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Chapter I: Introduction 

The purpose of this research is to look at the pedagogy of the use of 3D scans 

versus physical material to teach and learn osteology. With the onset of the COVID-19 

pandemic in 2020, many schools had to shift abruptly to online/remote learning. This 

paper looks at the benefits and challenges of the online learning environment and the use 

of 3D images in an educational setting as well as in research, peer reviewed analysis and 

legal setting. The COVID-19 pandemic affected many things around the world, including 

education. Students from all around the world were sent home from their educational 

institutions as schools shut down in-person learning, However, this situation did not stop 

students from wanting to continue their education nor education institutions to fulfilling 

their mission.  

For some students and faculty, online classes were not a concern as the only 

difference for their classes was lectures were given using an online media platform, such 

as Microsoft Teams, Zoom, or WebEx. For others, this meant that they had to purchase 

additional class materials in order to get a hands-on approach, and for some this meant 

that their learning and education was in jeopardy since there was no appropriate learning 

alternative. This problem in and of itself is one of the foci of this research. There are two 

main research questions for this thesis, the first being, can students effectively learn 

osteology using 3D images instead of the traditional method of using casts or bones? The 

second question is, are the 3D scans accurate enough to use for teaching, testing, peer 

review work and legal settings? The purpose of this research was to test the idea of using 

3D images to teach in comparison to a traditional style of teaching osteology. Without a 
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3D model, students taking osteology had two options, they could buy their own skeletons 

to have the traditional hands-on approach or they were forced to learn using books and 

other forms of text. This research proposes a third option. Instead of being saddled with 

additional cost, or having to learn solely from a book, students could instead use 3D 

imagery that would allow for a better understanding of the bones and material without the 

additional cost to students.  

There has been some research on 3D imagery for teaching, but it is still in very 

early stages for academia. While the pandemic pushed distance learning and non-

traditional methods farther than ever before, not all faculty and students were happy 

about this change. The hope is that if this study shows promise in the use of 3D imagery 

to teach osteology, then this could lead to more advancements in this area of academia. If 

the results find that students can and do learn just as well with a 3D scan as they do with 

the physical bones, then educational institutes will be able to offer online classes in 

osteology and other related courses knowing that the learning outcomes will be similar to 

that of students taking the course in a more traditional way. 

Furthermore, another benefit of using 3D images for osteology would be that it 

would allow more variety in the skeletal material and would also allow for more students 

to learn additional human and other animal variability. Skeletal casts can be expensive, 

but if a school does not have to purchase multiple casts and can have students access the 

material on an electronic device, this would give students a chance to learn osteology in 

any location and at a hopefully lower cost for everyone. This thesis reviews the literature 

on pedagogy, osteological teaching methods and articles, scientific review process and 

the advantages and disadvantages to 3D learning.  
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Chapter II:  Literature Review 

 This chapter is broken up into a few different parts. The first section goes over 

education and is broken down into a few subsections. The first subsection is a problem 

orientation section, it reviews why this research matters and what the real-life impacts of 

the study could be. The other subsections in the education section discuss: types of 

teaching, types of students and specific osteology teaching and training information. The 

other parts to this section include research on the use of 3D imagery in court rooms, and 

the use of 3D imagery in a peer-reviewer setting.  

Education 

The value of this research can be seen in a number of different educational areas. 

During the COVID-19 pandemic, many places physically shut down, including schools. 

This was a temporary phase for many educational facilities, so that they could transition 

into online learning (UNESCO, 2021). The information below shows what happened at 

the University of Nebraska-Lincoln (UNL). At UNL, a decision was made to extend the 

2020 spring break for an extra week in order to allow instructors to transition to an online 

learning platform (Green, 2020). While this was a solution to allow for the continuation 

of education, it was not an easy transition for all classes, students, and instructors. 

UNL had 25,390 students enrolled in the 2019-2020 school year (Gutierrez, 2021) 

(University of Lincoln Registrar Office, 2021).  In the last five years, 2016-2020, 

enrollment numbers have stayed consistently between the 25,000 - 26,000 range 

(Gutierrez, 2021) (University of Lincoln Registrar Office, 2021). For the 2020-2021 

school year there was a total of 25,108 students (Gutierrez, 2021) (University of Lincoln 
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Registrar Office, 2021). These numbers fell within the normal enrollment range. This 

shows that even with the pandemic the number of students wanting to learn and continue 

their education did not decline at the University of Nebraska-Lincoln. 

