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Abstract:  

The Applications of Immersive Virtual Reality Technologies for Archaeology  

 

Jeremy Brooks 

 

This MA thesis discusses the applications of immersive virtual reality technologies as a 

tool for studying archaeological excavation processes. The excavation of a structure at 

the Nassau Mills, a twentieth century milling complex in Peterborough, Ontario, is used 

as the case study. Structure from Motion (SfM) photogrammetry is used to digitize each 

excavation day as 3D models. These excavation days are visualized in the Nassau Mills 

Pavilion, which enables users to revisit the site on each excavation day, and view and 

measure structural contexts. This thesis explores a number of theories including: 

affordance theory, phenomenology, theories of perception, and spatial accuracy. It also 

discusses multi-user presence, spatial thinking, and wayfaring as notions for improving 

the way users collaborate, share, and study digitized archaeological data in virtual 

environments. This thesis offers new approaches to using supplementary digital recording 

techniques for archaeological excavation while providing a new VR collaborative 

platform for digitizing and disseminating archaeological data. 

 

Key Words: Virtual Reality, SfM Photogrammetry, Digital Archaeology, Archaeological 

Database, Multi-User Presence, Collaboration, Affordance Theory, Phenomenology, 

Perception, Spatial Thinking, Data Dissemination   
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Chapter 1:  

Nassau Mills and the NMVRP 

1.1 Intr oduction 

The goal of this thesis is to demonstrate how three-dimensional recording technologies 

and immersive virtual reality (VR) technologies may be used to document archaeological 

excavation processes. The case study used to achieve this is the excavation of a structure 

at the Nassau Mills complex, documented during the Trent University field school in 

2018. Using a case study, this thesis aims to solve problems of data-accessibility in 

archaeological literature by demonstrating how VR may be used to provide researchers 

with the same access to excavation processes that the initial site excavators had access to 

when collecting their data. As such, it seeks to provide a solution for visualizing differing 

excavation techniques in the archaeological literature to solve issues of potential research 

biases which may arise from the different excavation methodologies that may permeate 

the academic literature (Evis et al. 2016: 177-179 and Higginbotham 1985: 8-14). In 

particular, it proposes how VR can provide researchers with an accessible and scalable 

solution for cataloguing and studying differing excavation processes remotely at 

archaeological sites from around the world. This is significant as step-by-step visual and 

spatial data of daily excavation progress is vital information for archaeologists. These 3D 

data sets allow archaeologists and researchers to study first-hand vital excavation 

processes through time to offer visual and spatial reference to their scientific insights 

presented in the literature.  

This thesis presents the development of interactive virtual tools which may allow 

users to contribute their own analyses to 3D excavation data and extrapolate on other user 
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interpretations in real time in virtual environments. These innovative technologies 

provide unprecedented access to archaeological data as they allow users to accurately see 

and explore daily excavation procedures firsthand. This thesis also explores how VR may 

also be used as a collaborative tool for archaeologists to study their excavation data off-

season and teach archaeological practises to archaeology students year-round. As such, 

VR may be used to provide students with a safe and affordable virtual alternative to 

studying excavation techniques from the comfort and safety of school classrooms. 

Finally, my goal of this thesis is to demonstrate how VR may be used to create new 

standards in data-acquisition techniques and publication processes by demonstrating how 

easily and efficiently archaeological data can be collected in the field and distributed 

through VR software using the NMVRP as a case study. The characteristics described 

here provide an analytically valuable VR experience which can be used for scientifically 

studying and disseminating excavation data.   

 

1.2 The case study: Nassau Mills  

The archaeological site Nassau Mills was once a booming lumber industry located on 

what is now Trent Universityôs campus. The site, which had once housed ñthe Red Millò, 

now resides on the southern corner of Trentôs west bank campus near the intersection of 

Water Street and Nassau Mills road. This site had once been one of the most significant 

lumbering operations in Ontario and operated, ñé one hundred and thirty-six saws which 

reduced huge logs to planks at a rate of nearly fifty an hour and devoured seventy-

thousand logs in a season of nine monthsò (Dougherty 2018a).  
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 The Nassau Mills Field School (2017 and 2018) was conducted over two seasons, 

and it is the 2018 excavation that is the focus of this case study. In 2018, a twelve-day 

excavation period was overseen by Dr. James Conolly (Trent Anthropology, Professor 

and Chair) and Kate Dougherty (Trent Anthropology, Curator, Demonstrator/ 

Technician). Both directors were responsible for overseeing multiple groups of Trent 

students as they excavated the foundations of a house from the sawmill operations that 

were once conducted on Trentôs campus. These students consisted of Trent graduate and 

undergraduate students and community volunteers with varying degrees of excavation 

experience. Several Trent graduate students helped oversee and conduct multiple stages 

of excavations and mapped out much of the remaining architecture with Ground 

Penetrating Radar tools (GPR). This field school was designed for novice archaeology 

students to obtain excavation experience and was chosen by James Conolly as a suitable 

case study for the NMVRP and this MA thesis.  

 In 2018, portions of the foundation of this structure were excavated during the 

field school alongside contexts containing material evidence of the occupation and post 

occupation activities. The site has a complex construction history that required detailed 

documentation of building and deposition phases to reconstruct. This site was bulldozed 

in the 1960s as the Trent University campus was built, resulting in the displacement of 

multiple artifacts located both in and outside of the house in the basement and outdoor 

middens (James Conolly, personal communication 2019). Much of the artifact 

provenience has been disturbed as a result. A number of these artifacts were excavated 

and archived at Trent University and include over 45,000 artifacts consisting of 
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nineteenth century household material culture including household ceramics and glass, 

metal construction materials, and animal bone (Dougherty 2018b).   

 

1.3 Chapter Overviews 

1.3.1 Chapter 2 ï Technical Context 

This chapter discusses developing applications of VR and 3D technologies and online 

databases for archaeological study. It provides background information for the use of 

multiuser VR projects in archaeology as educational and scientific tools for studying and 

disseminating archaeological data. This is supported by in field databases which are used 

to instantly digitize and disseminate archaeological data as it is excavated in the field. 

These technologies may be prospectively used alongside collaborative VR technologies 

to better connect researchers with archaeological data in real time. Digital data-collecting 

technologies, such as Structure from Motion (SfM) photogrammetry, may be used to 

digitize and disseminate archaeological data in the form of 3D technologies. These 

methods have proven to be more beneficial than traditional recording techniques and can 

be easily used by anyone to generate highly detailed 3D models from digital photographs. 

These scalable non-destructive technologies create 3D models which can be fully 

explored and shared in VR.   

 

1.3.2 Chapter 3 ï Theoretical Context 

Chapter 3 provides supportive theoretical information for the use of VR as an interpretive 

tool. It discusses affordance theory, phenomenology and spatial analysis. These theories 

are broken down further to discuss the applications of constructivist theory and multi-user 
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presence as theoretical structures to improve user learning in VR environments. The use 

of the Leap motion controller as an affordance tool is also addressed as it replicates real 

world workflows in virtual environments. This combination of VR tools and multi-user 

environments establish familiar collaborative learning settings that enhance the 

productivity of classroom learning through engaging virtual spaces. Phenomenology is 

discussed in detail as it can be replicated consistently for the first time for multiple 

researchers as climatic and lighting variables can be easily reproduced through VR. This 

theory may also be used to learn archaeology beyond just textual approaches. The study 

of perception and spatial accuracy are also enhanced by VR technologies as spatial 

information is easily transmitted through virtual environments while spatial proxies can 

be used to analyze spatial data in digitized archaeological spaces and places. This is true 

as theories of wayfaring and digital waypoints create agency for digital archaeological 

data, enabling researchers to spatially study 3D information as if it were true data. 

Finally, this chapter addresses how VR may be used to visualize complex data sets to 

enable faster information transmission and learning.  

 

1.3.3 Chapter 4 ï Methods 

Chapter 4 illustrates the NMVRP hardware and data-acquisition techniques that were 

used to capture photosets for 3D creation in the field. This chapter is divided into two 

sections: 1. the NMVRP hardware; and 2. data collection and 3D model construction. 

Different approaches of stitching and gridding are discussed in accordance to using wide 

angle and standard lens cameras for collecting photographic data sets in the field. The 

NMVRP HMDs (head-mounted displays) are also covered in this chapter as well as the 
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hands-free Leap motion controller which acts as the primary controller for the NMVRP. 

In the second section, differing weather and lighting conditions and photographic data 

management processes are discussed in detail. This section acts as a guide for future 

photogrammetric users to aid them in sorting large data sets for 3D construction. The 

finalized 3D models are also illustrated and discussed in this chapter before discussing 

future 3D modelling editing prospects for VR use. 

 

1.3.4 Chapter 5 ï Applications and Case Study  

Chapter 5 provides an overview of the multiple analytical functions of the NMVRP. It 

begins with a step-by-step discussion of the various tools of the NMVRP and how they 

are used to improve the ways archaeologists spatially think and work. Specifically, user 

site navigation and teleportation are discussed in detail to illustrate the ways in which 

NMVRP users may explore virtual archaeological sites as a group or alone. It offers 

different approaches to these processes as varying user demographics may respond 

differently to site navigation in VR. As such, different degrees of teleportation selection 

must be established to enable users to select varying teleportation systems that work best 

for them. A virtual measurement tool is also discussed in this chapter. This function is 

used to demonstrate how virtual tools can be used to allow users to conduct scientific 

research in the NMVRP and has an accuracy within 5cms, due to its pinching 

configuration, which may be improved in future revisions. This tool was designed to 

allow researchers to revisit and measure data from previously excavated archaeological 

sites which have been digitized as separate 3D models to study how the sites changed 

through time and to spatially reassess otherwise destroyed in situ data. These models can 
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be measured based on their spatial accuracy generated in Agisoft Photoscan (Agisoft 

LLC 2018: 64-66). This measurement tool is manipulated by hand and simulates using a 

digital measuring tape in VR.  

The value of revisiting and studying excavated sites is also demonstrated through 

the NMVRP Pavilion. This pavilion resembles a virtual museum. It may be used as a 

collaborative space for multiple users to explore the daily Nassau Mills excavation 

models. The NMVRP Pavilion may also be prospectively used as a teaching space where 

teachers may host virtual field seminars year-round to teach archaeological excavation 

procedures to several groups of students. Users can cycle through each Nassau Mills 

excavation day in this space with reference to the original site photographs which were 

used to create the 3D models of each day. This space may prove significant for teaching 

archaeology to groups of students and other visual learners as the NMVRP may be used 

to spatially visualize entire archaeological sites and complex data sets which may be 

difficult for some students to otherwise understand. The NMVRP also demonstrates how 

VR may be used to create new data and insights through tools such as the virtual camera 

tool, VR keyboard, and speech-to-text functions which will allow users to create content 

based on data in the NMVRP space. Future VR applications include prospective 5G 

networking capabilities to provide low-latency to better connect users and future 

applications of the Archaeological Virtual Reality Online Database, or AVROD for short.  

 

1.3.5 Chapter 6: Conclusions and Recommendations 

This chapter discusses the NMVRP project results and contributions and future prospects 

of AVROD and the potential of future VR-focused MA theses.  
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1.3.6 Appendixes 

1.3.6.1 Technical Appendix 

This appendix provides an in-depth discussion of my photogrammetric work processes 

using Agisoft Photoscan Professional. This appendix outlines my workflow and many of 

the lessons that I learned along the way as I found a limited amount of information online 

for some issues that I ran into. As such, this appendix outlines many of these problems 

and the solutions that I discovered, either on my own or through public chat forums and 

YouTube videos to name a few. This appendix may prove useful as an instructional 

document for future Agisoft users or digital archaeologists wishing to work with this 

software to digitize archaeological sites. As such, this document provides step-by-step 

processes of how to generate 3D models developed from large photosets using both 

standard and wide-angle lens digital cameras. I anticipate that this software may change 

drastically in the near future as newer versions are released and as other competitive 

photogrammetric software is developed to offer more efficient and more user-friendly 

experiences which may be used to develop higher quality models for use in virtual 

reality.  

 

1.3.6.2 Field Photography Data Log 

This document outlines the climate and lighting conditions for each morning of 

excavation. It also provides the total number of photos taken using each camera type for 

each morning and the time it took to take each set of photos. In particular, it demonstrates 

how my photographic skills increased as I was able to take more photos more effectively 
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through time at Nassau Mills. This document may be used as a reference for both Chapter 

4 and the Technical Appendix as it illustrates the photographic data used to build each 

daily NMVRP 3D model. These photos are used to generate the Nassau Mills 3D models 

that were used for the NMVRP and are discussed in Chapter 4 of this thesis.  
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Chapter 2:  

Digitizing Archaeological Data 

2.1 Introduction  

This chapter illustrates how an online data-rich Virtual Reality (VR) application and 

database can improve archaeological interpretation, post-excavation analyses, and 

dissemination of archaeological data. It demonstrates how Structure from Motion (SfM) 

photogrammetry can be used ubiquitously as an infield data-digitizing method for multi-

user Head-Mounted Display (HMD) VR-based online databases (Albertini et al. 2017: 6, 

8; Austin 2014: 13, 17-19; Coughenour et al. 2014: 1; Deggima et al. 2017: 87, 91-92; 

Douglass et al. 2015: 138, 151; Ferrari and Medici 2017: 2). It describes the various goals 

and outcomes of different technologically-driven archaeological projects which will serve 

as case studies for a proposed data-rich and analytically-valuable virtual reality online 

database project known as AVROD. AVROD is short for the Archaeological Virtual 

Reality Online Database. It is dedicated to centralizing and disseminating archaeological 

field data in collaborative virtual reality environments for both public and academic users 

through online archaeological databases. These concepts and applications will be 

discussed more fully in Chapter 5 of this thesis. Concepts and ideas in this section are 

drawn from the following sources: (Albertini et al. 2017: 3, 6, 8; Austin 2014: 14-17, 23; 

Coughenour et al. 2014: 1; Dolezal et al. 2017: 272-274; Green et al. 2014: 173, 181; 

Hixon et al. 2018: 53; Kurillo et al. 2010; Lerma et al. 2010: 505; Olivito et al. 2015: 31; 

Smith et al. 2013: 363-365, 367-368; Smith and Levy 2014: 166-167; Yilmaz 2007: 423, 

429).  
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2.2 VR and Multiuser Systems in Archaeology 

The definition of virtual reality in archaeology has changed through time encompassing 

technologies from CAVE (Cave Automated Virtual Environments) technologies, to PC-

based online virtual reality applications, to finally Head Mounted Display (HMD) VR for 

data analysis and conservation (Albertini et al. 2017: 6-7; Bruno et. al 2009: 6, 7; Carter 

2017: 1-3, 5; Deggima et al. 2017: 91-92; Dolezal et al. 2017: 272; Ferrari and Medici 

2017: 2; Knabb et al. 2014: 228; Lee 2017: 70-72; Morgan 2009: 474-475, 478; Olivito et 

al. 2015: 34-35; Pietroni and Pescarin 2010: 25; Pujol-Tost 2017; Robinson and Cassidy 

2017; Smith et al. 2013: 364). Today virtual reality has become increasingly synonymous 

with ñimmersive HMD VR technologiesò, instead of earlier online PC, or screen-

oriented, definitions of VR in archaeology. These screen-tethered archaeological VR 

experiences can be categorized into ñCollaborative Virtual Environments (CVEs)ò and 

ñMMOs (Massive Multiplayer Online)ò- based environments as virtual places for 

archaeological learning and data-dissemination. ñMulti User Domainsò, such as Second 

Life ï an online virtual world that operates as both a CVE and MMO virtual environment, 

have allowed archaeologists to construct and share online recreations of archaeological 

sites. This method has enabled archaeologists to explore new research questions and gain 

insights through the digital reconstruction process. The final reconstruction product can 

then be shared and experienced with multiple users online (Dolezal et al. 2017: 272; 

Morgan 2009: 473-476, 478).  

