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ABSTRACT 

The variability of measurement has been a concern for anthropologists for some time 

now, and has developed into many different styles of recording said measurements. In this thesis, 

the comparison of craniometric measurements from two perspectives are explored. First, that of 

the traditional caliper measurements and second, that of the 3D Digitizer measurements and 

equipment. This comparison shows the minute difference between traditional and contemporary 

measurements by analyzing four component shapes of select Pleistocene hominins and Modern 

Homo, as well as, the difficulty of said measurement techniques. Incidentally, this thesis also 

covers the place of Pleistocene hominin cranial-morphology and variation within Modern Homo. 

By looking at different Pleistocene fossils (n=13) from three different geographic regions, and 

comparing them to Modern Homo (n=10) selected from among the Wichita State University 

Biological Anthropology Laboratory cadavers, this study seeks to assess the biological 

significance and place of fossil groups in relation to modern Homo. 
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Chapter 1 

Introduction 

 This thesis tests two distinct techniques for the quantification of cranial variation in size 

and shape as applied to a small sample of modern and fossil specimens of genus Homo. The first 

half of this thesis will address cranial measuring techniques and the consistency of new 

technology compared to traditional techniques. Following the measuring data are used to address 

the often complex and contrived placement of the Pleistocene hominins. The Neandertal debate 

is best summed up as a paleoanthropological issue dealing with the proper classification of fossil 

remains will be addressing the second half of this thesis. The bevy of remains recovered have led 

to a complex and vexing question to answer; where do late Pleistocene hominins fit 

evolutionarily with Homo sapiens? The morphometric analysis, of fossil hominins and 

comparing them to modern Homo sapiens from the WSU BAL collection, will test the second 

part of this thesis. Is the morphology of these fossil hominin casts within the variation of modern 

humans? 

This thesis will be addressing the consistency of the Microscribe 3D Digitizer by 

measuring craniometrics in comparison to traditional caliper measurements. By digitally creating 

a point-cloud interface that will measure the distance between landmarks on the skull. This 

technique will prove to be more consistent at recording landmarks, in addition to the ease of use 

and limited manipulation of potentially fragile remains.  

Morphology has been an important distinction in building a scientist’s understanding of 

the world around us. It was only until recently that more improved techniques have surfaced to 

compete with our established procedures (Algee-Hewitt and Wheat 2016). These traditional 
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procedures are not without their merit, though the willingness to accept new cranial techniques, 

even if they result in similar conclusions, is what pushes science forward. Craniometrics have 

been utilized by professional physical anthropologists as a standardized way of measuring and 

recording skull shapes and sizes. This technique while important can be improved given the 

technological advancement of three-dimensional computer programs. 

 The Wichita State University Biological Anthropological Laboratory (WSU-BAL) 

houses a small but concise collection of fossil hominin casts. Ranging from early 

australopithecine to Paleolithic specimens, the WSU-BAL greatly exceeds the standard 

laboratory inventory of fossil casts. The most extensive of this collection resides of Pleistocene 

hominin casts that have been selected for this thesis dating from 600,000 to 30,000 years ago, 

European, West Asian, and even fossils found in Africa, have all been picked for analysis. By 

grouping the fossils into their respective geographic areas, it is possible to look at each group 

geographically in a population context, to derive similarities and differences between in-group 

and out-group categories. The first step in this thesis will be to outline and define each fossil cast 

analyzed from WSU-BAL including detailed background, history, climatological, and 

morphology. This analysis leads into the second section of this thesis, which details the 

methodological approach. From there, an analysis of the measurements will be made and a 

conclusion will be drawn from the collected data. Lastly, a discussion of the implications of the 

results section and ask the bigger question of ‘Where do the Pleistocene hominins fit within 

modern humans?’  

 The method and material section detail the procedural account of this thesis paper. 

Specifically performing and analyzing the caliper and digitizer measurements for each fossil cast 

as well as ten modern human samples from the WSU-BAL cadaver collection (n=10). Twenty-
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three different measurements have been selected, as defined by Howells (1989) and Moore-

Jansen et al. (1994). Within this section detailed instructions on manipulating and recording the 

digitizer techniques are provided. Following the description of technical finesse, data is recorded 

illustrating the averages for each measurement taken on each sample. The modern cadaver 

samples have been chosen based on completeness and equal ratio of male and female (=10), 

whereas the fossil selection is based on availability regardless of condition or sex (n=13). Data 

collected is divided into an analysis of average, standard deviation, count, minimum, and 

maximum. This collection of scores provide a detailed representation of the craniometrics of 

both fossil and modern samples. Similarities and differences can be inferred from the data 

collected to suggest the placement of the late Pleistocene hominin fossil morphology within 

modern human populations.  

 Measurements were taken both with calipers and the digitizer and compared from each 

sample. This exercises the consistency of both the traditional techniques (calipers) as well as 

newer techniques (Digitizer) for measuring human crania. Similar studies have been performed 

using the Microscribe digitizer for sampling an archaeological collection and distinguishing 

biological distance, providing stronger statistical analyses (McKeown and Jantz 2005; Algee-

Hewitt and Wheat 2016). This study uses a Microscribe 3D digitizer to record and construct a 

three-dimensional representation of the selected samples. The results will show that the 

consistency of each measuring technique is unique to the user testing its capabilities, though a 

practiced experimenter will notice that a greater level of detail is achievable using a three-

dimensional representation and calculation of length between landmark on the crania. 

 Lastly, this study will step back and look at the way morphology has shaped our 

understanding of the place of fossil hominins in relation to modern populations. Because humans 
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are grounded in biological limitations; morphology, particularly craniometrics, are used to relate 

the similarities and differences of skeletal remains for many different instances. The geographic 

variation can be teased out of the simple data collected from craniometrics, and in this study, 

hypotheses of the origins of modern humans and late Pleistocene fossils can be tested. 

Ultimately, this boils down to the question of species legitimacy. Do Neandertals deserve to be 

considered their own species? The conclusion and discussion section in chapter five will further 

illuminate this study and its validity of traditional morphological analysis compared to the newer 

ability of sequencing archaic DNA from these fossils. A feat thought impossible just a few 

decades ago. 

 Research Questions 

The questions that will be addressed in this thesis are as follows: 

Research question 1: Is there a difference in consistency of measuring techniques related to 

craniometric analysis? 

Null Hypothesis (H0): There is no difference between consistency of technique. 

Alternative Hypothesis (H1): The Digitizer records the craniometric landmarks more 

accurately than traditional measuring techniques. 

Test Implication 0: That, if there is no difference, one standard deviation, then the we must 

conclude that it does not matter which measuring technique is used. 

Test Implication 1: That, if there is a large enough difference, one standard deviation, then the 

H1 is more accurate for measuring than traditional calipers. 
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Research question 2: Does Pleistocene (H. Heidelbergensis, H. Neandertal, Archaic H. sapiens) 

cranial morphology fall within modern human cranial variation? 

Null Hypothesis (H0): There is no difference between the cranial morphology of modern 

humans and the Pleistocene Fossil crania (H. heidelbergensis, H. neanderthalensis). 

Alternative Hypothesis (H1): Pleistocene cranial morphology is different than modern 

human cranial morphology and falls outside of their variation. 

Test Implication 0: That, if the late Pleistocene skull measurements fall identical to that of the 

modern Homo skulls then there is not a significant difference in crania size and shape, which 

would not distinguish them as a separate group. 

Test Implication 1: That, if the late Pleistocene skull measurements fall outside that of the 

modern Homo skulls then there is a significant difference in crania size and shape, which 

distinguishes different groups. 

 The expected results will illustrate the difference in measuring techniques between the 

traditional measuring calipers and the three-dimensional digitizer. The consistency of the 

digitizer is expected to be more precise than measuring with calipers. Because caliper scales only 

go to the nearest whole value, the digitizer can measure beyond that, to a micro level. Does using 

the Microscribe produce more accurate understanding of cranial size and shape variation 

analysis? The protocol put forth through this thesis is intended to address his question. 

 Similarly, this through thesis, a greater comprehensive understanding of craniometric 

analysis of Neandertals and late Pleistocene hominins in comparison to modern humans. Though 

the claim may be held that these late Pleistocene hominins are undoubtedly a separate species, 

we cannot rule out the genetic factors that are underlying any phenotypical difference in 
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expression of craniometrics. With the craniometric analysis to back up the genetic results others 

have done, an understanding of the place of these fossils within human evolution and 

paleoanthropology. 
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Chapter 2 

Background 

Introduction 

The species concept is one of the oldest topics of human beings attempting to rationalize 

and categorize the world around them taxonomically (Mayr 1982). Simpson (1951) as rephrased 

by Wolpoff (1999) describes the biological species concept as, “a biological species is a group of 

populations that can actually or potentially interbreed and produce fertile offspring, and which 

are reproductively isolated from populations in another species”. Pairing this definition to Ernst 

Mayr’s biological species concept, one can see a significant difference between terminologies. 

Mayr (1982) defines the biological species concept in a way that allows for a looser definition of 

species taxa, “A species is a reproductive community of populations (reproductively isolated 

from others) that occupies a specific niche in nature”. Using Mayr’s definition, the taxonomic 

classification of the following fossils can be thought of as geographic populations, that have 

occupied during similar temporal zones. 

When considering the impact this statement has on the study of fossil remains, the 

evidence of genetic material has been scarce until just recently (Durand et al. 2011, Fu et al. 

2014, Green et al. 2010, Hawks 2013, Meyer et al. 2012, Prüfer et al. 2014). Though genetic 

testing has been used frequently to test extant organisms and their relatedness to modern humans, 

it had been only a theoretical understanding of how it worked among extinct populations and 

organisms, because obtaining genetic material from fossil remains that date back as far as 

100,000 years ago, (Green et al 2010). Though conditions need to be of the utmost favorable for 

genetic material to be preserved. With the limited, though progressive advancements in genetic 

sequencing (Green et al. 2010, Durand et al. 2011, Fu et al. 2014), many paleoanthropologists 
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rely on comparing the similarities of skeletal remains with a process called the morphological 

species concept. 

Traditional methods looked at the similarities of morphological traits to suggest 

relatedness and speciation. Biologists and paleoanthropologists have used the biological species 

concept to define fossil remains for decades as the best fit technique for taxonomic classification. 

Though the more specific the taxonomic classification gets, the more arbitrary these 

classifications become. Wolpoff (1999) describes temporal species as lineages that only diverge 

through a process called cladogenesis. Cladogenesis is defined as the separation of one species 

into two or more species that share a last common ancestor (Wolpoff 1999, Hawks 2004, Gould 

1987). The most popular way to describe this separation and is commonly used today, is bushing. 

The family tree of H. sapiens is represented as the branching of a single tree reaching out in 

different directions. The intersection of where one branch becomes two is like the branching of 

one species becoming multiple (Gould 1987). This process results in speciation and over time 

reproductively isolated organisms. 

This thesis explores the biological species concept as it pertains to understanding H. 

sapiens. However, the practical section of this thesis utilizes a morphological species concept, 

able to extrapolate on some of the principals defined within the biological species concept 

through analysis of the literature. In a sense this adds a deeper understanding of where these 

fossil remains belong within our definition of species and taxonomic classifications. To use the 

biological species concept, the fossil casts need to be thought of in a population context versus 

on an individual scale (Mayr 1982). By treating the fossils chosen for this study as populational 

representations, the fossils have categorized and placed within a temporal, geographical, and 

historical space. 
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 Who are the Neandertals? Wolpoff (1999) describes this ‘species’ as one of 

paleoanthropology’s oldest problems. Mostly because the fossils found during or closely near 

archaic/modern human geographic areas within Europe. Early scientists placed these fossils 

precariously on the family tree as such names as Homo stupidus, others classified the looking 

remains as their own species Homo neanderthalensis.  

 Blake (1864) outlines the size and shape of Neandertal crania in comparison to modern 

human races. He describes the appearance of the face and forehead as having a penthouse like 

scowl and that the genus is mostly likely troglodyte, meaning one who lives in a cave. Even in 

1864, Blake was questioning the position of the specimen’s place. Though his analysis of the 

fossil remains are quite archaic and rudimentary, Blake does question whether Neandertal fossils 

should be placed as an intermediary between Papuans and Gorillas (Blake 1864). He goes on to 

explain that the shape of the crania is remarkably low and retreating while the supra orbital 

ridges are larger than any recorded race of human. He measured the cranial capacity as well as 

the overall size and stated that “the Neanderthal cranium has certainly not undergone 

compression, and, in reply to the suggestion that the skull is that of an idiot, it may be urged that 

the onus probandi lies with those who adopt the hypothesis” (Blake 1864).  

Shanidar 

 Of the west Asian Pleistocene homins within this study, Shanidar 1 (Plate 1) and 5 (Plate 

2) have been measured using both methods of data collection. Shanidar cave is located within 

what is now considered Iraq (Chech, Thorne, and Trinkaus 1999; Wolpoff 1999). The cave has 

been dated to approximately 35-30 kyr, falling within the marine oxygen isotope stages 3 (MIS 

3) (Churchill 2014) (Wolpoff 1999). The MIS 3 stage occurs during the traditionally defined 

Würm interstadial glaciation sequence (Churchill 2014).  The fossils recovered from this site 
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illustrate two different groups, categorized as early and later groups. The fossils Shanidar 1 and 

Shanidar 5 have both been recovered from the latter group. This site is of interest due to the 

pollen evidence recovered within one burial, specifically the burial of Shanidar 1 (Wolpoff 

1999). Though this is better left for discussion later, it goes without saying that evidence of such 

burial practices speaks loudly toward suggesting modern like behavior, considering the dates 

associated with the burials. Shanidar 1 and Shanidar 5 were chosen for this study because they 

make up a representative sample of West Asian Pleistocene hominin specimens. 

Shanidar 1 and Shanidar 5 value as geographic and temporal specimens outweigh the 

extensive damage, particularly concerning is Shanidar 5, whose reconstruction is of interest. 

Trinkaus (1982) describes the possibility of artificial cranial deformation associated with the 

reconstruction of both Shanidar 1 and Shanidar 5. These descriptions are closely associated with 

modern population practices of cranial deformation and Trinkaus is suggesting that the cranial 

shape of both specimens are related to early alteration while alive (Trinkaus 1982). Wolpoff 

(1999) states that both Shanidar 1 and Shanidar 5 are most likely male; Shanidar 1 because of the 

postcranial analysis and Shanidar 5 because of the overall robustness of the crania. Both 

specimens are described as having larger than average crania compared to other upper Paleolithic 

specimens (Wolpoff 1999). 

Skhul V 

Previously thought of as the site of admixture between what is now modern and 

Neandertal populations, Skhul V is one part of the discoveries made in this region of Israel, the 

other being Tabun. Tabun was not available at WSU-BAL for measurement; however, Skhul V 

provides a unique sample for study. Being the most well preserved samples from this site, Skhul 

V exhibits robust cranial characteristics, including large areas for muscle attachments as well as 
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a pronounced brow. Though Skhul V has a facial reconstruction that some deem questionable, 

there is a slight prognatistim or projection, associated with the midface (Wolpoff 1999). The 

cranial characteristics exhibit a mix of modern and archaic features while being much older than 

some of the other specimens in this study. Some have considered this fossil site to be a 

transitionary population where both modern and archaic traits have been exchanged through 

interbreeding (Wolpoff 1999, Wolpoff and Lee 2001). 

 Skhul V has been considered the best preserved and therefore the representative sample 

for the site at Mount Carmel and that of the Levant area (Wolpoff 1999). The Skhul V is of the 

most importance in discussing admixture at a time prior to the possibility of variability 

consideration by professionals (Wolpoff 1999). Prior to the excavation and analysis of the Mount 

Carmel site, fossil remains have been separated enough by cranial morphology to suggest that 

each specimen is of their own individual species. Wolpoff and Lee have argued that the fossils 

found in the Levant area had been of the same species, and quite possibly from the same 

population (2001). Though the researchers use a pairwise comparison of Levant craniometric 

measurements to distinguish that the fossil found in that area are not consistent with an 

associated population through time. This conclusion finds that there was quite a bit of variation 

within the fossils discovered in the west Asian area, in so much as the specimens associated with 

the Levant title. 

Bodo 

White places Bodo in association with middle to upper Acheulian stone technology and 

quite possibly Oldowan (1986) but suggests that the original placement of the fossil is 

speculative due to possible fluvial context. This suggestion does not discredit the fact that Bodo 

is associated with these cultural practices, only that determining which is a bit trickier than other 
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sites. The taxonomic position of bodo is interesting due to the appearance of both archaic and 

derived traits. 

Idaltu 

This statement is argued through the taxonomic classification of the comparative 

morphological and metric traits between Idaltu and moderns. White et al. (2003) suggest that 

Idalou’s measurements are reflective of modern humans, though being overall a little bit larger. 

Therefore, declaring the fossil as an intermediate representation, not being entirely modern nor 

archaic/Neandertal. White et al (2003) measure the cranial capacity of Idaltu at 1,450 cc, which 

is far above modern. The study designates the fossil as a new subspecies, despite having similar, 

if not more robust features and traits than that of modern Homo sapiens. 

Broken Hill 

Hrdlicka (1926) describes the discovery and limited analysis of the Rhodesian Man 

fossil, as it was once called. It was found the Broken Hill Mine in northern Rhodesia, Africa, by 

local miners which results in a hearsay account of provenience. Because the miners were not 

expecting to find remains, they did not take the necessary care to document the discovery. The 

fossil was given its own species name, Homo rhodesiensis but is commonly known as a H. 

heidelbergensis. This is not necessarily a species classification but more of a temporal 

classification. This distinction will become increasingly important throughout the course of this 

study. 

La Chapelle-Aux-Saints 

Wolpoff (1999) describes La Chapelle-Aux-Saints (Plate 7) as the typical Neandertal of 

the European late Pleistocene (Churchill 2014). It is associated with the MIS 4 or historically 

called the Würm glaciation. La Chapelle offers the first account of morphologically shared traits 
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between Neandertals and modern humans. Accordingly, Wolpoff argues that these two 

populations shared similar post cranial traits though the appearance of each in the fossil record in 

France and the differences do not account for the short amount of time for divergence to occur 

(Hammond 1982; Wolpoff 1999). 

La Ferrassie 1 

 La Ferrassie 1 dates from 40k to 50k and was initially discovered in La Ferrassie France 

in 1909. The crania resemble what is thought to be the traditional Neandertal fossil and is the 

most complete neandertal fossil ever discovered. Boule considered it not nearly as important as 

La Chapelle-Aux-Saints (Hammond 1982).  

Atapureca 5 

Sima de los Huesos is thought to be the largest collection of a single population in the 

fossil record. Being that it is the largest collection of Middle Pleistocene hominins, it allows for 

great analysis into the variation within a population living at that time. These are thought to be of 

proto-neandertal descent, with widely accepted morphological traits only found in Neandertal 

samples. 

Gibraltar 1 

Gibraltar 1 (Plate 9) is the last dated Neandertal remains from Europe. It dates to 28 Kya 

and happens to be the furthest south of the Iberian Peninsula (Finlayson et al. 2006). 

Oase 2 

The Oase fossils are a unique and interesting discovery that had once been thought of as 

only modern. This fossil has been carbon dated to about 35,000 BP (Trinkaus 2005), well within 

the dated ages for moderns to be found in Europe, roughly 40,000 BP. Discovered in Peşter cu 
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Oase, Romania, two individuals were recovered Oase 1 and Oase 2 (Plate13), though there is a 

possibility that a third individual is present and had been used to aid in the reconstruction of 

Oase 2 (Trinkaus et al 2003). 