The total number of course sessions in the 2019-2020 school year was 9,038 

(University of Lincoln Registrar Office, 2021). These numbers do not show the transition 

from classes taught in-person at the beginning of 2020 to those that had to transition to 

on-line learning after the start of the semester. The breakdown of the 9,038 sessions was 

8,471 in person and 567 online. In the 2020-2021 school year the total number of class 

sections was 9,460. This was broken down in to 8,185 in-person sessions and 1,275 

online sessions (Gutierrez, 2021). The number of in-person sessions was higher due to 

physical distancing as classes were not able to have the normal number of students in 

classrooms (Fedderson, 2020). The 8,185 also does not reflect the number of classes that 

stayed in-person throughout the semester. Some classes chose to meet in person the first-

class period and then went online, and some split their classes to online and in-person 

sessions (Gutierrez, 2021). If a class started the semester in-person then the class was still 

listed as in-person for the registry department. 

The total number of class sections for the 2018-2019 school year was 8,829 

consisting of 8,291 in-person sections and 538 online sections (Gutierrez, 2021). The 

number of in-person sessions within the last five years has fluctuated around the mid 

eight thousand, in 2019-2020 there were 8,471 in person sessions and that number 

declined to 8,185, a loss of 286 in-person sessions for 2020-2021. For on-line sessions, 

the numbers were 462, 494, 538, 567, and 1,275 for 2016-2020 accordingly (Gutierrez, 
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2021). This shows that within the last few years the number of online classes increased 

with a significant increase at the start of the pandemic. 

COVID affected some classes more than others, and had a major impact on the 

students. Many educational institutions had to go to remote learning, send students home 

and cancel classes. This was a hardship for the institution as well as the students.  UNL 

offers one-credit recreational activity classes. When the university shut down due to 

COVID-19 in March 2020, this impacted 44 academic recreational activity classes 

(Wagner, 2021). Out of all of these classes only one was canceled, and the others were 

able to continue with some form of on-line portion or finished the course early giving the 

students their current grade as the grade for the end of the semester (Wagner, 2021). The 

option to award the students their current grade instead of just canceling the class was 

due to the fact that over 200 students were signed up in the 44 classes (Wagner, 2021). 

Without the decision to give the final grade for the partially completed course, this could 

have delayed graduation for those that needed just one additional credit to graduate 

(Wagner, 2021). For the 2020-2021 school year, the university would normally offer 

around 80 recreational activity classes (Wagner, 2021). Out of these 80 classes, seven 

were not able to run in the 2020-2021 year because of the impossibility of offering the 

classes as an online or hybrid method. These classes consisted of swimming and martial 

arts/self-defense classes (Wagner, 2021).   

The jump from only a couple hundred online courses to over a thousand online 

courses meant that many classes had to adopt an on-line learning platform that 

traditionally had not been taught on-line. There was no university-wide information 

available on classes that were not able to run due to not being able to have an online 
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option. This is because the university registrar's office is not able to obtain this data 

(Gutierrez, 2021) (University of Lincoln Registrar Office, 2021). However, the recreation 

department was not able to run seven classes due to not having an online option (Wagner, 

2021). This would stand to say that at least a few other departments chose to not offer a 

course due to lack of online options.  This jump in on-line classes meant laboratory and 

other hands-on classes had to adapt to not being able to have students physically in the 

classroom. For osteology and other similar classes, this meant that students had to buy 

their own skeleton casts in order to be able to look at a physical specimen instead of just 

at pictures and professors’ lectures. This is one specific reason why this research is 

important. It would allow for students to have a free resource for accessing the material, 

instead of having to buy their own or having to try and borrow a skeleton from their 

education system. 

Money and space are something that need to be taken into consideration when 

planning a class. With osteology, having enough specimens and a large enough area to 

both store them and have class can be challenging, especially for a smaller school. 

Having students learn using 3D images opens up the possibility for a larger number of 

students to take the course at a time, and it also allows for less money to be spent on casts 

or actual human specimens1. This could also be beneficial for schools that may not have 

the ability to run their own osteology course as they could partner with larger institutions 

in order to have their students take an osteology course online through a partner school.  

