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Abstract 

This thesis examines the process required to develop an immersive storytelling experience in a virtual 

reality environment based on archaeological and historical evidence. Rather than investigate a single 

building or small settlement this thesis investigates the issues facing the reconstruction of a large-

scale environment. Whilst this is predominately a hardware and software issue that is continually 

evolving through emerging technologies, the content development must be carefully considered. 

The focus of this thesis is a 3D reconstruction of the ancient Egyptian city at Amarna, known as 

Akhetaten; the short-lived capital of Egypt between 1347 and 1332 BCE. This was a time of great 

religious and political upheaval known as the Amarna Period and the city itself was the backdrop to 

many events played out during that time. 

The Amarna3D Project was started in 2000 to develop a 3D visualisation of the city and has been 

repurposed many times for several different outputs since then. However, it was never designed as 

an interactive 3D environment. To take it forward a new reconstruction will be required, one in which 

the viewer can move freely throughout and the original Amarna3D model will be used to inform its 

development. The design will require direction from the archaeological material available to maintain 

historical integrity and visual accuracy. 

This body of work is therefore an archaeo-ŘŜǾŜƭƻǇŜǊΩǎ journey towards the creation of a historically 

accurate interactive visualisation of Amarna where its stories can be acted out. The research looks at 

the unique characteristics of this specific site and refrains from developing a general framework for 

the design and development of a wider range of archaeological sites.
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Preface 

My career in the games industry began ƛƴ ǘƘŜ ƭŀǘŜ мфулΩǎ where I started out as a generalist. I was 

involved in design, programming, and art creation, mainly on a freelance basis. I have worked on 

projects for Activision, Ocean, Infogrames, Atari, SEGA, Nintendo, EA, Microsoft, Sony, amongst 

others. I have gained experience in developing content for all the main game consoles ranging from 

arcades through to the present-day PlayStation and Xbox a journey which has seen many technological 

advancements in computing hardware and software. As roles within the developer studios became 

more specialised, I focused on the art pipeline as a 3D artist. My experience in design, programming, 

and art creation allowed me to function as a conduit between the three areas and led me to become 

one of the first technical artists in the industry. 

In 2000 I left the commercial sector and took up a post as lecturer at Teesside University where I was 

responsible in developing the undergraduate and postgraduate games degree programmes. As part 

of this provision, I designed the first undergraduate degree in computer games art. The academic 

department grew over the years which enabled Teesside to provide a wide range of courses delivered 

to a large cohort who would go on to become employed in all the major games development 

companies. 

My interests have always revolved around the 3D reconstruction of historical sites in antiquity which 

led me to leave Teesside to study formally for a degree in archaeology at Leicester in 2015 so that I 

would gain a deeper understanding of the subject. It is my belief that any future 3D reconstructions I 

develop will benefit as a result. 

The Amarna3D Project is a model of the 18th Dynasty Ancient Egyptian City of Akhetaten at the 

modern-day site of Amarna, Egypt. Its initial construction was in 2000 and has since been used in a 

range of media including documentaries, magazines, and books. Whilst the model has been updated 

in part over the years, it has now reached a point where a fresh start is required to reflect the changes 

in technology and allow for it to be developed as a base for interactive storytelling. 
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1 Interactive Storytelling 

1.1 Introduction 

An emerging challenge within archaeology is to engage in digital visual storytelling. By reconstructing 

archaeological sites as interactive environments it is possible that the wider public can gain a deeper 

understanding of the past and the lives of the people who lived through it. The use of 3D capture 

technologies has enabled archaeologists to showcase their work but much of this has been on a 

modest scale. In general, 3D reconstructions are limited in size to houses, small forts, castles, and 

potentially a hamlet or village which may or may not incorporate interior spaces for exploration. The 

scale of reconstruction could be a result of financial constraints, timescales, or hardware and software 

limitations. This thesis looks at the issues surrounding the construction of a large-scale archaeological 

reconstruction of the ancient Egyptian city at Amarna, focusing on the 3D visual/narrative design 

process. The research looks at the unique characteristics of this specific site and refrains from 

developing a general framework for the design and development of a wider range of archaeological 

sites. 

The development of an immersive visual storytelling experience delivered through a game engine 

requires a large interdisciplinary development team. So, for the purpose of this thesis the research 

was restricted to the specialist areas of art and design and not computer coding; looking at how 

archaeology can be used to inform the design. The VR design project has been titled AmarnaXR to 

differentiate it from the older long running digital model titled Amarna3D shown in Figure 1. 

 

Figure 1, the Amarna3D model 2020 
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Amarna3D is an immensely detailed and archaeologically rich virtual recreation of the main city 

complex of the ancient Egyptian city of Akhetaten (modern day Amarna), birthplace of Tutankhamun 

and short-lived capital city of Egypt (1353-1336 BCE). The city has a fascinating history and is also the 

location where the famous bust of Nefertiti was discovered. Created initially as an independent 

research project, it was further enhanced by data from the official findings of the Egypt Exploration 

Society and the present-day Amarna expedition team.  

Although the model of Amarna is extensively realised, it remains an environment relatively empty of 

people and stories. This thesis explores modes of storytelling using the existing Amarna3D models. 

This is an ideal case study exploring how existing archaeological models may be enhanced or 

translated into more interactive storytelling environments such as the proposed AmarnaXR design. 

The primary research questions are:  

1) How can storytelling be introduced to VR reconstructions of archaeological sites?  

2) Can reconstructions of archaeological sites be repurposed for storytelling?  

3) Can future virtual reconstructions of archaeological sites incorporate elements that make them 

more suited for repurposing by the creative digital industry? 

The thesis begins by looking at how archaeologists are exploring the physical and digital connections 

to games through the emerging field of archaeogaming. This comparatively new area of digital 

archaeology covers a range of gaming technologies however there is relatively little current research 

being done around the development of 3D modelling, virtual archaeological environments and visual 

storytelling methods relating to the heritage sector. The overview of archaeogaming is followed by an 

outline of the development of virtual reality and interactive storytelling. This sets the stage for the 

case study. 

Chapter 2 takes the fundamentals of gameplay and storytelling explored in the first chapter and looks 

at how they can feed into the design of AmarnaXR, beginning with the development of the Amarna 

period as a storyworld. This chapter seeks to pull together all the relevant research material available 

for study when developing a visualisation of the site. It includes a review of the appropriate 

archaeological resources together with an exploration of the site of Amarna as a visual tour using the 

physical models and illustrations which have been developed by others. This gives an understanding 

of the site in terms of its history, geography, size and layout, flora, and fauna, all of which would need 

to be represented within the game engine. The chapter concludes with an account of the authors visit 

to Amarna as a member of the expedition team where he was tasked to capture several areas as 3D 
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models using photogrammetry. Spending time with the team allowed the author an opportunity to 

discuss potential narratives and gain a better insight into the location. 