Cro-Magnon 

 The best-known site for Western Europe fossils is Cro-Magnon as was considered one of 

the earliest modern Europeans (Wolpoff 1999). Often called “the old man”, Cro-Magnon was the 

earliest fossil to be considered Homo sapiens. 

Steinheim 

 Steinheim was one of the first middle Pleistocene fossils to be discovered (Wolpoff 

1999). This fossil was discovered in 1933 and rarely was used as researchable reference due to 

the interpretation given to it by the national socialist party in Germany at the time (Prossinger et 

al 2003, Wolpoff 1999). Though this fossil was rarely used it is dated to around the Riss glacial 

period which is dated to around MIS 11. 
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Chapter 3 

Materials 

Fossil Casts 

The crania selected for this study were chosen in part to two reasons; one due to the 

irregular size they exhibit based on observation, and in part for the accessibility of fossil casts in 

luau of access to the original fossils. The fossils were compared to that of modern human 

cadaver collections housed at the WSU-BAL (n=10) (Appendix A). These comprise of equal 

representations of males and females. The cadaver collection at WSU-BAL, range from late 40s 

too early 60s in age. The fossil casts (n=13) were selected for their geographic regions and were 

separated into four distinct groups based primarily on geographic location that they were 

discovered.  

This allows for a regional variation to be assessed even though the fossils are discovered 

in larger areas and throughout larger gaps of temporal space. The groups as listed below 

comprise of Traditional Neandertals, this group comprises of the fossils located from the western 

European area and include La Chapelle-Aux-Saints, La Ferrassie, Gibraltar 1, and Atapureca 5. 

The second grouping is the Archaic European Homo sapiens. This group comprises of Cro-

Magnon, Steinheim, and Oase 2. These are located primarily in central Europe and have been 

grouped as such. The third grouping is the Middle East/Western Asian Sample, this group 

comprises of Shanidar 1 and Shanidar 5 as well as Skhul V. Lastly, the group from Africa 

comprises Bodo, Kabwe 1/Broken Hill, and Idaltu. These fossils are geographically all located in 

the northern African part of the continent. 
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West Asian Samples 

 The fossils used in this study that represent the West Asian sample available for analysis 

are Shanidar 1, Shanidar 5, and Skhul V. These fossils range from various dates, one being very 

old and the other two much younger. The fossils from Shanidar are much younger in age, dating 

to 30,000 years ago, while Skhul V, having some difficulty in solid dates, sits around 80,000 to 

120,000 years ago, Incidentally, being so divided by time, these two fossil populations show 

remarkably similar measurements.  

 

Plate 1. Shanidar 1 (https://boneclones.com/product/shanidar-1-skull-BH-050/category/all-fossil-
hominid-skulls/fossil-hominids) 
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Plate 2. Shanidar 5 (https://boneclones.com/product/homo-neanderthalensis-shanidar-5-cranium-
BH-051/category/all-fossil-hominid-skulls/fossil-hominids) 
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Skhul V 

 The specimen Skhul V (Plate 3) has also been selected as a representative available 

through the WSU-BAL as part of this study. Skhul V dates to 80,000 to 120,000 years ago, and 

was discovered in a cave near the Israeli coast, specifically Mount Carmel (Wolpoff 1999). The 

climate associated with the dates, MIS 5, is the early glacial period that is historically associated 

with the Würm 1 phase (Churchill 2014). This associated climate suggests that previous 

populations within the area dealt with markedly warmer conditions and therefore potentially 

more favorable environments and easier access to resources.  

 

      Plate 3. Skhul V (Photograph provided by WSU-BAL). 
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African Samples 

 There is a total of three fossil casts available at WSU-BAL that have been selected from 

the continent of Africa. Specifically speaking, the Bodo skull, Idaltu, and Kabwe 1 (aka Broken 

Hill). Two of these samples are not considered to be Neandertal fossils, but a fossil precursor 

called Homo heidelbergensis, while the third has been identified as modern. The dates of these 

fossils range from as late as 600,000 years ago, to 125,000 years ago, the debate of whether H. 

heidelbergensis is a separate species has yet to be solved, and is widely argued one way or the 

other of its taxonomic position. This study will be considering the taxonomic position and 

legitimacy of H. heidelbergensis as a proto-neandertal (Churchill 2014), having many similar 

morphological traits. This study will be important to differentiate traits as archaic or modern and 

therefore deciding to include fossil samples not directly associated with Neandertals. 

Bodo Skull 

 The Bodo (Plate 4) skull is the best dated H. heidelbergensis at 600,000 years ago, 

(Wolpoff 1999). As a Middle Pleistocene fossil, Bodo skull was recovered from a site in 

Ethiopia’s Middle Awash Valley in 1976 (White 1986). There are traits that more closely 

resemble Homo erectus features, though the robusticity and cranial capacity of 1250cc is 

considerably more derived. The size of the skull is described as excessively larger than similar 

skulls from the area, measuring even larger than Kabwe traits (Wolpoff 1999). In this study, 

Bodo measures larger than many the other samples only being surpassed by Idaltu 

measurements. 
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         Plate 4. Bodo (https://boneclones.com/product/homo-heidelbergensis-bodo-skull-without-
jaw-BH-041/category/all-fossil-hominid-skulls/fossil-hominids) 
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Idaltu 

 Homo sapiens Idaltu (Plate 5), also known as elder or first born is classified as being 

modern human despite having an associated date of 160,000 years ago, (White et al. 2003). 

Idaltu was founded in the middle awash valley just like the Bodo skull but Idaltu is being a 

predecessor to Bodo and Kabwe (White et al. 2003).  

 

    Plate 5. Idaltu (https://boneclones.com/product/homo-sapiens-idaltu-bou-vp-16-1-herto-skull-
BH-045/category/all-fossil-hominid-skulls/fossil-hominids). 

Kabwe 1 

 The final cranium associated with the African sample is that of Kabwe 1/Broken Hill 

(Plate 6). Kabwe 1, given its poor provenience, is dated to 125,000 to 300,000 years ago, this 

time frame is delimitated through the analysis of the mine’s wall using uranium series, rather 

than direct observation of position and associated remains (Wolpoff 1999). This analysis only 

provides ammunition for reasonable doubt, though the site is not known for any recent, historic, 
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nor prehistoric settlements (Hrdlicka 1926). The skull is chosen due to its extremely close 

resemblance to that of classical/European Neandertals, so much so that not including it within 

this study would be more detrimental than helpful for describing the paleoanthropological 

species predicament. 

 

Plate 6. Kabwe 1/Broken Hill (https://boneclones.com/product/homo-heidelbergensis-skull-
broken-hill-1-rhodesian-man-BH-004/category/all-fossil-hominid-skulls/fossil-hominids). 
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European Samples 

 The last sample group available at WSU-BAL are from the continent of Europe. The 

fossils measured are Oase 2, Steinheim, Cro-Magnon, Atapureca 5, Gibraltar 1, La Ferrassie, and 

La Chapelle-Aux-Saints. The list is comprised of modern humans, H. heidelbergensis, and 

Neandertal samples, though the validity of each of these fossils being a distinct species is called 

into question. There has been plenty of contact and exchange of genetic material to argue that 

these fossils are to some degree hybrids of multiple species. The fossils used for this study are 

dated within the range of 500,000 to 37,000 years ago, though other Homo inhabitants have 

occupied Europe from 600,000 to present. Wolpoff (1999) describes the issue of Neandertals in 

Europe as the oldest paleoanthropological problem as well as the very first archaic fossils 

discovered. 

La Chapelle-Aux-Saints 

 La Chapelle-Aux-Saints was found in 1908 and was the first complete Neandertal 

remains to be found (Hammond 1982). Marcellin Boule single-handedly reconstructed the fossil 

of the La Chapelle Neandertal, incorrectly, and set forth the precedent that Neandertals were not 

ancestral to modern humans. The out-casting of the Neandertals from the human lineage by 

Boule suggested to the paleontological community that there were divergent populations of 
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human-like creatures present during the Pleistocene (Hammond 1982). 

 

Plate 7. La Chapelle-Aux-Saints (Photograph provided by WSU-BAL). 

We now know that Boule’s famous reconstruction was done incorrectly and that La Chapelle-

Aux-Saints was not that of a decrepit cave dwelling creature, but that of an old man who was 

kept alive through the guidance of his fellow kinsman. 

 Hammond (1982) describes Boule original description of the size and shape of La 

Chappelle’s cranium as: 

With its retreating forehead, prominent orbital arches, large but flattened brain case, 

massive jaw, and nearly absent chin, this Neanderthal exhibited the outstanding cranial 

characteristics of other previously discovered Neanderthals, thereby indicating that this 

population was essentially homogeneous morphologically and was apparently closer to 

simian ancestry that any other member of the genus. (Hammond 1982) 
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Wolpoff suggests that the comparison of Neandertal, specifically that of La Chapelle, to modern 

humans was in part erroneous due to the fact Boule assumed that upper Paleolithic moderns were 

contemporaneous with moderns today (1999). By immediately dismissing the potential that La 

Chapelle was related to modern humans by purely morphological similarities was a great misstep 

in Boule’s analysis. In fact, numerous evidence points to Neandertals and Upper Paleolithic 

humans co-existing within Europe, sharing at the very least tool technology. La Chapelle is 

associated with the was found buried in a ritualistic sense, depicting a religious system of some 

sort that incorporated the care of burying a family member. 

La Ferrassie 1 

 La Ferrassie 1 (Plate 8) is another “classic” Neandertal founded in 1909 and is the most 

complete Neandertal fossil specimen to be recovered and has been used as the foundation of 

reconstruction efforts (Sawyer and Maley 2005). The dates recorded for La Ferrassie 1 is 

between 70,000 to 50,000 years old. 

 

         Plate 8. La Ferrassie (Photograph provided by WSU-BAL). 
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Gibraltar 1 

 Gibraltar 1 (Plate 9) is the last dated Neandertal remains from Europe. It dates to 28 Kya 

and happens to be the furthest south of the Iberian Peninsula (Finlayson et al. 2006). The 

Gibraltar skull is associated with the Mousterian tool assemblage found in the southern point of 

the Iberian Peninsula in the Gorham Cave (Finlayson et al. 2006). 

 

Plate 9. Gibraltar 1 (https://boneclones.com/product/homo-neanderthalensis-skull-
forbes-quarry-gibraltar-1-BH-040/category/all-fossil-hominid-skulls/fossil-hominids) 

Atapureca 5 

 The fossils associated with Atapuerca are from a site known as the Sima de los Huesos, 

Spain. These fossils claim to be over 30 individuals and the human layer is dated to 200 kyr 

(Wolpoff 1999). Features such as a supraorbital torus, slight sagittal keeling, the location of 

opisthocranion is much further back than on humans, and the mastoid process is large and 

projecting (Wolpoff 1999), are common within Neandertal variation, though the dates for the 
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fossils at Sima de los Huesos is much older than what we could consider to be Neandertal 

populations by today’s standards.  

 Atapureca 5 (Plate 10) is a female specimen (Wolpoff 1999), though the sample is on 

average larger than a female should be, there are clear indications when compared to the rest of 

the sample that atapuerca 5 is in fact a female rather than a male. 

 

Plate 10. Atapureca 5 (https://boneclones.com/product/homo-heidelbergensis-skull-
atapuerca-5-BH-022/category/all-fossil-hominid-skulls/fossil-hominids). 

Cro-Magnon 

 Wolpoff (1999) discusses that the term Cro-Magnon (Plate 11) has frequently been used 

to categorize an entire people as either Upper Paleolithic or even European, neither of which are 

correct. While the term is associated with an actual geographic site, Cro-Magnon is not even the 

earliest modern remains discovered in Europe. Cro-Magnon is a site located in what is now 

modern day France and dating back to 20 kyr ago (Fagan & Durrani 2014, Wolpoff 1999). 
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             Plate 11. Cro-Magnon (https://boneclones.com/product/cro-magnon-1-skull-BH-
017/category/all-fossil-hominid-skulls/fossil-hominids). 

Steinheim 

 Steinheim is a severely deformed specimen. Prossinger et al (2003) describe an 

encrustation of minerals within the endocranial vault, in addition to a re-sculpting of the nasal 
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aperture by researchers attempting to remove the encrustation prior to their CT scanning.

 

Plate 12. Steinheim (Photograph provided by WSU-BAL). 

Oase 2 

 The distinct morphological traits exhibited on the mandible of Oase 1 suggest that there 

was a bit of hybridization between Neandertals and modern humans. Oase 1 exhibits Neandertal 

traits such as “lingular bridging of the mandibular foramen, a parietal curvature within the range 

of Neandertals, and third molars that display a complex cusp morphology” (Trinkaus et al. 2003, 

Zilhão 2006). 
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       Plate 13. Oase 2 (https://boneclones.com/product/homo-sapiens-oase-skull-with-
reconstruction-BH-049/category/all-fossil-hominid-skulls/fossil-hominids). 

Though these traits had been insufficient to turn skeptics towards the thought of hybridization. 

Trinkaus et al (2003) state that Oase 2 crania is thought to be an adolescent and having 

somewhat underdeveloped cranial traits, though the authors suggest that it is unlikely that these 

traits would have developed into adulthood. 

Methods 

The methods used in this thesis are two-fold. First, a comparison of craniometric 

consistency in two different measuring techniques. While the second is an analysis of the 

taxonomic placement of these late Pleistocene hominins and humans based on the craniometric 

analysis from the former method. Traditional measuring techniques for craniometric recording 

have been implemented through many different scientists until the standardization developed by 

W. W. Howells (1966, 1973). 

https://boneclones.com/product/homo-sapiens-oase-skull-with-reconstruction-BH-049/category/all-fossil-hominid-skulls/fossil-hominids
https://boneclones.com/product/homo-sapiens-oase-skull-with-reconstruction-BH-049/category/all-fossil-hominid-skulls/fossil-hominids
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Caliper Measurements 

 The caliper measurements were taken per Howells (1966, 1973, 1989) and 

Moore-Jansen, Ousley, Jantz (1994), standardizations. The selected measurements for this thesis 

have been chosen via the outlined and detailed accounts of W. W. Howells in his 1966, 1973, 

and 1989 articles along with the same measurements illustrated in the data collection procedure 

for forensic skeletal material (Moore-Jansen et al. 1994). Of the 23 different landmarks defined 

in the data manual, 26 have been chosen. These landmarks represent the single occurring points 

as well as the right and left sides of the crania if present and are listed within (table 1) (Howells 

1966, 1973, 1989; Moore-Jansen et al. 1994).  

While the caliper measurements were taken without the aid of the molding clay. The 

caliper measurements could be taken without having to hold the skulls in one place during the 

measuring process. The measurements called for the use of two different types of calipers, 

spreading calipers and sliding calipers. Each of these were available for use at the Wichita State 

University-Biological Anthropology Laboratory (WSU-BAL). 

Table 1. Craniometric Landmark descriptions (Moore-Jansen et al. 1994) 

Alare (al L) 

The most laterally positioned point on the anterior margin of the 

nasal aperture (al R) 

Bregma (B) 
The point where the sagittal and coronal sutures meet. 

Dacryon (d L) 

The point on the medial border of the orbit at which the frontal, 

lacrimal, and maxilla intersect. (d R) 

Ectoconchion 

(ec L) 
The intersection of the most anterior surface of the lateral 

border of the orbit and a line bisecting the orbit along its long 

axis. 
ec R 
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Table 1. (continued) 

Ectomolare ( 

emc L) The most lateral point on the lateral surface of the alveolar 

crest. 

emc R 

Frontomalare temporale 

(fmt L fmt R) 
The most laterally positioned point on the fronto-malar suture. 

Frontotemporale 

(ft L ft R) 

A point located generally forward and inward on the superior 

temporal line directly above the zygomatic process of the 

frontal bone. 

Glabella (G) 
The most forwardly projecting point in the mid-sagittal plane at 

the lower margin of the frontal bone, which lies above the nasal 

root and between the superciliary arches. 

Lambda (l) The point where the two branches of the lambdoidal suture 

meet with the sagittal suture. 

Nasion (N) The point of intersection of the Naso-Frontal suture and the 

mid-sagittal plane. 

Nasospinale (Ns) The lowest point on the inferior margin of the nasal aperture as 

projected in the mid-sagittal plane. 

Opisthocranion (Op) The most posteriorly protruding point on the back of the 

braincase, located in the mid-sagittal plane. 

Prostion (Pr) The most anterior point on the alveolar border of the maxilla 

between the central incisors in the mid-sagittal plane. 

Zygion 

(zy L zy R) 
The most laterally positioned point on the zygomatic arches. 

Auriculare 

(au L au R) 

Not a standard landmark as defined here. Instead it is defined as 

a point on the lateral aspect of the root of the zygomatic process 

at the deepest incurvature, wherever it may be. 

Alveolon (Alv) 
The point where the midline of the palate is intersected by a 

straight tangent connecting the posterior borders of the alveolar 

crests. 

Baision (Ba) The point where the anterior margin of the foramen magnum is 

intersected by the mid-sagittal plane. 
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Table 1. (continued) 

Opisthion (o) The point at which the mid-sagittal plane intersects the 

posterior margin of the foramen magnum. 

 

The 26 landmarks (Figure 1) represent the points on the skull that aids in the 

morphometric alignment between two or more individuals (Bookstein 1991). Select metrics have 

been excluded because of the incompleteness of the fossil remains available to me in this study. 

The Pleistocene fossil casts are either nearly-complete or reconstructed crania; therefore, 

these fossils are far from perfectly preserved and the standardized measurements (Howells 1966; 

1973; 1989) cannot be used entirely. 

  

Figure 1. Craniometric Landmarks (Moore-Jansen et al. 1994 p.44, 47). 
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Table 2. Craniometric Measurements 

Glabello-occipital length 

(GOL) 

The distance of Glabella (g) from Opisthocranion (op) in the mid sagittal 

plane measured in a straight line. (Moore-Jansen et al. 1994. p 49) 

Bizygomatic breadth 

(ZYB) 

The direct distance between both zygia (zy) located at their most lateral 

points of the zygomatic arches. (Moore-Jansen et al. 1994. p 50) 

Basion-bregma height 

(BBH) 

The direct distance from the lowest point on the ante margin of the 

foramen magnum, basion (ba) to bregma. (Moore-Jansen et al. 1994. 

P50) 

Basion-nasion length 

(BNL) 

The direct distance from nasion (n) to basion (ba). (Moore-Jansen et al. 

1994. p 51) 

Basion-prosthion length 

(BPL) 

The direct distance from baison (ba) to prosthion (pr). (Moore-Jansen et 

al. 1994. p 51) 

Palate Breadth (MAB) 

The maximum breadth across the alveolar borders of the maxilla 

measured on the lateral surfaces at the location of the second maxillary 

molars. (Moore-Jansen et al. 1994. p 51) 

Maxillo-alveolar length 

(MAL) 

The direct distance from prosthion to alveolon (alv). (Moore-Jansen et al. 

1994. p 51) 

Biauricular breadth 

(AUB) 

The least exterior breadth across the roots of the zygomatic processes, 

where found. (Moore-Jansen et al. 1994. p 52) 

Upper facial height (n-

pr) 

The direct distance from nasion (n) to prosthion (pr). (Moore-Jansen et 

al. 1994. p 53) 

Minimum frontal 

breadth (WFB) 

The direct distance between the two frontotemporale. (Moore-Jansen et 

al. 1994. p 53) 

Upper facial breadth 

(fmt-fmt) 

The direct distance between the two frontomalare temporalia. (Moore-

Jansen et al. 1994. p 54) 

Nasal height (NLH) 
The direct distance from nasion (n) to the nasiospinale (ns). (Moore-

Jansen et al. 1994. p 54) 

Nasal Breadth (NLB) 
The maximum breadth of the nasal aperture (al-al) (Moore-Jansen et al. 