 
1 Current high-quality casts of complete skeletons can run between $1500 and $2000 per set while an actual 

human skeleton can cost between $5000 and $15,000.  Actual human specimens also require materials to 

be ethically sourced from donor agreements. 
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Lastly, the idea of having students have access to the 3D imagery would give 

students the ability to look at casts in a classroom setting but also be able to look at them 

at home or anywhere. Most classes have students look at the casts while they are in class, 

but they cannot take them home to study. This means that they do not have a large 

amount of time to study the physical bones. With the ability to have a 3D scan at the 

student’s disposal, this would allow students to have access to study and learn the 

material 24/7. A 3D image is an upgrade to a traditional 2D image in a book or hand 

drawing. The use of a 3D rotating image vs a 2D picture is a great advantage as it allows 

the students to manipulate the 3D scan in several positions. Whereas the 2D image only 

allows one angle that may or may not show a specific feature. 

The use of 3D imagery in the classroom is becoming more popular. There is a free 

app by Catfish Animation Studio called Skeleton 3D Anatomy, that allows a user to look 

at 3D bones and see how they relate to one another. A downside to this app is that some 

of the features are not visible, and there is no way to edit or manipulate the scans for 

teaching purposes. An example of this would be if an instructor wanted to mark specific 

features on the bone that students would need to identify, this app does not allow this 

manipulation of the scan. There is a push to create 3D models that can show how the 

bones work in the human body that are user friendly and adjustable for different users 

and purposes (Van Sint Jan et al., 2003). Dr. Van Sint Jan, expresses the concern with 

free or low-cost educational options for students in underdeveloped countries as books 

and other resources are not always available or cost efficient (Van Sint Jan et al., 2003). 

This is where computer-assisted learning (CAL) is becoming a great alternative or 

addition to traditional teaching methods. Computer-assisted learning is using a digital or 
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multimedia platform to learn material without a human teacher (Van Sint Jan et al., 

2003). The human subjects’ study, conducted for this research thesis, uses a combination 

of CAL, peer assisted learning, and some didactic style teaching.   

Another benefit of the 3D images is it can allow for remote learning and testing. If 

a professor is using a 3D image for quizzes, exams, research projects or anything else, 

students could be able to access these remotely. This would be helpful in terms of online 

classes or if someone has to miss a class they could still make up the graded assignment 

or work. There are a few ways this could be done such as the students downloading a 

lock down browser which helps eliminate cheating, but would allow them to take the 

exam on their own computer from any location (Respondus, 2022). Students could take 

the exams at a testing center, which would also eliminate cheating, or any other way 

students can take a test using an electronic device. During the study one student 

participated completely remotely as they were in another state, and two other students 

had to take one or more of the quizzes in a remote setting due to personal conflicts.  

With the emergence of 3D technology and the possibility of using it to teach, 

there are some concerns with it. Some of the main concerns have to do with how well the 

students will learn the material, their ability to implement it, and access to it (Van Sint 

Jan et al., 2003). In order to put some of these concerns to ease, more testing needs to be 

done to determine how well students learn the material. The best way to implement or 

teach it and how to create an open environment that will allow anyone to access and learn 

the material.   

 

 



9 
 

 

 

Types of Students 

Osteology and anatomy are common course requirements for anthropology and 

medical/dental students. However, these are not the only students that would benefit from 

taking these classes. Other majors such as law enforcement, criminal justice and forensic 

science may have great use for an osteology course or a shortened course on 

identification of bone, human/non-human and key features on remains. This may be of 

use to these students due to their potential line of work as they may have to work with 

human or non-human remains in the future. With current teaching standards, it may be 

difficult for these departments to offer a course on osteology because they may not have 

the resources. Having an online course could change this because it could allow a 

qualified individual to teach the material virtually without the added cost and storage of 

casts and other materials. This could also help to inform a larger population of future 

police officers and detectives. “Various studies on higher education within police 

departments have shown that on average, only 50% of individuals have some college 

experience while only 30% have a bachelor’s degree” (Berlier, 2018, p. 4). With only 

30% of this population graduating with a post-secondary degree, even if schools started 

requiring training similar to those listed above, there is not a guarantee that new officers 

and detectives would have such training or educational experience. In order to adapt for 

this, police units and other organizations, that may have similar needs for a training in 

osteology or a sub section of it, could use these 3D casts to teach the information in order 

to properly train these individuals (Berlier, 2018). 
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Group vs Individual work 

