateral inferior portion of 

the orbit exhibits both a group and a sex component, potentially useful for estimation of both. 

The models for estimating group and sex presented above do provide some insight into

differences in orbital shape between groups and sexes. The accuracy of the discriminate 

functions ranged from mediocre in the case of White and Black females function (82% and 84% 

respectively correctly classified in the calibration sample) to poor in the pooled sex and group

function (White males correctly classified 35% of the time for the calibration sample).  There is 

an inherent difficulty in interoperating the results, as there is a definite possibility that many of 

the differences which are noted can be attributed to size differences, and not shape differences. 

Summary

The use of human skeletal remains for the purpose of identification is a significant 

endeavor in biological anthropology, but particularly in human osteology and the study of human 

skeletal variation. The development of new techniques and the refinement and testing of old 

techniques is essential to human identification as a whole. A natural part of any science is that, 

occasionally, old or antiquated techniques are shown to be not as useful as previously suggested. 

These classification statistics shown here are far from being sufficient enough to suggest 

the use of dimensions of the orbit as an independent technique for sex or group estimation. The 

weakness of the statistical models dictates that the orbit can only be used to make qualified 

inferences about group or sex.

Although the results presented in this study are not revolutionary, they are relevant, 

informative, and useful. The results presented here address the question of the use of nonmetric 

and metric data defining orbital shape. Further, it identifies weaknesses and strengths relative to 
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interpretation of the potential power of discrimination of the quantitative and qualitative 

approaches to sex and group estimation. Several new and creative measurements were developed 

in the present study to test past standards of less objective categorizations or characterizations of 

orbital shape. In this process, the present study has identified weakness to the nonmetric 

standards, and limited reliability of the traditional definitions of orbital aperture shape. 

Regardless of the tempered classification results using a quantitative approach to the 

estimation of sex and group based on measurements characterizing orbital shape, this study also 

illustrates the potential of a more objective approach using measurements to better implement 

orbital shape into osteological analysis. Indeed, as the orbit is an integral part of the mid-face and 

thus an important element in size, shape and function of the facial cranium, the approach 

presented here, that is to develop non-traditional measurements to help better define, supplement, 

or perhaps even replace existing traditional nonmetric standards is essential to an improved 

understanding of human skeletal variation.
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APPENDIX A

MEASUREMENT PROTOCOL

Table 1A. Nonmetric observation protocol

Name Instrument Description
Supraorbital 
margin

Hand The thickness of the Supraorbital margin taken 
by palpating the margin of the left and right eye 
orbits. Measurement is scored 1-5, with 1
representing “very sharp”, 3 “indeterminate”, 
and 5 “very rounded”. (After Acsadi and 
Nemeskeri 1970)

Prominence of 
Glabella

Visual Degree of the projection of the area around 
glabella. Taken by a visual gauge. 
Measurement is scored 1-5, with 1 representing 
smooth with little or no projection, and 5 
representing a rounded loaf shaped projection 
(After Acsadi and Nemeskeri 1970, Buikstra et 
al. 1994). 

Orbital Shape Visual Shape of the eye orbit. Measurement scored as 
“rounded,” “sloping,” or “rectangular.” (After 
Rhine 1990).
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APPENDIX A (continued)

Table 2A.  Metric Observation Protocol

Bilateral Measurements

Bifrontal breadth FMB The breadth across the frontal bone between Frontomalare anterior on 
each side. (Howells 1973).

Biorbital breadth EKB The breadth across the orbits from Ectoconchion to Ectoconchion 
(Howells 1973).

Interorbital breadth DKB The breadth across the nasal space from Dacryon to Dacryon. (Howells 
1973)

Zygoorbitale Breadth ZOB The breath between right and left Zygoorbitale. 
Simotic Cord WNB The minimum transverse breadth across the two nasal bones, or chord 

between the naso-maxillary sutures at their closest approach. (Howells 
1973)

Orbital breadth DKEK Direct distance from Dacryon to Ectoconchion (Martin 1956, Howells 
1973)

Orbital height OBH The height between the upper and lower borders of the left orbit, 
perpendicular to the long axis of the orbit and bisecting it (Howells 1973)