1994. p 54) 

Orbit breadth left and 

right (OBB) 

The laterally sloping distance from dacryon (d) to ectoconchion (ec). 

(Moore-Jansen et al. 1994. p 55) 
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Physical anthropology use these sets of metric measurements when it comes to analyzing 

the crania of human. In this thesis, a set of twenty-three measurements from Howell’s (1966, 

1973, 1989) articles and the data collection procedures for forensic skeletal material (Moore-

Jansen et al. 1994) for comparison. The measurements selected are represented by the distance 

between two distinct and geometric/biological landmarks. 

The measurements listed in Table 2 were used for each fossil that exhibited the specified 

landmarks corresponding to the measurement. Without those landmarks, available, say due to 

damage, these measurements were not recorded. These measurements are recorded with a 

Table 2. (continued) 

Biorbital breadth (EKB) 
The direct distance from one ectoconchion (ec) to the other. (Moore-

Jansen et al. 1994. p 55) 

Interorbital breadth 

(DKB) 

The direct distance between right and left dacryon. (Moore-Jansen et al. 

1994. p 55) 

Nasion-bregman chord 
The direct distance from nasion (n) to bregma (b) taken at the mid 

sagittal plane. (Moore-Jansen et al. 1994. p 55) 

Bregma-Lambda chord 

(PAC) 

The direct distance from bregma (b) to lambda (l) taken in the 

midsagittal plane. (Moore-Jansen et al. 1994. p 56) 

Lambda-opisthiocranion 

chord 

The direct distance from lambda (l) to opisthiocranion (op) (Moore-

Jansen et al. 1994. p 56) 

Occipital chord (OCC) 
The direct distance from lambda (l) to opisthion (o) taken in the 

midsagittal plane. (Moore-Jansen et al. 1994. p 56) 

Foramen magnum 

length (FOL) 

The direct distance of basion (ba) from opisthion (o). (Moore-Jansen et 

al. 1994. p 56) 

Lambda-opisthion 

subtense 
(Moore-Jansen et al. 1994. p) 

opisthocranion to 

opisthion 
(Moore-Jansen et al. 1994. p) 

 (Howells 1966; 1973; 1989, Moore-Jansen et al. 1994) 
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spreading caliper and sliding caliper. Each measurement was recorded in millimeters, as is 

protocol in osteometry anthropology, as well as measuring each skull ten times each and 

averaging. Landmarks that were not found on crania that showed damage to or incomplete 

sections were not recorded. 

By digitizing these landmarks, one can compile the data into an XYZ configuration 

giving it a precise location for graphing. Each skull was measured ten times and an average or 

mean can be calculated for varying measuring errors between one set of measurements resulting 

from the digitizer and from the calipers. This process is collected electronically and was exported 

into an excel file not included but available in the WSU-BAL for review. These standards are 

what have been chosen to use for this study in both the traditional measuring technique and the 

use of the Microscribe digitizer. Each skull was measured 10 times both with the digitizer, as 

well as, with the calipers. For the digitizer measurements, as outlined in the digitizer manual 

section, the skulls were placed on three pieces of molding clay, each standing about 76.2mm 

above the graph paper. The clay was needed to keep the skulls static while measuring was 

occurring as well as to raise them up so that the landmarks beneath the skull could be accessed.  
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Microscribe Digitizer 

 The Microscribe digitizer (Plate 14) is a tool developed by the company Immersion 

technologies. The version available at the WSU-BAL is the Immersion Microscribe-3DX. The 

Microscribe package comes with three cords and the Microscribe hardware itself. A CD-ROM is 

included in the package that needs to be uploaded onto the computer prior to digital 

communication between the PC and the Microscribe. These instillations are minor and do not 

require more than the initial upload in the setup. The three cables, which are included with the 

package, are the power cord, the USB cord, and the foot pedal. The first two cables are used to 

power and transmit information the digitizer collects into the computer. While the foot pedals 

can be thought of as the reverse/undo as the left pedal and the forward/confirm as the right pedal. 

Together these components make up the received hardware in the baseline purchase of the 

Microscribe digitizer. 

The Microscribe is a complex yet simplistic designed piece of machinery (Plate 14). The 

elegant design comprises of a base that attaches to a swiveling arm section. The arm section is 

divided into three different sections; the first is the digitizing arm itself. The arm extends in one 

direction with three spots of translation in physical space. The second section of the arm is the 

counterweight that prevents the arm and the stylus from flying off the holder and provides proper 

balance while using the machine. The last section is the stylus pen that is located on the very end 

of the digitizing arm. The pen is designed to work as the focal point in pinpointing the desired 

landmarks the researcher is plotting. The tip of the pen comes with a removable attachment; the 

attachment that is available at the WSU-BAL is a pointed tip that allows for a more precise 

location of the landmarks being researched. Together the parts of the Microscribe work together 

like a human arm with slightly more mobility. However, like a human arm, there are restrictions 
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in movement. The Microscribe cannot move in a 360-degree rotation and each elbow comes with 

its own restricted movement. This can present major problems for the researcher if an adequate 

and calculated plan of attack is not established prior to digitizing your specimen. 

Plate 14. Wichita State University-Biological Anthropology Laboratory Microscribe Digitizer (Photograph provided by WSU-BAL) 

To receive the full potential from the Microscribe digitizer, the researcher must test the 

space and functionality of the digitizer prior to conducting research. It is imperative that the 

workspace is laid out properly with the digitizer nearby, so that the digitizer does not need to be 

adjusted during use. The graph paper will need to be taped or fixed to the table so it will not 

move in addition to the digitizer. This process will prevent the movement of the specimen and 

the digitizer during the digitizing process and help in producing accurate data points. Once all the 

procedures for setup are complete, the researcher may begin digitizing. 
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Digitizing 

 Prior to using the digitizer, it is imperative that the workspace be for the researcher. The 

workspace, with their appropriate materials, must be tested, taking great care in measuring and 

testing the mobility of the digitizer prior to beginning work. If the digitizer moves during the 

digitizing procedure, the data recorded will be corrupted. This is directly evident on the digital 

creation shown on the computer screen while in the process of digitizing. To prevent this, the 

researcher must take care to not hastily record data. Additionally, patience is required as part of 

the process of digitizing larger or complicated projects. Once an object deemed digitized, and the 

researcher moves the specimen, the digitizer can no longer be of use to that project. In other 

words, the digitizer cannot account for any disruption of the physical space during or after the 

process of digitizing. To correct a mistake during the middle of a session, the researcher must 

start all over from the beginning. 

 The process or session time for digitizing with the Microscribe will vary based on the 

number of desired points the researcher plans on choosing. For a project recording landmarks on 

a single human skull, the digitizing time could take up to a few minutes. While for larger 

projects, including multiple landmarks and numerous digitizing events, the process could 

potentially take hours. Though this is not much different from using traditional measuring 

techniques, such as calipers, the Microscribe allows for the further manipulation of data after 

recording. Having the option to look back at previous measuring events is beneficial for 

reanalyzing data apart from a different researcher’s recorded numbers. Though there are equally, 

the same number of pros and cons for one measuring technique over the other, the digitizer 

allows a researcher to record, save, and then reanalyze data in a digital space. This seems mostly 

beneficial to researchers traveling to collect data but who cannot afford to travel back to reassess 
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something they might have forgotten to do. Though the digital copy of the data does help re-

visualize past specimens, it does not allow you to add to it. As stated before, once the digitizer is 

moved or the specimen is moved the process must start from the beginning. 

 To record the lengths of measurements the Rhinoceros program is required to add in the 

chord lengths digitally. Under the Curve option located at the top menu bar, an option for point-

to-point drawing is selected. By using this option, the researcher can select the desired points on 

the digitally recorded point cloud and connect them with a straight line regardless of the space 

between those two or more points. While in traditional measuring techniques, the researcher 

should work around the physical space that is occupied by the specimen under observation. The 

Microscribe measures direct length through entering the command “Length” into the second text 

box located directly below the primary menu selections at the top of the screen. The length 

command then is activated and the researcher needs to select the desired line to receive the 

length. 
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Analytical Methods 

 The landmarks and the measurements are outlined as the 3D morphological variation 

which is the size and shape of the skulls. They have been broken down into four different 

components outlined in the tables and figures below in the Findings Chapter. The components 

are made up of different measurements hand selected to divide the crania into size and shape that 

the fossil skulls exemplify. These are as follows General Cranial Shape (Component 1), Sagittal 

Cranial Contour (Component 2), Facial Breadth (Component 3), and Posterior Cranial and Nasal 

Shape (Component 4). By breaking down the measurements in Figure 1, the components allow 

for a closer observation and discussion based on the similarity to modern Homo, particularly 

focusing on cranial shape. Additionally, the data presented has been summarized into means, 

standard deviations, and ranges (Appendix B). 

 The best way to both measure the consistency of the digitizer vs the calipers, and look at 

the cranial variation among the fossil casts during the Pleistocene, is to utilize a technique that 

plots one cast against that of the controlled group (Modern Homo) and draw a regression line to 

indicate the similarity between the two specimens.  

The test uses in this thesis is called Standard Error Test (STET). This method was 

adapted by Wolpoff and Lee (2001), stating that the comparison of two cranial samples plotted 

against each other would produce a regression line that would show the coalescence of the two 

samples. STET looks at the null hypothesis and provides test implications for solving whether 

two fossils are the same species or different. Ideally, this test measures the standard error 

between the two plotted points and the regression line exemplifies the similarity between the 

two. In this thesis, to save time, the fossils were portrayed on the y-axis while the means of the 

Modern/Cadaver collection on the x-axis. This saves many pages of single graphs due to the 
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sheer number of fossils that were examined, but also outlines the desired effect in one single 

graph for both digitizer and calipers. In addition to the STET method (Wolpoff and Lee 2001), a 

set of descriptive statistics were calculated for each specimen. These are setup in tables found in 

the findings section below (Chapter 4).  
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Chapter 4 

Findings 

By comparing these two figures, a conclusion can be made about the consistency of the 

different techniques, in addition to the answer to our other question, are there morphological 

similarities between these fossils. These are outlined in the tables, figures, and plates below. 

Indicating the different measuring techniques and analysis used to understand the size and shape 

variation that is present within the Pleistocene hominins and modern Homo sapiens. The way the 

findings are calculated is to bring a better understanding of the relation these fossils have to one 

another and that of the modern specimens. These tables illustrate the division of Digitizer 

averages, Digitizer Standard Deviation, Caliper averages, caliper Standard Deviation, and the 

difference between those measurements for the Fossils measured (Table 3), and the Modern 

Homo sapiens measured (Table 4). The data was calculated in two ways, first a STET graph was 

made for each sample measured by the digitizer (Figure 2), while the second set of graphs 

calculate the STET results of the caliper measurements taken (Figure 3). 
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Table 3: Mean Values and Standard Deviation for Digitizer and Calipers for Fossils (n=13) 
 Digitizer Mean Digitizer SD Mean Differences Caliper Mean Caliper SD 

GOL 191.733175 11.23949951 -0.529325 192.2625 12.00066523 

ZYB 141.5579286 6.044344037 1.3007857 140.2571429 6.312119861 

BBH 123.8033091 12.41505843 -0.2512364 124.0545455 12.16358201 

BNL 103.47643 7.421131892 -0.73857 104.215 6.768064306 

BPL 113.81217 6.439748974 -0.95783 114.77 5.507883239 

MAB 69.96616333 6.827412519 -1.30383667 71.27 6.955102044 

MAL 59.799125 9.859270323 0.392875 59.40625 10.30687834 

AUB 127.06789 9.696217485 0.16289 126.905 9.146536989 

NPH 76.21555455 9.657194937 -2.26626363 78.48181818 10.38680106 

WFB 102.1243 3.691755997 0.0470273 102.0772727 3.625697425 

fmt-
fmt 

120.5985091 7.865001981 -3.2333091 123.8318182 6.409846828 

NLH 52.607775 5.866091275 0.170275 52.4375 5.488961029 

NLB 29.67246154 4.3308341 -0.42753846 30.1 4.134861949 

OBB L 40.987 2.538813675 -2.37209091 43.35909091 2.214138453 

OBB R 40.80788333 2.212429056 -1.54211667 42.35 2.520371545 

EKB 102.3624273 4.988179801 1.3624273 101 4.764031906 

DKB 27.076425 5.301760096 -2.29440833 29.37083333 5.154717977 

FRC 108.7115083 8.678050246 1.4448416 107.2666667 8.442111254 

PAC 114.4768167 11.57751695 -3.8690166 118.3458333 13.27459053 

OCC 89.55833 8.897394682 -0.45667 90.015 8.873495178 

l-op 57.22059167 6.688659434 -1.57524166 58.79583333 7.936178905 

FOL 41.30672222 3.909101046 1.3845 39.92222222 3.827622558 

o-op 53.5899 7.905764793 -2.9651 56.555 7.580363887 

 

Table 3 outlines the Digitizer and Caliper Means and Standard Deviations for the 23 

measurements taken for the Fossil Casts sample. Each measurement was taken ten times (n=10), 

and the males and females were combined to calculate the means. The middle column indicates 

the difference between Mean Value of the digitizer and caliper techniques. The positive number 

indicates the digitizer mean being higher, whereas a negative number is in the caliper mean’s 

favor. 
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 Table 4 outlines the Digitizer and Caliper Means and Standard Deviations for the 23 

craniometric measurements taken for the Modern Homo sapiens sample. Each measurement was 

taken ten times (n=10), and the males and females were combined to calculate the means. The 

middle column indicates the difference between Mean Values. The positive number indicates the 

digitizer mean being higher, whereas a negative number is in the caliper mean’s favor. 

Table 4: Mean Values and Standard Deviation for Digitizer and Calipers for Modern Homo 
(n=10) 

 Digitizer Mean Digitizer SD Mean Differences Caliper Mean Caliper SD 

GOL 174.51159 8.692981 0.01659 174.495 9.199168 

ZYB 125.97613 7.796959 -0.71831 126.69444 8.43547 

BBH 135.2583 7.74915 0.3883 134.87 7.921251 

BNL 100.46668 6.993541 -0.57332 101.04 6.571014 

BPL 91.26162 8.369413 -1.37338 92.635 8.305689 

MAB 55.712722 7.46028 -1.5095 57.222222 7.07147 

MAL 52.16601 5.036546 -0.62899 52.795 4.674485 

AUB 120.17762 6.788002 -0.07238 120.25 5.696002 

NPH 67.39329 7.234364 -1.85671 69.25 7.045251 

WFB 94.24442 3.554449 -0.90558 95.15 3.362704 

fmt-
fmt 

107.25629 5.248442 -1.18871 108.445 5.769915 

NLH 50.76149 3.245178 -0.46351 51.225 3.21509 

NLB 20.09382 2.394712 -1.04118 21.135 2.287654 

OBB L 39.07522 1.520853 -0.23478 39.31 1.959138 

OBB R 39.58015 1.227018 1.20515 38.375 1.531747 

EKB 89.35461 4.665437 1.89961 87.455 3.666019 

DKB 20.62312 3.125051 -3.39188 24.015 2.722443 

FRC 111.80345 5.175238 0.06345 111.74 4.513548 

PAC 114.22219 5.427514 -1.65781 115.88 7.243395 

OCC 97.70067 6.115162 -0.49933 98.2 5.739967 

l-op 67.42835 9.120499 -3.56165 70.99 8.736062 

FOL 38.10352 2.564383 1.45852 36.645 2.685191 

o-op 45.47008 8.06266 0.98008 44.49 7.592021 
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The measurements listed in the figures above (Figure 2 and 3) show the difference 

between measuring consistency of calipers verses the Microscribe digitizer. These measurements 

are the averages of ten sets of measurements for each length on each fossil and modern sample. 

By comparing the two average measurements we can see the differences of consistency of the 

techniques. The fossil averages chart illustrates the difference between the consistency of the two 

measuring techniques, this suggests that for the fossil casts measured, the average difference 

between measurements styles are less than 100th of a point. Ultimately, the numerical difference 

can be attribute to standard error, being the standard deviation of measurement. 

The results for the Late Pleistocene hominins compared to modern humans are as 

follows. Using the STET statistical method, I compared each fossil cast to each other, by plotting 

one fossil against the other, a regression graph is created to show the similarities or shared 

metrics that each of the two exhibit. The closer that each plotted point is to the regression tread 

line, the more alike the fossils are, therefore removing the variation. Ideally, plotting the same 

fossil against itself would result in a perfect comparison because each variable mirrors the other. 

By comparing the samples in this fashion, one can relate two unrelated “species”. Of course, we 

are looking at these samples as unrelated only in name, their biological, genetic, and 

morphometric differences can be drastically different just like modern human populations today. 
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Figure 2. STET Analysis of All Fossil Samples Compared to Modern Averages using Digitizer 
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Figure 3. STET Analysis of Fossil Samples Compared to Modern Averages for Calipers 
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 The measurements used below for each component were that measured from the 

Digitizer. The Digitizer allowed for a more accurate recording of the landmarks in three-

dimensional space, rather than the use of the calipers which we saw (Above) as being roughly 

like that of the digitizer. This division of the figures above, allows for a comparison of each 

fossil to itself, as well as to the modern averages. Plates located in Appendix A are the digital 

representation of the moderns that were measured for this thesis.  
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Component Breakdown 

The craniometrics listed above have been divided into four unique components outlined 

in the tables and figures below. The components are made up of the different size and shape that 

the fossil skulls exemplify, including General Cranial Shape, Sagittal Cranial Contour, Facial 

Breadth, and Posterior Cranial and Nasal Shape, for each geographic grouping of fossil crania. 

Similarly, they have been compared to Modern Homo in the same way that the above figures 

illustrate (Figure 2 and Figure 3). This broken-down analysis of the measurements allows for 

closer observation and discussion based on similarity to modern homo, particularly focusing on 

cranial shape. This division of measurements allows for a closer examination of the fossils and 

their size and shape through the four different data collection methods. The fossil groups have 

been divided geographically and by “species”. The components comprise of four different 

groups made up of the shape analysis of the craniometrics as well as looking at specific 

characteristics about the craniometric analysis. 

General Cranial Shape 

General Cranial Shape (Component 1) is comprised of the measurements Glabello-

occipital length (GOL), Basion-bregma height (BBH), Basion-prosthion length (BPL), and 

Nasion-prosthion height (NPH), and they illustrate the craniometric shape of the skull. Following 

the longest measurements from the anterior landmarks of bregma to the posterior landmark 

lambda, while also including the projection of the face on the crania  

Traditional Neandertal Fossils 

The tables and graphs below outline the compared craniometrics that have been chosen 

for each component. Table 5 represents the osteometric dimensions of General Cranial Shape 
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(Component 1) for the fossil specimens and the mean values for a sample of (n=10) Modern 

Homo sapiens.  

Table 5: General Cranial Shape (Component 1) Observed Values for GOL, BBH, BPL, and 

NPH for select Traditional Neandertal Fossils and mean values for Modern Homo (n=10) 

 La Chapelle Gibraltar 1 La Ferrassie Atapureca 5 Modern Means 

GOL 195.2967 187.2062 193.4091 170.2393 174.51159 

BBH 119.8936 124.6475 130.7286 111.5363 135.2583 

BPL 120.1786 105.8468 122.6946 121.6368 91.26162 

NPH 70.2119 63.3899 84.0974 78.5331 67.39329 

The table illustrates size variation among the group of traditional neandertal fossils and 

the modern Homo sapiens from the WSU-BAL cadaver collection using the 3D digitizer. 

Overall, specimens including, La Chapelle-Aux-Saints and La Ferrassie exhibit longer (GOL) 

cranial vault, followed by Gibraltar 1. Atapureca stands out among the fossils with a 

measurement of 170.2393mm, being smaller than the other three fossils and the modern sample. 