Osteology can be taught in many different ways; the two common ways of 

teaching are Didactic and Peer-assisted learning. Didactic teaching is the standard of 

having a teacher lecture the students, while peer assisted learning has some lecture but is 

more of a students teaching students approach (Anantharaman et al., 2019). A study was 

done to test the effectiveness of using peer-assisted learning and didactic teaching 

(Anantharaman, et al., 2019). Their conclusion found that peer-assisted teaching is at 

least as effective as didactic teaching (Anantharaman et al., 2019). The purpose of this 

study was to understand the effectiveness of two different pedagogies. One outcome was 

that students were more likely to review the course material beforehand in the peer-

assisted learning, so that they could better help with understanding the material as a 

group rather than with didactic learning where students may or may not have looked over 

the material (Anantharamanet al., 2019). Using 3D images, students would be able to 

familiarize themselves with the material in not just an image form but with a rotating and 

interactive form, creating a better understanding of the material. Another benefit this has 

for students is it allows them to work or study as a group. With students having the ability 

to look at 3D images at any time, this would allow for greater flexibility of being able to 

study the material in a group since there would be less restraints on time. Studying in a 

group may be able to be accomplished with casts if the students set up a time with 

professors, have access to the classroom with the specimens or if they can check out the 

material somewhere else on campus. Though these are possible options, professors’ 

schedules and the availability of the room may not always be an option to students with a 

busy schedule. Materials located in a library, or elsewhere on campus, may not have the 
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quality of casts or other materials needed to learn certain features. Having a 3D image 

would allow for these students to always have access to high quality specimens. This 

would also allow for a group of students to get together and review the material in person 

or even virtually using a video chatting source such as Zoom (Zoom, 1995). 

Some items are too fragile to be handled, but with a digital model of the item they 

could be handled and examined with less concern (Carew and Errickson, 2020). This 

would allow students to interact and study the material without causing risk of damage to 

the material or themselves (ibid.). This can also be the case for items that the school does 

not physically own, but may have access to as a digital version such as a specimen with a 

specific pathology. There are common practices at libraries where an individual can 

access material from a partnering library if their own institution's library does not have it. 

These 3D image collections could work in this same way as it would give partnering 

institutions the ability to access the 3D images. Partnerships are common in universities 

and colleges allowing for sharing of ideas, material, resources, and other forms of 

collaboration. The use of 3D imagery could become a more prominent part of these 

partnerships.  

Allowing the students to have access to the scans at all times is important for 

learning. With any class, a majority of the learning takes place outside of class through 

readings, assignments, study and other means of learning. According to Lumen Learning 

(Lumen Learning, 2022), the recommended ratio for learning is 1:2 or 1:3. What this 

ratio means is that for every hour of in person class, you should study two or three hours 

outside of class. This is the general rule of thumb, although difficulty of the class, course 

length, schedule of class and other factors may increase this ratio (Lumen Learning, 
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2022). For most osteology courses or other similar courses, students generally do not 

have permission to be with the specimens alone, so they have to fit study time around the 

professors’ schedule if they want access to the material. For those with a busy schedule 

this is not always an option, or sometimes students just want more time with the material 

then what is available to study. Looking at pictures and diagrams has been a standard way 

to learn osteology and other material. With access to a wider range of buying platforms, 

casts are becoming a little cheaper and they can be bought on Amazon and other sites for 

just over $100 such as the hBARSCI skeleton, (Amazon, 2022). However, there are some 

flaws with 2D images and cheaper casts. Many students like to be able to manipulate and 

move objects in order to learn the material instead of just looking at an image. This can 

be especially helpful when learning how to determine the side of origin of specific bones. 

Buying the casts online is a great option for those that have the ability and that are able to 

purchase them ahead of the class’s start date in order to have them in time for the course. 

Although $100 is not a large amount of money for some, adding that to the price of the 

books for the class and all of the other class fees adds up. Some universities may allow 

individuals to check out skeletons through the department or the library, but from 

personal experience with this, the skeletons are generally not very good quality, and are 

really only good for learning the names of the bones. Having access to a 3D library of 

images all of the time would eliminate the problem of students having to learn solely 

from pictures or having to buy their own.  
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Osteology Training and Education  

In a traditional class on osteology, there are several areas of study, including: 

bone structure, ethics, human/non -human, pathologies, taphonomy, sex, ancestry, height, 

and age. These are just a few of the common subsections taught in an osteology class. 