 

2.2.1 VR and Geovisualization 
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VR software programs are increasingly demonstrating the ability to instantly share and 

communicate ideas between multiple researchers in a virtual space. The notion of an 

easy-to-use multi-user HMD virtual reality archaeological operation system has been 

briefly considered by archaeologists but has not yet been properly implemented as a 

HMD project, although it has been attempted as a VR CAVE project (Albertini et al. 

2017: 6, 8; Kurillo et al. 2010; Smith et al. 2013: 364). However, the notion of a multi-

user HMD VR platform has been illustrated by projects such as the ñgeovisualization 

experimentò which enables instructors to teach world geography in VR while virtually 

teleporting to selected locations around the planet. This innovative teaching method is 

valuable as it enables users to virtually interact face-to-face as avatars while collectively 

manipulating any chosen artificial environment, regardless of their physical location on 

the planet (Dolezal et al. 2017: 272-274). This software interaction approach may prove 

invaluable for creating an interactive VR data network based in circulating excavation 

data from a prospectively infinite number of archaeological sites from across Canada and 

around the world. Data can be digitized by employing methods in photogrammetry, 

which will be discussed in this chapter, to collect and digitally construct complete 

excavation projects in VR. Such an online archive of interactive VR archaeological data 

may prospectively enable archaeologists to comment on and directly share their ideas and 

interpretations of excavation data and methods in real time from any location. This may 

also prove valuable for publishing archaeological data and teaching archaeological 

procedures to both student and public audiences, while enabling the software to remain 

continuously updated (Albertini et al. 2017: 6; Gabellone 2009:6; Kurillo et al. 2010: 27-

28; Pietroni et. al 2010: 1).  
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2.2.2 An Overview of CAVE Technologies: Prospective Database Collaboration and 

Gesturing Interaction  

ñCave Automated Virtual Environmentsò, or CAVEs, are 3D virtual environments 

generated by either multiple screens or projectors and stereoscopic lenses worn by users. 

These technologies have paved the way for new generations of immersive HMD 

technologies which are becoming increasingly focused in digital data-accumulation and 

analysis (Albertini et al. 2017; Deggima et al. 2017; and Robinson and Cassidy 2017). 

These immersive environments employ software such as point clouds and stitched 

imagery to generate excavation data which can be manipulated in a 3D virtual space by 

the user (Knabb et al. 2014: 228). Virtual reality CAVE technologies have proven to be 

an effective technology for digital data analysis (Knabb et al. 2014: 228; Olivito et al. 

2015: 34-35; Smith et al. 2013: 364). These technologies can work with online databases, 

enabling users to directly query and display data for collaborative analyses (Knabb et al. 

2014: 229-230; Olivito et al. 2015: 34). This is often done through motion-tracked 

gestures which facilitate the manual manipulation of digital data and environments in VR 

(Kadobayashi and Mase 1997; Kadobayashi et al. 1998). These forms of manual 

interaction are valuable as they enable more natural learning through direct human-object 

interaction. This permits users to learn faster and analyze data more efficiently than 

traditional screen and mouse-based methods of learning which may not have the same 

educational impact (Albertini et al. 2017: 14). This type of VR interaction allows users to 

manually study superimposed digitized stratigraphic data which can be individually 

analyzed, replicated, and shared (Albertini et al. 2017: 12-14, 16; Smith et al. 2013: 364). 
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This is valuable for studying individual stages of fieldwork which are digitally referenced 

alongside contextual artifact information and other metadata (Deggima et al. 2017: 89-90; 

Knabb et al. 2014: 229-231; Meyer et al. 2006: 4; Olivito et al. 2015: 31, 34-35; Pietroni 

and Pescarin 2010: 25, 27; Smith and Levy Thomas 2014: 167; Smith et al. 2013: 364). 

Unlike other virtual reality simulators, the CAVE environmentôs sole purpose is 

to virtually reconstruct excavation projects to better study archaeological data, rather than 

to recreate visual interpretations of how the site may have once looked (Knabbôs et al. 

2014: 229-231). As such, CAVE technologies have developed into several different 

projects which vary in composition and size. Despite this, they all share the same 

fundamental goals to digitize destructive excavation processes in order to revisit and 

study them in a later time (Knabb et al. 2014: 228; Olivito et al. 2015: 34-35; Smith et al. 

2013: 364-365).  

 

2.2.3 MUDs (Multi User Domains) 

ñVisual cooperative systemò projects, such as the ñIntegrated Technologies of Robotics 

and Virtual Environments in Archaeologyò, and Virtual Rome, both focus on the 

continuous updating and sharing of information. These projects both operate as VR 

MuDs (virtual reality multi-user domains), while Virtual Rome specifically operates as an 

ñopen-sourced online environmentò where users can actively manipulate the artificial 

environment to collaboratively reconstruct an accurate rendition of a virtual ancient 

Rome. These online VR MuDs are significant, as Pietroni and Pescarin (2010: 26) 

explain, because there are no MuDs dedicated to the dissemination of scientific and 

archaeological data. The VR MuD for the ñIntegrated Technologies of Robotics and 
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Virtual Environment in Archaeologyò project is unique as it operates as a multi-

disciplinary scientific hub for testing and sharing scientific data in a virtual space as 

avatars in real time (Pietroni and Pescarin 2010: 27-28). As such, HMD VR technologies 

are seemingly becoming increasingly prominent as the leading VR technology due to 

their rising presence in the VR-focused literature. I believe that this is due to the growing 

analytical value that immersive HMD technologies provide through their capabilities for 

directly studying and manipulating digital data first-hand (Albertini et al. 2017; Deggima 

et al. 2017; Robinson and Cassidy 2017). Regardless of this, there is still an immense 

value in virtual collaboration which I believe is the next necessary step in VR HMD 

developments for data-dissemination and distance education (Kurillo et al. 2010; Meyer 

et al. 2006: 2-3; Olivito et al. 2015: 34; Redfern and Naughton 2002: 211-212; Smith et 

al. 2013: 364).  

 

2.2.4 Online Data-Management and Processing 

Immersive virtual reality and online databases are becoming more applied methods for 

archaeological study. VR CAVE systems and online databases are demonstrating how 

archaeological excavations can be completely documented digitally and shared online. 

These innovative methods have demonstrated the ability to completely document, 

disperse, and catalogue immense amounts of data during destructive excavation 

processes. Online databases, such as ArchField, have demonstrated their ability to 

disseminate electronic data daily. Excavation data is uploaded to the ArchField database 

by ArtifactViz2, a virtual reality software program used for research and training through 

data-selection and manipulation (Smith et al. 2013: 363-364). This software instantly 
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processes artifact location data which is mapped and stored through ñsub-centimeter 3D 

recordingsò. This program records exact artifact locations with a total station which are 

then rendered and uploaded instantly to the ArchField online database. This software 

enables archaeologists to visually study in detail the excavation process of a site in its 

entirety. Excavation data is collected and illustrated with supporting contextual 

information to enable archaeologists to better record, interpret, and share this information 

sequentially for post-excavation analyses (Meyer et al. 2006: 1-2; Olivito et al. 2015: 35; 

Smith et al. 2013: 367-369). 

ArtifactVis2 is a particularly valuable software system as it is compatible with, 

ñHMD [VR Head-Mounted display], single 3D screen, CAVE, [and] 2D monitorò 

technologies (Smith et al. 2013: 365). These forms of VR-based data-processing systems 

are capable of universally connecting researchers in real time with data as it is produced 

instantly in the field using GIS. This data can then be disseminated through 

fundamentally any form of electronic device or hardware. Therefore, not only do these 

programs enable the instantaneous dissemination of field data online, but they will also 

may enable researchers to instantly access and work with the same data in developing 

forms of immersive virtual reality. This data includes excavation data such as, ñloci, 

stratigraphic data, artifacts, basemaps, and architectureò to name a few (Smith et. al 2012: 

646-647; Smith et al. 2013: 363, 365-366, 369; Smith and Levy 2014: 166, 167-169). 

 

2.2.5 Distance Education  

Archaeological distance education may prospectively be used to share and analyze data 

instantly (Meyer et al. 2006: 1-3 and Smith et al. 2013: 363-366, 369) and universally 
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amongst archaeologists in virtual reality (Albertini et al. 2017; Deggima et al. 2017; 

Redfern and Naughton 2002: 211-212; Robinson and Cassidy 2017). Immersive Head-

Mounted Display (HMD) VR may sufficiently function as a distance education teaching 

tool as it is currently a new and innovative technological method for reciprocal 

communication and has demonstrated accurate data-representation capabilities required 

for data-sharing amongst online academic communities (Redfern and Naughton 2002: 

211-212). This communicative tool may allow for real-time collaboration between 

academics, enabling them to simultaneously discuss and study previously geographically 

inaccessible sites and data, while instantly sharing their findings through VR (Robinson 

and Cassidy 2017). 

 

2.3 Digital Data Vs Traditional Data-Recording Methods  

Digital data-collecting methods are proving more efficient and practical than traditional 

archaeological data-recording techniques, such as drawing and writing, and may 

prospectively revolutionize the way archaeologists collect and share excavation data 

(Albertini et al. 2017: 3, 8; Austin 2014: 14-17, 23; Coughenour et al. 2014: 1; Green et 

al. 2014: 173, 181; Hixon et al. 2018: 53; Lerma et al. 2010: 500, 502-505; Levy 2014: 

166-167; Peng et al. 2017: 1, 3, 7; Smith and Olivito et al. 2015: 31; Yilmaz 2007: 423, 

429). Digital data-collecting methods have shown an increase in the quality of data 

collected by as much as 21-32% over traditional data-collection techniques, and 3D-

focused archaeological publications have increased over 300% in ten years (Austin 2014: 

20, 23; Coughenour et al. 2014: 1; Douglass et al. 2015: 138, 143, 146, 151; Roosevelt et 

al. 2015: 327). Digital methods are often more accurate and time-proficient than 
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traditional written methods as they mitigate human errors that often occur through writing 

(Austin 2014: 13, 17-19; Coughenour et al. 2014: 1; Douglass et al. 2015: 138, 143, 146, 

151). Many traditional archaeological recording methods have been shifted into digital 

methods through current technologies, such as mobile devices, which are continually 

shaping and improving archaeological field schools and archaeological excavations 

(Coughenour et al. 2014: 1; Douglass et al. 2015: 138, 151; Roosevelt et al. 2015: 339).  

 

2.3.1 Online Data-Management and Processing ï Metadata and Trusted Online 

Repositories  

Digital data for VR and open-sourced databases can be collected and delivered to users in 

a number of ways. Metadata is complementary information which can be simultaneously 

delivered and analyzed alongside digitized data to provide full digital libraries of visual 

and analytical data used in immersive VR programs (Knabb et al. 2014: 229-231; Meyer 

et al. 2006: 1-2; Smith et al. 2013: 365). It is composed of background information of 

archaeological photographs, textual data, surveying data, modelling, artifact contexts, and 

other provenience data which is generated during the digitization process (Meyer et al. 

2006: 1-4; Archaeological Data Service 2015a). This form of data can be matched to 

Structure from Motion (SfM) photogrammetric data which can be used to construct 3D 

models for use in open-sourced databases and VR applications (Albertini et al. 2017: 6; 

Deggima et al. 2017: 89; Gabellone 2009: 1-3, 5-6; Knabbôs et al. 2014: 229-231; 

Robinson and Cassidy 2017). These forms of digitized archaeological data may be 

permanently stored and accessed through online trusted repositories. These online 

databases are operated by organizations such as the Archaeological Data Service (ADS) 
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and the Digital Archaeological Record (tDAR) which systematically backup, 

disseminate, and migrate digitized data through evolving technologies to ensure their 

usability (Archaeological Data Service 2015f; Archaeological Data Service 2015g; The 

Archaeological Data Record 2017). Concepts and ideas are drawn from the following 

sources: (Archaeological Data Service 2015b; Archaeological Data Service 2015c; 

Archaeological Data Service 2015d; Archaeological Data Service 2015e; Archaeological 

Data Service 2019).  

 

2.3.2 Structure from Motion (SfM) Photogrammetry 

Structure from Motion (SfM) Photogrammetry is an inexpensive, effective, and popular 

non-destructive method for digitizing archaeological data as it automatically generates 

measurable 3D images from still photographs with 60-80% overlap between images 

(Albertini et al. 2017: 3-4; Ferrari and Medici 2017: 1; Gabellone 2009: 1-3, 5-6; Lerma 

et al. 2010: 500, 502-506; Olivito et al. 2015: 31-32; Smith and Levy 2014: 167-169). 

Images must be taken from at least 3 different angles, and in cloudy or morning lighting 

for best results (Barceloô et al. 2003; Douglass et al. 2015: 138, 140, 148, 151; Green et 

al. 2014: 181; Hixon et al. 2018: 43-44, 46, 53; Peng 2017: 1, 9). This practice is valuable 

as archaeologists can practise SfM photogrammetry on their own, enabling them to 

establish digital elevation maps (DEMs), elevations, scaled measurements, and other 

significant geographical data from 3D models, when joined with surveying techniques in 

the field (Austin 2014: 14-20, 23; Coughenour et al. 2014: 1-2, 4; Douglass et al. 2015: 

138, 148, 151; Green et al. 2014: 177-179). 
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2.3.3 Flaws of SfM Photogrammetry  

SfM photogrammetry, although useful remains an imperfect data-acquisition method as it 

is only truly effective when certain technical conditions are met. These pertain largely to 

ñlighting, camera, and image overlap conditionsò, to name a few (Peng 2017: 1). SfM 

photogrammetryôs precision has proven inferior to the total station, and even 

prospectively hand-drawn triangulation methods of field mapping, from measurement 

errors varying between the centimeter and sub-millimeter levels (Peng et al. 2017: 2, 9). 

However, SfM does make up for these flaws through its expedient data-collection speeds 

and adequate accuracy which match excavation speeds (Green et al. 2014: 181; Hixon et 

al. 2018: 51, 53; Peng et al. 2017: 1, 3, 6-7, 9). Despite its imperfections, SfM has 

demonstrated enormous potential as a prospective stand-alone digital data tool when it 

can record exact data measurements (Green et al. 2014: 176, 181). 

 

2.3.4 The Developing Uses of SfM Photogrammetry  

SfM photogrammetry continues to be an innovative technology as it exhibits potential as 

a tool for digital site reconstruction. For example, it is being used to reconstruct 

excavation processes from adhoc photos. These are spontaneous photos taken during 

excavation periods which have been repurposed as SfM photogrammetric data for exact 

3D models of excavation procedures (Austin 2014: 13, 17-20, 23; Coughenour et al. 

2014: 4; Douglass et al. 2015: 138, 148, 151). This is possible as the site Zaraa Uul 

(Figure 5.4) was constructed from only 35 photographs, demonstrating that 3D models 

can be generated from smaller sets of photographs. Furthermore, SfM photogrammetry 

also demonstrates the ability to establish digital data for public, ñopen-source access to 
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dataò (Green et al. 2014: 173-174). Access to open data would allow free public access to 

excavations and data while prospectively creating online photogrammetric databases 

which, I believe, may be expedited through smartphone technologies (Douglass et al. 

2015: 138-140, 148, 151). 

 

2.3.5 Volumetrics  

Volumetrics can also be calculated through SfM photogrammetry. Volumetrics is the 

process of digitally calculating and illustrating 3D soil volumes and soil horizons of 

stratigraphic layers from excavation surfaces (Barcelo et al. 2004: 5-12; Lerma et al. 

2010: 495; Roosevelt et al. 2015: 334, 338-339; Yilmaz 2007: 428-430;). Volumetrics is 

also understood as the spatial relationship between ñstratigraphic image stackingò ï the 

superimposed 3D images that chronologically document the excavation process (Barcelo 

et al. 2004: 6-7). Watertight digital grids are established between superimposed digitized 

stratigraphic layers from digital elevation models (DEMs) (Roosevelt et al. 2015: 334-

335, 339). However, volumetric data cannot be measured, and, as such, it operates solely 

as an interpretive visual technique rather than as an absolute method of measurement 

(Barcelo et al. 2004: 6-7, 10-12). In spite of this, volumetrics is becoming a standard 

practise required from some financial grant organizations and is furthering archaeology 

beyond traditional excavation and data-collecting practises through its uniform and user-

friendly recording system and data-sharing capabilities (Roosevelt et al. 2015: 325, 329, 

342-343).  