In contrast, the measurement BBH is exhibited as being higher in the modern sample than that of 

the four fossils within this group. However, La Ferrassie is closest in cranial height with 

130.7286mm, only 5mm shorter than that of the modern average observed. The measurement 

BPL is observed as being much higher among the fossils than that of the moderns. The modern 

mean for BPL is 91.26162mm long while the observed measurement for each fossil is above 

that, the longest being that of La Ferrassie, Atapureca 5, and La Chapelle respectively. Lastly, 

NPH is the largest in La Ferrassie at 84.0974mm, the longest of the measurements observed 

within this group.  

Table 6 is the standard measurements for General Cranial Shape, as taken by the calipers. 

This table below (Table 6), represents the osteometric dimensions of General Cranial Shape 
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(Component 1) for fossil specimens and the mean values for a sample of n=10 modern Homo 

sapiens.  

Table 6: General Cranial Shape (Component 1) Observed Values for GOL, BBH, BPL, and 

NPH for select Traditional Neandertal Fossils and mean values for Modern Homo (n=10) 

Group 1 La Chapelle Gibraltar 1 La Ferrassie Atapureca 5 Modern Mean 

GOL 199.3 186.6 193.8 170.8 174.495 

BBH 120.8 124.8 130.8 111.1 134.87 

BPL 121.8 105.9 119.7 122.45 92.635 

NPH 75.6 63.7 88.8 80.1 69.25 

 

Here is an observable difference in the metrics compared to the digitizer table (table 5), 

though, the pattern for measurement comparison are similar. Cranial length (GOL) observed in 

two fossil specimens, La Chapelle and La Ferrassie exhibit longer cranial vault, just as observed 

in the digitizer results. Atapureca 5 remaining the closest to that of the modern sample’s 

measurements. La Ferrassie is observed at 130.8mm for BBH, above that of the other three 

fossils, but also being only 4mm shorter than the modern measurement. Basion to Prostion length 

(BPL) is much longer within the fossil sample than it is observed in the modern Homo. The 

closest fossil is Gibraltar 1 but is only larger than the modern value by ~10mm at 105.9mm. 

Lastly, Gibraltar 1 again falls remarkably close to the modern sample at 63.7mm, while La 

Chapelle measures only 6mm higher than that of the modern, 69.25mm, for NPH. La Ferrassie 

and Atapureca 5 are clustered together at around 88.8mm and 80.1mm. 

Figure 4 is the graphic representation of the data provided in Table 5. It illustrates a 

broken-down version, looking specifically at the measurements that make up the General Cranial 
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Shape (Component 1) for the Traditional Neandertals and Modern Means, in the form of the 

above discussed STET analysis. 

These graphic points indicate the placement of the measurements in comparison to the moderns 

as well as each other in this group. Notice the groupings of measurements GOL for La Chapelle, 

La Ferrassie, and Gibraltar 1, while Atapureca 5 is not clustered and stands as an outlier. The 

measurement BPL indicates that Gibraltar 1 is the outlier while the remaining three fossils are 

clustered together. NPH and BBH are observed as equidistance from each other graphically, but 

still falling within a few millimeters of each other. 

 The plate below (Plate 15) portrays the digitizer image of the above data portrayed in 

Table 5 and Figure 3. It represents the data created from using the digitizer and expresses the 

measurements for General Cranial Shape (Component 1) for the each Traditional Neandertal 

crania. The measurements indicate similar shaped crania, though the orientation of the plates are 

Figure 4. Component 1: General Cranial Shape for Traditional Neandertal Fossils and Modern Means 
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different for each crania. It does illustrate that the BPL does look much shorter for Gibraltar 1 

than the other three digitizer illustrations. For the crania pictured on the bottom (La Chapelle and 

La Ferrassie), it appears that the crania are much longer than that of the two above it (GOL). 

Indicating that the crania of La Chapelle and La Ferrassie have elongated crania, more so than 

that of Gibraltar 1 and Atapureca 5. Additionally, BBH and NPH look remarkably similar for all 

four fossils. 

  

Plate 14. Traditional Neandertal 3D representation of craniometrics component 1. (Clockwise: Atapureca 5, Gibraltar 1, La 
Chapelle, La Ferrassie.) 
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Archaic European Fossils 

Table 7 illustrates the Archaic European measurements for General Cranial Shape except 

for Steinheim and parts of Oase 2 due to damage and reconstruction of specific areas. All the 

measurements for General Cranial Shape for Cro-Magnon are present.  

Table 7: General Cranial Shape (Component 1) Observed Values for GOL, BBH, BPL, NPH 

for Archaic Europeans and Modern Homo 

 Cro-Magnon Steinheim Oase Modern Means 

GOL 197.6429  186.053 174.51159 

BBH 125.409   135.2583 

BPL 103.5429   91.26162 

NPH 60.5716  67.9378 67.39329 

Cro-Magnon is observed as well above the modern Homo sample in GOL but within 

10mm of Oase 2. The cranial vault (BBH) is 10mm shorter than that of the modern means. BPL 

for Cro-Magnon is 12mm longer than that of the modern average. And lastly, Cro-Magnon falls 

below that of the modern sample by 7mm, but interestingly the measurement for Oase 2’s NPH 

only varies by 0.54451mm larger than that of the modern sample collected. 

 Table 8 represents the measurements for Component 1 for the Archaic European sample 

and mean values of modern Homo as recorded through the calipers. The same measurements 

were recorded in this fashion, excluding Steinheim and parts of Oase 2, due to 

damage/reconstruction. 
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Table 8: General Cranial Shape (Component 1) Observed Values for GOL, BBH, BPL, and 

NPH, for select Archaic European Fossils and mean values for Modern Homo (n=10) 

Group 1 Cro-Magnon Steinheim Oase 2 Modern Mean 

GOL 198.1  186 174.495 

BBH 128.9   134.87 

BPL 109.3   92.635 

NPH 61.8  69.7 69.25 

 

Cro-Magnon is longer in comparison to Oase 2 and Modern Homo for GOL by 12mm for Oase 2 

and 24mm for Moderns. In cranial height, the cranial vault is observed as being taller than that of 

Cro-Magnon, in the modern sample, while Oase 2 was excluded. Basion-Prostion length was 

recorded for Cro-Magnon and Modern Homo, Cro-Magnon was observed at being much longer 

than that of the modern values. And lastly, NPH is observed at being nearly equal between Oase 

2 and the Modern Homo differing only by 0.45mm in favor of Oase 2. Cro-Magnon, however is 

seen at being under both by around 8mm. 

 Figure 5 graphically represents the 3D digitizer results for General Cranial Shape for 

Archaic Europeans and the Modern Homo averages (n=10). 
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The only comparable measurements come from Cro-Magnon and Oase 2 for GOL and NPH. 

GOL is observed as being separated graphically from each other, while NPH is clustered much 

closer together, relatively speaking. 

  

Figure 5. Component 1: General Cranial Shape for Archaic Europeans and Modern Means 
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 The plate below (Plate 16) is the Digitizer representation of the Archaic European sample. Digitally presenting the data (Table 

6 and Figure 4), it illustrates GOL for Cro-Magnon as being longer than that of Oase 2, and NPH looking about the same for both. 

  

Plate 15. Archaic Modern Homo 3D representation of craniometric component 1 (Left to Right: Cro-Magnon, Oase 2, and Steinheim) 
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West Asian Fossils 

 Table 9 represents the General Cranial Shape of West Asian Fossils and the mean values 

of Modern Homo. Shanidar 1 and most of Shanidar 5 have been excluded due to damage to the 

fossil casts, while Skhul V is much more well preserved for analysis. Skhul V and modern Homo 

express about a 10mm difference in GOL, Skhul V being longer. 

In contrast, the cranial vault (BBH) is 12.0593mm higher in the modern average than it is 

in Skhul V. This relationship is again switched, observing BPL for Skhul V is 19.80838mm 

longer than that of the Modern sample. Lastly, for NPH Shanidar 5 is 7.1991mm larger than that 

of Skhul V, and Skhul V is 6.76611mm larger than that of the H. sapiens. 

 Table 10 represents the General Cranial Shape (Component 1) as observed through the 

Traditional Caliper measurements for West Asian Fossils and Modern Homo. The measurements 

for Shanidar 1 have been excluded due to damage and most of Shanidar 5 is omitted.  

 

 

 

Table 9: General Cranial Shape (Component 1) Observed Values for GOL, BBH, BPL, NPH 

for West Asian Fossils and Modern Homo (n=10) 

Group 1 Shanidar 1 Shanidar 5 Skhul V Modern Means 

GOL   189.237 174.51159 

BBH   123.199 135.2583 

BPL   111.07 91.26162 

NPH  81.3585 74.1594 67.39329 
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Table 10: General Cranial Shape (Component 1) Observed Values for GOL, BBH, BPL, NPH 

for select West Asian Fossils and mean Values for Modern Homo (n=10) 

Group 1 Shanidar 1 Shanidar 5 Skhul V Modern Mean 

GOL   189.6 174.495 

BBH   123.8 134.87 

BPL   109.7 92.635 

NPH  82.4 74.2 69.25 

Skhul V measures 15.105mm larger than moderns based on caliper measurements. BBH is 

higher in moderns than it is in Skhul V.by 11.07mm. Basion-Prostion length is reversed, having 

Skhul V longer by 17.065mm, and NPH for Shanidar 5, Skhul V, and the Modern Homo average 

are in descending order with the largest being Shanidar 5. 

 Figure 6 graphically expresses the General Cranial Shape for West Asian Fossils and 

Modern Homo. Unfortunately, the only comparable measurement is that of NPH for Skhul V and 
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Shanidar 5. They illustrate a cluster of less than 10mm, Shanidar 5 falling above 80mm and 

Skhul V falling below Shanidar 5. 
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 Plate 17 represents the Digitizer measurements visually portrayed from Table 8 and Figure 5. Skhul V shows a longer GOL 

than Shanidar 5, but a comparable BHH. Shanidar 1 was not measured because of its damages but one measurement was recoverable, 

BPL. 

Plate 16. Middle Eastern 3D representation of craniometric component 1 (Left to Right: Shanidar 5, Shanidar 1, Skhul V) 
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African Fossils 

 Table 11 represents the final group, the African Fossil sample and the means calculated 

for the sample of Modern Homo sapiens crania. The fossils represented in this table are Broken 

Hill, Idaltu, and Bodo. Some of Idaltu’s measurements have been omitted due to damages.  

For Glabello-Occipital Length Broken Hill, Idaltu, and Bodo are all much longer than that of the 

modern homo measurements. Idaltu being the largest at 215.152mm, which is 40.64041mm 

larger than the Modern Homo’s measured. Cranial vault height (BBH) is measured in Broken 

Hill and Bodo are observed at being extremely close in variation, only separated by 2mm, while 

the Modern Homo sample is 135.2583mm, 9mm and 11mm larger, respectively. Broken Hill is 

exhibited at 116mm while Bodo is 112mm long. These measurements are both higher than that 

of the modern values at 91mm long. Lastly, NPH is measured at 90mm and 86mm for Broken 

Hill and Bodo respectfully, the modern measurements are significantly lower coming in at 67mm 

long, much smaller than that of both measured African Fossils. 

  

Table 11: General Cranial Shape (Component 1) Observed Values for GOL, BBH, BPL, NPH 

for African Fossils and Modern Homo 

 Broken Hill Idaltu Bodo Modern Means 

GOL 195.1419 215.152 197.747 174.51159 

BBH 126.4162  124.003 135.2583 

BPL 116.6296  112.413 91.26162 

NPH 90.384  82.6572 67.39329 



 

64 
 

Table 12 represents the General Cranial Shape for the African Fossils as measured by the 

traditional calipers. For GOL, Broken Hill and Bodo measure in the higher 190mms while Idaltu 

is much larger than both.  

Table 12: General Cranial Shape (Component 1) Observed Values for GOL, BBH, BPL, NPH 

for select African Fossils and mean values for Modern Homo (n=10) 

Group 4 Broken Hill Idaltu Bodo Modern Mean 

GOL 199.1 216.1 197.4 174.495 

BBH 125.1  124.4 134.87 

BPL 116.35  115.1 92.635 

NPH 92.8  86.7 69.25 

The modern value is significantly lower than all three fossils at 174.459mm. BBH is 

greatly comparable between Broken Hill and Bodo, but larger height is measured in Modern 

Homo at 134.87mm. BPL is commensurable for Broken Hill and Bodo but mush shorter in 

length for the Modern Homo. Lastly, NPH indicates that both fossils again are larger in size than 

that of the modern homo sample. 

 Figure 7 is the graphical representation of the data presented in table 10 for African 

Fossils and Modern Homo. The measurements for GOL are located on the right side of the graph 

and illustrate Idaltu as being much higher/longer than that of Broken Hill and Bodo who are 

clustered together. 
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The only other measurements portrayed here are that of Broken Hill and Bodo whose 

measurements are clustered together with little variance between them for NPH, BPL, and BBH. 

 Below are the graphically illustrated representations of the African Fossils as seen 

through the Digitizer. Plate 18 shows a relatively similar cranial dimension among all the 

measurements taken, specifically, that of GOL and BBH. Indecently, because those 

measurements were not recorded for the above tables for Idaltu, we cannot measure them in the 

traditional sense. 
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Plate 17. African Fossils 3D representation of craniometric component 1 (Right to Left: Bodo, Broken Hill, and Idaltu) 
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Sagittal Cranial Contour 

 Sagittal Cranial Contour (Component 2) is comprised of the measurements Frontal Chord 

(FRC), Parietal Chord (PAC), Occipital Chord (OCC), Foramen Magnum length (FOL), and 

Basion-Nasion Length (BNL). These measurements create a geometric shape within the skull 

following similar landmarks as seen above but illustrate the overall size of the braincase. Next 

set of measurements are group 2 which comprise of looking at the interior dimensions of the 

crania but excluding the projection of the face. This could also be considered measuring of the 

braincase, using FRC, PAC, OCC, FOL, and BNL, though that is done in a different way. This 

construction is looking at the geometric shape of the interior measurements of the crania in 

relation to that of modern humans. 

Traditional Neandertal Fossils 

 In Table 13, the Sagittal Cranial Contour is measured for the traditional Neandertals 

compared to Modern Homo as measured with the Digitizer, the data points are spread more than 

the measurements in component 1, from each other. The Frontal Chord (FRC), for La Chapelle 

and Gibraltar 1, their measurement is observed at around the lower 100mm, differing only by 

2mm with Gibraltar 1 being larger. La Ferrassie, is observed at 114.0594mm, being the highest 

recorded, higher than the Modern Homo sample, by 3mm. Atapureca 5 is observed as being the 

smallest only at 94.2976mm, 19.7618mm smaller than La Ferrassie. 
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Table 13: Sagittal Cranial Contour (Component 2) Observed Values for FRC, PAC, OCC, 

FOL, BNL for Traditional Neandertal Fossils and Modern Homo 

Group 1 La Chapelle Gibraltar 1 La Ferrassie Atapureca 5 Modern Means 

FRC 103.4532 105.5593 114.0594 94.2976 111.80345 

PAC 111.7595 109.9747 108.562 96.2996 114.22219 

OCC 80.2255 85.6318 91.4396 72.3506 97.70067 

FOL 46.3438 39.0762 41.8019 34.231 38.10352 

BNL 108.4206 99.4915 115.0709 106.6494 100.46668 

 

The Parietal Chord (PAC), is observed closely with Gibraltar 1 and La Ferrassie, around 108 and 

109mm. La Chapelle is only seen at being 3mm shorter than that of the Modern Homo sample. 

Again, Atapureca 5 is noticeably smaller, measuring in under 100mm in comparison to the other 

four specimens. The Occipital Chord (OCC), represents a much closer relation among the 

samples than the first two measurements, all four fossils fall below that of the Modern Homo 

sample, Atapureca 5 being the smallest, 72.3506mm, and La Ferrassie coming in at 91.4396mm, 

which is only 6mm shorter than the Modern Sample. La Chapelle and Gibraltar 1 only differ by 

5mm and are roughly similar in length. The Foramen Magnum Length (FOL), was recorded for 

all five within this group. La Chapelle-Aux-Saints is seen at 46.3438mm the largest of the group, 

followed close behind by La Ferrassie, at 41.8019mm. Gibraltar 1, Atapureca 5, and the Modern 

Homo sample all measure around 30mm, Gibraltar 1, the highest at 39.0762mm, and Atapureca 

5 the lowest at 34.231mm. The Modern Homo sample falls between those two measurements but 

closer to Gibraltar 1, at 38.10352mm. Lastly, BNL or Basion-Nasion Length, is observed within 

the mid-100mm for La Chapelle (108.4206mm), La Ferrassie (115.0709mm), Atapureca 5 

(106.6494mm), and the Modern sample (100.46668mm). Gibraltar 1 represents the smallest 
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taken measurement at 99.4915mm long, only a 1mm difference between the modern sample but 

up to 16mm difference among the other fossils. 

 Table 14 represents the observed values for Sagital Cranial Contour for the Traditional 

Neandertal group and the Modern Homo sample as measured with the calipers. It is notice that 

the measurements are observed differently between the Digitizer and the Caliper Tables.  

Table 14: Sagittal Cranial Contour (Component 2) Observed Values for FRC, PAC, OCC, 

FOL, and BNL for selected Traditional Neandertal fossils and mean values for Modern Homo 

(n=10) 

Group 2 La Chapelle Gibraltar 1 La Ferrassie Atapureca 5 Modern Mean 

FRC 96.9 104.9 107.2 95.05 111.74 

PAC 129.15 111.75 119.6 94.7 115.88 

OCC 80.1 86.5 91.6 73 98.2 

FOL 44.95 37.9 40.65 33.2 36.645 

BNL 106.8 101.35 115 107.1 101.04 

 

FRC indicates that Moderns are the highest in length at 111.74mm, followed by La Ferrassie and 

Gibraltar 1. The two smallest measurements come from La Chapelle and Atapurerca 5, at 

95.05mm and 96.9 respectfully. PAC for La Chapelle is the longest measuring in at 129.15mm, 

10mm longer than that of La Ferrassie. The Modern sample and Gibraltar 1 are only 4mm 

different with Moderns being the larger, and Atapureca 5 is the shortest measuring under one 

hundred millimeters at 94.7mm. Occipital Chord, is remarkably congruent among the sample in 

table 13. Moderns surprisingly have the largest measurement at 98.2mm followed by La 

Ferrassie at 91.6. Both La Chapelle and Gibraltar 1 are within 6mm of each other. Atapureaca 5 

is the shortest at 73mm. FOL again shows a surprising congruency among those measured. The 
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largest being La Chapelle-Aux-Saints at 44.95mm followed by La Ferrassie at 40.65mm. The 

remaining three fall within the 30mm range, Gibraltar 1 being the larger by 1.255mm to Moderns 

and Atapureca 5 measuring in at 33.2mm. BNL is also observed as being remarkably close, the 

largest being La Ferrassie, followed by Atapurerca 5, and then La Chapelle. Gibratlar 1 and the 

Modern Sample measurments are nearly identical, differing only by 0.31mm. 

 Figure 8 represents the Digitizer measurements graphically for the Sagittal Cranial 

Contour (Component 2) for the Traditional Neandertal sample. As you can see, the 

measurements of FOL overlap with La Ferrassie and Gibraltar 1. OCC, they appear to be evenly 

distanced. BNL shows an overlap with La Chapelle and Atapureca 5. 