Chapter 3 is a review of the history of the Amarna3D model. This covers a range of Amarna related 

visualisations which have been created since the project began in 2000. The model has been 

repurposed several times over its lifetime, however it has many flaws, in particular its unsuitability for 

viewing in first person perspective leading to the realisation that a new version of the model is 

required to allow for greater visual accuracy and as a base for interactive storytelling. The original 

Amarna3D project can therefore be considered an earlier prototype which will inform the 

development of AmarnaXR. 

Chapter 4 investigates a potential narrative, the story of Ranefer, and the locations required to 

facilitate its translation into a virtual experience. This ultimately informs the design and construction 

process and identifies the required resources and workload for projects of this kind.  

Chapter 5 reports several observations based on the material gathered and some construction 

experiments conducted during the research period. Due to the sheer scale of this project additional 

modelling was kept to the minimum required to illustrate the topics for discussion. 

Chapter 6 looks at what has been learned from the Amarna3D model and the issues surrounding the 

use of archaeological sites in VR reconstructions aimed at storytelling with a bias towards large scale 

sites. The thesis concludes with a summary and recommendations for future work. 
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1.2 Archaeogaming 

Archaeologists have embraced tƘŜ ǳǎŜ ƻŦ о5 ƳƻŘŜƭƭƛƴƎ ŀƴŘ ǾƛǊǘǳŀƭ ǊŜŀƭƛǘȅ ǘƻ άǘŜǎǘ ǎŎƛŜƴǘƛŦƛŎ ǉǳŜǎǘƛƻƴǎΣ 

communicate impressions of the past to others, and invite outside participation in the construction of 

ǘƘŜ Ǉŀǎǘέ (Morgan 2009, 471). The term virtual archaeology was introduced in 1990 (Reilly 1991) to 

encompass the use of computers in simulating excavations, modelling archaeological contexts, and 

reconstructing historical structures as 3D visualisations. In 1997 the first collection of 3D computer 

generated archaeological visualisations listing 50 locations was published (Forte and Siliotti 1997). In 

the same year the historical strategy game Age of Empires (Ensemble Studios 1997) was released 

building on earlier historically themed strategy games such as Civilisation (Sid Meier 1991) and The 

Seven Cities of Gold (Ozark Softscape 1984). 

The development of video games with well-defined civilisations has prompted some archaeologists 

and heritage specialists to study how virtual archaeology and computer gaming can be used together 

within an emerging research area termed Archaeogaming. Archaeogaming has been broadly defined 

ōȅ !ƴŘǊŜǿ wŜƛƴƘŀǊŘ ŀǎ άǘƘŜ ŀǊŎƘŀŜƻƭƻƎȅ ōƻǘƘ ƛƴ ŀƴŘ ƻŦ ŘƛƎƛǘŀƭ ƎŀƳŜǎέ (2018, 2). This is a simplification 

of the many and varied ways in which archaeological methods and analysis can be used in connection 

with both digital and physical game constructs. Reinhard expands further on this by dividing 

Archaeogaming into several research areas as shown in  Table 1.  

One area of archaeogaming views the physical game package, that is the storage media, manual, and 

box, as a physical artefact. It explores the personal and commercial history of hardware and software, 

its distribution methods, change of ownership, and support communities (Reinhard 2018, 3). A 

notable example of this was the excavation in 2014 of the Atari video game burial in Alamogordo, New 

Mexico where in 1983 Atari, Inc. buried millions of copies of E.T.: The Extra-Terrestrial in a landfill 

(Reinhard 2018, 23ς29). Archaeogaming takes the traditional archaeological methods used to study a 

site in the physical world and transfers them to the digital environment. An example of which was the 

examination of the hardware components and digital file structures located on data storage devices, 

such as hard drives and USB memory sticks, as archaeological sites (Moshenska 2014; Perry and 

Morgan 2015). This excavation explored a potential recording strategy for media archaeology projects 

whilst revealing issues surrounding the [dis]connection between hardware and software within the 

same artefact. 
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Table 1, Archaeogaming research areas (after Reinhard 2018, 4) 

 

Archaeogaming also involves treating established built environments within games as archaeological 

sites by exploring the cultures, histories, and lore created by the developers; including how they have 

grown, changed, and adapted through serialisation (Reinhard 2018, 88). Reinhard explains that 

historical games interpret past civilizations and places, shaping them into what works for the purpose 

of audience engagement, as similar to how archaeologists have interpreted the past from the material 

Atari burial ground

History of use and object biography

Conservation and preservation

Establishing chronology and typology of games

Gaming spaces - arcages

History of personal or commercial use

Archiving and game history

Version control patches and damnatio memoriae

Tool definition and creation for in-world archaeology

Application of real-world methods to virtual spaces

Glitches as artefacts

Game as artefact or the space between the hardware and the illusion of a world in 

game

In-world garbology

Survey landscape underwater exoarchaeology

Quantum entanglement in video games

Perception

Complexity and chaos and algorithms

Deism and world-building

Archaeologists as playable characters

Archaeologists as non-playable characters or AI

In-world looting and or auctioning of in-game inventory

Public perception of archaeology and archaeologists

Developer perception and promotion of archaeology and archaeologists

In-game depictions or reenactments of real-world historical events

Archaeological consulting with studios

Archaeologists as game makers

Developer influence and design choices

Games as archaeology teaching tools

Augmented reality for play tourism or education

3D modelling and space-creation or recreations of antiquity both real or imagined

Lore and lore communities

Code source as epigraphy and palaeography

Virtual ethnography

Procedurally generated environments and artefacts

Minecraft

Elder Scrolls

World of Warcraft

Fallout

Mass Effect

etc.