Although the study completed for this thesis was brief and did not cover all of the above 

options, the methods below are just a few of the common areas of study and are not 

intended to be the only methods used in osteology or that could be used in a 3D 

classroom.   

Bone Structure 

One of the first topics covered in an osteology class is normally bone structure. 

This can be taught in many ways but is most commonly taught using images in a book or 

slide lecture. In anthropology, bone structure has a few main purposes. One purpose is to 

look at age estimation using bone fusion (White, Black and Folkens, 2012). An example 

of bone growth can be seen in Figure 1, in which the tibia is shown in different stages of 

age (White, Black and Folkens, 2012 p. 38). 
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Figure 1  Bone Growth - The image shows a human tibia at different stages of 

growth starting from left to right in years: newborn,, 1.6, 6, 10, 12 and 18 years of 

age (White, Black and Folkens, 2012, p. 38). 

 

 

Another important factor when learning about osteology is how the bones move in 

the body or biomechanics of the bone. Understanding the different joint types in the body 

can be helpful when understanding how the bones connect to one another (White, Black 

and Folkens, 2012). The biomechanics can also be useful when looking at trauma that 

may be present on an individual. Being able to understand the movement and connection 

of two or more bones can allow for a better understanding of what may have happened to 

the individual if trauma is present. Although trauma is specific per situation, it is great for 

students to have a basic understanding of trauma as it relates to osteology. As mentioned 

later in this paper, there has been success in court rooms using 3D imagery to showcase 
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evidence. This should be able to transfer over to students being able to learn about trauma 

from 3D imagery in order to get real-life experiences.   

Lastly, it is helpful to have a general knowledge of bone structure and bone 

health. Having this understanding is useful when looking at the health of an individual. It 

may give clues to who the individual is or what happened to them. Knowing how bones 

develop, and what they are made of is important for a number of reasons (Figure 2) 

(White, Black and Folkens, 2012).  A few of those reasons may include trauma and bone 

modification. If trauma or bone modifications are present, having an understanding of the 

bone morphology will help to understand how these occurred and potentially when they 

occurred.  
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Figure 2. Bone Makeup Diagram in White, Black and Folkens (2012, p. 33). The 

bone can be seen from the inside giving an image of how the bone looks 

internally as well as externally. 

Ethics 

When dealing with human remains, it is important to always remember these 

skeletal remains are a person and that there are certain ethics that should be followed 

(Dupras et al., 2011). These ethics include proper handling/use of the remains, making 

sure to have the proper permission to use the remains, and making sure that everyone that 
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has access to bones is doing so for the correct reason/purpose. 

Anthropologists/Archeologists in the past have had a negative reputation for the misuse 

of human remains. Márquez-Grant and Errickson (2017) talk about the history of 

analyzing human remains, and the curation and repatriation of remains that were not 

brought to an institution in the correct manner (Márquez-Grant and Errickson, 2017).  

Another case of ethics violation is in regard to the misuse and stealing of remains 

by the University of Pennsylvania and Princeton (ABA, SBA, BiBA, 2021). In this 

particular case, the two universities used the remains from one or two children that were 

victims of the police bombing of the MOVE organization in 1985 (ABA, SBA, BiBA, 

2021). The parents of the child/children were not notified of the remains, because they 

did not know the remains were found. So, they were unable to give consent for their 

children’s remains to be used in that manner (ABA, SBA, BiBA, 2021). This is a major 

concern on many levels. One is that the professors at the university thought of the 

remains as their own personal equipment and did not think of them as human remains. No 

attempt was used to return the remains or notify the families even though there was a 

good idea of who the remains belonged too. The use of 3D images could potentially 

lower these ethics violations, as professors and universities could have access to quality 

material that has been properly obtained and limit the stealing of remains.  

While casts are less of a concern then actual human bone, the ethics need to be the 

same for any material representing or related to human remains. A 3D image is not 

fragile, so there is no risk in damaging it unlike the ability to damage a real bone or cast. 