Dacryon to Supraorbital DKSO Direct distance from Dacryon to Supraorbitale 
Dacryon to Frontomalare DKFM Direct distance from Dacryon to Frontomalare anterior 
Dacryon to Lateral 
Infraorbitale 

DKLI Direct distance from Dacryon to Lateral Infraorbitale 

Dacryon to Zygoorbitale DKZO Direct distance from Dacryon to Zygoorbitale 
Supraorbitale to 
Frontomalare

SOFM Direct distance from Supraorbitale to Frontomalare anterior 

Supraorbitale to 
Ectoconchion

SOEK Direct distance from Supraorbitale to Ectoconchion 

Supraorbitale to Lateral 
Infraorbitale 

SOLI Direct distance from Supraorbitale to Lateral Infraorbitale 

Supraorbitale to 
Zygoorbitale

SOZO Direct distance from Supraorbitale to Zygoorbitale 

Frontomalare to 
Ectoconchion

FMEK Direct distance from Frontomalare anterior to Ectoconchion

Frontomalare to Lateral 
Infraorbitale 

FMLI Direct distance from Frontomalare anterior to Lateral Infraorbitale 
margin 

Frontomalare to 
Zygoorbitale

EMZO Direct distance from Frontomalare anterior to Zygoorbitale 

Ectoconchion to Lateral 
Infraorbitale

EKLI Direct distance from Ectoconchion to Lateral Infraorbitale 

Ectoconchion to 
Zygoorbitale

EKZO Direct distance from Ectoconchion to Zygoorbitale 

Lateral Infraorbitale to 
Zygoorbitale

LIZO Direct distance from Lateral Infraorbitale to Zygoorbitale 
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APPENDIX B

SUMMARY STATISTICS

Table 1B. Female Summary Statistics

Variable n Mean Std. Dev. Variance Min. Max.
FMB 142 95.8023 4.67163 21.824 83.95 108.15
EKB 142 95.8454 4.57043 20.889 85.04 107.07
ZOB 142 59.5173 5.51579 30.424 44.95 72.52
DKB 141 22.7433 2.51376 6.319 13.82 28.49
SIB 118 9.3526 1.93601 3.748 4.97 14.62
OBH 141 34.1000 2.05974 4.243 28.47 38.89
DKSO 142 28.1805 1.98440 3.938 24.52 38.96
DKFM 141 37.2784 2.14413 4.597 28.48 43.14
DKEK 141 39.1038 1.93835 3.757 35.26 44.63
DKLI 142 36.2356 1.99515 3.981 31.70 41.04
DKZO 142 28.2429 2.63952 6.967 22.61 34.57
SOFM 142 16.3686 1.91871 3.681 11.03 20.30
SOEK 142 27.0184 1.63394 2.670 23.19 31.65
SOLI 141 34.7306 2.10174 4.417 29.38 39.77
SOZO 142 34.8502 2.16897 4.704 28.55 39.23
FMEK 141 13.3402 1.79076 3.207 8.83 18.49
FMLI 141 26.7716 2.01530 4.061 22.00 31.71
FMZO 141 31.9309 1.73280 3.003 28.00 36.60
EKLI 142 16.5994 1.85823 3.453 11.82 21.05
EKZO 142 24.7580 2.00284 4.011 19.86 29.89
LIZO 141 11.0854 2.43648 5.936 5.11 19.25
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APPENDIX B (continued)

Table 2B.  Male Summary Statistics

 Variable n Mean
Standard 
Deviation Variance Min. Max.