Real and virtual commerce economics and numismatics

Real-world manifestation of virtual world artifacts

Cosplay and game-derived experimental archaeology

In-world museums

Real-world museums

The Archaeology of [game title]

Material Culture

A
R

C
H

A
E

O
G

A
M

IN
G

Real-world Archaeology of Video 

Game Hardware and Software

Videogame or Virtual World as 

Archaeological Site

Philosophy

Reception

Game Development

Machine Created Culture
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recovered from the archaeological record (Reinhard 2018, 6). However, the motives are quite different 

in that game designers are working towards commercial success whilst the archaeologists are looking 

to increase knowledge. Developers aim to utilise public interest in historic periods and events to sell 

a product. To succeed they must develop an engaging story and associated gameplay; modifying 

history as required (Copplestone 2017a)Φ LƴǘŜǊŜǎǘƛƴƎƭȅΣ ŀǎ ƎŀƳŜ ŘŜǎƛƎƴŜǊΩǎ ƳŀǎƘǳǇ Ƴƻre of the past 

they begin to create unique civilisations which are in turn of interest to archaeogamers (Mol et al. 

(Eds) 2017; Reinhard 2018, 197). With established game-worlds, archaeogaming also examines the 

physical manufacture and sale of digital artefacts in the form of in-game clothing, armour, and 

weaponry through real-world marketplaces creating a physical archaeological record mirroring the 

digital one (Reinhard 2018, 162). Here experimental archaeology through cosplay can be extended 

further by taste and smell through the interpretation of in-game food into real-world cookbooks 

(Monroe-Cassel 2016, 2019, 2020; Rosenthal 2018, 2020) albeit limited in the game-world cooking 

methods (Reinhard 2018, 179). 

The construction of digital models of archaeological sites is a natural extension of illustrations and 

physical models which have been created by archaeologists. However, the development of virtual sites 

that can be interacted with is a complex process and one in which few archaeologists have been able 

to have autonomy over. The use of the online virtual world Second Life (Linden Lab 2003) has allowed 

archaeologists to bypass much of the software development and focus on content creation. This can 

be seen in the development of Çatalhöyük ǿƘƛŎƘ ǿŀǎ ŀ άƳǳƭǘƛǾƻŎŀƭ ŜȄǇŜǊƛƳŜƴǘ ƛƴ ōǳƛƭŘƛƴƎΣ ǊŜ-building, 

and representing the past and present realities of the phȅǎƛŎŀƭ ǎƛǘŜέ (Morgan 2009, 468). The relatively 

limited construction tools within Second Life means that the resulting accuracy of the structures 

cannot compete with dedicated 3D modelling software but it still allows the archaeologist to make 

interpretive decisions which can be fed into more detailed reconstructions later (Morgan 2009, 476). 

Second Life includes the option to allow others to modify content within the environment enabling a 

collaborative approach to understand the site. This allows the archaeologists to think about the many 

ways archaeological data can be interpreted and communicated to a wider audience (Morgan 2009, 

481). This thesis is focused on the archaeogaming area surrounding game development and the 3D 

recreations of antiquity both real and imagined, and in doing so touches on depictions of real-world 

historical events. Archaeologists as game developers is of great interest in that it affords the 

archaeologist an opportunity to not only disseminate one possible narrative but engage others in the 

exploration of multiple narratives through gameplay design (Copplestone 2017b). The dissemination 

of archaeological material through video games rather than the traditional publications (Mol et al. 

2017, 12) is an intriguing possibility but one which would require overcoming the fluidic and transient 

nature of gaming technology as an archival system. 
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Figure 2, a typical organisational structure of a medium sized modern game development studio 

 

Some games allow for user input to modify the environment, player avatar, or non-player characters 

through the use of game editor software supplied by the publisher, a notable example is the Unreal 

Editor (Epic Games 2020a)Φ ¢ƘŜ ŜŘƛǘƻǊ ōŜŎŀƳŜ ŦǳƴŘŀƳŜƴǘŀƭ ǘƻ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǘƘŜ ΨƳƻŘŘƛƴƎΩ 

community who used it to develop their own alternative versions of published games. Other 
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publishers have followed suit by making game editors (Crytek GmbH 2020; Unity Technologies 2020) 

available free to the general public for use in developing their own games or virtual reality experiences.  

In the early years of games development, it was entirely possible for one person with enough technical 

skill to create a complete game in isolation. These games have grown from text-based adventures 

through scrolling bitmap graphics to immense 3D environments with visuals that can rival some film 

sets. As games have increased in their complexity so too have the skills required to build them. 

Developers require a specialist team with expertise in design, art, programming, audio, and testing all 

working under the guidance of the Producer to create a publishable game. Figure 2 presents the 

typical roles found within a medium sized games development studio derived from multiple sources 

(Mitchell 2012; Novak 2012; Rogers 2010). Of the roles presented, it is the artists and designŜǊΩǎ ǊƻƭŜǎ 

which are of most relevance to this thesis, with the artists responsible for the construction of the visual 

assets and the designers responsible for the story, gameplay, and level assembly.  

Whilst the production pipeline and software development tools have been refined over the years the 

demand for higher quality visuals and detailed open world environments has led to much larger 

development teams, particularly within the art department where the main content is created. 

UbisoftΩǎ !ǎǎŀǎǎƛƴǎ /ǊŜŜd franchise is well known for its detailed historical visuals and open world. The 

Assassin's Creed: Origins Discovery Tour game mode (Ubisoft 2018) allows the player to wander 

around ancient Egypt without having to complete quests (Figure 3). Whilst the historical, 

archaeological, and geographical accuracy is flawed in parts, the ancient Egyptian world has so much 

detail that it creates an immersive quality that is currently unmatched, and with the stand-alone 

educational version it is a useful tool in academia (UdeMNouvelles 2018). 

It has been argued that the increased detail within the environments can affect the story and level 

design (Reinhard 2018, 191) however the development pipeline ensures that designers and artists 

work in parallel. The artists are free to develop photorealistic assets whilst the designers use whitebox 

or block out techniques to develop the gameplay. Whiteboxing uses low resolution or primitive 

geometry as temporary assets to construct the game level within the level editor. These are replaced 

with the finished art assets when they are complete. In some cases, art assets from a previous game 

can be used as a stand in for more complex level design. It is not the detail required of the assets but 

the scaƭŜ ƻŦ ǘƘŜ ƎŀƳŜ ǿƻǊƭŘ ǘƘŀǘ ƛǎ ŀƴ ƛǎǎǳŜΦ wŀǇƘŀŜƭ [ŀŎƻǎǘŜΣ !Ǌǘ 5ƛǊŜŎǘƻǊ ƻƴ !ǎǎŀǎǎƛƴΩǎ /ǊŜŜŘΥ hǊƛƎƛƴǎ 

(ACO), spoke about the asset development at the 2017 Montreal International Game Summit (MIGS 

17). He was interviewed by GamesBeat where he disclosed that the ACO team was around 1000 

people with 300 of those working on the artwork. At the 2018 Games Developers Conference Jean 

Guesdon, franchise head for Assassin's Creed, presented the development timeline chart (Figure 4) 
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ŦƻǊ ǘƘŜ !ǎǎŀǎǎƛƴΩǎ /ǊŜŜŘ ǎŜǊƛŜǎ ǎƘƻǿƛƴƎ ŀ four-year development period for ACO spanning three 

studios. For the Discovery Tour, work continued through to 2018 with assistance from additional 

Ubisoft studios worldwide. With this size of development team and production timeframe it is no 

wonder that the ACO open world is so detailed, but at this scale few developers can compete. In 2019 

!ǎǎŀǎǎƛƴΩǎ /ǊŜŜŘ ŦǊŀƴŎƘƛse recorded over 100 million unique users (Ubisoft 2020). 