 

Figure 8. Component 2: Sagittal Cranial Contour for Traditional Neandertals and Modern Homo sapiens mean values 

FRC overlaps with Gibraltar 1 and La Chapelle but indicate that La Ferrassie and Atapureca 5 

are distanced equally from that clustering. Lastly, the largest cluster appears in PAC for            
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La Chapelle, La Ferrassie, and Gibraltar 1, leaving Atapureca 5 measured much lower than the 

other three fossils. 

 Plate 19 represents the Digitizer portrayal of the fossil group 1 (Traditional Neandertals) 

for the Component 2 measurements. Right away we can notice a size descrpeancy between all 

four samples. Specifically looking at top two (Atapureca 5 and Gibraltar 1). The orientation of 

the digitizer is nearly identical though the fossils express different sizes for Basion-Nasion 

length. While the digitizer represnetation for La Ferrassie and La Chapelle look nearly identical. 

 

 

  

Plate 18. Traditional Neandertals 3D representation of craniometric component 2 (Clockwise: Atapureca 5, Gibraltar 1, La 
Chapelle, and La Ferrassie). 
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Archaic European Fossils 

Table 15 represents the Sagittal Cranial Contour (Component 2) for the Archaic 

European Fossils and the modern Homo values as recorded by the Digitizer. The fossils recorded 

are Cro-Magnon and Oase 2, Steinheim was omitted due to damage. FRC differs only by 1mm 

between Cro-Magnon and Oase 2, both of which are larger lengths than the Modern Homo 

values.  

Table 15: Component 2 Sagittal Cranial Contour Mean Values for FRC, PAC, OCC, FOL, 

BNL for Archaic Europeans and Modern Homo 

 Cro-Magnon Steinheim Oase 2 Modern Means 

FRC 118.3877  117.532 111.80345 

PAC 117.6838   114.22219 

OCC 100.0032   97.70067 

FOL 40.1962   38.10352 

BNL 100.1243   100.46668 

 

PAC is observed at 117.6838mm for Cro-Magnon, 3mm larger than that of the Modern 

Mean. Oase 2 was nor recorded. Again, Cro-Magnon is larger than the Modern Mean by 

2.30253mm for OCC. FOL was recorded for Cro-Magnon and Modern Homo. The difference 

between the two is 2.09268mm in Cro-Magnon’s favor. Lastly, Cro-Magnon and the Modern 

Homo value measures 100.1243mm and 100.46668mm respectfully, a 0.34238 difference in 

favor of the Modern Homo. 

 Table 16 represents the measurements for Sagittal Cranial Contour (Component 2) for the 

Archaic European fossils and Modern Homo values as measured by the calipers. 
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Table 16: Sagittal Cranial Contour (Component 2) Observed Values for FRC, PAC, OCC, 

FOL, and BNL for selected Archaic Europeans and mean values for Modern Homo (n=10) 

Group 2 Cro-Magnon Steinheim Oase 2 Modern Mean 

FRC 114.7  116.5 111.74 

PAC 132.4  121.8 115.88 

OCC 100.8  99 98.2 

FOL 36.6   36.645 

BNL 107.7   101.04 

 

The measurements for Steinheim and parts of Oase 2 have been omitted due to damage on the 

cast. Cro-Magnon, Oase 2, and Modern Homo measure at the mid 110mm’s for FRC. Oase 2, the 

largest for FRC at 116.5mm long, followed by Cro-Magnon, and then the Modern means. The 

measurement OCC is different for Cro-Magnon and the Modern sample by 2.6mm larger in Cro-

Magnon’s favor. The Foramen Magnum length is nearly identical for both Cro-Magnon and 

Modern Homo. The difference is that of only 0.045mm. Lastly, BNL is observed at 107.7mm for 

Cro-Magnon, 6.66mm larger than the Modern mean. 

 Figure 9 represents the graphic illustration of the data presented in Table 14 for Sagittal 

Cranial Contour for the Archaic European fossils. 
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Figure 9. Component 2: Sagittal Cranial Contour for Archaic Humans of Europe and Modern Homo sapiens Mean Values 

FRC is the only comparable measurement for this graphic indicating a very close cluster between 

Cro-Magnon and Oase 2. 

 Plate 20 presents the 3D digitizer data illustrated from Table15. Cro-Magnon on the right 

has what looks like the longest FRC, at least longer than that of Oase 2. The shape portrayed by 

the visualization of the digitizer data indicates a similar shape for all three fossils., regarding the 

measurements FOL and OCC. 
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Plate 19. Archaic Modern Homo 3D representation of craniometric component 2 (Right to Left: Cro-Magnon, Steinheim, and Oase 2) 
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West Asian Fossils 

 Table 17 represents Component 2 for West Asian Fossils and the Modern mean values as 

portrayed by the Digitizer. In Group 3, the measurements were omitted for all Shanidar 1 and 

most of Shanidar 5 due to damage to the crania during excavation. The Frontal Chord (FRC) for 

Shanidar 5 is exhibited at 112.5221mm, 0.71865mm larger than the Modern Homo sample.  

Table 17: Component 2 Sagittal Cranial Contour Mean Values for FRC, PAC, OCC, FOL, 

BNL for Western Asian Fossils and Modern Homo (n=10) 

Group 3 Shanidar 1 Shanidar 5 Skhul V Modern Means 

FRC  112.5221 106.736 111.80345 

PAC   125.461 114.22219 

OCC   89.2647 97.70067 

FOL   41.6814 38.10352 

BNL   92.7084 100.46668 

 

With Skhul V following them at 106.7336mm. Skhul V measures in a 125.461mm long for the 

Parietal Chord, 11.23881mm longer than the Modern Homo mean values. In contrast, Skhul V 

falls around 8mm shorter in comparison to the Modern Mean value. FOL represents only a small 

variance between the fossil Skhul V and the Moderns, a difference of only 3.57788mm. Lastly, 

BNL for Skhul V is 92.7084mm long, a 7.75828mm drop from the Modern value at 

100.46668mm long. 

 Table 18 represents the West Asian Fossil group along with the Modern Homo mean 

Values for Component 2 as recorded by the calipers. Again, Shanidar 1 and most of Shanidar 5 

was omitted due to damage.  
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Table 18: Sagittal Cranial Contour (Component 2) Observed Selected for FRC, PAC, OCC, 

FOL, and BNL for selected West Asian and mean values for Modern Homo (n=10) 

Group 2 Shanidar 1 Shanidar 5 Skhul V Modern Mean 

FRC  114 105.2 111.74 

PAC   127.5 115.88 

OCC   89.5 98.2 

FOL   40.85 36.645 

BNL   94.3 101.04 

 

Shanidar 5 is observed at 114mm long for FRC, the longest when compared to Skhul V and 

Modern Homo. Skhul V is 11.62mm longer than Modern Homo for PAC. In contrast the next 

three measurements alternate between the two measured. Modern Homo is longer in the 

Occipital Chord at 98.2mm but shorter in Foramen Magnum Length at 36.645mm. Lastly, BNL 

varies between the two by 6.74mm, with Moderns being larger than Skhul V. 

Figure 10 expresses the graphic representation of the data presented in Table 16. Sagittal 

Cranial Contour (Component 2) is illustrated for West Asian fossils and Frontal Chord is the 

only measurement comparable. 
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Figure 10. Component 2: Sagittal Cranial Contour for West Asian Fossils and Modern sapiens Mean Values 

The Frontal Chord is varied enough to not be considered clustered as we saw in the above 

graphic representations for clusters. 

 Plate 21 is the Digitizer illustrations of West Asian fossil group for Component 2. These 

illustrations may appear to be missing many more measurements than the previous plate (Plate 

20) for Component 1. This is due in part by the state in which the fossils were recovered. 

Shanidar 1 and Shanidar 5 both missing most of the measurements going into Component 2. 

Skhul V exhibits all the measurements and can be compared to Shanidar 5 for only FRC. Skhul 

V’s FRC appears to be much longer in comparison to Shanidar 5 visually. 
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Plate 20. Middle East 3D representation of craniometric component 2 (Right to Left: Shanidar 1, Shanidar 5, Skhul V). 
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African Fossils 

 Table 19 represents the Sagittal Cranial Contour for the African Fossils and Modern 

Homo mean values as recorded by the Digitizer. Idaltu has been omitted due to damages, leaving 

Broken Hill, Bodo, and the Modern Homo sample to be compared.  

Table 19: Component 2 Sagittal Cranial Contour Mean Values for FRC, PAC, OCC, FOL, 

BNL 

for African Fossils and Modern Homo (n=10) 

Group 3 Broken Hill Idaltu Bodo Modern Means 

FRC 117.4299  102.639 111.80345 

PAC 108.6505  113.349 114.22219 

OCC 85.8283  92.9982 97.70067 

FOL 40.268  40.6354 38.10352 

BNL 105.5207  103.589 100.46668 

 

The Frontal Chord length is longest in Broken Hill at 117.4299mm long. Followed by Modern 

Homo at 111.80345mm and Bodo at 102.639mm. Bodo and Modern Homo express similar 

measurements for PAC, differing only by 0.87319mm, the larger being Modern Homo. Broken 

Hill is the shorter of the three at 108.6505mm long. Again, Bodo and Modern Homo vary only 

slightly in Occipital Chord length, a difference of only 4.70247mm in the Modern’s favor. 

Broken Hill again falls below both fossil and modern at 85.8283mm long. The Foramen 

Magnum Length for both fossils are about equal, differing by only 0.3674mm. The Modern 

Mean falls below both of those at 38.10352mm long. Lastly, BNL is expressed as being the 

second largest measurement at 105.5207mm long, while Bodo and the Modern Homo fall 

slightly behind at 103.589mm and 100.46668mm respectfully. 
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Table 20 expresses the Sagittal Cranial Contour for African Fossils and Modern Homo as 

recorded by the calipers. Broken Hill again is the largest measurement for FRC at 117.6mm long 

followed by Modern Homo and then Bodo.  

Table 20: Sagittal Cranial Contour (Component 2) Observed Values for FRC, PAC, OCC, 

FOL, and BNL for select African fossils and Mean Values for Modern Homo (n=10) 

Group 4 Broken Hill Idaltu Bodo Modern Mean 

FRC 117.6  102.6 111.74 

PAC 108.35  112.9 115.88 

OCC 86.4  94.6 98.2 

FOL 40.2  39.55 36.645 

BNL 105.6  104.3 101.04 

 

The difference represented in Parietal Chord between the three measured is evenly 

separated, Bodo being only 1mm closer to that of the Modern Homo value. There is a small 

variance between Bodo and Modern Homo for OCC while Broken Hill is around 10mm shorter 

than both. The Foramen Magnum Length for Broken Hill is the largest at 40.2mm long, 

compared to Bodo at 39.55mm and Modern Homo at 36.645mm long. Lastly, BNL is also 

comparable between the three measured, Broken Hill the largest followed by Bodo and then 

Modern Homo. 

 Figure 10 outlines the graphically representation of the digitizer data presented in Table 

18 for the African Fossil group. The Frontal Chord is clustered together practically on top of one 

another for Broken Hill and Bodo, 
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Figure 11. Component 2: Sagittal Cranial Contour for African Fossils and Modern sapiens Mean Values 

Bodo being ever so slightly longer. For OCC and PAC, the measurements are separated nearly 

equally. Though OCC there is a larger variance than PAC. larger than Bodo. And lastly, FRC is 

varied greatly showing the furthest distance between Broken Hill and Bodo. 

 Plate 22 represents the Digitizer portrayal of the data collected from Table 19 for the 

African Fossil Group. This data illustrates the Sagittal Cranial Contour (Component 2) as nearly 

equal for each fossil. It is difficult to distinguish a difference in size or shape for these fossils as 

represented.  
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Plate 21. African Fossils 3D representation of craniometric component 2 (Right to Left: Bodo, Broken Hill, Idaltu) 
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Facial Breadth 

 Facial Breadth (Component 3) is comprised of the measurements Upper Facial Breadth 

(fmt-fmt), Minimum Frontal Breadth (WFB), Orbital Breadth Left (OBB l), Interorbital Breadth 

(DKB), and Biorbital Breadth (EKB), these measurements accentuate the size and shape of the 

face. Each measurement is taken to illustrate the facial breadth. Group 3 categorizes the relative 

shape of the face. This in relation to the previous two groups makes up the third quarter of 

measurements. The measurements used in this analysis are fmt-fmt, WFB, OBB L, DKB, and 

EKB, and they illustrate a relative projection and shape of the face. 

Traditional Neandertal Fossils 

 Table 21 represents the observed values for the digitizer. The measurements (Component 

3) are related to the projection and shape of the facial breadth. In table 20, the Traditional 

Neandertals and Modern Homo metrics are outlined. 

Table 21: Facial Breadth (Component 3) Observed Values for fmt-fmt, WFB, OBB L, DKB, 

EKB for Traditional Neandertal Fossils and Modern Homo (n=10) 

 La Chapelle Gibraltar 1 La Ferrassie Atapureca 5 Modern Means 

fmt-fmt 111.8511 118.947 119.4673 122.4687 107.25629 

WFB 100.5535 105.024 107.8685 99.0736 94.24442 

OBB L 40.4207 36.7682 43.8852 38.4659 39.07522 

DKB 21.0894 25.4052 24.0161 29.5749 20.62312 

EKB 96.4181 97.0005 103.3963 101.5639 89.35461 

 

For fmt-fmt, the four fossils measure above that of the Modern sample, with Atapureca 5 being 

the largest at 122.4687mm long. Compared to the Modern fmt-fmt at 107.25629mm the shortest. 

The Minimum Frontal Breadth (WFB) is observed at La Ferrassie and Gibraltar 1 being the 

highest values measured. La Chapelle is observed as being only 1mm higher than that of 
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Atapureca 5, while the Modern Sample falls below all four fossils at 94.24442mm long. The Left 

Orbital Breadth is taken as a standard in Moore-Jansen et al. 1994, this measurement is greatest 

in both La Ferrassie and La Chapelle, the Western Traditional Neandertals. Modern Homo 

measures in just below that of La Chapelle at 39.07522mm. This measurement falls in between 

the West European fossils and the other two (Gibraltar 1 and Atapureca 5). Gibraltar 1 is the 

smallest measured with a breadth of only 36.7682mm. The Interorbital Breadth (DKB), is 

highest within Atapureca 5. The other four are observed as being below Atapureca 5, with La 

Ferrassie being 24.0161mm, Gibraltar 1 being 25.4052mm, Modern Homo being 20.62312mm, 

and La Chapelle at 21.0894mm. Lastly, EKB is measured the largest with La Ferrassie at 

103.3963mm. Atapureca 5 is comparable to La Ferrassie, being below by only 1.8324mm. La 

Chapelle and Gibraltar 1 also differ by 0.5869mm, making them closer in relation than that of La 

Ferrassie and Atapureca 5. The Modern Homo sample is observed at 89.35461mm long the 

shortest. 

 Table 22 represents the Facial Breadth (Component 3) for the Traditional Neandertal 

group and Modern Homo as recorded with the calipers.  

Table 22: Facial Breadth (Component 3) Observed Values for fmt-fmt, WFB, OBB L, DKB, 

and EKB for select Traditional Neandertal Fossils and Mean Values for Modern Homo (n=10) 

Group 1 La Chapelle Gibraltar 1 La Ferrassie Atapureca 5 Modern Mean 

fmt-fmt 115.3 120.65 122.2 128.9 108.445 

WFB 102.1 105.3 106.1 97.7 95.15 

OBB L 41.45 42.5 45.15 41.8 39.31 

DKB 23.05 30.3 27.3 29.9 24.015 

EKB 95.8 94.3 99 99.6 87.455 
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For fmt-fmt, Atapureca 5 measured the largest at 128.9mm long, followed by La Ferrassie at 

122.2mm, and Gibraltar 1 at 120.65mm. La Chapelle is ~5mm shorter than Gibraltar 1, and the 

Modern Homo sample is the smallest at 108.445mm. WFB indicates that La Chapelle, Gibraltar 

1 and La Ferrassie are all within ~1mm of each other. While Atapureca 5 and Modern Homo are 

clustered together in the upper 90mms, separated by 2.55mm. The Orbital Breadth left for this 

group are very close. The largest being La Ferrassie at 45.15mm. Atapureca 1 and La Chapelle 

are 0.4mm different, while Gibraltar 1 is 1mm larger. The smallest, but not outside of the range, 

being Modern Homo at 39.31mm. DKB shows a small variance between the fossils and the 

Modern sample. The largest being Gibraltar 1 at 30.3mm. Atapureca 1 is only 0.4mm shorter. La 

Ferrassie is observed at 27.3mm long. La Chapelle and the Modern sample are close in 

variability, La Chapelle being 0.965mm smaller than Modern Homo. Lastly, EKB is also very 

close together among this group. The largest being Atapureca 5 and La Ferrassie at 99.6mm and 

99mm respectively. La Chapelle and Gibraltar 1 are also close being different by only 1.5mm. 

The Modern Homo sample is the shortest at 87.455mm. 

Figure 12 is the graphical expression of the Digitizer metrics recorded from Table 21 for 

Facial Breadth of Traditional Neandertals. This shows each measurement being clustered 

together by all the fossils. The only measurement not falling within in a solid clustering is fmt-
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fmt. This shows La Chapelle falling just below the cluster and indicating its variance. The other 

four measurements are all illustrated as being very close together among the fossils. 

Plate 23 represents the Digitizer illustrations from Table 21. The measurements for Facial 

Breadth all appear to be similar in length but the shape of each and the proportion of placement 

is different between all four. For instance, Atapureca 5 and Gibraltar 1 have similar length 

measurements but the distance/placement of those measurements are different. Atapureca 5 

appears to have fmt-fmt higher than that of Gibraltar 1. While Gibraltar 1 has a more 

symmetrical looking DKB, EKB, and OBB l. In comparison, La Chapelle has a smaller distance 

between DKB and EKB than both Gibraltar 1 and Atapureca 5. La Ferrassie is difficult to 

examine due to the angle of the plate recorded. 
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Plate 22. Traditional Neandertal 3D representation of craniometric component 3 (Clockwise: Atapureca 5, Gibraltar 1, La Chapelle, La Ferrassie). 
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Archaic European Fossils 

 Table 23 is the cranial metrics for Archaic Europeans and Modern Homo for Facial 

Breadth as taken by the Digitizer. Measurements for Steinheim have been omitted due to damage 

of the crania.  

Table 23: Facial Breadth (Component 3) Mean Values for fmt-fmt, WFB, OBB L, DKB, EKB 

for Archaic Europeans and Modern Homo (n=10) 

 Cro-Magnon Steinheim Oase 2 Modern Means 

fmt-fmt 119.1143  111.788 107.25629 

WFB 103.1612  97.6932 94.24442 

OBB L 41.4403  38.9333 39.07522 

DKB 22.3031  26.1971 20.62312 

EKB 98.4412  101.364 89.35461 

 

Cro-Magnon has the largest fmt-fmt length at 119.1143mm long. Oase 2 and the Modern Homo 

sample are separated only by 4.53171mm. WFB again shows that Cro-Magnon being the largest. 

Oase 2 and Moderns being separated by 3.44878mm length. The Orbital Breadth for the left orbit 

is interesting, having Cro-Magnon at 41.4403mm, but closely followed by Modern Homo and 

Oase 2 at 39.07522mm and 38.9333mm respectively. The observed Interorbital breadth for Oase 

2 is the largest at 26.1971mm long. While, Cro-Magnon and Modern Homo fall below. Lastly, 

EKB is largest in Oase 2 at 101.364mm. Cro-Magnon and Modern Homo are different by nearly 

10mm, Moderns being the smaller. 