This allows for training and educational purposes to be conducted with less concern of 

damage to the original specimen. Students and professors need to teach that although no 
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matter what form the remains are in, they should be treated in an appropriate manner. The 

same manner of respect and ethics should be followed with the 3D images as well 

(Berlier, 2018). One advantage to the 3D images is that a large database could be created 

that could represent different ages, ancestry, sex, trauma, and much more in a more 

ethical manner as long as approval is given to create the 3D image. Once the image is 

completed, the remains could be given back to the family for burial or taken out of the 

teaching cycle in order to protect the remains. This would also mean that any institution 

or individuals that would have access to this database would have access to several 

specimens and be able to explore more variation instead of a limited collection at their 

institution.  

Human/Non-Human 

In osteology, it is important to be able to determine whether a fragment of bone is 

Human or non-human. The methods used to determine the type of material is normally 

taught by looking at the item/material to determine if the fragment is bone and then trying 

to figure out what type of bone it is. The last step is trying to determine what specific 

bone it is. There are a few different techniques that can be used to see if something is 

human bone or non-human bone. Some of these techniques include histology, x-ray and 

other lab tests. Since this study is looking at how well students can identify the different 

morphologies and features of bone, all of the different methods mentioned in this section 

will focus on identification of human bone based on morphology.  

First, it is important to understand that there are many variations within humans. 

These variations can make it more difficult to identify human bone, as there are 

differences in size and length. Second, there can be challenges depending on the age of 
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the individuals remains. Adult bones are commonly used for osteology; however, 

juvenile bones can be a challenge as they may be smaller and they may have a different 

look to them. An example of these differences between a set of adult and juvenile 

remains is that the bone will not be completely fused. Another challenge is that there are 

other materials that can mimic bone, and some animal bones can be very similar to 

human bones.  

Variation of size and length 

 

Human variation means that there are differences in each human’s bones from 

another human. “For a random living sample of fifty male and fifty female individuals 

from various human populations, it would be easy to establish physical characteristics 

that would allow each person to be recognized individually (White and Folkens, 2005, 

Pg. 31-32). When looking at variation amongst humans, it is important to understand the 

context of the bone, for instance depending on the age of the remains, there can be 

differences as humans have changed over the years. This is only one example of 

variation. There are variations amongst all humans because of ancestry, height, age, sex 

and other biological makeups.  

Juvenile 

When looking at juvenile bones, there are a few things that are different. For one, 

fusion of epiphyseal plate will not be complete, this can lead to long bones looking 

different as the proximal and distal ends may appear missing or look different then how 

they would on an adult skeleton (Figure 1) (White, Black and Folkens, 2012 p. 38). 

Understanding how bones grow and fuse is important in osteology as this can help give 

an estimate of the age of the individual as well as help with identification of the bone and 
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features of the bone. It is possible with 3D images to have variety in the types of scans to 

show some of the bones at different stages in age, as well as to get a view of how fusion 

and bones change over time.  

Mimic material 

There are a few different types of materials that can mimic bone. A few items that 

may resemble bone include shell, some types of wood, minerals and other biological 

materials. It can also be difficult to identify bone depending on the environment the bone 

is found in. Bones can soak up surrounding material which can cause the bone to change 

color (Figure 3) (France, 2009, p. 9). In the figure, the top shows how similar wood can 

look to bone, while the bottom picture shows how bone can change color depending on 

its surroundings.  
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Figure 3.The top image has three items, the top is a human femur, the middle is 

wood and the bottom is weathered bone (France, 2009, p. 9). This shows the 

challenges when it comes to identification of bone. The bottom image has three 

vertebrae displayed. All of these are human vertebrae, but are different colors 

depending on how they have been preserved or exposed to the elements (France, 

2009, p. 9). 

 

Animals  

Once it is determined that the material is bone, the next step would be to figure 

out if it is human or animal. There are a few animals that can have similar skeletal 

remains to humans. One well known example of this is with bears. There are other 

animals though that can look very similar (Dupras et al. 2011, p. 290) (Figure 4). As seen 

in the images, depending on the animal and on the bone, they can look very similar to 
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human remains. An example of a bear paw vs human hand can be seen in Figure 5 (Bone 

Clones 2019 and 2021), this is more of a challenge if the bear’s paw is completely 

stripped of the soft tissue, as human hands are not covered in fur. Depending on context 

and location of the remains, some animals may be able to be ruled out. When teaching 

osteology, it is important for student to learn about these similarities. Using 3D images, 

students could learn about these differences by having a 3D image of different animals 

and human bones. This would allow students to be able to compare and contrast the 

animal and human bones, and to also be able to identify their differences.  
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Figure 4. In this figure, from Dupras et al. 2011 (Page 290), the top image shows 

similarities of a human ulna to other animals. The bottom picture shows 

similarities with a human femur and other animals. The images both use the same 

animals from left to right: hu man (a), bear (b), mountain lion (c), wolf (d), cow 

(e) and a domestic pig (f).  
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Figure 5. Bear vs Human Hand from Bone Clones Website (2019 and 2021) 

Images. In this figure from Bone Clones, the image on the left represents a 

skeletal bear paw, while the image on the right is a human hand. 