 

Figure 3, poster artwork for Assassin's Creed: Origins Discovery Tour (Ubisoft 2018) 

 

Figure 4Σ !ǎǎŀǎǎƛƴΩǎ /ǊŜŜŘ Ŏhart detailing series development (Ubisoft, GDC 2018) 

The AssassiƴΩǎ /ǊŜŜŘ franchise is not only a commercial success but also a success in delivering large 

historical sites to the general population. These open world environments are a very credible virtual 
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reality experience and whilst their narratives may be fanciful, they prove the potential of the 

technology for storytelling. The next section explores the history of virtual reality and leads into 

gameplay and storytelling. 

1.3 Virtual Reality 

The term virtuaƭ ǊŜŀƭƛǘȅ ό±wύ ǿŀǎ ƳŀŘŜ ǇƻǇǳƭŀǊ ōȅ WŀǊƻƴ [ŀƴƛŜǊ ƛƴ ǘƘŜ мфулΩǎ ǿƘŜƴ ƘŜ ǎŜǘ ǳǇ ±t[ 

Research with Thomas Zimmerman to develop VR goggles and the data glove for commercial use 

(Bosworth and Sarah 2019, 1). However, the road to modern virtual reality has been a long one 

ōŜƎƛƴƴƛƴƎ ǿƛǘƘ ǘƘŜ ǇƛƴƘƻƭŜ ŀƴŘ ŎŀƳŜǊŀ ƻōǎŎǳǊŀ ό[ŀǘƛƴ άŘŀǊƪ ŎƘŀƳōŜǊέύΦ ¢ƘŜ ƻǇǘƛŎŀƭ ŜŦŦŜŎǘ ƻŦ ǘƘŜ 

pinhole and camera obscura can be traced back to the 4th century BCE in the Chinese Mohist text 

MoJing (Needham 2004, 98) although the earliest scientific work with the camera obscura is attributed 

to the great Arab physicist Ibn al-Haytham at the start of the 11th century CE (Sarton 1927, 721). The 

camera obscura was a dark room which permitted light to enter through a pinhole projecting an 

inverted image of the exterior onto the wall within. Later use of mirrors and lenses allowed the 

projected image orientation to be corrected and re-projected to a different plane within the room. 

The effect of the camera obscura was to bring the outside, inside, and alter the scale if desired. 

Between the 16th century and the mid-19th century it was used for popular entertainment, scientific 

enquiry, and artistic practice (Crary 1990, 29). The projected image could be used as a drawing aid to 

create a permanent and accurate copy of the exterior view. By rotating the camera obscura, it was 

possible to create a panoramic representation and with the invention of portable booths different 

locations could be explored. 

In 1787 the artist Robert Barker patented a method for minimising the perspective problems inherent 

in painting 360-degree panoramas and iƴ мтфм ǇǊŜǎŜƴǘŜŘΣ άtŀƴƻǊŀƳŀ ƻŦ [ƻƴŘƻƴ ŦǊƻƳ ǘƘŜ !ƭōƛƻƴ aƛƭƭΣ 

{ƻǳǘƘǿŀǊƪέ ǘƻ ǘƘŜ ǇǳōƭƛŎ (Byerly 2012, 36; Bosworth and Sarah 2019, 1). To see the new panoramas 

correctly a large viewing platform was required, prompting a new type of building, the rotunda. The 

Panorama in the Strand (1802-1831), and the Rotunda in Leicester Square (1823-1861) were two such 

buildings, the interior workings of which can be seen in Figure 5. Panoramas took the viewer to places 

they would normally not be able to visit, creating a form of virtual tourism and with the depiction of 

national and international events brought a narrative element to this new immersive experience. The 

use of a rolling canvas introduced moving panoramas and the feeling of traveling through a scene. 

One very popular method was the unrollƛƴƎ ƻŦ ŀ ŎŀƴǾŀǎ ǎƘƻǿƛƴƎ ǘƘŜ ǿƻǊƭŘΩǎ ŎŀǇƛǘŀƭ ŎƛǘƛŜǎ ŀǎ ƛŦ ǾƛŜwed 

ŦǊƻƳ ŀ ōŀƭƭƻƻƴΦ ¢Ƙƛǎ Ψōŀƭƭƻƻƴ-ŜȅŜ ǾƛŜǿΩ ǿŀǎ ǘƘŜ ŦƻǊŜǊǳƴƴŜǊ ƻŦ ǘƻŘŀȅΩǎ ΨŦƭȅǘƘǊƻǳƎƘΩ ǾƛŜǿΣ ǇƻǇǳƭŀǊ ǿƛǘƘ 

many modern virtual reality simulations. River journeys and boat journeys were popular from the early 

1820s through to 1900, sometimes with actors narrating the scenes on view (Altick 1978, 203). The 
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Ƴƻǎǘ ƛƳǇǊŜǎǎƛǾŜ ǿŀǎ .ŀƴǾŀǊŘΩǎ tŀƴƻǊŀƳŀ ƻŦ ǘƘŜ Mississippi exhibited in England in 1848 and reviewed 

by Dickens in the Examiner, who was impressed with its length at three miles (Slater 1996, 135).  