FMB 139 89.45 111.29 99.3112 4.25275 18.086
EKB 139 87.62 109.82 98.3186 4.11925 16.968
ZOB 138 46.56 69.40 60.1502 4.51844 20.416
DKB 138 16.90 29.36 23.3449 2.25654 5.092
SIB 137 4.08 15.66 8.7158 2.12910 4.533
OBH 138 28.46 39.08 34.3947 2.18421 4.771
DKSO 139 24.00 33.16 28.1550 1.55343 2.413
DKFM 138 32.25 42.57 37.9633 1.85752 3.450
DKEK 137 35.94 45.29 40.0186 1.81141 3.281
DKLI 139 32.65 42.12 37.3389 1.85858 3.454
DKZO 139 19.09 34.75 28.7268 2.37754 5.653
SOFM 138 13.55 21.56 17.4197 1.92270 3.697
SOEK 139 24.55 33.54 28.1249 1.67692 2.812
SOLI 139 29.81 40.45 35.1361 2.15726 4.654
SOZO 139 29.91 40.52 35.3355 2.28070 5.202
FMEK 139 10.10 20.15 13.7070 1.53939 2.370
FMLI 138 21.91 31.37 26.3473 2.04247 4.172
FMZO 138 27.97 37.54 32.1937 1.92205 3.694
EKLI 139 11.06 19.59 15.7247 1.56692 2.455
EKZO 139 19.97 29.39 24.7699 1.75522 3.081
LIZO 138 5.96 16.77 11.9986 1.81009 3.276
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APPENDIX B (continued)

Table 3B.  White Summary Statistics

Variable n Mean
Standard
Deviation Variance Min. Max.

FMB 144 95.7485 4.63272 21.462 83.95 108.39
EKB 144 95.3530 4.34945 18.918 85.04 106.37
ZOB 144 57.0393 4.33576 18.799 44.95 68.50
DKB 143 22.2731 2.42628 5.887 13.82 29.36
SIB 126 8.9162 1.91172 3.655 4.08 14.07
OBH 144 33.4131 1.96050 3.844 28.47 38.90
DKSO 144 27.8945 1.83739 3.376 24.00 38.96
DKFM 143 37.0620 1.88967 3.571 32.25 42.57
DKEK 143 39.0494 1.89504 3.591 35.26 44.98
DKLI 144 36.2856 1.99445 3.978 31.70 42.12
DKZO 144 27.5360 2.34840 5.515 22.52 34.75
SOFM 144 16.3619 1.94997 3.802 11.03 20.31
SOEK 144 27.0028 1.66308 2.766 23.19 31.95
SOLI 143 34.1599 2.02360 4.095 29.38 39.31
SOZO 144 34.2016 2.13952 4.578 28.55 39.46
FMEK 144 13.2840 1.65315 2.733 8.83 18.49
FMLI 143 26.0485 1.91299 3.660 22.00 31.23
FMZO 144 31.6375 1.65710 2.746 27.97 36.60
EKLI 144 15.8849 1.72823 2.987 11.82 20.55
EKZO 144 24.9003 1.77061 3.135 19.86 29.89
LIZO 143 12.0872 2.22872 4.967 5.11 19.25
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APPENDIX B (continued)

Table 4B.  Black Summary Statistics

Variable n Mean
Standard
Deviation Variance Min. Max.

FMB 137 99.4190 4.22091 17.816 90.22 111.29
EKB 137 98.8722 3.96852 15.749 90.19 109.82
ZOB 136 62.7833 3.96180 15.696 51.12 72.52
DKB 136 23.8482 2.10579 4.434 19.65 29.31
SIB 129 9.1026 2.20385 4.857 4.50 15.66
OBH 135 35.1339 1.92713 3.714 28.46 39.08
DKSO 137 28.4552 1.67915 2.820 25.07 38.76
DKFM 136 38.2010 2.02125 4.085 28.48 43.14
DKEK 135 40.0898 1.82294 3.323 35.48 45.29
DKLI 137 37.3025 1.88267 3.544 33.48 41.57
DKZO 137 29.4769 2.31008 5.336 19.09 34.57
SOFM 136 17.4423 1.88066 3.537 12.50 21.56
SOEK 137 28.1574 1.63017 2.657 24.53 33.54
SOLI 137 35.7377 1.94875 3.798 30.68 40.45
SOZO 137 36.0244 1.93619 3.749 31.51 40.52
FMEK 136 13.7746 1.67278 2.798 10.39 20.15
FMLI 136 27.1014 2.02894 4.117 21.91 31.71
FMZO 135 32.5124 1.90302 3.621 28.03 37.54
EKLI 137 16.4629 1.77580 3.153 11.06 21.05
EKZO 137 24.6206 1.98702 3.948 19.97 29.39
LIZO 136 10.9587 2.00743 4.030 5.96 16.77
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APPENDEX C