 Table 24 expresses the Facial Breadth (Component 3) for Archaic European fossils and 

Modern Homo as recorded by the calipers. Steinheim was also omitted from this due to damage 

to the crania.  
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Table 24: Facial Breadth (Component 3) Observed Values for fmt-fmt, WFB, OBB L, DKB, 

and EKB for select Archaic European Fossils and Mean Values for Modern Homo (n=10) 

Group 2 Cro-Magnon Steinheim Oase 2 Modern Mean 

fmt-fmt 120.5  116.5 108.445 

WFB 103.4  121.8 95.15 

OBB L 42.25  99 39.31 

DKB 24.15  27.75 24.015 

EKB 98.5  101.8 87.455 

 

Cro-Magnon has the highest fmt-fmt metric at 120.5mm, compared to the Modern sample at 

108.445mm. Oase 2 falls between these two at 116.5mm in length. Surprisingly, Oase 2 has a 

larger measurement for WFB with the calipers than with the digitizer. Measuring at 121.8mm it 

is larger than both Cro-Magnon and Modern Homo. The OBB L shows an interesting metric for 

Oase 2, at 99mm. Cro-Magnon and Modern Homo are relatively close differing only by 2.94mm. 

Oase 2 has the largest measurement for DKB at 27.75mm, while Cro-Magnon and Modern 

Homo are extremely close separated by 0.135mm. Lastly, EKB shows a similar pattern we saw 

in the digitizer metrics. Oase 2 having the largest Biorbital Breadth at 101.8mm. Cro-Magnon 

following with 98.5mm and Modern Homo the smallest with 87.455mm.  

 Figure 13 represents the graphic representation of the digitizer data presented in Table 23. 

Steinheim again was omitted and does not appear on this graph. 
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Figure 13. Component 3: Facial Breadth for Archaic Humans of Europe and Modern Homo sapiens Mean Values 

The clustering of Cro-Magnon and Oase 2 are remarkably patterned. Each measurement only 

varies by very little distance having Cro-Magnon on top and Oase 2 on bottom then reverse. The 

one measurement standing out from this set is fmt-fmt. Where both measurements do not 

overlap, and are separated by only a small spacing. 

 Plate 24 represents the illustration of the digitizer data from Table 23. In this we can see 

the size and shape differences between all three fossils. Steinheim was only measured for DKB 

which appears to be longer than both Cro-Magnon and Oase 2. Both Cro-Magnon and Oase 2 

resemble each other throughout the remaining metrics in component 3. A slight difference is 

noticeable within Cro-Magnon’s OBB L measurement, as it appears to be slightly longer than 

that of Oase 2’s. 
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Plate 23. Archaic Modern Homo 3D representation of craniometric component 3 (Right to Left: Cro-Magnon, Oase 2, Steinheim). 
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West Asian Fossils 

 Table 25 represents the observed values for West Asian fossil group along with Modern 

Homo mean values for Facial Breadth (Component 3) as recorded by the digitizer. Shanidar 1 

was omitted entirely from this component due to damage on the face.  

Table 25: Facial Breadth (Component 3) Observed Values for fmt-fmt, WFB, OBB L, DKB, 

EKB for Western Asian Fossils and Modern Homo (n=10) 

 Shanidar 1 Shanidar 5 Skhul V Modern Means 

fmt-fmt  115.4766 124.224 107.25629 

WFB  96.7087 102.743 94.24442 

OBB L  43.5444 43.8463 39.07522 

DKB  24.6293 27.3618 20.62312 

EKB  102.8356 108.107 89.35461 

 

The measurement fmt-fmt is observed at being the largest for Skhul V at 124.224mm. Shanidar 5 

measures at 115.4766mm and Modern Homo is the shortest measurement at 107.25629mm. The 

same pattern is seen for WFB among these specimens, Skhul V, then Shanidar 5, followed by 

Modern Homo. The Orbital Breadth indicates some overlap among Skhul V and Shanidar 5, a 

difference of only 0.3019mm. The Modern Homo sample is the shortest at 39.07522mm. DKB 

and EKB both shows a similar pattern as noted above for fmt-fmt and WFB. 

 Table 26 represents Component 3 for the West Asian fossils and Modern Homo sample 

as recorded by the calipers. Shanidar 1 was omitted due to damage. The Facial Breadth for 

Shanidar 5, Skhul V, and Modern Homo being to exhibit the same pattern as seen from the 

digitizer metrics.  
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Table 26: Facial Breadth (Component 3) Observed Values for fmt-fmt, WFB, OBB L, DKB, 

and EKB for select West Asian Fossils and Mean Values for Modern Homo (n=10) 

Group 3 Shanidar 1 Shanidar 5 Skhul V Modern Mean 

fmt-fmt  120.9 127.1 108.445 

WFB  99.2 104.4 95.15 

OBB L  47.1 44.9 39.31 

DKB  32.8 29.3 24.015 

EKB  103.7 107 87.455 

 

The one difference being that OBB L and DKB have been switched for Shanidar 5 and Skhul V. 

In OBB L, Shanidar 5 is recorded at 47.1mm long, while Skhul V is only 44.9mm. Again, 

Modern Homo coming in last at 39.31mm. DKB shows a similar trend except compared to the 

Digitizer results, Shanidar 5 and Skhul V are switched again. Skhul V is measured at 107mm, the 

largest, while Shanidar 5 is only 4mm shorter than Skhul V. 

 Figure 14 represents graphically the findings found in Table 25 for the Facial Breadth of 

West Asian fossils as measured by the Digitizer. 
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Figure 14. Component 3: Facial Breadth for West Asian Fossils and Modern Homo sapiens Mean Values 

As you can see, the measurements DKB, OBB L, and EKB are overlapping for Skhul V and 

Shanidar 5, with Skhul V on top each time. WFB shows a slight spacing between the two fossils 

but still clustered close enough together. The measurement fmt-fmt is the widest spread for 

Shanidar 5 and Skhul V. It has the greatest spacing of the five-metrics presented within 

Component 3. 

 Plate 25 represents the illustrated version of the data presented by the digitizer in Table 

25. This is the Facial Breadth (Component 3) for West Asian Fossils. As you can tell, there is 

little difference in digital recordings for all three considering their origins within the middle east. 

Particularly looking at Shanidar 1, it appears to differ the most from the other two. Shanidar 5 

and Skhul V have similar spacing for each measurement with only a difference in DKB and OBB 

L. 
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Plate 24. Middle East 3D representation of craniometric component 3 (Right to Left: Shanidar 1, Shanidar 5, Skhul V). 
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African Fossils 

 Table 27 represents the Facial Breadth measurements (Component 3) for the African 

Fossil group and Modern Homo sample as recorded by the Digitizer.  

Table 27: Facial Breadth (Component 3) Observed Values for fmt-fmt, WFB, OBB L, DKB, 

EKB for African Fossils and Modern Homo (n=10) 

 Broken Hill Idaltu Bodo Modern Means 

fmt-fmt 133.6453  135.043 107.25629 

WFB 99.2804  105.553 94.24442 

OBB L 42.7966  38.3255 39.07522 

DKB 33.0872  37.5261 20.62312 

EKB 110.1225  109.334 89.35461 

 

Idaltu was omitted due to damage. A pattern immediately appears within the measurements fmt-

fmt and WFB. Each having Bodo on top, followed by Broken Hill, and Modern Homo last. 

There is however a greater distance between the fmt-fmt for Modern Homo than there is in 

WFB. Orbital Breadth Left is largest in Broken Hill at 42.7966mm. Followed by Modern Homo 

at 39.07522mm and Bodo as the shortest breadth with 38.3255mm. Biorbital Breadth is observed 

in Bodo as being the largest of the three at 37.5261mm. Only ~4mm shorter is Broken Hill. And 

Modern Homo is 16.90298mm shorter than Bodo. Lastly, EKB is largest with Broken Hill 

(110.1225mm) followed by Bodo (109.334mm) and Modern Homo (89.35461mm). 

 Table 28 represents the Facial Breadth for African fossils and Modern Homo as recorded 

by the calipers. Idaltu was omitted due to damages. As in Table 26, fmt-fmt and WFB share a 

similar pattern for Broken Hill, Bodo, and Modern Homo.  
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Table 28: Facial Breadth (Component 3) Observed Values for fmt-fmt, WFB, OBB L, DKB, 

and EKB for select African Fossils and Mean Values for Modern Homo (n=10) 

Group 3 Broken Hill Idaltu Bodo Modern Mean 

fmt-fmt 132.8  135.7 108.445 

WFB 99.45  103.7 95.15 

OBB L 45.25  40.55 39.31 

DKB 33.35  37.15 24.015 

EKB 104.2  109.7 87.455 

 

Orbital Breadth Left is largest for Broken Hill at 45.25mm long. This is 4.7mm larger than Bodo 

and 6.1mm larger than Modern Homo. DKB and EKB show a similar pattern as fmt-fmt and 

WFB. Bodo being the largest at 37.15mm and109.7mm long, followed by Broken Hill at 

33.35mm and 104.2mm. Modern Homo is the smallest for DKB and EKB each measurement 

being 24.015mm and 87.455mm. 

 Figure 15 represents the data from Table 27 in a graphic form. This component 3 is for 

the African Fossils. Because Idaltu was omitted it does not show up on this figure. 
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Figure 15. Component 3: Facial Breadth for African Fossils and Modern Homo sapiens Mean Values 

The clustering of fmt-fmt and EKB are nearly on top of each other for Broken Hill and Bodo. 

While the remaining three measurements show some distance between the two specimens. The 

widest distance is for WFB with Bodo being larger than Broken Hill. 

 Figure 26 represents the digitizer illustration of the data presented in Table 27. The Facial 

Breadth of each fossil is presented here even though Idaltu was omitted from the tables and 

figure. The only measurement recordable for Idaltu was DKB as illustrated below. It appears to 

resemble Bodo much more than it does Broken Hill. Bodo’s WFB measurement is illustrated 

much further away from fmt-fmt in comparison to Broken Hill’s. The last difference is seen in 

OBB L for Broken Hill. The angle at which OBB L touches DKB is oddly inline (nearly 180º) 

while Bodo’s is closer to 100º-110º.  
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Plate 25. African Fossils 3D representation of craniometric component 3 (Right to Left: Bodo, Broken Hill, Idaltu).  
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Posterior Cranial Shape and Nasal Shape 

 Lastly, Posterior Cranial Shape and Nasal Shape (Component 4) is comprised of the 

measurements Occipital Chord (l-op), Opisthion to Opisthocranion (o-op), Nasion Breadth 

(NLB), and Nasion Height (NLH). These are being used to assert whether there is any relation 

between nasal shape and the occipital bun size. Finally, component 4 comprises of four 

measurements NLB, o-op, NLH, and l-op. These illustrate the remaining craniometrics, while 

also addressing the question of a chignon as well as nasal height and width, which are commonly 

considered to be adaptations to geographical climate and specifically cold weather. 

Traditional Neandertal Fossils 

 In component 4, the measurements of the posterior cranial shape as well as the nasal 

shape are measured. Table 29 represents the Posterior Cranial Shape and Nasal Shape for the 

Traditional Neandertal fossils and Modern Homo as measured by the Digitizer.  

Table 29: Posterior Cranial Shape and Nasal Shape (Component 4) Observed Values for l-op, o-op 

and NLH, NLB for Traditional Neandertal Fossils and Modern Homo (n=10) 

 La Chapelle Gibraltar 1 La Ferrassie Atapureca 5 Modern Means 

l-op 54.9594 63.5006 57.7548 52.8831 67.42835 

o-op 42.9247 51.3866 49.6512 39.3263 45.47008 

NLH 48.3579 49.882 62.6468 54.5949 50.76149 

NLB 27.4712 33.2345 28.9815 35.5242 20.09382 

 

In this table, we can see that Gibraltar 1 is the longest l-op of the fossils, while Modern Homo is 

the largest over all at 67.42835mm. Atapureca 5 is observed as the shortest with 52.8831mm in 

length. For o-op Gibraltar 1 is the largest at 51.3866mm. this is 12.0603mm larger than the 

smallest which is Atapureca 5. The Nasal Height length for La Ferrassie is the largest with 
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62.6468mm, following is Atapureca 5 with 54.5949mm and Modern Homo with 50.76149mm. 

The two fossils, La Chapelle and Gibraltar 1 are off by around 1mm, La Chapelle being the 

smallest of the whole group. The Nasal Breadth (NLB) is widest with Atapureca 5 at 

35.5242mm. Gibraltar 1 is observed at 33.2345mm. La Chapelle and La Ferrassie are only 

~1mm different than each other and Modern Homo expresses the shortest width with 

20.09382mm. 

Table 30 represents the Posterior Cranial Shape and Nasal shape for the Traditional 

Neandertal Fossils and Modern Homo as measured by the calipers.  

Table 30: Posterior Cranial Shape and Nasal Shape (Component 4) Observed Values for l-op, 

o-op, NLH, and NLB for select Traditional Neandertal Fossils and Mean Values for Modern 

Homo (n=10) 

Group 4 La Chapelle Gibraltar 1 La Ferrassie Atapureca 5 Modern Mean 

l-op 54.9 64.7 64.3 53.6 70.99 

o-op 55.1 51 51.7 41.05 44.49 

NLH 75.6 50.7 64.1 52.6 51.225 

NLB 28.4 32.7 30.5 34.55 21.135 

 

For measurement l-op Gibraltar 1 and La Ferrassie are only 0.4mm difference. The 

Modern Homo sample measures in at the largest with 70.99mm. While Atapureca 5 is the 

smallest with 53.6mm. The measurement for o-op shows a lot of similarities. Specifically 

looking at Gibraltar 1 and La Ferrassie they differ only by 0.7mm, La Ferrassie being the larger 

of the two. La Chapelle is the largest measuring at 55.1mm with Atapureca 5 the smallest at 

41.05mm. The Nasal Height (NLH) for La Chapelle was measured at a whopping 75.6mm, 

25mm larger than the shortest height of Gibraltar 1 at 50.7mm. Atapureca 5 and Modern Homo 



 

103 
 

are relatively close together measuring only 1.375mm difference. Lastly, NLB is largest in 

Atapureca 5 observed at 34.55mm followed by Gibraltar 1 and La Ferrassie. La Chapelle and 

Modern Homo vary by ~7mm making modern homo the shorter breadth. 

 Figure 16 represents the graphic representation of the data presented in Table 28 for the 

Posterior Cranial Shape and Nasal Shape for Traditional Neandertals as measured by the 

Digitizer. 

 

Figure 16. Component 4: Posterior Cranial Shape and Nasal Shape for Traditional Neandertals and Modern Homo sapiens and 
Mean Values 

 

As you can see there is a wide spread of each fossil’s measurement, but smaller clusters within 

each spread. For instance, NLB shows a difference between La Ferrassie and La Chapelle 

compared to Gibraltar 1 and Atapureca 5. These however are grouped together as Gibraltar 1 and 

Atapureca 5 being closer together. The same can be said for La Chapelle and La Ferrassie. 

Though for the Nasal Height this trend is changed. La Ferrassie is far from the rest of the fossils, 

while Atapureca 5 sits in the middle. The two remaining fossils are clustered together on the 
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lower end of this measurement. As for l-op the spacing of three fossils, La Chapelle, La 

Ferrassie, and Atapureca 5 seem to be almost evenly parsed, while Gibraltar 1 is observed much 

higher. Lastly, two more clusters appear with o-op. Gibraltar 1 and La Ferrassie are the closest 

together overlapping just a little bit. While La Chapelle and Atapureca 5 are clustered similarly, 

though they have more space between them than the first two. 

 Plate 27 represents the illustrations of the Digitizer Data presented in Table 29. This 

portrays graphically the Posterior Cranial Shape and Nasal Shape of the Traditional Neandertals 

as recorded by the Digitizer. Immediately we can see that the angle for all four fossils at the 

intersection of l-op and o-op are varied. Atapureca 5 appears to have an angle of nearly 90º as 

compared to La Ferrassie which has a much larger angle. The Nasal Height and Breadth are also 

note worth here, Atapureca 5 having a taller height compared to the other three. 
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Plate 26. Traditional Neandertal 3D representation of craniometric component 4 (Clockwise: Atapureca 5, 
Gibraltar 1, La Chapelle, La Ferrassie). 
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Archaic European Fossils 

 Table 31 represents the Posterior Cranial Shape and Nasal Shape for Archaic European 

fossils and the Modern Homo sample as recorded by the Digitizer. Steinheim was omitted due to 

damage.  

Table 31: Posterior Cranial Shape and Nasal Shape (Component 4) Observed Values for l-op, 

o-op, and NLH, NLB for Archaic Europeans and Modern Homo (n=10) 

Group 4 Cro-Magnon Steinheim Oase 2 Modern Means 

l-op 59.1518  55.5582 67.42835 

o-op 63.8852  58.5335 45.47008 

NLH 43.9967  49.2273 50.76149 

NLB 22.877  24.8814 20.09382 

 

The l-op measurement is observed for both fossils as being shorter than that of the modern Homo 

sample. Oase 2 being the shortest at 55.5582mm long. This is reversed for o-op where Cro-

Magnon is the largest at 63.8852mm and Modern Homo is the shortest at 45.47008mm. The 

Nasal Height and Nasal Breadth for all three are relatively close in measurements. Modern 

Homo being the largest at 50.76149mm, Oase 2 49.2273mm and Cro-Magnon having the 

smallest Nasal Height 43.9967mm. The Nasal Breadth again reverses this trend and puts Oase 2 

back on top with 24.8824mm wide, Cro-Magnon 22.877mm wide, and Modern Homo 

20.09382mm. 

 Table 32 represents the Posterior Cranial Shape and Nasal Shape for Archaic Europeans 

fossils and Modern Homo as recorded by the calipers. Steinheim was omitted due to damages. 

For l-op Modern Homo has the largest length measuring in at 70.99mm long. While both Cro-
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Magnon 60.8mm, ~10mm shorter, and Oase 2 is 58.4mm. o-op is measured with Cro-Magnon 

being the longest at 67.6mm. Oase 2 60.05mm and Modern Homo the shortest with 44.49mm.  

Table 32: Posterior Cranial Shape and Nasal Shape (Component 4) Observed Values for l-op, 

o-op, NLH, and NLB for select Archaic European Fossils and Mean Values for Modern Homo 

(n=10) 

Group 4 Cro-Magnon Steinheim Oase 2 Modern Mean 

l-op 60.8  58.4 70.99 

o-op 67.6  60.05 44.49 

NLH 46.1  49.15 51.225 

NLB 21.2  25.65 21.135 

 

The Nasal Height for Cro-Magnon falls in the middle all three at 46.1mm tall. The larger 

measurement is found with Modern Homo at 51.225mm. Lastly, Nasal Breadth is observed at the 

widest for Oase 2 with 25.65mm. The Modern Homo and Cro-Magnon both fall on 21mm 

differing only by 0.065mm. 

 Figure 16 represents the graphical presentation of the data from the digitizer 

measurements in Table 31 for Posterior Cranial Shape and Nasal Shape. 
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As you can see the measurements for the nasal shape are closely clustered for Cro-Magnon and 

Oase 2. While their Posterior Cranial measurements are spread further apart. Specifically, further 

in the o-op measurement than the l-op. 

 Plate 28 represents the Digitizer data illustrated from Table 31 for Posterior Cranial 

Shape and Nasal Shape for Archaic Europeans. Here we can see the size of the measurements 

look similar between all three fossils, however the placement and shape of the measurements are 

different. For instance, Cro-Magnon appears to have a nasal height that dips below that of 

Basion-Prostion, while in Oase 2 it is much more in line with that measurement. 