 

2.3.6 Laser Scanning 
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Laser scanning, like photogrammetry, is an effective and accurate data-digitization 

method. There are a number of different types of laser scanners, such as Airborne Laser 

Scanning (LiDAR), Terrestrial Laser Scanning (TSL), and Structured Light Scanning 

(SLS) (Lerna et al. 2010: 501). Laser scanners digitize data from acquired points from 

surfaces to create point clouds of data to generate 3D images (Bruno et. al 2009: 3; Lerna 

et al. 2010: 501). Terrestrial Laser Scanners measure both an objectôs surface and the 

distance between the laser scanner and the object. This is achieved by measuring an 

objectôs surface with a camera when struck with a laser. TLSs determine distance by 

employing either a pulsating laser or using a modulated laser beam. Colour can be 

generated from measured points or built-in digital cameras to construct more detailed 

images (Lerma et al. 2010: 501). A Structured Light Scanner (SLS) is a type of laser 

scanner that uses structured light, shone from a projector, which is captured by a digital 

camera to collect measurements, including shape and colour. This light is manipulated to 

measure objects from ñé a single tooth to an area approximately 75 x 55 cmò 

(McPherron et al. 2009: 20). These instruments digitize hyper-detailed surface data but 

they do require software to merge 3D scans into complete 3D images (McPherron et al. 

2009: 19-21). 

Regardless of the type of laser scanning technology reflective surfaces and poor 

lighting conditions are detrimental to 3D data collection (Bruno et. al 2009: 4). These 

technologies, however, possess a number of practical limitations in the field and can be 

chronologically, physically, and financially burdening (Lerma et al. 2010: 501). The 

images produced are useful for digitally illustrating archaeological excavations, but this 

technology does not function as a standalone data-acquisition technology because it is 
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slow and requires adequate lighting conditions. However, laser scanners do have 

potential to increase accuracy through GIS technologies (McPherron et al. 2009: 1, 21, 

23). Laser Scanners can also be used for SfM photogrammetry to capture images from 

360 degrees, but they are a more costly than standard SfM photogrammetric methods and 

are less practical (Ferrari and Medici 2017: 4; Green et al. 2014: 181; Verdiani 2015: 

133, 134-135, 137, 138). Ultimately, between laser scanning and traditional SfM 

methods, standard SfM techniques are considered a more efficient and accurate 

digitization method over laser scanning techniques (Peng et al. 2017: 1, 3, 9; Smith et al. 

2013: 366). 

 

2.4 Discussion: VR and Archaeology in the Public Eye 

Virtual reality technologies are connecting both the public and academic audiences to 

archaeological sites through AR and immersive VR technologies. Augmented Reality 

(AR) is a form of virtual technology first invented in the 1990ôs. It operates by 

superimposing digital images and virtual data over real world scenes. Recently, it has 

become a valuable analytical and interpretive tool for manipulating and studying 

digitized data in real time - such as through GIS - that has been superimposed over 

archaeological sites and features (Norsyafawati et al. 2016: 484, 489, 490; Stricker 2001: 

1; Stricker et. al 2009: 1, 3-5; Stuart 2012: 582-583, 587, 596, 598). AR has also been 

used to visualize virtual heritage, which employs intentionality and phenomenology, to 

both educate public users about archaeological data, and empower cultures through 

visualizing their lost cultural heritage (Ferrari and Medici 2017: 1, 8-9; Lee 2017: 70-73; 

Norsyafawati et al. 2016: 489; Stuart 2012: 583, 588, 596). 
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User-friendly AR programs such as Archeoguide superimpose head-tracking 3D 

infographics through a HMD (Head-Mounted Display) to provide relevant archaeological 

information through GIS technologies (Norsyafawati et al. 2016: 484, 490-491; Stricker 

2001: 1; Stricker et. al 2009: 1, 3-5; Vlahakis 2002: 53, 57, 59). This AR technology 

generates 3D images from an online photographic database with 30-40% image overlap 

over real world scenes from the viewerôs HMD camera and GPS (Stricker 2001: 2, 5). 

This percentage of image overlap is required to deter ñBreaks in Presence (BiPs)ò ð 

technical disruptions which sever immersive VR and AR experiences (Stuart 2012: 590, 

591, 597; Vlahakis 2002: 53). Programs such as Archeoguide are integral for developing 

user-interactive methodologies for on-site AR applications for public learning and 

professional data-analyses and dissemination (Stricker 2001: 5). 

Likewise, immersive virtual reality applications and the virtual documentation of 

archaeological sites is experientially valuable as it stimulates emotional responses in 

viewers, and establishes greater connections with sites and data. This technology has 

proved valuable as a method of archaeological outreach to both public and indigenous 

audiences. Archaeological VR projects have enabled all generations from indigenous 

communities to better visualize and reconnect with their cultural pasts. These VR 

experiences have permitted archaeologists, native elders, and the public to digitally 

access and explore geographically inaccessible sites while ensuring the continuity of 

fragile archaeological sites in digital environments (Ellenberger 2017: 305; Ferrari and 

Medici 2017: 1; Gabellone 2009: 6; Robinson and Cassidy 2017; Smith et. al 2012: 648).  

 

2.5 Conclusion 
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This chapter has illustrated both current and prospective VR-based projects and 

technologies for archaeological research and data-digitization, to demonstrate the value 

of digital data and innovative technologies for archaeological practise. It provides the 

foundational information required for the design of a unified digital data-acquisition 

method - or digital field manual as I refer to it - necessary for the standardization of 

excavation documentation and illustration for data dissemination. The subsequent 

chapters of this thesis will illustrate the theoretical and methodological stages of this 

project before constructing AVROD as a functioning immersive virtual reality platform.  
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Chapter 3:  

 

An Evaluation and Application of Virtual and Augmented Reality Technologies for 

Archaeological Visualization  

 

3.1 Summary 

Virtual technologies are useful tools that can be applied to different archaeological 

theories, such as: affordance theory, phenomenology, theories of perception, and theories 

of spatial accuracy, to name a few. These applications can be used for studying how 

humans spatially perceived and adapted to environments. This chapter illustrates the 

relationship between these different theories and their applications within the realms of 

virtual reality for archaeology, and demonstrates virtual archaeologyôs potential for 

establishing new mediums for knowledge-creation and data-accessibility and 

dissemination. Concepts and ideas are drawn from the following sources: (Barceló 2001: 

1, 6-7; Brück 2005: 46-48, 54, 60, 64-65; Carter 2017: 98-101; Flynn 2007: 87, 89-90; 

Gillings 2012: 603-605; Gross et al. 2005: 482; Jacobson and Holden 2007: 2; Johnson 

2012: 273, 279-280; Lock and Pouncett 2017: 130; Pletinckx 2011: 33, 36). 

 

3.2 Introduction 

This chapter discusses the theoretical structures of affordance theory, phenomenology, 

and spatial analysis. It provides an overview of these theories and their applications to 

virtual archaeology to illustrate their uses as methods for studying and understanding 

space and spatial relationships in the archaeological record. It discusses theoretical 

approaches to virtual reality in archaeology to establish it as a useful scientific tool for 

learning and analyzing and disseminating archaeological data. This chapter operates as a 
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theoretical overview for the subsequent chapters of this thesis to illustrate how virtual 

archaeology can be used as a theoretically and scientifically viable methodology for 

digitizing and disseminating excavation data in virtual environments. This chapter is 

divided into three sections. The first section provides an overview of concepts and 

definitions related to virtual reality and affordance theory. The second demonstrates how 

virtual reality may be used as a critical tool for enhancing the way researchers organize, 

analyze, and study the relationships of objects in space. The third section outlines various 

ways that virtual reality can be used as a tool to enhance teaching archaeological practises 

through multi-user approaches. 

 

3.3 Concepts and Definitions:  

This section discusses affordance theory and presence and their roles in the use of virtual 

reality for archaeology. Affordance is the theory of studying how humans perceive and 

manipulate their environments to infer intentionality in the archaeological record, based 

on the use of environmental objects and attributes. This theory has been applied to 

modern technologies, such as GIS, and is more recently being applied to virtual reality 

technologies to study how virtual tools and spaces afford use in VEs (Virtual 

Environments) for archaeological study (Abramiuk 2012: 98; Dickey 2003: 107; Gillings 

2012: 609-610; Gross 2004: 16-18; Nelson et al. 2017: 55; Shin 2017: 1828; Turner 

2007: 130-131). This theoretical framework can be applied to the study of virtual reality 

in archaeology through the application of virtual tools in virtual environments (VEs). 

Like real world objects, virtual objects have affordance which affects the ways in which 

users use them and navigate VR environments. This analysis suggests that virtual 
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affordances influence how users navigate, manipulate, and study archaeological data in 

VR environments. As such, the tools that are used for the NMVRP should theoretically 

affect how users study data and experience VEs. This theory is also capable of helping us 

study and understand archaeological virtual environments based on how users interact in 

these spaces through their perception and understanding of action capabilities. These 

capabilities directly affect how users work and operate in a VE based on virtual functions 

such as navigation controllers like the Leap Motion Controller (Eve 2012: 588; Leap 

Motion 2019; Turner 2007: 132). 

Action capabilities directly affect how users recognize virtual tasks and functions 

based on the real-world familiarity and accessibility of these features. Virtual applications 

should be able to effectively communicate what users can and should do to achieve their 

required outcomes when navigating VR applications. As such, these approaches require a 

keen understanding of perception to instantly convey this information to users through 

cognitive approaches such as familiarity. Subsequently, these outcomes can be achieved 

by creating easily recognizable environments and tasks, which users can readily navigate 

through familiar controls and tasks. This familiarity requires that interactions between 

users and their environments should be simple and should closely simulate real-world 

interactions with objects and environments. This theoretical approach allows for shorter 

learning curves, more captivating user experiences, and greater functionality and 

accessibility of the VE as an analytical tool. With my collaborator Sean Bruce, I have 

implemented easily adaptable VR tools such as the Leap Motion infrared hand sensor 

controller, which we are currently using to simulate real-world interactions. This allows 

users to navigate their environments and interact with tools and objects with their bare 
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hands, as they would in the real world, to establish a sense of familiarity with the VEs 

(Gross et al. 2005: 482, 484, 486, 489). 

Presence is defined as the feeling of being in another location outside of oneôs 

current physical location. This feeling can either be experienced by a single user, or with 

multiple users through social awareness, in a virtual space. It is a state of mind that is 

intensified through greater technological mediums such as VR. The capabilities of virtual 

reality are proven to increase user learning through presence, or user collaboration, which 

can also be applied to virtual archaeology projects to improve user learning. This is 

significant as virtual technologies may reinvent academic research and learning 

methodologies through multi-user collaboration and spatial learning approaches. 

Presence can be used to allow multiple users to better experience and learn ñé the 

affordances of multiple perspectivesò, by freely manipulating archaeological objects, 

data, and environments in VR. These affordances can be inferred by collaborative users 

through presence which establishes greater emotional investment and immersion between 

users, improving the learning process. These user experiences can be further amplified 

through visual advancements in VR technologies which will increase the experiential and 

spatial learning value of VR for archaeology as these technologies improve through time 

(Dickey 2003: 105, 117-118; Eve 2012: 588-589; Flynn 2007: 88; Frischer 2011: 29; 

Jacobson and Holden 2007: 3; Shin 2017: 1827-1828; 1830-1831, 1833-1834). 

Affordance theory and constructivist theory are closely linked when studying the 

learning capabilities of immersive VEs. Specifically, affordance theory directs the 

learning construction process, while constructivist theory facilitates learning construction. 

These two theories are significant for learning in VEs as they indicate the subconscious 
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relationship between the learner and the virtual learning tool as a new methodology for 

developing educational technologies (Dickey 2003: 107, 113-114). Constructivist theory 

also proposes that users best learn by building knowledge through active participation in 

their environments with other users. This framework of teaching lets users learn through 

visual and environmental freedoms that enables them to manipulate data, solve problems, 

and navigate continuous streams of information together in a single space (Dickey 2003: 

105, 115). This theory of learning closely suits immersive virtual environments as users 

can remotely work together to visually deconstruct and revaluate complex data sets using 

new tools and learning processes. This in turn can be prospectively customized to the 

individualôs needs, allowing users to better develop virtual learning tools for their 

specific educational tasks (Dickey 2003: 105, 113-114; Doolittle and Hicks 2003: 77-78; 

Forte 2011: 14; Huang, H.-M. 2002: 28-30; Leask and Younie 2001: 117-121, 127-131; 

Strommen and Lincoln 1992: 468-470). 

Like affordance and constructivist theory, phenomenology plays a central role as 

a significant theory in virtual archaeology. Phenomenology is the process of studying 

how people experienced, navigated, and learned landscapes in the archaeological record. 

This theory often intertwines with affordance theory as landscapes afford subsistence 

opportunities which are perceived and procured by cultures in the archaeological record 

(Gillings 2012: 606). This theoretical tool enables archaeologists to theorize how humans 

perceived their environments to study how they experienced, lived, and thrived in 

landscapes and physical spaces. It allows archaeologists to theorize the minds and social 

lives of people in the archaeological record by perceiving and experiencing landscapes as 

they did. This approach focuses heavily on the body and the senses as a method of 
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studying lived experience, from spatial environments and landscapes, and seeks to 

establish learning beyond textual approaches (Brück 2005: 46-48, 54, 64-65; Eve 2012: 

582-583; Hamilton et al. 2006: 32; Johnson 2012: 271-273; 278).  

Phenomenology enables archaeologists to theorize the minds of past cultures in 

the archaeological record by interpreting the spatial experiences and meanings of 

locations through the shared human experiences of perceiving place. These experiences 

are dictated by the visual and bodily influences that architectural features command over 

the scientific observer. Archaeologists can infer intangible insights of meaning and 

intentionality from tangible data in the archaeological record. This is often composed of 

locational analyses of viewpoints and archaeological features ï which may have once 

communicated social meaning such as social hierarchies, worldviews, and other forms of 

intangible heritage (Brück 2005: 47, 54-55, 58, 60, 62; Flynn 2007: 88-89; Johnson 

2012: 273, 279-280). Phenomenology is being used with VR technologies to enable 

archaeologists to revisit and virtually embody landscapes to better study and experience 

them through time. These VR tools can be applied as distinctly phenomenological tools 

by visualizing topographical and architectural data from any vantage point. As such, 

archaeologists can generate, visualize, and disseminate phenomenological data to 

generate new insights by merging archaeological theory and immersive visual 

technologies. This theory can also be used as a tool for studying how humans learn in 

both the archaeological record and in VR environments as it provides a learning method 

founded on real world experiences and spatial environments to better stimulate the brain. 

As such, phenomenology can be applied as a relevant theoretical construct for studying 

how humans spatially learn and communicate in both the archaeological record and for 
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contemporary users of VR technologies in learning environments (Brück 2005: 46-48, 

54, 58, 60, 64-65; Flynn 2007: 87, 90).  

Although phenomenological archaeology has been largely criticized for its 

seemingly unscientific approach and methodology, it has often been used by 

archaeological and anthropological theorists to help identify different approaches to 

understanding and experiencing archaeological environments and spaces (Eve 2012: 584-

585). Despite this, phenomenology has become an increasingly useful theory in digital 

archaeology as a means to digitally experience and study archaeological sites through 

augmented reality (AR) and immersive virtual reality (VR) technologies. In this way, I 

believe that AR and VR technologies can solve many of the issues regarding observative 

and climatic variability which have been addressed by critics of phenomenology. For 

example, the physical embodied experience and climatic and lighting variability can all 

be virtually recreated and ubiquitously experienced by VR users consistently (Eve 2012: 

583-585; Hamilton et al. 2006: 31, 34). Thus, these technologies are not only capable of 

paving new research avenues in data-recording and accessibility, but it is becoming 

increasingly apparent that VR technologies may contribute to archaeological theory ï 

such as phenomenology (Flynn 2007: 90; Forte 2011: 9-10).  