 

Figure 5, section of the Rotunda, Leicester Square (Mitchell 1801) 

1.3.1 The Head Mounted Viewer 

With the advent of photography, the quality and accuracy of panoramas increased, and the viewing 

technology started to shrink to accommodate the size restrictions in developing photographs. The 

invention of the stereoscope in the 1830s, was able to take advantage of stereo pair photographs 

(stereographs) and with the later replacement of the mirrors with lenses in 1849 by David Brewster, 

the modern 3D viewer was born. The stereoscope has continued through to the present in various 

forms such as the View-Master in 1939, Google Cardboard in 2014 which is used in combination with 

a mobile phone to display stereo images in 3D, and Oculus Rift introduced in 2016 (see Figure 6). The 

modern head mounted display (HMD) includes motion and rotation sensors which record the 

translation, or sliding motion, through the three axes giving a total of six degrees of freedom (6DoF), 

see Figure 7. The HMD is connected to a computer which generates the immersive visuals and the 

addition of 3D positional sound further enhances the immersion by bringing audio cues typically found 

in the real world. To interact with the environment the user can trigger events through either looking 

at an object or signpost using a crosshair view or through the manipulation of hand-held joystick and 

button controllers. Hand-held controllers normally include similar positional and rotational sensors 



Page 27 of 219 
 

found in the HMD allowing for enhanced freedom of movement when manipulating objects or 

features within the environment. 

 

Figure 6, the evolution of stereo head mounted displays: (1) Brewster Stereoscope (CC BY-SAύΣ όнύ {ŀǿȅŜǊΩǎ ±ƛŜǿ-Master 
(CC-0), (3) Google Cardboard (CC-0), (4) Oculus Rift (CC-0) 

 

Figure 7, six degrees of freedom (CC BY-SA) 

 

A VR environment is a method of transporting the player into a place they would not normally have 

physical access to. This allows experiences to be based on geographical locations, fictional locations, 

off-world locations, or scale-based from sub-atomic to galactic in size. VR can also be used to transport 
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the player through time to different periods. Whilst VR places the user inside a virtual world 

Augmented Reality (AR) brings artificial elements into the real world. The AR environment uses video 

cameraǎ ǘƻ ǎǘǊŜŀƳ ǘƘŜ ǇƭŀȅŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ŀƴd augments this with visual, auditory, or haptic data 

feedback accurately positioned in real-world 3D space. This is achieved through the implementation 

of additional processing using a combination of GPS, object, and pattern recognition to accurately 

register the position of the digital augmentation in real-time. In its simplest form it can be a live 

information feed over a video or TV broadcast. In the game industry it can be used to bring a battle 

into your living room, hunt monsters in the street, or run away from zombies while out for a jog. With 

coded targets, books come alive in your hands allowing the reader an opportunity to interact with the 

characters themselves. 

1.4 Gameplay and Storytelling 

The craft of storytelling has taken many forms throughout history including word of mouth, the 

written page, theatre, and film. Stories are generally a linear construct albeit sometimes told outside 

ƻŦ ŎƘǊƻƴƻƭƻƎƛŎŀƭ ƻǊŘŜǊΦ ! ƎƻƻŘ ǎǘƻǊȅ Ƴǳǎǘ ōŜ άŎǊŜŘƛōƭŜΣ Ŏoherent, and dramatƛŎŀƭƭȅ ƳŜŀƴƛƴƎŦǳƭέ 

(Adams 2010, 158). They are typically a passive experience being entirely controlled by the author 

who takes us on one path through the story from beginning to end. 

In 1938, Dutch Anthropologist Johan Huizinga described gameplay as a non-serious and utterly 

absorbing activity conducted outside ordinary life which proceeds according to a set of rules. He adds 

that it is not associated with any material interest or profit and that it creates its own social groups 

separate from the outside world within its own boundaries of space and time (Huizinga 1964, 13). 

However, game historian David Parlett sees gameplay as two distinct forms namely formal and 

informal (Parlett 1999, 3). Parlett describes informal play as that of children and puppies playing 

around or schoolchildren acting out the exploits of their heroes and heroines in an impromptu way. 

Whereas formal gameplay is based on ends and means. The ends constitute a goal to be achieved by 

either an individual or team-based contest. The means are the tools required to win the contest within 

the boundaries of a set of rules. Once the objective is won the game has concluded and play ceases.  

Games have numerous possibilities which are actively navigated through by the player. With a range 

of choices available, the player can create their own stories using the numerous interactions they have 

experienced within the game. This means that each time the game is played the experience will be 

slightly different. It is the games designer, who engineers the range of possibilities for the player, but 

it is the player who chooses the path. Creating an immersive experience is the very heart of game 

design revolving around gameplay.  



Page 29 of 219 
 

1.4.1 Game Mechanics 

The rules of gameplay are the mechanics of the game and are designed to enable player actions or 

restrict them (Domsch 2013, 16). Some games will begin with simple game mechanics and introduce 

more complex ones as the game progresses to challenge the player and maintain interest. Being able 

to maintain the interest of the player is fundamental to the success of a game, make it too easy and 

the player becomes bored, make it too difficult and they give up. 

The primary game mechanic is that of space and how it is traversed by the player (Schell 2019, 130ς

135). Real-world mechanics follow the physical laws found in the real-world such as gravity and solid 

matter which would restrict the player from walking through walls or being able to fly. Real-world 

mechanics enable the player to walk, run, climb, swim, and manipulate objects. The advantage of real-

world mechanics is that they are already known to the player having experienced them in real life. 

Game mechanics can be implemented in a way which enables narrative events to take place and a 

story to be told which creates empathy and an emotional connection between the player and the 

characters within the game. This can be seen in the popular game series Left 4 Dead (Valve 2008, 

2009) and The Last of Us (Naughty Dog 2013, 2014, 2020) where players become invested in the 

wellbeing and safety of the characters beyond that normally found in action adventure games 

(Dubbelman 2016). Storytelling mechanics include player and non-player character interaction in the 

form of physical contact, dialog, and progression. The mechanics of progression involve exploring the 

game space, gain abilities and skill, collect objects, discover clues, and experience cut-scenes triggered 

at certain locations tied to the plot (Adams and Dormans 2012, 31). 

Building economies is inherent in simulation and strategy games and revolves around in-game 

resource management. Civilization and SimCity involve constructing buildings which establish 

economic relationships with each other depending on their type and location (Adams and Dormans 

2012, 197). Player mismanagement, natural disaster, or aggression can impact the economy. Economy 

can be used as a narrative event at a character level to enable plot progression through trade or skills. 