  

Figure 17. Component 4: Posterior Cranial Shape and Nasal Shape for Archaic Humans of Europe and Modern Homo sapiens 
Mean Values 
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Plate 27. Archaic Modern Homo 3D representation of craniometric component 4 (Right to Left: Cro-Magnon, Oase 2, Steinheim). 
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West Asian Fossils 

 Table 33 represents the Posterior Cranial Shape and Nasal Shape (Component 4) of West 

Asian Fossils and Modern Homo using the digitizer. Shanidar 1 was omitted for all the 

measurements and Shanidar 5’s posterior cranial measurements were not taken due to damage.  

Table 33: Posterior Cranial Shape and Nasal Shape (Component 4) Observed Values for l-op, o-

op, and NLH, NLB for Western Asian Fossils and Modern Homo (n=10) 

 Shanidar 1 Shanidar 5 Skhul V Modern Means 

l-op   54.9211 67.42835 

o-op   53.0502 45.47008 

NLH  59.6482 48.2988 50.76149 

NLB  37.4461 30.0557 20.09382 

For those measured for posterior cranial shape, Skhul V is much smaller than the modern Homo 

sample for l-op, measuring 54.9211mm. This is reversed however o-op where Skhul V is 

53.0502mm long and Modern Homo is 45.47008mm. Nasal Height (NLH) is observed as being 

very close together. Shanidar 5 having the largest height with 59.6482mm and Skhul V having 

the shortest at 48.2988mm. The Nasal Breadth follows the same pattern for the fossils as does the 

Nasal Height. Shanidar 5 having the widest breadth with 37.4461mm, followed by Skhul V 

30.0557mm and Moderns falling below that with 20.09382mm. 

 Table 34 is the observed values for component 4 for West Asian Fossils and Modern 

Homo as measured by the calipers. Shanidar 1 was omitted for all the measurements as was 

Shanidar 5 for the posterior cranial measurements (l-op, o-op).  
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Table 34: Posterior Cranial Shape and Nasal Shape (Component 4) Observed Values for l-op, 

o-op, NLH, and NLB for select West Asian Fossils and Mean Values for Modern Homo 

(n=10) 

Group 4 Shanidar 1 Shanidar 5 Skhul V Modern Mean 

l-op   56.8 70.99 

o-op   54.6 44.49 

NLH  57.6 47.7 51.225 

NLB  35.7 30.4 21.135 

 

Skhul V has the shorter l-op measurement with 56.8mm as opposed to Modern Homo who is 

measured at 70.99mm. This trend is reversed for o-op with Skhul V being the larger 54.6mm 

being 10.11mm larger than Modern Homo. The Nasal Height shows only a 6.375mm difference 

between Shanidar 5 and Modern Homo. While Skhul falls below both at 47.7mm. Lastly, Nasal 

Breadth is observed with Shanidar 5 having the largest width with 35.7mm, followed by Skhul V 

with 30.4mm, and Modern Homo with 21.135mm. 

Figure 18 represents the graphical representation of the data presented in Table 33 for 

Posterior Cranial Shape and Nasal Shape for West Asian Fossils as measured with the Digitizer. 

Because there was only nasal shape recorded for both fossils, these are the only compared traits 

displayed. They appear to be greatly different from each other for both Nasal Height and Nasal 

Breadth. Spanning more than ~15mm difference visually. 
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 Plate 29 represents the digitizer illustration of the data presented in Table 33 for Posterior 

Cranial Shape and Nasal Shape for West Asian Fossils. The only real comparable measurements 

are the nasal shape for Shanidar 5 and Skhul V. Here we see Skhul V showing a slightly longer 

height in NLH compared to Shanidar 5. But Shanidar 5 has a larger width for NLB. 

  

Figure 18. Component 4: Posterior Cranial Shape and Nasal Shape for Western Asian Fossils and Modern Homo sapiens Mean 
Values 
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Plate 28. Middle East 3D representation of craniometric component 4 (Right to Left: Shanidar 1, Shanidar 5, Skhul V). 
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African Fossils 

Table 35 represents the Posterior Cranial Shape and Nasal Shape for African Fossils and 

Modern Homo as recorded by the Digitizer. Idaltu was omitted due to damages.  

Table 35: Posterior Cranial Shape and Nasal Shape (Component 4) Observed Values for l-op, o-op, 

and NLH, NLB for African Fossils and Modern Homo (n=10) 

Group 4 Broken Hill Idaltu Bodo Modern Means 

l-op 47.19  61.7301 67.42835 

o-op 60.8451  58.2694 45.47008 

NLH 57.0053  54.6194 50.76149 

NLB 28.3711  34.1601 20.09382 

Bodo and Modern Homo fall within the 60mm range for l-op, a difference of only 

5.69825mm. While Broken Hill is far shorter than these two at 47.19mm. For o-op Broken Hill 

has the largest at 60.8451mm followed by Bodo with 58.2694mm. The shortest measurement is 

45.47008mm. The Nasal Shape is observed within the 50mm’s. Broken Hill being the highest at 

57.0053mm, Bodo 54.6194mm, and Modern Homo the shortest height 50.76149mm. The Nasal 

Breadth is the largest for Bodo with 34.1601mm. Broken Hill measuring at 28.3711mm and the 

shortest width being Modern Homo, 20.09382mm. 

Table 36 represents the Component 4 observed values for African Fossils and Modern 

Homo as measured with the calipers. Idaltu was omitted due to damages. The largest 

measurement for l-op is the modern homo at 70.99mm. Bodo l-op is in the middle at 64mm. and 

Broken Hill having the shortest length at 43.3mm.  
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Table 36: Posterior Cranial Shape and Nasal Shape (Component 4) Observed Values for l-op, 

o-op, NLH, and NLB for select African Fossils and Mean Values for Modern Homo (n=10) 

Group 4 Broken Hill Idaltu Bodo Modern Mean 

l-op 43.3  64 70.99 

o-op 63.9  59.75 44.49 

NLH 57  52 51.225 

NLB 29.2  36.3 21.135 

The measurement o-op is largest with Broken Hill at 63.9mm. Bodo falling in the middle 

and Modern Homo the shortest with 44.49mm. The nasal shape falls within the 50mm’s for nasal 

height. Broken Hill being the largest at 57mm, Bodo at 52mm, and modern homo falling in just 

at 51.225mm. The nasal Breadth is reversed for Bodo and Broken Hill, Bodo being 36.3mm and 

Broken Hill is 29.2mm. 

Figure 18 represents the graphical representation of the digitizer data collected from 

Posterior Cranial Shape and Nasal Shape for African Fossils. 

Figure 19. Component 4: Posterior Cranial Shape and Nasal Shape for African Fossils and Modern Homo sapiens Mean Values 
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The fossils compared are Broken Hill and Bodo. These show a great difference between l-op and 

NLB. The measurements o-op and NLH are clustered together leaving only a little space 

between both measurement. 

 Plate 30 represents the illustration of the digitizer as recorded from the Table 35 for 

Posterior Cranial Shape and Nasal Shape. The measurement size for Nasal Shape for Bodo and 

Broken Hill are remarkably similar however, the shape is different for Bodo. The Posterior 

Cranial Shape expresses a different angle between Bodo and Broken Hill. Bodo having a close to 

90º angle compared to Broken Hill. 
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Plate 29. African Fossils 3D representation of craniometric component 4 (Right to Left: Bodo, Broken Hill, Idaltu). 
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Based on the analysis of the STET for each fossil cast, the research question can be 

answered to some degree. Wolpoff and Lee (2001) state that while the use of the STET statistical 

analysis had been adapted to fit their study, so too that the STET should be adapted to all sample 

size criteria. In this study the analysis of the data has been taken into consideration based on the 

total sample size measured for the comparison of Neandertals and Pleistocene fossils to Modern 

Humans as well as the number of measurements taken in total. Because of the 

incompleteness/damage of the fossil casts, not every measurement of the 22 listed in the methods 

section were taken, but great care was used in providing the most precise landmarks of each 

sample and assessing the reliability of the associated measurements.  

 The STET statistical analysis also provides insight into the consistency of the different 

measuring techniques used in this study. By comparing the identical measurements of the 

samples based on the technique used for recording, the graph should show consistency 

dissimilarities between the techniques and the data collected. This is the result of the differences 

between measuring techniques and the necessity for a degree of measurement. In other words, 

how much of a significance is the need for measuring these skulls past .000 of an mm? 

 This brings up the second research question: Ultimately, the answer should be no. The 

measuring techniques have been standardized since Howells (1966, 1973, 1989) and Moore-

Jansen et al. (1994), and have provided for reasonable, if not exemplary collection of both 

landmarks and measurements. The transition from traditional methodological recording to more 

modern and technological applications are what is at the forefront of moving science forward. 

This study sets forth a challenge to traditional techniques. Without removing the large body of 

work that has come before, a new technique should be adapted to maximize the collection of data 

that has reinforced our understanding of taxonomic placement and the species concept. This 
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technique has been outlined in the material and methods section. By using the Microscribe 

Digitizer as a substitute for traditional measuring calipers, a recording of the individual 

landmarks can be mapped, edited, and saved digitally on a computer, while preserving the same 

integrity. 
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Chapter 5 

Discussion 

 This study examined two research questions: (1) does Pleistocene (H. heidelbergensis, H. 

neanderthalensis, Archaic H. sapiens) cranial morphology fall within modern human cranial 

variation and (2) is there a difference in consistency of measuring techniques related to 

craniometric analysis. 

Measuring Techniques 

The tables, figures, and plates in Chapter 4, illustrate the mean values of the four different 

components for each geographical set of fossil casts. Compared to the caliper mean values for 

the four different components by geographical set of fossils. A graphic image of only the 

Digitizer mean data with the STET method (Wolpoff and Lee 2001). Additionally, the plates 

represent a graphic illustration of the means created by the Microscribe Digitizer as well as that 

of the Rhinoceros 3.0 computer program (the modern Homo sapiens found additionally within 

the Appendix A). 

This research found the difference between caliper measurements and digitizer 

measurements to be one to three millimeters’ difference based on landmark being measured. The 

largest discrepancy occurs within the fossil samples of measurement PAC resulting in a 

difference of 3.8690166mm (Table 1). While the difference in measuring techniques for the 

Modern Homo resulted in 3.39188mm (Table 1). There is a significant difference in case of 

replicability between the two techniques used in this study. The digitizer creates fixed virtual 

points on the computer that might be easier to measure/interpret but are more difficult to correct. 

To change the landmark being recorded, the researcher must rerecord all the landmarks with the 

digitizer due to the way that the data is recorded, because each landmark is in relation to the 
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other landmarks while using the digitizer. This also goes along with the movement of the 

specimen while digitizing, if the skull is moved during the process of recording, then the rest of 

the landmarks recorded will be off. With Calipers, the researcher can freely place and replace the 

calipers along the skull without having recorded anything. 

 While some of the measurements are easier to record with the digitizer, the technique 

requires a strict standardization and pattern to recording the landmarks. Other studies have 

compared the Microscribe digitizer style of recording to that of laser scanning techniques 

(Algee-Hewitt and Wheat 2016). In their study the authors compared laser scanning and digitizer 

for recording landmark data on modern crania. They concluded that the laser scanning technique 

can be problematic but rewarding in the consistency and holistic recording of the crania, but 

landmarks presented less accurate results (Algee-Hewitt and Wheat 2016). Additionally, in 

Sholts et al. (2011) their study compared three types of craniometric landmarks and the way they 

are recorded with a 3D scanner versus a 3D digitizer. They concluded that while some of the 

types of landmarks were more accurate with the 3D scanner, that exocranial landmarks like 

opisthocranion were much easier to record with the digitizer (Sholts et al. 2011). 

Likewise, in this study, the digitizer protocol can be much more reliable than caliper 

measurements, though, as stated above, the consistency of each data point is related to the first 

point recorded. If the crania are moved at all before the final landmark is recorded, there would 

be considerable error. The biggest issue with using the digitizer over calipers is that after 

recording landmarks into the virtual space, the researcher is unable to manipulate anything 

additional.  

Additionally, a test for randomness was done on both the fossil mean sample 

measurements for the digitizer and calipers as well as for the Modern Homo sapiens mean 
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sample. This was done to assess the probability of the measurements taken by the digitizer and 

calipers are not in fact random. The results of which indicate that there is insufficient evidence to 

dispute the hypothesis that the sequence of measurements taken are in fact random. This was 

done with an α=5% and that the measurements fell within the critical values for number of runs. 

Looking back at the digitizer data, it becomes nothing more than the distance from one 

landmark to the other in a picture (Appendix A), the primary advantage of the digitizer method is 

the accuracy of the landmarks which can be measured to the 8th decimal point via this technique. 

This technique far surpasses even digital calipers which only measure to the thousandth decimal 

point. The additional decimal points provide precision to the measurements being recorded, this 

records and brings significance to the measurements and the measuring technique. It must be 

concluded with research question 1: H1, that there is, as mentioned above, a difference in 

measuring consistency up to eight decimal points. 

 The test implication 1 suggests that while the eight-decimal point is more accurate for 

each measurement it does not however change the relative size and shape compared to the 

caliper measurements. As observed in Table 3 there are some landmarks that are greater by one 

standard deviation for the calipers, while other landmarks are measured equally. 

Adaptation and Genetics 

The second discussion that this study has produced comes in the form of answering the 

second research question asked at the beginning of this thesis; Does Neandertal cranial 

morphology fall within the variation of modern humans. Of the fossil casts, available at WSU-

BAL, each was compared to each other including modern cadaver as the modern samples. The 

three different fossil groups are Neandertals, Homo heidelbergensis, and archaic humans, which 

comprise of the late Pleistocene crania that have been recovered. If we are separating these 
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samples as defined by the historical species names, then the groups are as follows La Chapelle-

Aux-Saints, La Ferrassie 1, Shanidar 1, Shanidar 5, Atapureca 5, and Gibraltar 1 are considered 

Neandertals. Skhul V, Bodo, and Steinheim are considered Homo heidelbergensis and the 

remaining fossils, Oase 2, Cro-Magnon, and Idaltu are considered archaic modern humans. 

When comparing the samples in this fashion results, fossils such as La Chapelle, show 

more congruent measurements with La Ferrassie 1, than say one of the modern crania. While this 

reinforces a historic/geographical congruency within the samples, there are interesting parallels 

within some of the samples spanning larger geographic and temporal space. For instance, La 

Chapelle and Bodo are morphologically measured to agree though the fossils themselves are 

found on different continents. Additionally, fossils that are found in the West Asia are less like 

Bodo, from Africa. 

This difference could in fact be climatological based, referring to the measurements 

found in component 4, Postcranial shape and Nasal Shape. It has long been thought that 

Neandertals were cold adaptive due to the robustness of the postcranial remains and climate 

history in which they were found. Though the size and shape of the nasal aperture are all 

congruent with each other as well as within a variable range of the modern sample, by as much 

as 10mm in the fossil group 1, which includes La Chapelle-Aux-Saints, La Ferrassie, Gibraltar 1, 

and Atapureca 5. While the nasal height is greater than 19mm for the two middle east samples 

that were measured, Shanidar 5 and Skhul V. This difference in geographical size in comparison 

to Middle Eastern and European could be an example of poor gene flow, or genetic drift. Non-

African Modern Homo sapiens have 1% to 4% Neandertal mtDNA (Green et al. 2010). This 

suggests that there was at least some interaction and spreading of genetic information between 

demes, though the question now is how much was shared. Accordingly, by interpreting our 
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findings from this thesis, the measurements suggest that, except for the Middle Eastern nasal 

discrepancy, that if nasal size and shape are genetically controlled, then gene flow was in fact 

occurring between the Neandertal demes of Europe, the archaic Homo sapiens of Europe, and 

possibly the archaic H. sapiens and H. heidelbergensis of Africa. 

 While the comparison of modern humans to modern humans found in WSU-BAL show 

signs of sexual dimorphism among males and females. Knowing that the samples from WSU-

BAL are in fact modern Homo sapiens, comparing them to some of the fossils can give us a 

better understanding of where each fossil stands in relation to moderns. For instance, Idaltu is 

remarkably akin to many of the modern samples even though Idaltu is dated well before some of 

the Neandertal fossils used in this study. While, there is more differences between measurements 

of male and female moderns, it is not enough to classify them as separate species. With how can 

this be looked at morphologically similar hominins and suggest that they were entirely unable to 

reproduce? This topic will be explored in greater detail in the final section. 

 The fossil casts at WSU-BAL do look different than that of modern humans, though can 

it be within reason that they fit within what we deem modern variation? Each fossil cast is a 

separate species or even a sub-species. Homo heidelbergensis, Homo neanderthalensis, and 

Homo sapiens all have unique traits that make them categorical by type though are they that 

much different genealogically? It may be easier to look at each species temporally and 

geographically (Hawks 2000), knowing that the transmission of genetic material would be much 

more difficult having a wide range of small populations spread out across Europe, Africa, and 

West Asia. But by analyzing the fossils altogether brings about the bigger picture. To better 

understand these small samples, it would be beneficial to view these “species” as small pockets 

of a bigger population. Wolpoff and Lee (2001) suggest that in their study that the two sample 
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populations they were looking at were on the extremes of the spectrum, meaning that variation 

could be possible among other individuals not measured during that study. By categorizing 

features and traits as fitting one of two categories, paleoanthropic and neanthropic, it limits the 

way we can understand variation.  

 Accordingly, this question gives rise to one of the most important and debated topic in 

paleoanthropology. That debate is the origin of modern humans, i.e. the eve hypothesis or 

multiregional evolution. Both have been debated throughout the last 50 years with varying 

degrees of evidence to support each side’s claim. One large complaint about multiregional 

evolution is that it means multiple origins (Wolpoff, Hawks, Caspari 2000), this is not the case 

and is largely a misunderstanding of the terminology. The authors describe the inaccessibility 

that most professionals have over the replacement or worldwide evolution of a single species as a 

viable explanation for the fossil remains found throughout the old world. Green et. al. 2010 states 

that of non-African moderns share 1% to 4% of their nuclear DNA with Neandertals. This 

suggests that at least occasional gene flow was occurring and that interbreeding was within 

Eurasia. 

 This can be illustrated through looking at the population genetics as reproductively 

isolated groups. Populations that share geographical proximity, tend to look similar baring 

species difference. The fact that non-African moderns share 1% to 4% of their nuclear DNA with 

Neandertals than we can conclude that there were populations interbreeding with each other. 

 Instead of thinking of these different looking hominins as types, we should consider them 

in terms of geographic populations or even reproductive deme. Caspari 2003, discusses the race 

concept throughout the history of physical anthropology, she outlines an interesting point in how 

we have considered race and its importance. There is no essence that any skeletal material holds 
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that makes the skeleton look the way it does, but rather the human skeleton is created through the 

interpretation of genes being spread from one group to another and back again, in addition to the 

environment in which that individual is alive in. The morphology that we have utilized for so 

long is being replaced by the work of genetic analysis and mtDNA interpretation (Green et al 

2010). 

 As for the research question one: it must be concluded with research question 1: H1, that 

there are differences between size and shape of the crania measured for the Pleistocene fossils. 

The test implication 1, that there are enough of the fossil casts that fall outside of the modern 

Homo sapiens variation. 
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APPENDICES 

 The plates below illustrate the 3D conceptualization that the Digitizer has created through 

this thesis. There are ten different plates for Modern Homo. Though that would take up quite a 

bit of room, only one from each has been selected below.  

A. Male Modern Homo 

 

Plate 20. C005 (Provided by WSU-BAL) 
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Plate 21. C008 (Provided by WSU-BAL) 
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Plate 22. C058 (Provided by WSU-BAL) 
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Plate 23. C061 (Provided by WSU-BAL) 
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Plate 24. C081 (Provided by WSU-BAL) 
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Female Modern Homo 

 

Plate 25. C004 (Provided by WSU-BAL) 
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Plate 26. C009 (Provided by WSU-BAL) 
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Plate 27. C063 (Provided by WSU-BAL) 
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Plate 28. C070 (Provided by WSU-BAL) 
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Plate 29. C079 (Provided by WSU-BAL) 
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B. Data Ranges 

 Below are the data ranges from both the digitizer and caliper measurements for each 

fossil cast’s landmarks and their max and min value measured from the n=10 times. 