Phenomenology proposes studying landscapes with our senses beyond just 

perception. As such, this requires using the senses of smell, hearing, touch, and taste to 

acquire a complete bodily sense of environments (Eve 2012: 583-584, 592, 595). 

Presently, virtual archaeology falls short of replicating complete phenomenological 

experiences for all the senses beyond sight and hearing. However, these technologies can 

produce new analytical virtual tools that are unique only to VR and AR environments for 
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new prospective visual, audio, collaboration, training, and data-sharing and testing 

capabilities (Eve 2012: 583, 595; Forte 2011: 9-10; Turner et. al. 2005: 290, 295). It is 

also capable of reconstructing entire archaeological sites through both holistic and 

constructivist approaches which allows archaeologists to accurately study 3D data both in 

its current state and how it may have been through virtual reconstructions (Forte 2011: 

14).  

 

3.4 VR and Spatial Sciences in Archaeology:  

Spatial learning and analysis are a central component to archaeological data analysis. 

Archaeologists require spatial data to theorize, reconstruct, and perceive how peoples in 

the archaeological record experienced different spaces and environments (Brück 2005: 

46-48, 54, 60, 64-65; Whitley 2002: 7). Perception and spatial accuracy are important 

concepts for visualizing and studying digitized archaeological data. Perception is an 

essential theoretical approach to studying how humans experienced environments in the 

archaeological record (Frieman and Gillings 2007: 8). Perception must be studied as an 

amalgamation of the human senses and is a central component for interpreting and 

understanding space and spatial environments (Frieman and Gillings 2007: 5-6, 8, 13). 

Accordingly, it can be suggested that embodied phenomenological approaches may be 

the best theoretical tools for studying human perception and its role in understanding 

space and spatial relationships in the archaeological record. From this analysis, it is clear 

that virtual archaeology may become a central tool for studying these theoretical 

approaches and may be the next step forward from traditional methods of studying 
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experiential archaeology such as evocative writing (Brück 2005: 46-48, 54-55; Flynn 

2007: 87, 90; Frieman and Gillings 2007: 5-6, 8-11, 13; Johnson 2012: 273, 279-280).  

Perception is complex as it is a cognitive human sense that is highly influenced 

by both culture and environment. It is therefore, theoretically experienced differently by 

all peoples through time (Frieman and Gillings 2007: 13; Lock and Pouncett 2017: 

130). This means that researchers must approach perception as a highly complex 

method of spatial understanding that has been prospectively experienced differently by 

every individual in the archaeological record ï making it extremely difficult to 

theoretically reconstruct how peoples perceived spatial environments. These different 

scales of perception indicate the different levels of complexity that archaeologists must 

recognize when approaching spaces and places in the archaeological record. These 

approaches will help us understand the different ways in which the archaeological record 

may have been experienced ï helping us to identify our own research biases as a result 

(Frieman and Gillings 2007: 13; Lock and Pouncett 2017: 130).  

The theories of direct perception and visual perception are used to theorize how 

humans objectively visualize the scale of objects from long distances. ñTexture, view, 

and perceptò are used to infer size of objects. These visual cues provide viewers with the 

visual data required to calculate object scale. Scale is determined first through texture 

which is inferred by the density of differing textures as they are viewed against differing 

objects, while perception is determined as a variable of size and the density of texture of 

an object in comparison to surrounding objects (Abramiuk 2012: 96-97). These theories 

of perception directly apply to the understanding of space and spatial relationships in 

digital archaeology as they help us to understand perception as a tool for analyzing data 



35 
 

in both real and virtual environments ï for which VR technology has demonstrated 

accurate capabilities.  

Like perception, spatially analytical approaches are valuable resources for 

studying and interpreting spatial relationships in the archaeological data. This section will 

outline different approaches to spatial analysis and will discuss their applications as 

theories for studying spatial relationships in archaeological data. Spatial thinking carries a 

number of perceptive attributes such as the ability to assess and accurately estimate large 

sums of visual data represented in space (Lock and Pouncett 2017: 129). This framework 

of thinking is significant in archaeology as it enables researchers to visually digest and 

understand relationships between large sums of data and make inferences based on these 

visual correlations. 

Spatial learning is a product of spatial thinking and is the process by which 

humans, ñé understand, navigate, and exploit the world around themò (Lock and 

Pouncett 2017: 130-131). Researchers study space through software such as GIS 

technologies, and, more recently, through immersive virtual reality technologies, which 

may be used to spatially perceive environments in new and significant ways (Lock and 

Pouncett 2017: 130-131). Thus, researchers use these spatial data tools to generate new 

insights by perceiving spatial data in virtual environments from different perspectives. 

Immersive virtual environments are unique spatial learning and thinking tools. They 

provide researchers first-hand access to data which can be visualized from any scale such 

as the, ñanalytical, phenomenological, and dwelling scalesò to generate new and unique 

insights from large data sets (Lock and Pouncett 2017: 103-131). Spatial learning is 

rooted in interpretation, with a heavy focus on methodology, while spatial narrative 
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bridges data and interpretation, with a focus on analysis and interpretation (Lock and 

Pouncett 2017: 130). These are separate methodologies for perceiving and processing 

spatial data which illustrate some of the many ways people spatially learn and perceive 

data in spatial environments.  

Spatial technologies can be used to study space and place in the archaeological 

record. Space is defined as a mapped and measurable geographic area, while place is 

one or more locations where culturally significant events occurred (Lock and Pouncett 

2017: 130). Due to its subjectivity, place is a much more difficult concept to study 

spatially using GIS software, as it requires more particular case-by-case approaches. 

Although spatial technologies, such as GIS, can be used for studying absolute space, 

they are not always ideal for studying place (Lock and Pouncett 2017: 130, 134). 

Therefore, VR technologies can bridge the gap between space and place as it allows 

researchers to view archaeological sites and geographic areas first-hand from any visual 

aspect. This characteristic is significant as it creates an analytically valuable tool for 

spatially studying and experiencing both space and place in immersive environments. 

Spatial proxies are used as tools to study archaeological data in virtual 

environments. They are used to analyze theoretical arrangements and uses of space as 

they existed in the archaeological record. Spatial proxies are measurable markers of 

intangible spatial units which visualize and measure how events may have occurred, or 

where features may have been located at archaeological sites (Whitley 2002: 6). These 

tools help archaeologists study the spatial relationships between site construction, site 

use, and features that affect bodily experience (Brück 2005: 46-48, 54, 60, 64-65; 

Whitley 2002: 6). Subsequently, spatial proxies may be easily recreated in virtual 
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environments for spatial analysis by virtually recreating environmental or social events 

and archaeological features which can be spatially tested and analyzed in controlled 

virtual scenarios.  

Digital archaeologists have begun exploring the benefits of using interpretive 

post-processual approaches to reconstructing digital heritage. This may be achieved 

through spatial praxis which may be used to digitally visualize data (Flynn 2007: 85). 

These approaches allow archaeologists to study and interpret archaeological data in new 

spatial capacities, such as through the digital manipulation of 3D data through object 

resizing, object separation, and data dissemination, to name a few. Working with digital 

data allows researchers to study, manipulate, and disseminate data at no risk to the 

original data, establishing digital methods as a revered and effective scientific tool that 

allows archaeologists to remotely and spatially study scientific data. 

 

Digital  Agency: 

Accurate data points are an essential component to digitizing precise data models. These 

points can generate models with agency by selecting distinct polygons as waypoints, 

through wayfaring, to most accurately represent original data as 3D models. This is 

achieved by maintaining the most accurate polygons and methodically discarding 

insignificant polygons. These models are given agency through this process ï which is 

compared to an excavator discarding soil to expose an artifact in the field ï the artifact is 

given agency based on its spatial relation to soil and other objects within the ground, 

while the 3D object is given agency based on the positioning of its polygons within a 

point cloud (see Section 7.2.4-7.2.9) (Carter 2017: 98-101).  
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ñMaking, meshwork, and agencyò are theories combined to accurately approach 

the digitization of archaeological data (Carter 2017: 97-98, 100-101). To this end, 

wayfaring and 3D points can be studied in the same spatial capacity as archaeological 

data which can be spatially navigated and measured. By these standards, highly accurate 

digitized data can be theoretically studied in the same spatial capacities as original data, 

and can, therefore, be treated as such. Additionally, less than accurate digitized data or 

altered data, may also be studied for interpretive purposes and should indicate any 

inaccuracies (Carter 2017: 98-101). Digital accuracies may vary between different 

methods of data-digitization, such as: photogrammetry (see Section 7.2 for 

photogrammetry methods), laser-scanning, and CGI construction, to name a few. It 

should be noted that these sampling biases must be distinguished for future researchers to 

differentiate from original data, as this may affect their interpretations of both digitized 

archaeological data and virtual heritage (Carter 2017: 99; Jacobson and Holden 2007: 1). 

In order to amount to scientific levels of realism, digital data must be subject to 

photorealistic data-capturing standards (Flynn 2007: 90). This is significant as 3D models 

must be generated as credible and identical replicas of the original data. It will be 

fundamental for digitized data to describe any data biases resulting from any alterations ï 

such as through the manipulation of 3D data for interpretative purposes, or to any fill 

gaps in the 3D models, and so on.   

 

Scientific Guidelines for Data Digitization 

Virtual archaeology can become widely accepted as a scientific method to improve data-

dissemination (Pletinckx 2011: 33, 35-36). In order to achieve universal standards in 
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virtual archaeology, guidelines must be created to establish this field as an independent 

scientific practise. These standards may improve data-dissemination procedures by 

establishing a single database of digitized archaeological data for researchers to access, 

such as databases like SAVE (Serving and Archiving Virtual Environments), which may 

also help to establish standards for immersive virtual archaeological environments (Carter 

2017: 101; Frischer 2011: 29; Pletinckx 2011: 33, 35-36; SAVE Website). Virtual reality 

technologies and databases may allow researchers to visualize highly complex data sets at 

a single time, as 3D images display as much spatial information as multiple photographs, 

enabling users to study spatial information much more efficiently. Researchers may also 

use this new accessibility to visual data to study and visualize extant data from VR 

databases, to theorize non-existing data ï while safely sharing and digitizing data at no 

risk to the original data (Barceló 2001: 1, 6-7; Flynn 2007: 88; Jacobson and Holden 

2007: 2). Virtual archaeology can be a powerful new tool for recording and sharing 

international excavation processes. Such sharing can reveal biases in archaeological 

research and data-dissemination by allowing researchers to study archaeological 

excavations through every step of the excavation. This technology may be used as a 

modern tool for solving long-term recording inconsistencies that have existed in 

archaeology for decades. It may also be used alongside traditional recording techniques 

to digitally preserve and disseminate archaeological data for scientific study (Carter 

2017: 101; Pletinckx 2011: 33, 36).  

 

3.5 Conclusion: VR in Dissemination and Pedagogy 

The affordance of virtual tools can be used to increase user functionality and 

collaboration capabilities for archaeological learning and data-analysis. Some examples 
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of this are virtual whiteboards, collaborative writing spaces, and measurement tools 

which can be manipulated by users for a variety of collaborative analytical tasks. These 

types of tools can simulate the affordance of real-world learning and analysis tools in 

virtual spaces, to create environments that combine real world research and collaboration 

capabilities with the innovative functionality of virtual environments. Virtual reality can 

be used as an effective teaching tool for multiple users in a single virtual space through 

affordances. In this way, virtual reality can employ affordances as experiential tools to 

convey information through doing. These approaches can lead to the creation of familiar 

virtual environments, establishing greater research capacities from virtual environments 

(Dickey 2003: 105, 113-114, 115, 118; Eve 2012: 588; Frischer 2011: 29; Gross et al. 

2005: 482; Shin 2017: 1827-1828, 1831, 1833-1835).  
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Chapter 4 ï Methods 

4.1 Introduction:  

This methods chapter is divided into two parts. The first section outlines the NMVRPôs 

(Nassau Mills Virtual Reality Project) photographic field data collection methods and 

data set separation workflows. The second section provides a summary of the model-

generation results and an analysis of preferred digital photography methodologies before 

discussing the benefits and drawbacks of generating daily 3D excavation models at 

archaeological sites. Finally, this chapter concludes with a discussion of the benefits and 

drawbacks of creating 3D models using the photogrammetric software, Agisoft 

Photoscan. This chapter also considers future editing possibilities for visualizing and 

editing 3D models in VR. The purpose of this project is to demonstrate the recording 

applications of 3D photogrammetric software for academic study through virtual reality 

technologies. Specifically, the NMVRP allows archaeologists to:  

¶ (1) revisit daily excavation procedures and study how archaeological sites 

changed through time; and 

¶ (2) remeasure archaeological data from previously excavated archaeological sites.  

These analytical tools are significant as they are post-excavation data generating 

techniques that allow archaeologists to revisit archaeological sites at a distance (in space 

or time), long after they have been altered by further excavation or destruction. The 3D 

models demonstrated in this thesis are created for study and analyses in immersive virtual 

reality (VR) environments which were created using the VR software, Unity (Unity 

Technologies 2019).   
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4.2 Field Equipment 

4.2.1 Data capture  

I used a Nikon D7100 DSLR camera as my primary camera and a GoPro Hero 4 as my 

secondary camera to collect photographic data each morning in the field. The Nikon 

DSLR camera was used to capture the primary photos used for my 3D model 

construction while the GoPro Hero 4 photos were initially taken as backup photos for any 

lost data photos that may have been missed during the data-collecting process. The Nikon 

camera was chosen for its dense image file at 24.1 megapixels. DSLR cameras with fixed 

lenses, in manual mode, are the recommended tool for photogrammetry. The GoPro Hero 

4 has a megapixel value of 8.3 megapixels, and its fisheye wide-angle lens is useful for 

capturing images that capture more subject area per photograph. An LG G3 Smartphone 

was used experimentally for Day 3 (Tues May 8th 2018) to capture backup images, but 

this was quickly replaced by the GoPro Hero 4 for its higher megapixel value. The details 

of the cameras are provided below:  

 

 

1. GoPro - Hero 4 Camera: 

Á 8.3 Megapixel camera  

 

 

 

 

Figure 4.1: GoPro Hero 4 (Image source: Gallagher 

2017)  
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2. LG G3 - Smartphone: 

Á 8 Megapixel camera  

 

 

 

 

 

 

Figure 4.2: LG G3 Smartphone (Image source: Hart 

2014) 

 

 

 

 

 

3. NIKON D7100 DSLR: 

Á 24.1 Megapixels 

 

 

 

 

 

 

Figure 4.3: NIKON D7100 DSLR camera (Image 

source: Pitt 2016). DSLR cameras  

 

 

4.2.2 VR hardware 

 

The HTC Vive was chosen as the primary HMD (Head-Mounted Display) for the 

NMVRP as its lighthouse sensors are designed for tracking user movements in open 

rooms. These sensors use two lighthouses which are placed in opposite corners and 

establish better tracking for users navigating a larger physical space. The Oculus Rift was 

also a good contender for the NMVRP hardware but its singular lighthouses proved 
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harder to work with in open room environments. Both of these hardware types were 

provided by the Innovation Cluster, located in downtown Peterborough within the, 

ñVirtual and Augmented Reality Zoneò (sponsored by RBC).   

 
 

Figure 4.4: The HTC Vive Lighthouse sensor setup provides full room tracking 

capabilities. Users can navigate virtual spaces in an open room environment by mounting 

the HTC lighthouses to walls or tripods (image source: Bruce 2016). 

 

 
 

Figures 4.5: The HTC Vive (upper left) and the Oculus Rift (upper right) are two of the 

most popular commercial VR HMDs. Each have their own tracking lighthouse styles. For 

the NMVRP, I used the HTC Vive HMD (bottom) in the Innovation Custerôs ñVirtual 
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and Augmented Reality Zoneò located at 270 George St. North, Peterborough ON (image 

source: Ferreira 2017; image source: Palenchar 2016; Image courtesy of WeDesign 

advertising).  