Pooled Sexes T-Test Results

n Mean Standard Deviation
Female Male Female Male Female Male

FMB* 142 139 95.8023 99.3112 4.67163 4.25275
EKB* 142 139 95.8454 98.3186 4.57043 4.11925
ZOB 142 138 59.5173 60.1502 5.51579 4.51844
DKB* 141 138 22.7433 23.3449 2.51376 2.25654
SIB* 118 137 9.3526 8.7158 1.93601 2.12910
OBH 141 138 34.1000 34.3947 2.05974 2.18421
DKSO 142 139 28.1805 28.1550 1.98440 1.55343
DKFM* 141 138 37.2784 37.9633 2.14413 1.85752
DKEK* 141 137 39.1038 40.0186 1.93835 1.81141
DKLI* 142 139 36.2356 37.3389 1.99515 1.85858
DKZO 142 139 28.2429 28.7268 2.63952 2.37754
SOFM* 142 138 16.3686 17.4197 1.91871 1.92270
SOEK* 142 139 27.0184 28.1249 1.63394 1.67692
SOLI 141 139 34.7306 35.1361 2.10174 2.15726
SOZO 142 139 34.8502 35.3355 2.16897 2.28070
FMEK 141 139 13.3402 13.7070 1.79076 1.53939
FMLI 141 138 26.7716 26.3473 2.01530 2.04247
FMZO 141 138 31.9309 32.1937 1.73280 1.92205
EKLI* 142 139 16.5994 15.7247 1.85823 1.56692
EKZO 142 139 24.7580 24.7699 2.00284 1.75522
LIZO* 141 138 11.0854 11.9986 2.43648 1.81009

* indicates a P value < 0.05
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APPENDIX D

Pooled Groups T-Test Results

n Mean Standard Deviation
White Black White Black White Black

FMB* 144 137 95.7485 99.4190 4.63272 4.22091
EKB* 144 137 95.3530 98.8722 4.34945 3.96852
ZOB* 144 136 57.0393 62.7833 4.33576 3.96180
DKB* 143 136 22.2731 23.8482 2.42628 2.10579
SIB 126 129 8.9162 9.1026 1.91172 2.20385
OBH* 144 135 33.4131 35.1339 1.96050 1.92713
DKSO* 144 137 27.8945 28.4552 1.83739 1.67915
DKFM* 143 136 37.0620 38.2010 1.88967 2.02125
DKEK* 143 135 39.0494 40.0898 1.89504 1.82294
DKLI* 144 137 36.2856 37.3025 1.99445 1.88267
DKZO* 144 137 27.5360 29.4769 2.34840 2.31008
SOFM* 144 136 16.3619 17.4423 1.94997 1.88066
SOEK* 144 137 27.0028 28.1574 1.66308 1.63017
SOLI* 143 137 34.1599 35.7377 2.02360 1.94875
SOZO* 144 137 34.2016 36.0244 2.13952 1.93619
FMEK 144 136 13.2840 13.7746 1.65315 1.67278
FMLI* 143 136 26.0485 27.1014 1.91299 2.02894
FMZO 144 135 31.6375 32.5124 1.65710 1.90302
EKLI* 144 137 15.8849 16.4629 1.72823 1.77580
EKZO* 144 137 24.9003 24.6206 1.77061 1.98702
LIZO* 143 136 12.0872 10.9587 2.22872 2.00743
* indicates a P value < 0.05
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APPENDIX E

White and Black Females T-Test Results

N Mean Standard Deviation
White Black White Black White Black

FMB * 71 71 93.7475 97.8570 4.35664 4.05150
EKB * 71 71 93.9334 97.7573 4.52495 3.76633
ZOB * 71 71 56.0311 63.0035 4.29792 4.26099
DKB * 70 71 21.7980 23.6752 2.56759 2.08930
SIB 54 64 9.1428 9.5297 1.95262 1.91930
OBH * 71 70 33.1024 35.1119 1.94111 1.65007
DKSO * 71 71 27.8169 28.5441 1.99647 1.91779
DKFM * 70 71 36.5866 37.9606 1.76218 2.27664
DKEK * 71 70 38.3686 39.8496 1.78055 1.81289
DKLI * 71 71 35.4515 37.0197 1.74095 1.93393
DKZO* 71 71 26.7823 29.7035 2.22819 2.17738
SOFM* 71 71 15.8546 16.8825 1.95011 1.75407
SOEK* 71 71 26.4566 27.5801 1.48863 1.58792
SOLI* 70 71 33.8984 35.5510 2.00155 1.87364
SOZO* 71 71 33.9294 35.7710 2.15381 1.76559
FMEK 71 70 13.1061 13.5777 1.85204 1.70680
FMLI* 71 70 26.2804 27.2697 1.93040 1.99001
FMZO 71 70 31.6752 32.1901 1.61614 1.81852
EKLI* 71 71 16.2258 16.9730 1.88439 1.76672
EKZO* 71 71 25.1237 24.3924 1.90280 2.04652
LIZO* 70 71 12.0193 10.1646 2.67810 1.75246
* indicates a P value < 0.05
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APPENDIX F