1.4.2 The Backstory / Storyworld 

 ά²ƻǊƭŘǎ Ŏŀƴ ŜȄƛǎǘ ǿƛǘƘƻǳǘ ǎǘƻǊƛŜǎΣ ōǳǘ ǎǘƻǊƛŜǎ Ŏŀƴƴƻǘ ŜȄƛǎǘ ǿƛǘƘƻǳǘ ŀ ǿƻǊƭŘέ (Wolf 2012, 29). The 

storyworld of a video game is the fictional world in which the structure of the game and its rules as 

well as the actions of the player within it are given meaning (Domsch 2013, 27). It is the environment 

in which the story takes place but does not limit itself to just the present game. It sets the rules of the 

world so that all stories are developed from a common foundation and have a coherent structure. This 

world establishes what society looks like and the languages used. It describes how this world began 

and what events shaped it including any belief system (Berger 2020, 116). It explains what type of 
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environments are present, the climate, and what nature looks like, in short, its whole ecosystem (Wolf 

2012, 30). By developing a solid storyworld each story or plot line reinforces the next bringing it to life 

and enabling the player to become deeply immersed in the place and time. The storyworld is the 

primary blueprint from which all related stories are developed from (Nitsche 2008, 243). 

By imagining the storyworld as a planet then stories can be thought of as the countries on it, they can 

have their own individuality but must not deviate from the established storyworld. A story is 

constructed from specific events which, when connected, form the plot. The plot is the linear path or 

journey taken by the player through the game. The plot structure will have a beginning, middle, and 

end (Heussner et al. 2015, 121). The beginning will setup any goals the player must achieve and why. 

The middle forms most of the time within the story and revolves around the movement from one 

event to the next. For the story to work it needs to have an emotional resonance with the player such 

as conflict, humour, or loss. Events should escalate to push the plot forward and, as the player nears 

the end of the game, they should feel a sense of evolution has taken place in their characters outlook 

and situation when compared with the beginning. How the story and plot are conveyed to the player 

forms the narrative structure constructed from interactions, dialogue choices, visual events, art style, 

tone, and music. It is important to note that whilst the plot takes a linear path through the story the 

interactive nature of games can affect how this path is structured with regards to gameplay. 

1.4.3 The Interactive Story 

Interactive stories include three kinds of events: player events which are under the control of the 

player, in-game events which are initiated and controlled by the game mechanics, and narrative 

events which are fixed to the plotline within the story (Adams 2010, 159ς160).  

1.4.4 Linear Gameplay Stories 

Linear gameplay moves the story along by interspersing player control with animated cut sequences 

(Figure 8). This is a popular method used by many games but can break the players immersion when 

their character is taken control of by the game engine and acts in a way which may not have 

represented their style of gameplay up to that point. In other words, the player may be less competent 

during the interactive parts than that portrayed by the cut sequence giving the sense of a split 

personality. By taking away control from the player there is also the possibility that the player fails to 

reconnect with the game character after the cut sequence. However, it is an effective way of balancing 

the advancement of the storyline whilst allowing for the player to spend time immersed in each event. 

Cut sequences can help to impart additional information needed to complete the next challenge and 

consolidating an event before moving on. They are also a way of changing the perspective from the 
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players point of view or show a parallel event taking place. Regarding the plot they can also be used 

as a retrospective piece allowing the player to remember a moment (Salen and Zimmerman 2004, 31). 

 

 

Figure 8, linear gameplay story sequence 

 

1.4.5 Non-Linear Gameplay Stories 

A non-linear story is chaotic and can result in an unwieldly story which fails to come to a satisfactory 

conclusion. By giving the player too much choice, the experience becomes fractured and the story is 

diluted and less coherent. The initial driving premise of the story may not be consolidated at the end 

ƭŜŀǾƛƴƎ ǘƘŜ ǇƭŀȅŜǊ ǿƻƴŘŜǊƛƴƎ ǿƘŀǘ ǘƘŜ Ǉƻƛƴǘ ǿŀǎΦ CǊƻƳ ŀ ŘŜǾŜƭƻǇŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ǘƘŜ ǿƻǊƪ ƛƴǾƻƭǾŜŘ 

in creating more choices can rapidly get out of control adding to the complexity, development time, 

and ultimately making it financially non-viable. Schell discusses the scale of the problem by using a 

simple mathematical calculation where one unique event spawns three choices each leading to a 

unique event (Schell 2019, 267) see Figure 9. If those events also spawn three choices, then within ten 

iterations we must create 88,573 unique outcomes. This is calculated as 3^10 plus the sum of the 

previous choices and creates an ever-increasing diverging non-linear gameplay sequence. At twenty 

iterations we are talking 5,230,176,601 unique outcomes which is impossible unless accomplished 

procedurally. This is different to gameplay where individual events may have several tasks that can be 

completed out of sequence. One problem with a procedurally generated system could be the loss of 

a cohesive plot. If the story is based on historical events, then the artificial intelligence would need to 

ensure factual integrity and chronological accuracy.  

 

Figure 9, a diverging non-linear gameplay sequence 
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If the gameplay is a series of encapsulated events with their own beginning and end, then we only 

need to give variation within these two points. This is a convergent gameplay sequence guiding the 

players choices and giving the illusion of free will, whilst gently nudging the player towards a pre-

determined event, see Figure 10. This may be a strain however in open world games where the player 

can move freely throughout the whole of the environment (Heussner et al. 2015, 121). 

 

Figure 10, a converging non-linear gameplay sequence (after Schell 2019) 

 

This chapter has presented an overview of how interactive stories can be developed within a gaming 

framework. However, before a story can be told the 3D environment has to be constructed and this is 

an extremely complex process. At the start of a project the 3D environment is an empty void within 

3D space, and everything required to visualise it must be created by the artists. The story and 3D 

environment construction can be developed in parallel only if both are driven by the same storyworld 

concept.  

In the game development industry artists are generally brought into a project with little prior 

knowledge of the historical period or geographic region. They would be required to conduct relevant 

research to enable the accurate reconstruction of digital assets. Whilst the Lead Designer will have 

provided a sizeable proportion of this through the initial storyworld research, particularly in the form 

of major plot assets, it is generally the artists responsibility to provide the additional infill assets within 

the environment.  

For an accurate reconstruction of the city layout, its associated flora and fauna, the people, and their 

life events, it is necessary for the artists to become very familiar with the archaeology and geography 

of the site. This research can therefore become a weak point in terms of overall historical accuracy 

and depending on the scale of the project it may be prudent to gain the input of subject specialists at 

this stage.  
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The next chapter begins with the development of the AmarnaXR storyworld which would normally be 

undertaken by the designer. This serves to inform both the construction of all the interactive elements 

(3D assets) and any potential storylines. Much of the design process is a fact-finding exercise to see 

what resources are available and how they can be utilised within the AmarnaXR construction. This 

chapter will present the main archaeological resources available, a tour of Amarna in terms of the past 

and the present using visual interpretations developed throughout its excavation period, and finally 

the authors first-hand experience of the site which helped to gain an impression of the site in terms 

of atmosphere and potential storylines. 
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2 AmarnaXR Design 
The development of an interactive experience based on the Amarna Period and the life of the 

inhabitants of the city at Amarna requires researching the history of the period and the physical 

evidence left behind. Initial design research is a broad range approach to collect all the potentially 

useful resource material together. The Design Team have the initial responsibility of gathering this 

together and making it available in an organised form for the other development teams. For AmarnaXR 

the starting point requires looking into the events of the Amarna Period with a view to creating a 

backstory in support of the development of the Storyworld. 