Table 20: Broken Hill 

Digitizer Calipers 

Max Min Range Max Min Range 

199.199 169.518 29.681 200 198 2 

0 0 0 0 0 0 

128.524 124.965 3.559 126 123 3 

106.156 105.002 1.154 106 105 1 

117.695 116.291 1.404 118 116 2 

78.708 76.997 1.711 81.5 78 3.5 

71.063 69.451 1.612 71 69 2 

0 0 0 0 0 0 

92.401 89.629 2.772 94 92 2 

101.054 97.145 3.909 102 98 4 

136.286 130.53 5.756 134 132 2 

59.013 55.398 3.615 58 56 2 

30.261 27.703 2.558 31 28 3 

45.999 40.743 5.256 46 44.5 1.5 

44.269 38.308 5.961 48 41 7 

112.69 106.589 6.101 107 99 8 

34.848 30.472 4.376 34.5 30 4.5 

118.365 115.05 3.315 119 116 3 

110.644 107.598 3.046 110 106 4 

87.504 85.278 2.226 87 85 2 

58.949 39.912 19.037 46 41 5 

44.23 39.204 5.026 41 39 2 

64.336 57.75 6.586 65 63 2 
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Table 21: La Chappelle-Aux-Saints 

Digitizer Calipers 

Max Min Range Max Min Range 

196.115 194.056 2.059 201 196 5 

142.597 140.406 2.191 143 130 13 

121.244 119.059 2.185 122 120 2 

109.718 106.872 2.846 108 105 3 

121.214 119.102 2.112 123 120 3 

63.298 63.298 0 0 0 0 

0 0 0 0 0 0 

134.768 131.577 3.191 133 122 11 

72.265 67.394 4.871 79 73 6 

101.958 99.126 2.832 103 101 2 

113.854 109.08 4.774 116 114 2 

49.311 46.748 2.563 52 48 4 

29.274 25.99 3.284 31 23 8 

41.967 38.091 3.876 45 40 5 

42.538 39.552 2.986 41 37 4 

98.891 95.093 3.798 98 92 6 

22.697 17.876 4.821 25 20 5 

106.848 101.483 5.365 103 92 11 

123.666 87.252 36.414 138 120.5 17.5 

91.275 75.584 15.691 85 78 7 

76.026 45.526 30.5 58 52 6 

47.274 45.695 1.579 46 44 2 

44.34 40.857 3.483 64 45 19 
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Table 22: Skhul V 

Digitizer Calipers 

Max Min Range Max Min Range 

189.914 188.161 1.753 191 188 3 

143.904 142.416 1.488 144 143 1 

124.447 122.253 2.194 125 123 2 

93.92 91.563 2.357 95 93 2 

111.522 110.329 1.193 115 108 7 

69.165 66.806 2.359 72 69 3 

69.387 67.741 1.646 66 64 2 

131.536 129.569 1.967 132 124 8 

76.159 72.161 3.998 76 73 3 

105.012 101.674 3.338 105 104 1 

124.932 122.623 2.309 128 126 2 

50.426 46.487 3.939 49 47 2 

30.838 29.327 1.511 32 29 3 

44.749 42.828 1.921 47 43 4 

44.478 41.433 3.045 47 44 3 

110.082 105.614 4.468 109 104 5 

29.155 24.972 4.183 31 27 4 

116.768 98.28 18.488 111 101 10 

133.279 117.032 16.247 135 119 16 

90.036 88.631 1.405 91 88 3 

56.191 54.25 1.941 59 55 4 

42.594 40.963 1.631 43 39 4 

54.337 51.679 2.658 56 53 3 
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Table 23: La Ferrassie  

Digitizer Calipers 

Max Min Range Max Min Range 

194.263 191.773 2.49 195 191 4 

145.483 140.088 5.395 140 135 5 

131.658 129.765 1.893 131 130 1 

116.264 114.163 2.101 116 114 2 

124.347 121.688 2.659 126 118 8 

75.145 70.254 4.891 76 69 7 

0 0 0 0 0 0 

139.584 138.399 1.185 142 134 8 

85.308 81.104 4.204 92 86 6 

108.967 107.109 1.858 108 104 4 

120.657 118.269 2.388 123 121 2 

63.67 61.396 2.274 67 63 4 

29.951 26.707 3.244 33 29 4 

45.688 42.256 3.432 47 43 4 

45.656 41.986 3.67 46 44 2 

105.105 100.88 4.225 103 96 7 

25.418 22.801 2.617 30 25 5 

121.021 110.317 10.704 110 101 9 

111.971 100.755 11.216 126 111 15 

94.43 90.413 4.017 95 90 5 

60.571 55.496 5.075 73 60 13 

43.041 39.448 3.593 42 39 3 

52.002 46.617 5.385 54 49 5 

 

  



 

147 
 

Table 24: Atapureca 5 

Digitizer Calipers 

Max Min Range Max Min Range 

170.774 169.356 1.418 172 170 2 

133.195 130.559 2.636 134 130 4 

112.538 110.667 1.871 112 111 1 

107.766 106.044 1.722 108 106 2 

121.952 121.091 0.861 123 121 2 

68.919 65.471 3.448 69 66 3 

56.397 53.768 2.629 58 56 2 

123.582 112.886 10.696 125 121 4 

80.35 77.161 3.189 81 79 2 

100.013 98.307 1.706 99 96 3 

126.983 117.573 9.41 130 127 3 

57.705 52.235 5.47 55 51 4 

36.695 34.65 2.045 36 33 3 

40.064 37.143 2.921 43 41 2 

39.471 36.247 3.224 48 36 12 

102.906 100.448 2.458 102 97 5 

31.358 28.681 2.677 30 29 1 

95.561 92.971 2.59 96 94 2 

97.12 94.716 2.404 97 93 4 

73.24 71.595 1.645 73 73 0 

55.917 50.781 5.136 55 53 2 

34.9 33.496 1.404 34 32 2 

40.888 37.767 3.121 42 40 2 
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Table 25: Cro-Magnon 

Digitizer Calipers 

Max Min Range Max Min Range 

198.663 196.35 2.313 200 196 4 

0 0 0 0 0 0 

130.248 123.41 6.838 135 124 11 

108.828 96.531 12.297 110 104 6 

109.804 101.109 8.695 113 105 8 

0 0 0 0 0 0 

58.223 55.692 2.531 59 57 2 

118.192 117.23 0.962 120 116 4 

61.145 59.007 2.138 64 60 4 

103.642 102.84 0.802 105 100 5 

120.929 113.13 7.799 122 120 2 

45.753 42.718 3.035 48 44 4 

23.887 21.24 2.647 23 20 3 

42.87 39.053 3.817 44 39.5 4.5 

42.205 40.69 1.515 43 39 4 

100.3 96.56 3.74 101 97 4 

24.827 20.699 4.128 25 23 2 

123.161 114.145 9.016 118 113 5 

128.447 103.883 24.564 136 128 8 

104.684 96.595 8.089 103 97 6 

70.867 51.34 19.527 66 55 11 

44.248 34.081 10.167 40 30 10 

66.809 60.166 6.643 71 66 5 
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Table 26: Gibraltar 1 

Digitizer Calipers 

Max Min Range Max Min Range 

188.089 185.856 2.233 187 186 1 

142.728 140.88 1.848 143 141 2 

125.667 124.054 1.613 125 124 1 

101.861 90.5 11.361 102 101 1 

107.428 104.832 2.596 111 102 9 

69.576 67.994 1.582 70 70 0 

40.432 38.647 1.785 43 35 8 

133.712 132.278 1.434 134 129 5 

63.939 62.942 0.997 65 63 2 

106.634 103.988 2.646 106 105 1 

120.628 116.989 3.639 121 120 1 

51.337 48.733 2.604 52 49 3 

34.119 32.497 1.622 34 30 4 

38.108 34.767 3.341 45 40 5 

41.84 38.536 3.304 44 40 4 

99.614 93.734 5.88 97 91 6 

27.85 23.83 4.02 31 29 2 

107.434 104.024 3.41 106 104 2 

112.208 106.624 5.584 114 109 5 

86.579 84.692 1.887 87 86 1 

64.762 60.283 4.479 65 64 1 

39.897 37.624 2.273 39 37 2 

52.982 49.354 3.628 52 50 2 
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Table 27: Steinheim 

Digitizer Calipers 

Max Min Range Max Min Range 

179.139 176.026 3.113 177 171 6 

0 0 0 0 0 0 

99.677 96.559 3.118 99 96 3 

93.079 91.178 1.901 92.5 92 0.5 

0 0 0 0 0 0 

57 54.491 2.509 57 55 2 

0 0 0 0 0 0 

107.988 106.677 1.311 109 105 4 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

46.39 45.076 1.314 47 45 2 

31.414 28.269 3.145 31 28 3 

0 0 0 0 0 0 

37.81 35.525 2.285 39 36 3 

0 0 0 0 0 0 

23.801 19.245 4.556 23 19 4 

96.337 91.173 5.164 98 94 4 

102.255 95.665 6.59 106 93 13 

0 0 0 0 0 0 

61.506 55.621 5.885 63 57 6 

0 0 0 0 0 0 

0 0 0 0 0 0 
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Table 28: Oase 2 

Digitizer Calipers 

Max Min Range Max Min Range 

187.232 185.079 2.153 187 185 2 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

70.28 68.789 1.491 71.5 70.5 1 

58.288 55.414 2.874 58 57 1 

122.554 121.879 0.675 123 121 2 

70.042 65.973 4.069 70 69 1 

98.836 96.462 2.374 97 95 2 

116.028 109.673 6.355 119 117 2 

51.028 48.206 2.822 50 48 2 

25.791 23.872 1.919 27 25 2 

40.432 37.367 3.065 41 40 1 

42.572 38.843 3.729 44 39.5 4.5 

104.568 99.639 4.929 103 100 3 

27.303 25.249 2.054 29 26 3 

117.734 117.014 0.72 119 115 4 

122.869 120.77 2.099 123 120 3 

99.734 97.796 1.938 99 99 0 

56.631 52.641 3.99 59 58 1 

0 0 0 0 0 0 

60.614 57.074 3.54 62 58 4 
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Table 29: Shanidar 1 

Digitizer Calipers 

Max Min Range Max Min Range 

196.768 195.302 1.466 196 195 1 

137.665 135.539 2.126 134 131 3 

130.353 128.313 2.04 130 129 1 

0 0 0 0 0 0 

112.647 110.873 1.774 114 112 2 

66.265 64.172 2.093 69 66 3 

0 0 0 0 0 0 

132.542 131.896 0.646 133 128 5 

0 0 0 0 0 0 

106.346 104.726 1.62 107 106 1 

116.755 112.875 3.88 121 120 1 

0 0 0 0 0 0 

29.622 22.289 7.333 31 28 3 

43.364 41.463 1.901 47 43 4 

0 0 0 0 0 0 

99.278 94.216 5.062 99 96 3 

0 0 0 0 0 0 

0 0 0 0 0 0 

138.552 134.53 4.022 139 133 6 

0 0 0 0 0 0 

52.075 45.474 6.601 52 48 4 

0 0 0 0 0 0 

0 0 0 0 0 0 
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Table 30: Shanidar 5 

Digitizer Calipers 

Max Min Range Max Min Range 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

87.539 77.832 9.707 83 81 2 

98.682 94.405 4.277 100 98 2 

117.78 113.889 3.891 121 120 1 

65.882 57.291 8.591 60 56 4 

38.032 36.972 1.06 37 35 2 

44.004 42.431 1.573 48 46 2 

45.215 42.752 2.463 46 44 2 

105.518 100.229 5.289 106 102 4 

25.316 22.686 2.63 43 28 15 

114.005 110.833 3.172 116 111 5 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 
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Table 31: Idaltu 

Digitizer Calipers 

Max Min Range Max Min Range 

215.785 214.552 1.233 217 215 2 

0 0 0 0 0 0 

149.743 147.231 2.512 148 146 2 

147.231 106.466 40.765 110 106 4 

112.825 111.739 1.086 116 113 3 

80.406 77.741 2.665 81 80 1 

65.437 64.839 0.598 66 64 2 

0 0 0 0 0 0 

85.964 83.542 2.422 88 86 2 

0 0 0 0 0 0 

0 0 0 0 0 0 

58.489 56.256 2.233 59 56 3 

28.181 25.83 2.351 29 27 2 

0 0 0 0 0 0 

42.292 39.79 2.502 44 40 4 

0 0 0 0 0 0 

35.834 28.249 7.585 38 34 4 

117.736 114.437 3.299 118 115 3 

128.368 115.629 12.739 129 124 5 

105.91 97.249 8.661 99 98 1 

83.487 70.26 13.227 75 73.5 1.5 

48.631 46.168 2.463 46 45 1 

60.261 56.998 3.263 63 59 4 
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Table 32: Bodo 

Digitizer Calipers 

Max Min Range Max Min Range 

198.404 196.783 1.621 198 196 2 

153.595 150.617 2.978 153 149 4 

124.462 123.358 1.104 125 124 1 

104.107 102.893 1.214 105 104 1 

112.756 111.814 0.942 116 114 2 

78.937 74.299 4.638 77 76 1 

65.982 64 1.982 67 66 1 

134.777 133.245 1.532 137 135 2 

84.366 81.211 3.155 88 86 2 

107.832 102.669 5.163 104 103 1 

135.733 133.961 1.772 136 135 1 

55.305 52.617 2.688 56 35 21 

36.921 22.371 14.55 37 35 2 

40.104 37.055 3.049 43 39 4 

42.858 38.701 4.157 46 41 5 

111.125 107.911 3.214 111 109 2 

38.683 36.315 2.368 38 37 1 

104.271 100.832 3.439 104 102 2 

114.609 111.096 3.513 114 112 2 

97.789 90.881 6.908 95 94 1 

62.356 61.265 1.091 65 63 2 

40.977 40.195 0.782 40 39 1 

59.334 57.401 1.933 61 58 3 
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C. Digitizer Manual Setup 

Introduction 

 The Microscribe 3D Desktop Digitizing System is a unique piece of measuring 

technology that is available for use at the Wichita State University, Department of Anthropology 

Biological Anthropology Laboratory. This tool’s use is for performing 3-dimensional digital 

reproductions of physical materials. Developed by Immersion technology, the Microscribe 

communicates with several different computer programs to translate the physical world into a 

digital one. The software available at WSU-BAL is Rhinoceros 3.0 program, a Robert McNeel 

and Associates of North America product (MicroScribe 2000). Rhinoceros 3.0 works as a 

software program capable of both creating, editing, analyzing, data and figures with and without 

the use of a Microscribe digitizer. In addition to the Microscribe digitizer, a computer, and the 

Rhinoceros 3.0 software, the researcher will require a sheet of graph paper and some molding 

clay, all of which can be found in the Wichita State University Biological Anthropology 

Laboratory. The combination of these two tools, along with the supportive materials, provides a 

researcher limitless possibilities and manipulation of physical materials in a 3-dimensional space. 

Rhinoceros 3.0 Software 

 Rhinoceros 3.0 is a software program designed to create and manipulate digital shapes 

and objects in 3-dimensional space (MicroScribe 2000). Rhinoceros 3.0 displays a four-section 

view of a 3-dimensional grid, one top down, one perspective, one front, and one right view. 

These views are customizable for the desired effect or view the researcher prefers. Each view is 

of the same grid space on the screen and displays equally the created object in view. The 

program displays a tool bar along the top and the left side of the screen for quick use. The top 

toolbar displays the traditional file selection panel, in the style of any PC software program 
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(MicroScribe 2000). Below the file selection panel there are two command boxes. The top box 

displays the last previous command while the bottom one a command entered. Finally, just 

below the second command box is a primary toolbar that directly relates to rudimentary 

manipulations of objects created in the grid space (MicroScribe 2000). 

 Along the left side of the screen is the more intricate tools for drawing and creating 

objects along the grid space. These commands introduce multiple stylistic tools for drawing and 

editing shapes. The tools that are associated with the left toolbar use mostly for changing and 

manipulating objects created virtually on the grid. They include line drawing tools, curve design 

tools, and object creation such as spheres, triangles, cones, etc. among other stylistic buttons that 

change the function of the cursor in Rhinoceros 3.0 (MicroScribe 2000). The preparation for 

formatting Rhinoceros 3.0 to use the Microscribe digitizer is quite simple, through the 

adjustment of only a few aspects, the Rhinoceros software is prepped for dealing with the 

digitizer’s functions. 

 To setup the use of the Microscribe digitizer on the computer only a few steps are 

necessary for actual use. After opening the Rhinoceros 3.0 software on the desktop, the 

researcher must open the Tools tab to select the options located at the top of the screen in the 

toolbar panel. Under the options tab, opens another window that has several different selections 

along the left side of the window that help navigate the desired category. The category located in 

the first half of these options is called Grid. Selecting the grid will change the right side of the 

window to reflect the options allowed for the grid setting. Under the grid setting, the researcher 

is required to change the size of the grid from 100 to 300 millimeters. This insures that the 

virtual grid matches the physical graph on the actual table working space (MicroScribe 2000).  
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 Now that the grid on the computer matches the graph paper on the table, the digitizer can 

be turned on and prepped to begin recording points. First, the digitizer needs to be switched on at 

the base. With the power switch in the on position and the light signaling green, the Microscribe 

digitizer is now on, though not calibrated. To calibrate the digitizer, the digitizer toolbar must be 

pulled up through selecting the add toolbars function located on the top panel under Tools tab. 

Once the toolbar for the digitizer is visible on the screen, the top left icon will activate a series of 

steps for calibrating the Microscribe. The second aspect requires the calibration of the 

Microscribe arm. Rhinoceros 3.0 will prompt the researcher to select the origin point. At this 

point, the researcher should take the Microscribe in hand and manipulate the pen on the origin 

point designated on the graph paper. Clicking the right pedal, as will be described in the next 

section, will confirm the position digitally as the origin point. The next two steps, Rhinoceros 

will prompt the researcher define the x-axis and the y-axis. These points, as defined on the graph 

paper, are along the axis’s respectful of the direction in which each axis is represented on an x-y 

coordinate graph. The last step is to return the digitizer pen back to its resting spot and return the 

arm to the home position, and click enter on the computer. This final action allows the digitizer 

to recognize its own space in the physical world, that which is apart from the designated research 

space. The Microscribe is calibrated for the physical graph space you defined on the table. 

 Lastly, to begin recording points on the computer, the researcher must enable the plot 

point’s option on the 3d digitizer toolbar, located in the bottom left hand corner of the toolbar. 

Once this option is selected, the digitizer will begin tracking the motion in which the arm is 

manipulated over the defined space around and above the graph paper in the researcher’s 

physical workspace. When the desired point is in the physical workspace, the researcher must 

click the right pedal to enter that point in the record. The data point will appear, if the point was 
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selected in the space not directly on the flat surface of the table, it will be floating above the 

digital grid space. These points are recorded in the visual grid space as well as a meta-data 

version that allows for an export of the x, y, and z coordinates of each recorded point. It is 

imperative that when saving any work done on the Rhinoceros 3.0 software that the researcher 

both save the virtual or the 3DM file format as well as a .txt file. The .txt file is the converted x, 

y, and z coordinate data from the virtual representation on the grid space. The .txt file is the 

numerical data that allows for a reproduction of the item to be recreated by plotting out the 

recorded points in two or three-dimensional space (MicroScribe 2000). 