White and Black Males T-test Results

Group N Mean Standard Deviation
White Black White Black White Black

FMB* 73 66 97.6947 101.0992 4.04775 3.75072
EKB* 73 66 96.7337 100.0715 3.70756 3.85454
DKB* 73 65 22.7286 24.0371 2.20510 2.12366
SIB 72 65 8.7463 8.6822 1.87612 2.39286
OBH* 73 65 33.7153 35.1577 1.94491 2.19983
DKSO 73 66 27.9700 28.3595 1.67877 1.38586
DKFM* 73 65 37.5178 38.4637 1.90688 1.67766
DKEK* 72 65 39.7208 40.3485 1.77087 1.81200
DKLI 73 66 37.0968 37.6067 1.89750 1.79081
DKZO* 73 66 28.2690 29.2330 2.24085 2.43791
SOFM* 73 65 16.8552 18.0537 1.83145 1.83527
SOEK* 73 66 27.5341 28.7783 1.66084 1.44543
SOLI* 73 66 34.4105 35.9386 2.02650 2.02142
SOZO* 73 66 34.4663 36.2970 2.10651 2.08351
FMEK* 73 66 13.4571 13.9833 1.42530 1.62272
FMLI* 72 66 25.8197 26.9229 1.88101 2.06957
FMZO* 73 65 31.6008 32.8595 1.70638 1.94451
EKLI 73 66 15.5534 15.9142 1.50127 1.62688
EKZO 73 66 24.6830 24.8661 1.61538 1.90590
LIZO 73 65 12.1523 11.8260 1.70711 1.91778
* indicates a P value < 0.05
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APPENDIX G

White Males and Females T-test Results

n Mean Standard Deviation
Female Male Female Male Female Male

FMB * 71 73 93.7475 97.6947 4.35664 4.04775
EKB * 71 73 93.9334 96.7337 4.52495 3.70756
ZOB * 71 73 56.0311 58.0199 4.29792 4.17138
DKB * 70 73 21.7980 22.7286 2.56759 2.20510
SIB 54 72 9.1428 8.7463 1.95262 1.87612
OBH 71 73 33.1024 33.7153 1.94111 1.94491
DKSO 71 73 27.8169 27.9700 1.99647 1.67877
DKFM * 70 73 36.5866 37.5178 1.76218 1.90688
DKEK * 71 72 38.3686 39.7208 1.78055 1.77087
DKLI * 71 73 35.4515 37.0968 1.74095 1.89750
DKZO * 71 73 26.7823 28.2690 2.22819 2.24085
SOFM * 71 73 15.8546 16.8552 1.95011 1.83145
SOEK * 71 73 26.4566 27.5341 1.48863 1.66084
SOLI 70 73 33.8984 34.4105 2.00155 2.02650
SOZO 71 73 33.9294 34.4663 2.15381 2.10651
FMEK 71 73 13.1061 13.4571 1.85204 1.42530
FMLI 71 72 26.2804 25.8197 1.93040 1.88101
FMZO 71 73 31.6752 31.6008 1.61614 1.70638
EKLI * 71 73 16.2258 15.5534 1.88439 1.50127
EKZO 71 73 25.1237 24.6830 1.90280 1.61538
LIZO 70 73 12.0193 12.1523 2.67810 1.70711

* indicates a P value < 0.05
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APPENDIX H