 

 

Figure 11, chronology of the Amarna Period (Kemp 2012, 304) 

 

2.1 The Amarna Period as Storyworld 

The Amarna Period took place at the end of the 18th Dynasty in Egypt between 1353-1322 BCE and 

refers to the ǊŜƛƎƴǎ ƻŦ ǇƘŀǊŀƻƘΩǎ !ƳŜƴƻǇƘƛǎ L± ό!ƪƘŜƴŀǘŜƴύΣ bŜŦŜǊƴŜŦǊǳŀǘŜƴΣ {ƳŜƴƪƘƪŀǊŜΣ ŀƴŘ 

Tutankhamun, see Figure 11. The 18th Dynasty was a period which started the New Kingdom era and 

was also noted for the reign of Hatshepsut (c.1473-1458 BCE), the second confirmed female pharaoh. 

Under the reign of Amenophis III / Amenhotep III (c.1390-1353 BCE), Egypt saw unprecedented 

prosperity and reached the peak of its artistic and international power. Amenophis III embarked on 

many construction projects including the expansion of the temple of Karnak and the Colossi of 

Memnon built to guard the entrance to his mortuary temple the largest to have been built in Egypt 

(Kozloff 2012, 122ς124). Before his death, Amenophis III had created more statues of himself than any 

other pharaoh totalling over 250 and was known as Amenhotep the Magnificent. However, at the time 
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of his death the Amun priesthood, the most powerful of the religious cults, had grown in wealth to a 

point where they were a religious and political power potentially rivalling that of pharaoh (Reeves 

2019). 

After the death of Amenophis III his son Amenophis IV became pharaoh and proclaimed that both his 

father and the sun-god Aten had become one; a move towards re-establishing the divinity of the 

pharaoh. This meant that the kingship past, present, and future were fused as one divine entity 

through the Aten (Reeves 2019). By elevating his father to that of a divine being and positioning 

himself as the sole earthly connection to him, Akhenaten was beginning a calculated move to ensure 

pharaoh was the supreme power throughout Egypt. By becoming the sole reprŜǎŜƴǘŀǘƛǾŜ ŀƴŘ ΨƘƛƎƘ 

ǇǊƛŜǎǘΩ ƻŦ ǘƘŜ !ǘŜƴΣ ǘƘŜ ƻƴƭȅ ǿŀȅ ǘƘŜ ǇŜƻǇƭŜ ŎƻǳƭŘ ŎƻƴƴŜŎǘ ǿƛǘƘ ǘƘŜ !ǘŜƴ ǿŀǎ ǘƘǊƻǳƎƘ !ƪƘŜƴŀǘŜƴΦ ¢ƻ 

indorse this religious move, in year 5 of his reign, Amenophis IV changed his name from Amenophis, 

Ψ¢ƘŜ ƎƻŘ !Ƴǳƴ ƛǎ ŎƻƴǘŜƴǘΩΣ ǘƻ !khenatŜƴΣ ΨIŜ ǿƘƻ ƛǎ ŜŦŦŜŎǘƛǾŜ ƻƴ ǘƘŜ !ǘŜƴΩǎ ōŜƘŀƭŦΩΦ  

To secure his new religion Akhenaten had to dismantle the power of the other religious sects and the 

Ƴƻǎǘ ŎƻƳǇƭŜǘŜ ǿŀȅ ƻŦ ŘƻƛƴƎ ǘƘƛǎ ǿŀǎ ǘƻ ŀōŀƴŘƻƴ ōƻǘƘ aŜƳǇƘƛǎΣ 9ƎȅǇǘΩǎ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ŎŀǇƛǘŀƭ ŀƴŘ 

Thebes, the religious centre. A new religious and administrative capital would be built at the mid-point 

between the two from which the pharaoh could rule under the one god, the Aten. The location of the 

new city was to be on virgin land, untouched and unoccupied, therefore politically neutral. The cliffs 

to the east of the chosen site included a small valley entrance gap which resembled the hieroglyph 

akhetΣ ΨƘƻǊƛȊƻƴΩΣ ǿƘŜǊŜ ǘƘŜ ǎǳƴ-ƎƻŘ ǿƻǳƭŘ ōŜ ǊŜōƻǊƴ ŀǘ ǘƘŜ ǎǘŀǊǘ ƻŦ ŜŀŎƘ ŘŀȅΦ ¢ƘŜ ΨIƻǊƛȊƻƴ ƻŦ ǘƘŜ !ǘŜƴΩ 

or Akhet-Aten was the name given to the area within which was built the city. 

The move to Akhetaten began with the marking of the boundary through a series of proclamations 

carved into rock-cut stelae as to the extents of and structures to be constructed within Akhetaten. The 

first of the stelae to be discovered in modern times was by Claude Sicard in 1714 and has been given 

the name stela A with the remaining stelae also following an alphabetic nomenclature. The total 

number of stelae found to-date is 15 and their locations are shown in Figure 12.  
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Figure 12, locations of the boundary stelae (Barry Kemp) 

Akhenaten set out in his proclamation what structures would be built (Kemp 2017a) and these 

included the House of Aten, the Mansion of the Aten, the Sun Temple for Nefertiti, the House of 

wŜƧƻƛŎƛƴƎ όŦƻǊ ƧǳōƛƭŜŜ ŦŜǎǘƛǾŀƭǎύΣ ǘƘŜ tƘŀǊŀƻƘΩǎ Residence, and a residence for Nefertiti. In the cliffs he 

declared that his tomb and those of his wife Nefertiti and their daughter Meritaten would be 

constructed. Akhenaten also declared that a tomb for the Mnevis bull would be created, showing a 

tolerance to other religions which is slightly at odds with the general thinking regarding perceived 

ŦŀƴŀǘƛŎŀƭ ƳƻƴƻǘƘŜƛǎǘƛŎ ƛŘŜƻƭƻƎȅΦ ²ƛǘƘƛƴ ǘƘŜ ƴƻǊǘƘŜǊƴ ŎƭƛŦŦΩǎΣ ǘƻƳōǎ ŦƻǊ Ƙƛǎ ƘƛƎƘ ŀŘǾƛǎŜǊǎ ŀƴŘ ǇǊƛŜǎǘǎ 

would be built and to the south, tombs for high officials. 