Pathologies 

Pathologies can be very difficult to teach as acquiring a cast or bone that has a 

pathology can cost more with most being several hundred US dollars (Bone Clones, 

2022). This means that even if an educational institution wanted to purchase the casts 

with pathology, they would have to purchase several of them to show some of the 

differences between different pathologies. Another way to teach about pathologies is 

using books and online resources. One book that has great examples of pathologies is 

Orner’s Identification of Pathological Conditions In Human Skeletal Remains by Jane E. 

Buikstra (2019).  This is a great way to learn as students can learn about several types of 

pathologies and see pictures of what they look like. One downside to books is that they 

are a 2D image. For some pathologies, a 2D image may be enough to show the change 

caused by the pathology, but having a 3D image that allows a student to see the texture 

may be more educational.  
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With a 3D image, students are able to rotate, manipulate and examine all aspects 

of the bone pathology. The use of the 3D image with online resources and books would 

allow students to learn about many different types of pathologies at a free or low cost to 

them. Another benefit to the 3D images would be the variety of pathologies. Instead of an 

institution having only enough money and storage for a few types of pathology casts, 

they could have access to a digital set of potentially unlimited 3D pathology bones.  

Taphonomy 

Taphonomy is the study of how something changes as it moves between the 

different layers of earth until it is recovered. While this may be a smaller section for a 

basic osteology course, this may be heavily covered in other related courses such as 

forensics. There are two common ways to teach taphonomy. The first is using education 

material such as books, papers and lectures. This is a great way to learn about 

Taphonomy, but it does not allow for students to learn in a hands-on way. The second 

way is hands-on, and generally includes students looking at how an animal carcass 

decays. This is another great method to learn taphonomy as it allows students to get 

firsthand knowledge of the process and experience. One down-side to this method is 

having the space and resources to observe an animal's decomposition. For this type of 

learning, there has to be space as the animal will smell and may attract other animals or 

insects. It must also be able to be contained so that a larger scavenger does not take the 

carcass. Although a combination of the two methods above is an ideal way to learn about 

Taphonomy, the second option is not available for all students or institutions. 

When looking at taphonomy, the bone is studied but other hard tissue may also be 

studied such as material found in the teeth or other calcified tissue. Having access to 
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these materials is not common, but may be available at some institutions. For those 

institutions that do not have this material, a 3D image along with traditional teaching 

material could help in the teaching process. Another importance when looking at 

taphonomy is to look at how the bone has changed not, just physically, but also how it 

has changed chemically. Looking at how the bone changed is important, as this may help 

with identifying if the item is in fact bone, and what happened to the bone.  

 The last section about taphonomy will be discuss bone modification. Depending 

on where the remains are found, there could be significant changes in the bone or time 

that it took for the remains to become skeletonized. When looking at weather, cold 

weather normally means it will take longer for the remains to become skeletonized 

compared to warmer weather (Komar, 1998). Animals can also play a role in taphonomy, 

as animals may help break down the remains which can lead to a faster rate of 

skeletonization (Komar, 1998). Climate is not the only factor that can change the rate of 

skeletonization or change the remains. In certain situations, such as cultures or if the 

individuals partook in war trophies, may play a part in the taphonomic process (Pokines, 

2018). Remains may also be moved from one location to another. Example of this can 

include families moving remains, animals disturbing the remains, or in ritualistic practice 

where remains may be used (Pokines, 2018). The use of 3D imagery could help in the 

study of taphonomy, as it could allow students to see how bones are affected in different 

situations. This may also be a more ethical way to study the bones if the 3D images are 

created with consent.  
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Sex 

Determining sex on human remains can be done in a number of ways. One 

method looks at the ventral arc, subpubic concavity and medial aspect of the ischio-pubic 

ramus (Phenice, 1969). Klales (2012) is a modification of the Phenice (1969) article and 

gives a more in-depth chart on how to characterize the three traits by changing the scale 

from one to three into a one to five scale (Klales, 2012). In the figures section below, 