White Males and Females T-Test Results

n Mean Standard Deviation
Female Male Female Male Female Male

FMB * 71 66 97.8570 101.0992 4.05150 3.75072
EKB * 71 66 97.7573 100.0715 3.76633 3.85454
ZOB 71 65 63.0035 62.5428 4.26099 3.62460
DKB 71 65 23.6752 24.0371 2.08930 2.12366
SIB * 64 65 9.5297 8.6822 1.91930 2.39286
OBH 70 65 35.1119 35.1577 1.65007 2.19983
DKSO 71 66 28.5441 28.3595 1.91779 1.38586
DKFM 71 65 37.9606 38.4637 2.27664 1.67766
DKEK 70 65 39.8496 40.3485 1.81289 1.81200
DKLI 71 66 37.0197 37.6067 1.93393 1.79081
DKZO 71 66 29.7035 29.2330 2.17738 2.43791
SOFM * 71 65 16.8825 18.0537 1.75407 1.83527
SOEK * 71 66 27.5801 28.7783 1.58792 1.44543
SOLI 71 66 35.5510 35.9386 1.87364 2.02142
SOZO 71 66 35.7710 36.2970 1.76559 2.08351
FMEK 70 66 13.5777 13.9833 1.70680 1.62272
FMLI 70 66 27.2697 26.9229 1.99001 2.06957
FMZO * 70 65 32.1901 32.8595 1.81852 1.94451
EKLI * 71 66 16.9730 15.9142 1.76672 1.62688
EKZO 71 66 24.3924 24.8661 2.04652 1.90590
LIZO * 71 65 10.1646 11.8260 1.75246 1.91778

* indicates a P value < 0.05
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APPENDIX I

Principal Component Analysis Correlation Matrix

OBH DKSI DKFM DKEK DKLI DKZO SIFM SIEK SILI SIZO FMEK
OBH 1.000 .479 .352 .388 .417 .462 .191 .521 .824 .904 .357
DKSI .479 1.000 .457 .427 .439 .325 .094 .335 .543 .531 .212
DKFM .352 .457 1.000 .779 .545 .351 .618 .534 .393 .398 .016
DKEK .388 .427 .779 1.000 .744 .471 .420 .647 .479 .415 .299
DKLI .417 .439 .545 .744 1.000 .613 .288 .551 .526 .464 .302
DKZO .462 .325 .351 .471 .613 1.000 .155 .338 .427 .481 .216
SIFM .191 .094 .618 .420 .288 .155 1.000 .558 .281 .219 -.324
SIEK .521 .335 .534 .647 .551 .338 .558 1.000 .711 .573 .450
SILI .824 .543 .393 .479 .526 .427 .281 .711 1.000 .873 .417
SIZO .904 .531 .398 .415 .464 .481 .219 .573 .873 1.000 .367
FMEK .357 .212 .016 .299 .302 .216 -.324 .450 .417 .367 1.000
FMLI .680 .463 .244 .375 .283 .323 -.083 .440 .746 .689 .608
FMZO .662 .437 .364 .420 .315 .057 .123 .487 .671 .682 .486
EKLI .387 .293 .289 .277 .006 .115 .138 .144 .439 .379 -.055
EKZO .230 .232 .301 .305 .125 -.357 .186 .205 .312 .243 -.007
LIZO -.132 .009 .033 .064 .170 -.533 .070 .074 -.040 -.123 .019
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APPENDIX I (continued)

OBH FMLI FMZO EKLI EKZO LIZO
DKSI .680 .662 .387 .230 -.132
DKFM .463 .437 .293 .232 .009
DKEK .244 .364 .289 .301 .033
DKLI .375 .420 .277 .305 .064
DKZO .283 .315 .006 .125 .170
SIFM .323 .057 .115 -.357 -.533
SIEK -.083 .123 .138 .186 .070
SILI .440 .487 .144 .205 .074
SIZO .746 .671 .439 .312 -.040
FMEK .689 .682 .379 .243 -.123
FMLI .608 .486 -.055 -.007 .019
FMZO 1.000 .741 .615 .334 -.196
EKLI .741 1.000 .441 .633 .268
EKZO .615 .441 1.000 .521 -.249
LIZO .334 .633 .521 1.000 .573
OBH -.196 .268 -.249 .573 1.000