 

 

4.2.3 Data processing 

 

The initial project was developed using an MSI VR-Ready laptop provided by the 

Innovation Cluster. This laptop, although powerful and useful for VR, has limited storage 

and often overheats while using VR applications after 15 minutes. The ACER Predator 

Helios laptop is a more powerful laptop and stays cooler much longer. For these reasons I 

decided to purchase a Predator laptop and transferred my existing project onto this laptop 

for future development.  

 
Figure 4.6: The Acer Predator Helios is a powerful VR-ready laptop which has a 

dedicated graphics card (Image source: Sommer 2019).  

 

 

4.2.4 User interface 

The Leap Motion hand sensor was chosen as the primary controller for the NMVRP as it 

allows users to work controller-free in virtual environments. This tool enables a quick 

learning curve. It simulates working in virtual environments using the userôs hands only. 
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This creates a more natural hands-on and controller-free experience that removes the use 

of cumbersome VR controllers.   

 
 

Figure 4.7: The Leap Motion controller can be mounted onto the front of any HMD (left). 

I am demonstrating the Leap Motion hand sensor (right) during the showcasing of my 

start-up tech company, AVROD at the Bata Library Opening Ceremony at Trent 

University (see Section 8.3) (Image source: Gray 2014 and Image courtesy of Sean 

Bruce).  

 

 

4.2.5 VR equipment costs 

 

The costs of the various photography and VR equipment are outlined below:  

 

Item Cost (CAN) 

GoPro - Hero 4 Camera $499.00 

LG G3 - Smartphone Camera $305.00 

NIKON D7100 DSLR $750 - $900.000 

HTC Vive $699.99 

Oculus Rift HMD $774.00 

Acer Predator VR-Ready Laptop $2,099.00 

Leap Motion Hand Sensor $150.00 
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Table 4.1: This table shows the cost of the photography and VR hardware required for 

this project.  

 

 

4.3 Data capture workflow  

 

 

4.3.1 Image data capturing 

Initially, I had wanted to shoot the DSLR photos as Raw files, which generate the best 

data for photogrammetry, but instead I shot with JPEG Fine images due to their smaller 

file size which best fit my limited memory card space (see Section 7.1.1). JPEG photos 

are not always ideal for photogrammetry as these photos are automatically altered by the 

camera and can therefore affect the final composition of the photogrammetric models 

(ArcSoft 2016). JPEG photos, automatic camera settings, and a zoom lens were used to 

capture image data for this thesis. These settings were chosen as a result of my 

inexperience capturing large photosets for 3D-construction; my limited photographic 

storage space in the field; and my steep learning curve using photogrammetric hardware 

and software.  

Best photography practises for photogrammetry consist of shooting RAW image 

formats while using manual camera settings with a fixed lens. Manual shooting is best as 

it facilitates consistent photographic settings throughout the entire data-capturing process, 

while automatic settings may alter the photograph settings, such as shutter and aperture, 

between photographs. Due to my inexperience with photogrammetry, my primary 

concern in the field each morning was to capture enough photographs of the excavation 

site as it evolved each day. As a result, I did not consider how using automatic camera 

settings and a zoom lens, with both the DSLR and GoPro cameras, would affect my 

photographs and models. In hindsight, it would have been best to have used manual 
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settings and a fixed lens for the DSLR camera ï which are highly recommended practices 

for photogrammetry. In spite of this, wide-angle (fisheye) lenses can be calibrated by 

Agisoft to correct for lens distortion. I believe that these errors may have contributed to 

the alignment errors of the final DSLR-generated Agisoft models (see Sections 7.1.1-

7.2.4) (Agisoft LLC 2019a: 8, 11-12, 54; ArcSoft 2016; Pasumansky 2013a); Photoscan 

3D Modeling and Mapping 2020: 7; Peng et al. 2017: 4; Shervais 2016: 12-13). 

Furthermore, control points, such as metre sticks, could have been used on site to help 

check the accuracy of the models after they had been generated. These approaches may 

be applied during future photogrammetric projects.  

 

4.3.2 Image data capturing workflow comparisons  

The comparisons of differing photographic workflows are provided below:  

 

 

Photography Workflow Recommendations: 

Image Capture 

Element 

Thesis 

workflow 

Standard 

workflow 

Commentary 

Camera lens Wide-Angle Fixed Lens Wide-angle (fisheye) lenses 

distort images which may lead 

to model distortions. A fixed 

lens is preferred as it is 

consistent in its data-capturing 

process (Agisoft LLC 2019a: 8, 

11, 12, 54; Shervais 2016: 12-

13).  

 

Shooting Mode Automatic Manual Camera Automatic shooting alters each 

photo separately which may 

result in photogrammetric 

distortions, while manual 

shooting maintains consistent 

exposure and focus across all 

photographs. A low ISO, faster 

shutter speed, and an aperture of 
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F8 are best for manual shooting 

(Photoscan 3D Modeling and 

Mapping 2020).  

 

File Type JPEG Raw JPEG images are compressed 

and converted by a camera 

which makes them less suitable 

for photogrammetry. RAW 

photos are best as they maintain 

original data, however, they 

must be converted to TIFF files 

as they are not supported by 

Agisoft (Agisoft LLC 2019a: 16; 

Shervais 2016: 12-13). 

 

GoPro Primary 

Camera 

Secondary Only Wide-angle (fisheye) lenses can 

distort photogrammetric models, 

although these photos can be 

calibrated in Agisoft to 

compensate for this (Agisoft 

LLC 2019a: 8, 11, 12, 54). As 

such, a standard lens is 

recommended for digitization.  

  

Ground control 

Points and 

Scaling 

Not used 

during 

model-

generation.  

GCPs and Scales  GCPs and scales are highly 

recommended to increase the 

accuracy of digitized models 

(Agisoft LLC 2019a: 9, 58-59, 

68; Shervais 2016: 16, 18, 21, 

23).  

 

Table 4.2: This table compares my image-capturing workflow to standard 

photogrammetric workflows.  

 

 

4.3.3 Image data processing   

While acquiring photographic data at the excavation site, I realized that I had to capture 

and separate photos into three categories as the excavation area grew. These I designated 

as: East Site, West Site, and Perimeter. After capturing photographs each morning, I 
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would manually separate photos into separate folders according to image quality and 

content. Below is an illustration of the how the photosets were separated.  

 
 

Figure 4.8 (Nassau Mills Orthophotos Day 5, generated with a GoPro Hero 4): A GoPro 

Hero 4-generated model of the Day 8 excavations (May 17th, 2018). The blue (East Site), 

red (West Site), and yellow (Perimeter) circles highlight the different sections of the 

Nassau Mills site that were photographed independently. The White circle illustrates 

overlapping East and West photographs, that were duplicated and used in the East and 

West site chunks. 
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Figure 4.8 shows the general chunk overview that I used to divide the site into 

separate sections when taking photographs. The DSLR photos were divided into sub-

folders for each area of the site (see Figure 4.13). These are listed in Figure 4.8 as: West 

Site (red), East Site (blue), and Perimeter (yellow). These photos were used in separate 

Agisoft chunks to create high-quality 3D models of each area of the excavation. These 

chunks can be merged into a single high-quality 3D model (see Section 7.2.5). This 

process was mandatory for building 3D models from large numbers of DSLR 

photographs to prevent the software from crashing (see the Daily Photography Data Log). 

The white circled area illustrates the overlapping East and West Site photos that were 

duplicated and added to each chunk to ensure consistent data between the models for this 

region. The perimeter (yellow) in this figure is scurred as the East and West Site chunks 

were only photographed for this orthophoto, taken on Day 8 of excavations (May 17th, 

2018) (Agisoft LLC 2018: 12, 18-19).  

I created two photographic data-collecting techniques ï which I referred to as 

stitching and gridding ï to ensure that all daily excavation data had been photographed 

during the timeframe of the field school. Stitching was most often used with the Nikon 

D1700 camera with a standard lens. This method required taking pictures of as much 

excavation data as possible, from as many angles as possible, to create a digital mosaic of 

the site. I refer to this method as stitching, as I would mentally stitch the plan of the 3D 

model in my mind while taking photographs (see the Daily Photography Data Log). I 

used this method to ensure that I covered the total excavation area, by taking a series of 

sequential panning shots from every corner of the site at different heights and distances. 

This is important as images require a standard of approximately 60 to 80 percent overlap 
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between photos in order to generate 3D models using SfM photogrammetric software 

(Agisoft LLC 2018: 9-10).  

While stitching, I would keep a mental checklist of all the surfaces and features 

that I had photographed, and the distances at which they were photographed. This is 

important as one must be conscious of what areas have, and have not, been photographed. 

I also recommend using a map or checklist. For instance, dividing the archaeological site 

into sections while photographing is facilitated by using a map for reference. I found that 

the stitching approach is best used from an outside in approach, by photographing the 

wider site from the outer perimeter moving inwards, to capture more detailed images. 

Unique objects can be photographed at closer distances to achieve more detail in the 3D 

model. My mental checklist allowed me to work quickly and efficiently. I would work 

without written notes ï using only mental checkpoints as reference for the data I 

photographed. I began photographing the East Site first in the mornings as it had more 

vertical surfaces. Vertical surfaces, such as walls and ditches, produced harsher shadows 

in the morning sunlight. It is important to be aware of these factors when photographing 

excavation processes as lighting and shadows can negatively affect how 3D models are 

generated (Agisoft LLC 2018: 9).  

The second data-collection method, gridding, ensures that all regions of the 

terrain have been photographed by linearly taking photographs in one-foot distances. This 

method required taking photographs in grids: straight lines that would often intersect at 

right angles throughout the site. This method was most often used with the GoProôs wide-

angle lens which captures more data per image than the DSLR camera. The GoPro 

camera allowed me to take photos sequentially from a top-down approach, which was 
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achieved by turning the lens flat towards the ground. I found this method more 

comfortable physically, as photos can be taken more comfortably at waist height with the 

wide-angle lens, instead of at eye-level with the DSLR camera. I found the viewfinder on 

the back of the GoPro Hero 4ôs camera particularly helpful, as it provided a visual 

reference to crop out my feet and the sunlight in pictures. This is significant as sunlight 

can catch the camera lens and create blinks (Agisoft LLC 2018: 9). This method was 

more manageable and time-efficient than the stitching method. It allowed me to take 

photos more confidently and sequentially across the terrain. Stitching was also often used 

alongside gridding with the GoPro, as it ensured that my photographs fully captured all 

vertical surfaces as well. Illustrations of this process are provided below. 
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Figure 4.9 (Nassau Mills Orthophotos Day 8 generated with a GoPro Hero 4): The blue 

cameras illustrate the gridding photography methodology. The orange arrows indicate the 

directions in which the photos were taken at.  

 

Figure 4.9 demonstrates the gridding photography patterning through the 

placement of the blue cameras. I achieved this by stepping in one-foot distances, 

generally around pit perimeters, taking pictures consecutively at even heights. I later 

discovered that it is best to capture image data in a convergent approach, capturing 

photos at intersecting heights and angles, rather than as a planar technique as I have done 

here (Shervais 2016: 22).  

 

 

Figure 4.10 Nassau Mills Orthophotos Day 8, generated with a GoPro Hero 4: These 

figures illustrate the stitching photography methodology which was often used alongside 

gridding to capture data inside pits and uneven surfaces (circled yellow). 

 

Although the gridding method was primarily used with a GoPro camera to capture data 

(Figure 4.10), the stitching method (circled yellow) was also used to effectively capture 

photographs from different sides and angles, using both cameras. The stitching method is 

illustrated by the highlighted camera clusters (circled yellow), which show how this 

method may be used alongside gridding. 

 

4.3.4 Managing weather and lighting conditions 
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Weather and lighting conditions often affected my photography processes in the field 

each morning in the field. Specifically, bright and rainy days largely affected the way I 

took photographs each morning. Bright sunlight often cast long shadows over the 

excavation site and became most visible against vertical wall surfaces. As a result, I 

would often have to pivot or change my stance and camera angle to crop out my shadow 

as much as possible, so that I could avoid having my shadow built into the final Agisoft 

model textures. This occurred most often during the stitching photography process, which 

required me to move closer to archaeological pits and features to capture more detailed 

images. Dark, rainy mornings often created slippery surfaces, which I had to navigate 

carefully with my footing while taking multiple photographs. Rocks and walls often 

became shiny when wet, and I worried that this shine would distort my models. 

Surprisingly, I found that the wet and dark mornings often created the most successful 

and the highest quality models. As such, I believe that the wet and dark textures, which 

may have helped highlight colours and surfaces in Agisoft, resulted in the creation of 

highly accurate 3D models. 

 

4.4 Data management 

Once acquired, all site photographs must be sorted into separate folders to ensure that 

only the clearest photos are used to create the highest quality 3D models. Blurry and 

other low-quality or distorted photographs must be manually removed before the 

remaining photographs can be sorted into separate folders for use in different chunks. I 

discovered that I could minimize time spent sorting photographs by photographing site 

areas sequentially. This allowed me to quickly view and sort photographs, using 
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Windows Photo Viewer, into the East Site, West Site, and Perimeter sub folders. To 

further increase sorting speed, I placed these subfolders in different corners of my screen 

to quickly drag and drop them into their correct folders. For this project, I was able to 

work with two synchronized computer screens to better manage my folder viewing space. 

Having each folder open in a separate section of my computer workspace enabled me to 

quickly move each photoset quickly into the correct subfolder.  

 
 

Figure 4.11: This figure illustrates a view of my desktop work station on two computer 

monitors. These monitors display my techniques for sorting and storing large amounts of 

photographs.  

 

The combination of my field and folder-grouping methodologies meant I was able 

to sort through photo data sets in two to three hours, rather than the four to five hours it 

initially took while scrolling up and down between photos and sub-folders in the same 

excavation day file folder. This method helped me keep track of the spatial location of 

features. The sequencing of photos created predictable patterns when viewing the 

landscape in closely-framed images, allowing me to sort images more quickly and 

effectively. I also created daily orthophotos from the 3D GoPro models each day. These 

models were generated quickly and effectively and provided a visual map of the site each 
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morning for reference. In this way I was better able to sort my DSLR photographs as I 

had an instant visual reference for pits, walls, and other features that I had photographed 

each morning.  

 
 

Figure 4.12: This figure highlights how I managed the Agisoft and Windows Viewer 

windows on monitor one.  

 

Figure 4.12 il lustrates my methods for viewing and sorting large numbers of 

photographs for 12 days into separate folders. Although tedious and time-consuming, this 
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process ensures that only the highest quality DSLR and GoPro images are chosen to 

ensure the best quality 3D texture generation (see Section 7.2.10). This screening process 

allows every photo to be sorted individually into folders labeled East Site, West Site, 

Perimeter, and Blurry. 

 
 

Figure 4.13: This figure illustrates my sub-folders workflow using Windows Viewer on 

monitor two.  

 

Figure 4.13 highlights my sub-folders workflow. These folders were used to quickly and 

accurately sort the photographs into their correct Agisoft chunks. These chunks can be 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The left subfolder (red) is labelled άWest Siteέ 

and is designated for photos pertaining to the 

western section of the excavation.  

This Agisoft loading screen 

(green) displays the 

progress of my current 

Agisoft projects which can 

take anywhere from 45 

mins to several hours to 

generate. This specific 

loading screen displays a 

project (Day 11) aligning 

photos to generate an 

initial point cloud.  

The bottom subfolder (yellow) is labelled άBlurryέ and is designated for poor quality photos such as out of 

focus images and images with poor lighting and colour composition.  

The central subfolder 

(orange) is labelled 

άPerimeterέ and is 

designated for photos 

pertaining to the wooden 

fence enclosure that 

surrounds the excavation.  

The right subfolder (blue) is labelled άEast Siteέ 

and is designated for photos pertaining to the 

eastern section of the excavation.  
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generated separately and later aligned and merged into a single 3D model of each 

excavation day. This process is required when using large photosets to generate Agisoft 

models (see Section 7.2.4.2).  