Figure 6 depicts the original images from Phenice (1969) (Figure 6). Figure 7 depicts 

Klales (2012) modification which shows the difference between the three phases to five 

phases for the three traits. These resources are very popular in determining sex, and they 

do work on determining the sex on a 3D image of the os coxae; subpubic concavity 

(Figure 8), medial aspect (Figure 9) and ventral arc (Figure 10).  
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Figure 6. Sketch in Klales (2012) page 105.The image represents the 

morphological features used for sex determination. 

 

 

 

 

 

 

 



29 
 

 

 

 

Figure 7. Sketch in Klales (2012) page 107. The image represents drawings of the 

morphological features used for sex determination. 
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Figure 8. Sex Morphological Features (Subpubic Cavity View) 3D Image by 

Schulz (2022) The 3D os coxa image is displayed in a view that is supposed to be 

a similar viewpoint for looking at the subpubic cavity morphology as depicted in 

Klales (2012) Figure 2 Page 107.   
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Figure 9. Sex Morphological Features (medial aspect) 3D Image by Schulz (2022) 

The 3D os coxa image is displayed in a view that is supposed to be a similar 

viewpoint for looking at the medial aspect morphology as depicted in Klales 

(2012) Figure 2 Page 107. 
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Figure 10. Sex Morphological Features (ventral arc) 3D Image by Schulz (2022) 

The 3D os coxa image is displayed in a view that is supposed to be a similar 

viewpoint for looking at the ventral arc morphology as depicted in Klales (2012) 

Figure 2 Page 107. 

 

If the os coxae is not available to be used for determining sex, the cranium can be 

used. To use the cranium, there are five morphological traits that are looked at; mental 

eminence, orbital margin, glabellar area, nuchal area and mastoid process (Buikstra and 

Ubelaker, 1994). This method is done by giving each of the five traits a number between 

1 and 5 based on morphological standards, if the number is lower than 3 it is likely a 

female, if it is more than 3 it is likely a male the method was originally created by 

Bukstra and Ubelaker (1994) and was added onto by Walker (2008). The five traits with 

the respective number are shown in Figure 11.  
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Figure 11. The image represents drawings of the morphological features used for 

an estimation of sex. (Buikstra and Ubelaker 1994. Page 20). 

 

These traits can also be visible within the 3D images, Figures 12 - 17 display a 

couple of different views of the cranium that could be used to determine the rank of each 
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trait. These 3D image screenshots do not show the full benefit of the 3D image as it is 

only a 2D image, however, it is still possible to see the detail to understand how sex 

determination could be used with 3D images.  

 

Figure 12. 3D view of the Nuchal Crest by Schulz (2022). Is a left lateral view of 

the cranium with an emphasis on the Nuchal Crest. This angle is supposed to be 

similar to Buikstra and Ubelaker (1994) page 20 image that represents sex 

estimation traits for the Nuchal Crest.   
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Table 17: Group 3 (Graduate Students) Scores 

 

Note: This table shows the scores for the graduate students that participated in the 

study. The top table shows the pretest (2D test) that the participants took. The 

pretest scores were broken into four sections, Section 1 (Scapula), Section 2 

(Humerus and Femur), Section 3 (Cranium and Mandible), Section 4, (Os coxa). 

The overall score is for the pretest is on the right. The bottom table shows the quiz 

scores for each participant, and compares the total quiz scores to the pretest 

scores. 

 

Quiz scores 

The quizzes were the same as the ones used for Group 2. The quizzes had a total 

of 66 points with 15 coming from Quiz 1, 22 from Quiz 2, 17 from Quiz 3 and 12 from 

Quiz 4. Quiz 1 had all of the questions from the pretest with an additional question asking 

the participant to side the bone. The other quizzes had fewer questions than their 

counterpart on the pretest.  Graduate student 1G had a score of 53.3% on Quiz 1, 68.2% 

on Quiz 2, 70.6 on Quiz 3 and 75% for Quiz 4 for a total average of 67% for all of the 

quizzes (Table 17). When comparing 1G’s quiz results to the pretest section results, there 

is some variation in scores with some being higher on the quizzes and some being higher 
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