 

4.5 3D model creation 

For a complete discussion of Agisoft model editing processes please see the Agisoft 

Photoscan 3D Model Construction Technical Appendix, Section 7.2. 

 

4.5.1 Generating 3D models using SfM photogrammetry  

Below are illustrations of the twelve excavation days conducted by Trent Universityôs, 

Nassau Mills Field School (April ï May 2018). These figures visualize the progression of 

the studentsô excavations through time, and demonstrate how destructive excavation 

processes can be rewound using both SfM photogrammetric recording techniques and 

immersive virtual reality technologies. The photographs that were used to generate these 

models were taken in the field each morning before the students began excavations. Thus, 

each model represents the total excavation progress of the previous excavation day. 

These models have been used for study in fully immersive virtual reality (VR) 

environments to both demonstrate the applications of SfM photogrammetry as an 

accurate recording method, and to demonstrate the use of VR as an analytically valuable 

scientific tool for collaborative archaeological study. 
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Day 0:  

 
 

Day 1:  

 
 

Day 2:  

 
 

 

 

 

 

 

 

 

 

Figures 4.14: Days 0-2 were generated with GoPro 

photographs during darker, colder mornings. Snow is seen in 

the upper left corner of Day 0 as this model was taken before 

the 2018 excavation field school began near the end of April. 

These models show how the site looked prior to the initial 

excavation (Day 0), how it looked after the initial site clean-

up (Day 1), and the first day that soil was moved (Day 2). 

 

Days 5 and 7 (Figure 4.15.3 and Figure 4.16.2) are the only 

DSLR-captured models that were generated successfully. I 

believe that this may have been the result of the wet textures 

and dark lighting conditions present at the site on these 

mornings. 
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Day 3:  

 
 

Day 4:  

 
 

Day 5:  

 
  

 

 

Figure 4.15: Days 3-5 illustrate the articulation of 

the northwest (bottom-most pit seen in Day 5 

image) and the southwest pits (top right pits of 

Day 5) of the house structure. It is easy to see 

how the excavation area is expanding from the 

previous seasonôs work in the images of Day 0 -

2. The basement of the house is visible by an 

excavated wall (circled yellow).  

 

Note: The Day 3 photographs were accidentally 

lost during a data transferring error. As a result, 

the LGG3 smartphone photographs were used to 

generate the image seen here. Due to the poor 

quality of these images, only one side of the Day 

3 model could be generated.  
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Day 6:  

 
  

Day 7:  

 
 

Day 8:  

 
 

 

 

 

 

 

 

 

 

Figure 4.16: The Day 6-8 models illustrate the 

horizontal development of the excavation area 

(Dougherty 2017). Several of the archaeological pits 

are clearly visible in Day 7. The depths and areas of 

these pits can be easily revisited and measured in 

virtual reality. Day 7 is the second of only two DSLR-

generated models that were successful. 
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Day 9:  

 

Day 10: 

 

 

Day 11: 

 

 

 

 

 

Figure 4.17: The Day 9 to 11 models were generated on bright 

mornings. The horizontal morning sunlight often made it difficult 

to avoid capturing my own long shadow in many of the 

photographs. I was able to work through this problem and did not 

generate any of my own shadows in any models. An aerial drone 

would mitigate this problem by flying over the site and capturing 

photographic data from the top down. This approach would avoid 

creating long shadows from the ground and would overlap more 

image data between more photographs.  

 

An excavation hole (circled yellow) in the upper middle image of 

Day 11 was digitized using the GoProôs wide-angle lens. NMVRP 

users can easily explore this pit in virtual reality as users can 

measure it and view it up close.  
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Day 12:  

 

 

 

 

 

 

 

 

 

 

Figure 4.18: Day 12 was backfilled and concluded the excavation of the Nassau Mills 

Field School.   

Day 12 (Figure 4.18) was the final excavation day and consisted of backfilling the 

site. Following this, much of the wall features seen in previous days are visibly reburied 

after the collection of all archeological data from these areas. These recording methods 

may help students and NMVRP users study exact excavation processes through time as 

these technologies allow for the reversal and dissection of destructive excavation 

processes up close. Future VR applications may allow users to compare 3D excavation 

models with virtual site notes. These may include digitizing excel documents, context 

sheets, and daily excavation diaries as virtual documents which may provide 

supplementary excavation data in VR.  
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4.6 Discussion 

4.6.1 Impact of climate  

I found that precipitation and lighting affected the generation of DSLR-made models. For 

example, Days 0, 5, and 7 produced successful models as they shared ideal overcast and 

damp conditions. The effects of weather and outdoor light have yet to be tested using 

other case studies and photogrammetric software. What was consistent was the 

effectiveness of the GoPro-generated 3D models, which were successful for every 

excavation day. What was consistent with these models was that their texture quality 

increased as more photographs were used (see Section 7.2.10).  

 

4.6.2 Camera technology  

Overcast days (Total Photos taken): 

Day 0 DSLR cameras -  GoPro Cameras = 623 

Day 1 LG G3 cameras = 355 GoPro Cameras = 618 

Day 2 LG G3 cameras = 585 GoPro Cameras = 513 

Day 5 DSLR cameras =1,208 GoPro Cameras = 476 

Day 7 DSLR cameras =1,442 GoPro Cameras = 469 

Table 4.3: This table shows the total photographs captured using a Nikon DSLR and 

GoPro camera during overcast days.   
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Brighter days (Total Photos taken): 

 

Day 3 LG G3 cameras = 1,147 GoPro Cameras -  

Day 4 DSLR cameras = 1,471 GoPro Cameras = 801 

Day 6 DSLR cameras = 1,323 GoPro Cameras = 236 

Day 8 DSLR cameras = 2,105 GoPro Cameras = 493 

Day 9 DSLR cameras = 1,649 GoPro Cameras = 729 

Day 10 DSLR cameras = 2,210 GoPro Cameras = 1,037 

Day 11 DSLR cameras = 1,974 GoPro Cameras = 941 

Day 12 DSLR cameras -  GoPro Cameras = 1,215 

Table 4.4: This table shows the total number of photographs captured using a Nikon 

DSLR and GoPro camera during brighter days.  

 

The total number of photographs taken during each excavation day are displayed 

in Tables 4.2 and 4.3. The use of hundreds and thousands of photographs at a time 

required that I create different chunks for different sections of the site, as aligning too 

many chunks at a time resulted in a software crash. These chunks were edited separately 

and aligned using editing tools in Agisoft Photoscan and were often time-consuming to 

edit and difficult to align. I found that the GoPro-generated models did not have the same 

alignment issues as the DSLR-generated models as their photos captured more data and 

more visual markers for the software to recognize and generate into 3D models (see 

Section 7.2.4 ï 7.2.5). Although once again, I would recommend only using the GoPro as 

a secondary camera after a DSLR with manual camera settings and a fixed lens (see 

Section 4.3.1). Since I was initially  using the GoPro Hero 4 as my backup camera, I spent 

less time taking these photos. The photos taken on Day 6 are an example of this. Had I 

anticipated the success of models generated with the GoPro camera, I would have used it 
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as my primary camera, and used the DSLR as my secondary camera. I did not have 

access to the DSLR camera on Days 0, 3, and 12 as it was being used for artifact 

processing by another MA student. 

Each Nassau Mills model result varied when following these Agisoft steps (see 

Sections 7.2.2 ï 7.2.10). These model-generation results are directly impacted by the 

quality and lighting conditions of the photographs (Agisoft LLC 2018: 9). One thing that 

I was surprised to discover was the effectiveness of using the wide-angle GoPro camera 

as I found little instruction for using this camera lens for photogrammetry online. I found 

that all of the GoPro models were generated successfully through good photo alignment, 

which may have also been enhanced by the gridding photography method as it captures 

data sequentially from a top-down view (see Sections 7.2.4 ï 7.2.5). 

 

4.6.3 Field data capture  

I recommend the gridding method over the stitching method to capture photographs, as 

this technique ensures that all data has been acquired in a logical process and can be 

reproduced by researchers at any archaeological site. Gridding establishes an orderly 

data-capturing process, which may prove beneficial for photogrammetry software for 

registering significant visual points between photographs. This process helps generate 

more accurate models, both through the wide-angle lens which captures more data points 

between photographs, and through the uniformity of the gridding method, which 

hypothetically creates a more predictable method of point-recognition between 

photographs. This hypothesis is supported by twelve models which were successfully 

created by wide-angle GoPro cameras (Days 0-2, 4-12), while only two models were 
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effectively created using photographs taken using a standard lens from a DSLR camera 

(Days 5 and 7). 

 

4.6.4 Advantages vs disadvantages of 3D model generation 

I have identified seven advantages to creating photorealistic 3D models of daily 

excavations at archaeological sites. These will be revised in Chapter 5 in a discussion of 

the major advantages of using innovative 3D and VR technologies in archaeology. In 

summary, the six advantages comprise:  

1. Enabling researchers to reverse and closely study destructive excavation 

processes  

2. Enabling researchers to quickly and effectively capture data in difficult 

climatic regions. 

3. Providing greater access to archaeological data remotely during all times of 

the of year  

4. 3D photogrammetry may be used as an effective and modern recording 

technique that is complementary to traditional recording processes, such as 

technical drawing and photography. 

5. VR can be used for off-season VR field schools. It may be used to teach 

students archaeological procedures remotely, to help them develop skills for 

summer field schools. It may also be used to prospectively save students and 

researchers thousands of dollars in travelling costs, by studying sites on 

campus in classroom environments.  
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6. VR may be used as a safe solution for students and researchers interested in 

visiting and studying archaeological sites in remote or dangerous locations.  

7. And finally, 3D and VR technologies may be used to share archaeological 

data more effectively, as entire archaeological sites and virtual site datasheets 

can be downloaded as PDF documents and viewed in VR.  

 

There are also some challenges. Although the Agisoft photogrammetric process is a quick 

and efficient way to create photorealistic models of archaeological excavations using 

digital photographs, this process can require editing to increase the accuracy of 3D 

models when needed (see Sections 7.2.4.1 ï 7.2.7). Subsequently, there are a number of 

tools for editing 3D models in Agisoft Photoscan which may be used to correct 

alignment, sparse cloud, and dense cloud errors which can lead to poor model generation. 

The first tool is marker alignment. This can be implemented manually to correct Agisoft 

models which have misaligned when generating a sparse or dense cloud (see Section 

7.2.4.2). This process allows users to place visual cues on selected photographs to allow 

the photogrammetry software to better recognize unique points throughout each 

photograph which aids the realignment process. Although often tedious and time-

consuming, this process can salvage photogrammetry projects captured with standard 

lenses, which are often used to photograph archaeological sites. Higher accuracy between 

photographs is achieved as more markers are added between photographs. This process 

can become exponentially time-consuming, as each marker must be exactly placed on 

selected features within each photograph to ensure continuity. As a result, this method 

allows for most data to remain in 3D models because it does not require deleting any 
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points from the Agisoft models, which occurs through the Gradual Selection editing 

process (see Sections 7.2.6 ï 7.2.7).  

The tool for editing models is the Gradual Selection Tool, which can be used to 

evenly edit multiple cloud points across a single 3D model (see Sections 7.2.7 ï 7.2.8). 

This tool is effective for more accurately shaping 3D models with disrupted dense clouds. 

This process will stabilize the 3D model but will lead to a loss of texture clarity as a 

result of deleting a higher amount of cloud points. Overall, this process is recommended, 

but can result in the deletion of numerous points which are required to improve the 

overall shape of the 3D model. Although this tool can be used to improve the mesh shape 

of the 3D model, it sacrifices texture quality which is superimposed onto the modelôs 

mesh in later stages of model-creation. Otherwise, texture quality may be better 

conserved using the marker alignment tool if more editing time is available.   

 

4.7 Future opportunities  

4.7.1 Integration of GPS coordinates and Ground Control Points (GCPs)  

I plan to increase the accuracy of future 3D models by integrating measurement data and 

other relevant mapping data into these models, as they are generated. This data includes 

GPS coordinates, ground control points, and measurement sticks (Agisoft LLC 2019a: 9, 

68; Agisoft LLC 2019b). This data can be integrated from total station data, 

measurements from excel documents recorded at archaeological sites, and meter sticks 

which can be placed in photographs for reference (see Section 4.3.1). As a general rule, 

the overall accuracy of 3D models improves as more photographs and data points are 

integrated into it. These data types will be integral for creating more accurate models, 
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than those currently generated by Agisoft Photoscan, of archaeological sites to improve 

measurement capabilities by integrating exact dimensions. These types of measurement 

tools, and other early-stage analytical tools, are demonstrated in Chapter 5 of this thesis 

(Agisoft LLC 2018: 9, 64-66).  

 

4.7.2 VR Integration  

During this project, I collaborated with a VR developer (Sean Bruce) to explore the 

possibilities of transitioning the 3D models I created into a prototype VR environment. 

Much of the content of the initial Nassau Mills Virtual Reality Project (NMVRP) was 

created by Sean Bruce, under the direction of Jeremy Brooks, to demonstrate the 

functional uses of VR for archaeology. Unity (version 2019.1.4f1; URL: 

https://unity3d.com/unity/whats-new/2019.1.4) was chosen as the VR editing software 

for this project as it is a common editing software for professional VR developers, and it 

is free for use by not-for-profit users.  

 

 

 

https://unity3d.com/unity/whats-new/2019.1.4
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Figure 4.19: The NMVRP project is organized and edited from a number of windows in 

the Unity suite.  

 

The NMVRP Unity project editing suite is explained in Figure 4.19. A list of 3D 

models, or assets, are labelled in the bottom left hand corner (highlighted green) and 

displayed in the bottom middle window (highlighted yellow). The Hierarchy (highlighted 

red) displays much of the project logic, 3D assets, and workflow, while the Scene 

window (highlighted purple) displays the VR project for editing.  

Playmaker Visual Scripting software, created by Hutong Games, was used to 

establish the conditional logic statements in the Unity NMVRP application. Playmaker 

uses ñfinite state machinesò, or FSMs for short, to deliver its logic statements within the 

Unity application. FSMs use a series of visual cues to generate statements that replace C# 

scripts, which would normally be written into programs such as Microsoft Visual Studio, 

to execute logic structures. This software was used by Sean Bruce to substitute the logic 

statements constructed in C# to build the NMVRP project. Since neither Sean nor I are 

programmers, we decided to use this software to create the NMVRP project.   

 

 
Figure 4.20: This image demonstrates the logic flow of the Playmaker software used to 

substitute C# scripts (image source: Smith 2015). 
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Figure 4.20 demonstrates how different FSM logic statements are drawn together to 

establish what would otherwise be C# commands, written as scripts. This type of 

software allows developers with no programming experience to create VR projects, such 

as the NMVRP (image source: Smith 2015). 

 

4.7.3 Photogrammetry and VR software costs 

 

The costs of the various photogrammetry and VR software are outlined below:  

 

Photogrammetry and VR software costs (CAN dollars): 

 

Agisoft Photoscan Professional 

(educational license) 

$717 

Unity ï VR Editing Software -  

Playmaker Visual Scripting Software $80 

Table 4.5: The costs of Agisoft, Unity, and Playmaker software (2019).  
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Chapter 5: 

Applications and Case Study 

5.1 Introduction  

The purpose of this chapter is to demonstrate the analytical value of using Structure from 

Motion (SfM) photogrammetry to study excavation data in virtual reality environments. 

This is indicated through the ñNassau Mills Virtual Reality Projectò (NMVRP) case 

study. The NMVRP will be also referred to interchangeably as AVROD for the 

remainder of this thesis. The NMVRP has been developed as the proof of concept project 

for a larger Archaeological Virtual Reality Online Database, or AVROD for short. This 

chapter will begin with an outline of the analytical tools and functions of the NMVRP as 

a demonstration for how VR may be used to improve archaeological research and data-

dissemination. It will close with a discussion of AVROD and its future goals as a 

prospective international VR database, and online platform for archaeological data 

visualization and dissemination.   

 

5.2 Current uses of the NMVRP 

The NMVRPôs primary function is to enable users to revisit archaeological sites at 

selected points of time during their excavation. It also provides a number of working 

analytical tools that allow users to study data in new ways. These tools were created to 

enhance the way scientistsô study and learn at virtual archaeological sites to establish the 

NMVRP as a viable tool for generating new scientific insight. Virtual tools are accessed 

through the Leap Motion hand sensor (Leap Motion 2019), which detects usersô hand 

movements in real time. Tools are activated by making a fist, which opens the tool UI 
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(user interface) located at the bottom of the wrist (Figure 5.1). Users may then pinch and 

drop the multi-coloured ball-shaped tool icons in front of them, which will activate the 

correlating tools. This is a simple and effective method to accessing the tools required to 

navigate and work in the NMVRP space.  

Different types of users have been able to successfully navigate the NMVRP tool 

UI. It is a simple tool to learn and understand as it simulates using oneôs physical hands 

in the real world which creates a quick learning curve. This idea is derived from the 

theory of affordances, as discussed in Chapter 3, which demonstrates how users best 

learn based on how their virtual tools afford learning (Chapter 3: 2-5). The tools shown 

here will be explored further in detail throughout this chapter. 

Figure 5.1: The AVROD user interface (UI) as demonstrated using a Leap Motion 

controller. 

 

5.2.1 Data-measuring tool 

The data-measuring tool is currently the most analytically-valuable tool in the NMVRP 

tool list as the remaining tools are solely conceptual to demonstrate future applications 

within the NMVRP and AVROD workspace. The measurement tool is visible in the 

image below as the yellow ball tool (Figure 5.2, circled yellow). This tool is activated by 

pinching and dropping the yellow ball from the wrist UI into any space in front of the 
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user. When released, the measurement tool will appear as a mock metre stick which will 

display a measurement number in meters and will have a yellow ball on either end of the 

stick.  

The measurement tool can be used at any archaeological site such as Nassau Mills 

and Zaraa uul, Mongolia as seen in Figures 5.2, 5.4, and 5.5 (data provided courtesy of 

Lisa Janz). This measurement tool remains in place when released and activated by users, 

even after users have teleported around the site. Users may also hold onto one end of the 

measurement tool and teleport to another location of the site which will remain with them 

to measure long distances. This tool was tested against the metre stick shown in at Zaraa 

uul (Figure 5.4) as the NMVRP models did not have any visual measurement references, 

such as the metre stick, present on site when the images were taken in the field. This tool 

is accurate within 5cm, and may become more accurate through later revisions.  

Figure 5.2: The measurement tool (circled yellow) is being selected at the digitized 

archaeological site, Zaraa uul, Mongolia. The burial displayed here is collectively 

catalogued with other burials as ZU-EX05 (data provided courtesy of Lisa Janz). 
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The measurement tool will become more accurate with time as the yellow balls on 

either end of the measurement stick provide a slight error due to their size. This factor 

will change as further measurement tools are added to the tools to avoid such errors. I 

plan to develop laser pointers that can display measurements between two points, and 

other tools to mitigate these challenges in future. This virtual tool may be used at any 

digitized archaeological site, such as Nassau Mills or Zaraa uul. 

 

Figure 5.3: Examples of measuring with the tool. This model was generated from a sparse 

cloud which is why it is not as sharp as later models generated from dense clouds (see 

Sections 7.2.6-7.2.8).  

 

The measuring tool (Figures 5.3-5.4) may be used to measure archaeological 

features, such as pits and walls, and can be used practically for a number of purposes 

throughout virtual archaeological sites. An infinite number of these tools may be 

activated at any time, while the measurement values are always displayed towards the 

user in metres in orange text, as seen in Figures 5.3 and 5.4. This measurement tool is 

being demonstrated at a Zaraa uul, Mongolia (Figure 5.4) and is currently accurate within 

5cm and will become more accurate in future (data provided courtesy of Lisa Janz). 
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Figure 5.4: Site features can be measured with the NMVRP measuring tool which is 

adjusted by pulling the ends of the virtual metre stick apart.  

 

5.2.2 Teleportation tools  

Teleportation tools are required to enable user navigation throughout the NMVRP virtual 

spaces. Sean Bruce and I developed two separate forms of teleportation to allow both 

new and experienced VR users to easily navigate the virtual locations. These included the 

Teleporter tool and the Local Map teleporter. The Teleporter tool allows users to travel to 

any location that they choose in a virtual space. It does require some getting used to as it 

involves a lot of wrist control and spatial understanding of the blue raycasting beam that 

outputs from the left wrist. This teleportation method will likely change in time as I 

receive user feedback regarding user comfort and teleportation preference. As a user who 
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has been operating this tool for several months now, I can very quickly and easily 

navigate virtual sites. I anticipate that tech-savvy generations of users will be able to 

adapt to its style very quickly.  

Although it has many benefits, this teleportation method may be more difficult for 

users to learn as it requires some hand-eye coordination to operate. Specifically, it 

requires users to focus the pointing marker in three-dimensional space, while 

simultaneously closing their other hand to jump to a specific destination. This movement 

can feel abrupt for users with little or no virtual reality experience as it instantly teleports 

users to another location in real time. 

 

Figure 5.5: The teleporter tool can be selected on the userôs left-hand UI by activating the 

button on the right.  

 

1.  2.  

3.  
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The teleporter tool (Figure 5.5) is being used at Zaraa uul, Mongolia (upper two 

images) and Nassau Mills (lower image). The blue raycast beam emits from the userôs 

left hand. It can be directly pointed or arched onto specific areas by users. The beam is 

deflected off an invisible eye-level barrier which allows users to arch it in an out of 

vertical services, such as excavation pits. 

The Local Map teleportation tool was created using orthophotos generated from 

Agisoft Photoscan for each model. These photos were integrated into a teleportation UI 

which can be navigated by touching any Go button on the map. I have found that this 

teleportation tool helps prevent motion sickness as users are forced to focus on a spot on 

a mini map that is visually locked to their head movements. As such, users are often 

focused on touching a particular Go button on a map and do not notice when they have 

teleported until after teleportation has occurred. At this point, the Local Map 

automatically closes in front of them. This theory has been consistent with users from all 

demographics, as older users generally prefer to use a touch and go-style map to navigate 

their surroundings.  

Although this teleportation type does not offer as much freedom as the Teleporter 

tool, it does offer a quick and easy solution for users new to VR. These types of users 

often either have difficulty using new VR teleportation controls, or they may be 

susceptible to VR motion sickness which occurs most from quick and frequent 

teleportation.   
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Figure 5.6: The Local Map teleportation tool can be activiated on the userôs left-hand UI. 

The Local Map teleporter (circled orange) can be accessed on the left wrist UI by closing 

the hand. It is activated by pressing the power button icon located under the location icon 

in the centre (both circled orange).  

 

 

Figure 5.7: Users can teleport around virtual sites by selecting the Go buttons present 

throughout the mini-map.  
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When activated, the Local Map (Figure 5.7) will appear directly in front of the user and 

will display a number of Go points (circled yellow) on the mini map. These points can be 

touched to instantly teleport users to the exact location of the Go button on the map. Once 

used, the map will deactivate after the user has teleported.  

 

5.2.3 The NMVRP pavilion

 

Figure 5.8: Mock avatars are present to represent the multi-user capabilities of the 

NMVRP. Corresponding photographic and three-dimensional model data are displayed 

for each excavation day.  

 

The NMVRP Pavilion (Figure 5.8) is designed to allow users to revisit Nassau 

Mills as it changed through time. It enables users to cycle through each excavation day 

separately by selecting exact days numbered 0 through 12. Day 3 is missing due to a data 

transferring error that resulted in loss of the DSLR photographic data for that day.  
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Figure 5.9: The excavation days numbered zero through ten in the NMVRP Pavillion. 

Days 11 and 12 were later added and day three was removed as the model for this day 

failed. Users may touch the numbered buttons to cycle through each day. 

 

The days are shown from 0 to 10 (Figure 5.9). These were later changed to accommodate 

for Days 11 and 12, while Day 3 was removed due to a data loss which debilitated the 

generation of the model for that day. These UI buttons operate like piano keys which can 

be individually selected by pressing on them. As such, the surrounding photographs and 

3D model located below the userôs feet will change to the exact excavation data of the 

corresponding day. The NMVRP Pavilion (Figure 5.9) and the NMVRP measurement 

tool (Figure 5.4) demonstrate how VR can be used to reverse and study destructive 

excavation processes. This data is accurately represented as three-dimensional models 

which can be studied, manipulated, and measured in VR. This is significant as this data 

accessibility provides researchers with a means to spatially re-interpret primary field 

observations after excavations have been completed. These virtual tools may allow 
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researchers to develop alternative interpretations of the primary excavation data which 

can be compared to the literature.  

 

Figure 5.10: The three-dimensional models change below the userôs feet to visualize the 

excavation progress for each day when selected. 
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The NMVRP Pavilion (Figure 5.10) can be used by multiple users in the NMVRP 

and AVROD space. As such, it is a simple solution for visualizing this data for multiple 

users at a single time in an engaging way and can be used for teaching field school 

seminars to multiple groups of students simultaneously. Multiple avatars are illustrated in 

this space to demonstrate how this virtual space may be used to support multiple users. 

Days 1, 9, and 12 are being selected by the user which can be seen by the changing 3D 

models located under the userôs and mock professorôs feet.  

 

 

Figure 5.11: A user selects Day 7 of the NMVRP. The floating blue mesh provides users 

with a visual representation of each modelsô shape and size.   

 

A mock professor stands behind the day selection board (Figure 5.11) to demonstrate 

how it may be used as a teaching space for teachers and multiple students. The blue 

surface seen in the cente of the image is a mesh image of the model seen below the userôs 

feet. This acts as a map and gives the observer a sense of scale and shape of the site.  
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The experience created by the VR environment is similar to being inside a 

museum or lecturing space. We created this feeling by building a dark, overhead ceiling 

with photographs surrounding the interior (Figure 5.12). We can alter these images to any 

sizes to make users feel that they are staring at life-sized excavation images. Users may 

also teleport in front of the pictures to observe the data both as it was in the original 

photograph and as it is displayed as a 3D model below the userôs feet. These images 

change for each excavation day that is selected, providing an easy teaching space which 

can accommodate groups of virtual students to illustrate excavation processes and data 

through different visual mediums. 

The excavation images (Figure 5.12) are displayed in front of users. The orange avatar 

present in both the top right and bottom left-hand images is life-sized and provides a 

scale for the size of these photographs. 
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5.2.4 The NMVRP data-visualization workbench 

The NMVRP Data-Visualization Workbench provides an easy solution for showing 

archaeological data in the form of graphs and 3D models of archaeological contexts. 

Archaeological context data can be visualized in the form of bar, pie, and dot graphs 

(data provided courtesy of Kate Dougherty).  

 

Figure 5.13: Mock avatars are demonstrating the Data-Visualization Workbench. 

 

The Data-Visualization Workbench (Figure 5.13) is located next to the NMVRP Pavilion. 

It is a conceptual demonstration of how complex data sheets, such as excel sheets, can be 
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visualized for visual learners and students who have difficulty learning from large data 

sets. As such, these kinds of collaborative visual technologies provide a supplementary 

teaching approach to teaching complex data sets to a wider range of student learning 

types. This workbench was designed by Sean Bruce to demonstrate how complex Excel 

documents can be used to visualize archaeological context sheets through graphs and 3D 

models. I created each graph for this table by converting this data into charts in excel to 

ensure their accuracy. Following this, I overlaid vectors onto each graph type which 

would then be converted into 3D models for use in virtual environments (Chapter 3: 2-5).  

 

Figure 5.14: An archaeological context sheet from the 2018 Nassau Mills Field School.  

 

First, the archaeological context data (Figure 5.14) from Nassau Mills is 

converted into different graphs using Microsoft Excel (data courtesy of Kate Dougherty). 

These graphs can then be processed for VR by superimposing vectors over the 2D data 

(Carter 2017: 98-99). 
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Figure 5.15: A digitized pie chart of archaeological context data is visualized in the 

NMVRP.  

 

The Architectural pie graph data (OA1: Context 1) from excel has been converted into a 

virtual graph for visual analysis. This pie graph is one of three graphs which can be 

selected to visualize the same data (Figure 5.15). 

Figure 5.16.1-4: Users can visualize data from an archaeological context sheet as a pie 

chart, bar graph, or dot graph at the Data-Visualization Workbench.  

1.  2.  

3.  4.  
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The vectorized charts and Microsoft excel document are visualized in virtual 

reality (Figures 5.16). Mock avatars are displayed around the data visualization table to 

demonstrate how multiple users can study and visualize large data sets at a single time. 

These avatars are demonstrating how multiple users, such as teachers and students, may 

teach and learn complex data sets in virtual environments. Mock archaeological contexts 

(Figure 5.16.4) have also been generated to demonstrate how this information may be 

spatially referenced at a site to demonstrate how archaeological contexts are excavated, 

categorized, and studied at archaeological sites.  

 

5.3 Developing uses of the NMVRP  

5.3.1 VR group teleportation 

There are many safety concerns that must be addressed when developing a virtual reality 

application for many first-time VR users. Sean Bruce and I have considered different 

group teleportation methods to allow teachers to manage the way VR user groups 

navigate virtual environments. Some of the safety concerns associated with VR involve 

how users physically move in a space while wearing a headset that obstructs their vision. 

Many first-time users may naturally want to walk around these spaces while wearing a 

headset and can trip or step on the cable that the headset is connected to if it is not 

vertically rigged to the ceiling. There is also the possibility that users may step on the 

cable accidentally which can jerk their head backwards, possibly injuring their necks, as 

the cable often runs behind usersô head and down their backs towards the floor.  
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To avoid circumstances such as these, student users may be required to work in 

pairs, changing partners after twenty to thirty-minute-long seminar intervals. Students 

may wrangle the cables for their seminar partners wearing headsets and can be briefed on 

the safety procedures of working in VR before seminars begin. To mitigate student 

movement, Sean Bruce has developed a conceptual group teleportation procedure that 

allows teachers to control how groups teleport around virtual areas, as shown below:  
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Multiple approaches may be used by seminar groups for teleportation. Shown here is a 

LAN approach (Figure 5.17), proposed by Sean Bruce for unified group teleportation 

(photo courtesy of Sean Bruce). Sean has proposed an instructor-driven teleportation 

system that may be used to guide students in groups to selected areas in the NMVRP. 

Though this method has not yet been implemented as yet, it is worth exploring as a 

possible solution to guiding multiple users in unison.  

 

5.3.2 Beta 

 

Figure 5.18: Beta can be grabbed and manually moved (right). He will appear infront of 

the user when called using the Beta Button located on the userôs right hand UI (left).  

 

Beta, ñthe friendly helper robotò, currently appears at the start of the NMVRP demo 

(Figure 5.18.1-2). He is seen with a green Trent Excalibre logo on his chest. He can be 

grabbed and moved by users with their hands. Betaôs current function is to provide users 

with the controls manual which is accessed from Betaôs UI page, and displayed when he 

is called using the Beta UI botton located under the userôs right wrist. Figures 5.19.1-4 

provide a demonstration of this. 
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Figures 5.19.1-4: Beta displays the NMVRP controls when called using the Beta Button.   

Users may return to the NMVRP/ AVROD Home location by selecting and holding the 

Globe button located under the userôs left wrist. This UI design is visible in Figures 

5.19.1-2. Users may use their left hands to access two teleportation tools based on their 

preference (Figure 5.19.3). These are labeled as the Teleporter and Local Map (Figure 

5.19.4). 

 

 

 

1.  2.   

3.  4.  

5.  6.  
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3.  4.  
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Figure 5.20.1-2: The NMVRP Home Button (left) and the Beta Button (right) are located 

under the userôs wrists.  

 

Betaôs call button (Figure 5.20.2) is located under the userôs right wrist and 

displays his face. Users may call Beta by holding this button with their fingers until the 

white circle spins completely around his face (circled green). Once this circle is 

complete, Beta will appear in front of the user. At this time the user can cycle through the 

UI instructions to learn the hand-sensor controls. Users may call Beta at any time using 

this call button. Users may also travel back to the AVROD and NMVRP Home screen by 

selecting and holding the Globe button (circled red) under the userôs left wrist (Figure 

5.20.1).  

 

5.4 Conclusions:  

 

This chapter has discussed the analytical value of SfM photogrammetry as a recording 

tool to digitize and study excavation data in virtual reality environments. This has been 

demonstrated through NMVRP case study. In conclusion, I believe that SfM 

photogrammetry, through virtual reality, may become a standardized supplementary 

recording method to traditional recording processes, such as technical drawing and 

measuring, as this data is recorded through this process. These new data-collecting 

standards may help mitigate data biases by providing full access to primary excavation 

data (Evis et al. 2016: 177-179; Higginbotham 1985: 8-14). I also believe that SfM 

photogrammetry is an affordable and highly accurate digitization technique for 

archaeologists and archaeology students, providing that they follow correct digitization 

approaches (see Section 4.3.1) and use educationally-licensed software (see Table 4.5).  
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Chapter 6:  

Conclusions and Recommendations 

6.1 Discussion 

6.1.1 The NMVRP: a case study for re-examining destructive archaeological 

practises  

This thesis has demonstrated the analytical value of using virtual reality technologies to 

digitally record and virtually revisit archaeological sites as they were excavated through 

time. It has contributed to the accessibility of archaeological research data and has 

established the foundations of a visualization platform that provides researchers with 

greater access to primary field observations from archaeological sites. These technologies 

permit researchers to re-examine and re-evaluate, and even reinterpret, primary 

excavation data, observations, and results presented in site publications. This thesis has 

shown how new three-dimensional recording techniques may become more efficient, 

more practical, and more accurate than traditional hand-written and hand-drawn 

recording methods ï as they enable researchers to reverse and dissect destructive 

scientific excavation processes which are traditionally recorded onto two-dimensional 

surfaces (Evis et al. 2016: 177-179). This has been demonstrated through the Nassau 

Mills Virtual Reality Pavilion which lets users accurately and systematically review the 

photogrammetric progress of daily excavations over the course of twelve field days. 

These days are represented from pre-excavation (Day 0) through to the backfilling of the 

site (Day 12). Consequently, there are many excavation approaches that can lead to 

inconsistencies in data-acquisition (Higginbotham 1985: 8-14). Concepts and ideas in this 

section are drawn from the following sources: (Albertini et al. 2017: 3, 8; Austin 2014: 
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13-19, 23; Coughenour et al. 2014: 1; Douglass et al. 2015: 138, 143, 146, 151; Green et 

al. 2014: 173, 181; Hixon et al. 2018: 53; Lerma et al. 2010: 500, 502-505; Olivito et al. 

2015: 31; Peng et al. 2017: 1, 3, 7; Smith and Levy 2014: 166-167; Yilmaz 2007: 423, 

429). 

Differing excavation practises can potentially lead to the misrepresentation of data 

in the academic literature. For these reasons, photo-realistic data-capturing technologies 

may be used as significant tools for mitigating potential research biases, as they provide 

researchers unrestricted access to digital primary excavation data. These technologies 

may allow researchers to view excavation methods virtually in step-by-step intervals, 

allowing students and researchers to virtually study over the shoulders of excavators as 

they worked in the field. These processes are significant as they allow researchers to 

closely follow how sites changed through time.  

 

6.1.2 Accessing new tools through virtual reality 

Researchers have gained access to new analytical tools for studying digitized 

archaeological sites remotely through the NMVRP. Digital measuring tools may be used 

as insightful tools for generating new scientific dialogue and access to data. These tools 

enable researchers to virtually travel back to an archaeological site during a designated 

period of time to prospectively remeasure data that the initial site excavators may have 

missed. As such, these processes may help fill data voids which may be important to 

research. The measuring tool lets researchers measure archaeological features and pits, 

enabling them to remeasure and assess all forms of spatial data. This data may include 

archaeological features, context pits, and all forms of excavation methodologies, to name 
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a few. Users may also collaborate with other users in these environments to gather 

reliable spatial attributes from 3D models which can be accurately built using 

photogrammetric software and ground control points (see Figure: 5.4). 

 

6.1.3 VR as a solution for difficult climates 

VR technologies also offer controlled virtual study environments for researchers. This is 

especially significant for researchers working in difficult environments. These methods 

will offer researchers the ability to study archaeological sites remotely, with the power to 

interact with their environments to study and to view archaeological data as they choose. 

Researchers may choose to manipulate environmental variables such as lighting, colour, 

and precipitation, to name a few. These variables can be easily manipulated and 

mimicked using environmental physics in gaming software, such as those found in Unity. 

With these technologies, researchers can virtually return to archaeological sites in 

difficult environments without worrying about collecting all the required data correctly in 

the field. Difficult and dangerous climates can make traditional recording techniques, 

such as technical drawing and measuring, and even seeing, hard to conduct in the field. 

These environmental challenges can lead to potential measurement biases as a result of 

working under stress. Researchers may be provided with a virtual alternative to 

completing these tasks off-site in controlled settings, allowing them more favorable 

opportunities to correctly acquire data which may have been otherwise difficult to acquire 

in harsh environments or under time constraints. This technology also provides 

researchers the opportunity to digitize and revisit any previously excavated sites from 
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earlier excavation field seasons, if they had sufficient photographic data to generate 3D 

models through photogrammetry.   

 

6.1.4 Visualizing and teaching data 

The NMVRP has demonstrated how large data sets may be visualized and taught in 

virtual environments to teams of archaeology students through the NMVRP Data-

Visualization Workbench. This may be used in future by archaeologists to quickly and 

effectively study these data sets holistically at virtual sites (see Figure: 5.20). These VR 

tools visualize data sheets to create new mediums for information-transmission for visual 

learners through interactive graphs. These graphs can be accurately recreated in VR, 

directly from Microsoft Excel and other computational software. These tables may also 

be used in future to visualize and teach how to perceive and dig archaeological contexts; 

concepts and skills which can be difficult to teach and execute in the field, depending on 

stratigraphic visibility and soil types. Finally, the workbench may be used to teach data 

provenance to groups of VR students around a virtual table with a 3D model of the site, 

that can be turned, highlighted, and manipulated by instructors (see Figure 5.16.4). 

This thesis has also shown how virtual environments may operate as fully 

interactive collaborative teaching tools for spatially teaching and learning daily 

excavation procedures and visualizing complex data sets for groups of archaeology 

students, year-round. This is achieved through combining spatial three-dimensional data 

with original site photographs in spatial environments to better understand excavation 

procedures used at different archaeological sites. These forms of spatial data allow 

students to develop understandings of the size and scale of archaeological excavations, 
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sites, and features. These environments may also be used to teach phenomenological 

approaches by providing users with the ability to visualize entire archaeological sites and 

landscapes from multiple perspectives (see Section 3.3). In future, students may be able 

to study artifact provenance, soil profiles, and archaeological contexts in virtual seminars 

conducted at universities. Finally, this VR project provides a safe and affordable solution 

for researchers wishing to study archaeological sites in remote and dangerous locations.  

 

6.1.5 Data-dissemination and archaeological teaching 

Virtual archaeology projects, such as the NMVRP and AVROD, may be used as 

solutions for better disseminating archaeological data to scientific and public 

communities in both Canada and abroad. Specifically, these technologies may be used to 

remotely engage an international general public in archaeology, and to educate them 

about the significance of best archaeological practises and site preservation techniques in 

different countries and regions, remotely through online informational modules 

(Hamilton Archaeology Management Plan: 1-2). This is significant as these innovative 

technologies may be used to grow and educate international audiences, from all 

demographics, about the importance of correct data-recording techniques and data 

dissemination and analysis, and to educate users about the basics of archaeology as a 

science (see Chapter 3: Scientific Guidelines for Data Digitization).  

 

6.1.6 Project assessments 

This section discusses and reviews the results of the project and contributions, highlights 

project flaws, future AVROD developments, and provides recommendations for future 
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MA theses in the field of virtual archaeology. This thesis contributes a new analytically 

useful VR technology which exceeds current VR experiences of archaeological cultural 

heritage sites such as Google Earth VR, and other smart-phone-based technologies, 

which often only offer passive VR walk-through experiences. These VR experiences are 

limited as they only enable users to see and walkthrough cultural heritage sites, and rarely 

archaeological sites. More importantly, these platforms do not allow users to record 

archaeological data using measurement tools, spatially manipulate 3D archaeological data 

with other users in real time, or revisit archaeological excavations as they changed 

through time.  

 

6.2 Project challenges and solutions  

6.2.1 Agisoft DSLR model-creation 

The DSLR-based Agisoft models were not all generated successfully. I am not able to 

fully explain why this occurred though I tried correcting these models in several ways 

and even tried generating the models as several chunks before aligning them, as they 

were generated from hundreds of DSLR photographs. This may be due to issues in data 

collection techniques outlined in Sections 4.3.1-4.3.2 in this thesis. Generating these 

models proved to be a long and frustrating process as I found that the models that were 

successfully generated underwent the same photographic and construction processes as 

the models that were unsuccessful. Editing these models proved extremely time-

consuming as this process required manual placement of several markers over numerous 

photographs for multiple models. This process not only took several days to test but often 

failed at different points over the construction process, resulting in inconsistent and 
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unpredictable patterns of failure for each model. As a result, I was very happy to have 

used a GoPro Hero 4 as a secondary camera to capture the daily excavation data, as these 

models were successful and required little editing ï outside of using the Gradual 

Selection Tool which was used to edit models with heavy vegetation (see Section 7.2.7). 

In spite of this, I would still highly recommend capturing image data with a DSLR 

camera (see Sections 4.3.1-4.3.2).  

 

6.2.2 Coding the project 

In hindsight, it appears that coding the project using C# scripts instead of using 

Playmaker visual scripting would have yielded better outcomes. Visual scripting software 

can be problematic as these files are not supported by Unityôs project building software, 

which is required to build and export projects as independent Unity files. This is 

necessary for transferring the NMVRP/AVROD project to other VR-ready computers so 

that it may be used by multiple users. Neither I nor my technical source, Sean Bruce, are 

programmers, and we are incapable of coding the numerous scripts required for this part 

of the project to function. I intend to begin learning C# following the completion of this 

thesis so that I may expand the functionality of the AVROD project, and also work 

closely with programmers to incorporate new tools and improve the utility of the project. 

 

6.3 Recommendations for future VR applications  

6.3.1 Multi-user approaches 

There is enormous potential for VR archaeology seminars for university-level learning. 

This idea was first proposed to me by Trent Universityôs Dean of Education, Dr. Cathy 
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Bruce. There are a number of different approaches to creating scalable VR seminars 

which can be used for an ever-expanding virtual database of archaeological sites. For 

example, VR seminars may be used to create learning spaces for multiple users through 

both LAN (Local Area Networks) and high-speed internet connectivity. These seminars 

could begin with LAN (Local Area Networks) users learning in a central physical 

location and may extend up to countless users through internet connectivity. The high 

data requirements can be managed by Photon networking services. Photon networking is 

a scalable solution which can sustain both local users in a single physical location and 

heavier online user traffic (Photon 2019).  

 

Figure 6.1: A mock professor is manipulating 3D excavation data to teach a mock student 

excavation techniques in the NMVRP (photo courtesy of Sean Bruce).  
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To illustrate, Figure 6.1 shows a mock teacher and student working with 3D data at 

Nassau Mills (photo courtesy of Sean Bruce). This professor is manipulating sections of 

3D excavation data to demonstrate excavation techniques to students. These types of 

data-manipulation mechanics are not possible at real archaeological excavations, 

demonstrating the many advantages of manipulating 3D data in virtual teaching spaces. 

Student A is shown asking a question. Although these users are communicating and 

experiencing each otherôs presence just a few feet away from each other (see Section 

3.3), their physical locations may be based anywhere on the planet. This is significant as 

users can be separated by vast distances and still collaborate as if they were physically 

present at the same archaeological site. 

 

6.3.2 Future VR prospects ï AVROD  

This thesis has demonstrated how virtual reality can be used as an analytically-viable tool 

for studying and disseminating archaeological data. I believe that VR may be used to 

create new standards in data-acquisition and publication as excavators may be required to 

collect daily photogrammetric excavation data which may be published in the form of 

PDF documents alongside scholarly articles. These 3D models may be downloaded as 

PDF documents, which may be viewed in both VR and on computer screens, to create a 

spatial map for data discussed in provided articles. These new standards will create a 

permanent digital record of all archaeological excavations. These in turn may be housed 

in virtual databases, such as AVROD which stands for Archaeological Virtual Reality 

Online Database. 
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 AVROD may be used by students to learn virtual field seminars year-round to 

prepare for field schools during the off-season. Twenty to thirty-minute-long seminars 

could be designed to evaluate studentsô skills, and to assess their learning through virtual 

quizzes and tests, and may be tailored for visual and experiential learners. This 

technology may be best used for archaeology undergraduate students who are developing 

interests in archaeology, and who are first learning archaeological field practices through 

visual and interactive learning environments. These types of remote learning technologies 

may improve student learning by offering a safe and affordable solution for researchers 

interested in studying excavations from remote or dangerous archaeological sites. This 

has been especially relevant to my research as I was unable to excavate at Göbekli Tepe 

in the ķanlēurfa province of Turkey, due to the 2017 conflict in Syria. As a result, I 

decided to participate in a Neolithic field school in the Struma Valley of Bulgaria instead. 

It was during my experience in this field school that I became interested in using VR as a 

safe and affordable solution for students, such as myself, who are interested in studying 

archaeological sites located in remote or politically dangerous areas. 

VR technologies may offer an economically-viable and safe solution for academic 

research and travel as they allow users to meet and study data with other users remotely. 

This technology may be used to prospectively save undergraduate and graduate students, 

thousands of dollars in airfare and living expenses abroad. VR may also allow students to 

better balance summer employment opportunities, which are often required to pay for 

school, by offering undergraduate students an alternative means to participating in 

summer field schools. Though integral for learning archaeological excavation processes, 

field schools often demand weeks or months of potential summer employment time and 
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can become extremely costly to students as a result. Consequently, virtual excavation 

environments can offer new educational opportunities to students studying archaeology 

either out of interest, or to fulfill part of the requirements of their undergraduate degrees. 

Technologies developed through Virtual Reality may also save professors and 

researchers thousands of dollars in travelling expenses and time. These technologies may 

be used to allow researchers to remotely study digitized artifact collections from distant 

museums and universities, and attend virtual conferences held in distant cities or 

countries. I believe that technologies such as virtual reality may offer countless avenues 

for enhancing the ways in which archaeologists learn and work with archaeological data, 

and I am excited to contribute to this new and growing scientific tool. 

AVROD is currently a start-up tech company based in digital innovation 

technologies. It was developed in partnership with the Innovation Cluster (Peterborough 

and Kawarthas) and Fleming Collegeôs Applied Projects program which has contributed 

to the development of the database, networking, and VR development. AVROD has 

received support from the Cubôs Lair Entrepreneurial Competition (2018) and the Bearôs 

Lair Entrepreneurial Competition (2019), and received expertise and resources from 

Trent University and Fleming College to assist in its development. AVROD seeks to 

create an international database of digitized archaeological sites for scientific study. 

Specifically, this project is dedicated to digitally preserving and disseminating 3D models 

of archaeological sites from around the world.  
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Figure 6.2: The 2018 AVROD logo.  

 

AVRODôs 2018 logo (Figure 6.2). AVROD stands for, Archaeological Virtual Reality 

Online Database. It is a developing start-up company and prospective global database 

dedicated to housing digitized international archaeological sites. The globe in the centre 

of the O demonstrates the global capabilities of creating a single virtual archaeology 

database, and multi-user platform.  

 

Figure 6.3: These images were made from the digitized Nassau Mills (upper right) and 

Zaraa uul (upper left and bottom) archaeological sites to promote AVROD at the 2018 

Bata Library re-opening ceremony, held at Trent University (see Section 8.3) (photos 

courtesy of Sean Bruce).  

 

 

   

 