The construction of Akhetaten began with the building of the first altar to the Aten which would later 

become the Small Aten Temple. To the north of this was constructed a small palace and beyond this 

a larger temple was begun which would become the Great Aten Temple. The North and South Palaces 

followed shortly after and in year 6 Akhenaten moved his whole court to Akhetaten. 

The Aten was not represented as a statue to be worshiped within a dark chamber deep inside a 

temple. The temple architecture did not follow the enclosed structures normally found elsewhere in 

Egypt and were built as open-air constructs to allow direct access to the sun-god. This design was a 

continuation of the Gem-pa-Aten όΨǘƘŜ !ǘŜƴ ƛǎ ŦƻǳƴŘΩύ ǘŜƳǇƭŜ ǎǘǊǳŎǘǳǊŜ ŎƻƴǎǘǊǳŎǘŜŘ ōȅ !ƪƘŜƴŀǘŜƴ at 
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Karnak a few years earlier (Montserrat 2000, 15). As the god was visible throughout the daylight hours, 

the Aten was presented as a solar disk with its rays stretching outwards terminating in hands which, 

in later versions, would each hold an ankhΣ ǘƘŜ ǎȅƳōƻƭ ŦƻǊ ΨƭƛŦŜΩΦ ¢ƘŜ ŘƛǎŎ ŦƻǊƳ ƻŦ ǘƘŜ !ǘŜƴΣ ŀƭong with 

the royal family worshiping it, decorated the temples and palaces throughout Akhetaten. The 

presence of the Aten is always shown as showering its rays of light only on the royal family and no one 

else, reaffirming the power of Akhenaten; a confusing situation given the sun-drenched nature of 

Egypt. The priestly hierarchy and daily routine of the old religion was streamlined (Teeter 2011, 193) 

ŀƴŘ ǘƘŜ !ǘŜƴ ǇǊƛŜǎǘƘƻƻŘΩǎ ǇǊƛƳŀǊȅ ŦǳƴŎǘƛƻƴ ŘŜŀƭǘ ǿƛǘƘ ǘƘŜ Řŀƛƭȅ ƻŦŦŜǊƛƴƎǎ ŀƴŘ ŀŎǘƛƴƎ ŀǎ ǘƘŜ ǎŜǊǾŀƴǘǎ ƻŦ 

the god, which by default meant the pharaoh as the sole representative on earth.  

Religion and politics have always brought about power struggles and bloodshed and, although we do 

not know the extent as to the dangers within the royal court, we can be confident that pharaoh would 

need to maintain a heightened state of security during the changes he was making. We also know that 

the idea of relocating the capital was not a new one for Egypt. The founder of the 12th Dynasty, 

Amenemhat I also known as Ammenemes I (1991-1962 BCE), had previously abandoned Thebes to 

establish a new capital named Amenemhat-itj-tawy (Itjtawy), in the Faiyum region. Unfortunately for 

Ammenemes I he was assassinated by his own guards while his son, Senusret I was on a campaign in 

Libya (Simpson (Ed) 2003a)Φ ¢ƘŜ ŜǾŜƴǘǎ ŀǊŜ ǊŜŎƻǊŘŜŘ ƛƴ Ψ¢ƘŜ Teaching of King Ammenemes I to His Son 

SesostrisΩ (Simpson (Ed) 2003b), written during the early Middle Kingdom (2040-1782 BCE) as is the 

ŦƛǊǎǘ ǊŜǇƻǊǘŜŘ ƳŜƴǘƛƻƴ ƻŦ ǘƘŜ ΨitnΩΣ !ǘŜƴ ŀǎ ŀ ŘŜƛǘȅΦ Lǘ ƛǎ ƘƛƎƘƭȅ ƭƛƪŜƭȅ ǘƘŀǘ !ƪƘŜƴŀǘŜƴ ǿŀǎ ŀǿŀǊŜ ƻŦ ǘƘŜ 

teaching of Ammenemes I, recorded in the 18th 5ȅƴŀǎǘȅ ΨtŀǇȅǊǳǎ aƛƭƭƛƴƎŜƴΩΣ ŀǎ ǘǿƻ ƻǎǘǊŀŎŀ ƘŀǾŜ ōŜŜƴ 

discovered at Amarna which mention the text (Parkinson 2000).  

Lǘ ƛǎ ŦŀƛǊ ǘƻ ǎŀȅ ǘƘŀǘ !ƪƘŜƴŀǘŜƴΩǎ ŀŎǘƛƻƴǎ ƭŜŘ ǘƻ Ǉƻǎǎƛōƭȅ ǘƘŜ ǎƛƴƎƭŜ ōƛƎƎŜǎǘ ǳǇƘŜŀǾŀƭ ƛƴ ŀƴŎƛŜƴǘ 9ƎȅǇǘΣ 

affecting every level of society. The many gods to which the people relied on for daily assistance, had 

been demoted. The powerful cults of Amun, Horus, Isis, Osiris their statues, processions, rituals, and 

the offerings associated with them were suppressed. It is possible that the subjugation of these 

complex cults may have appealed in its simplicity to some Egyptians, but in doing so it also removed 

the infinite ways one could ask the gods for assistance and protection during daily life (Teeter 2011, 

186). How did they react to the loss of a god which was powerful one day and not the next? Did this 

invalidate their previous prayers and offerings? The priests had lost their power and financial income, 

what were they to do? The temple support staff and craftsmen employed to produce objects 

necessary for worship were also out of work. The transition was not likely to be easy and resentment 

certainly built up however it is entirely plausible that Akhenaten did not enforce the sole worship of 

the Aten but rather promoted the Aten as the most powerful, to which all others were subservient 



Page 38 of 219 
 

much in the way that Amun had been prior. Evidence of this can be seen at Amarna where the religion 

of the old gods continued albeit at a much less obvious way through private worship (Kemp 2012). 

Akhenaten may have been a religious fanatic, or he could have been a ruthless politician, but he must 

also have been aware of the fate of Ammenemes I and would need to ensure he did not succumb to 

the same fate. The overthrow of the Amun priesthood and the construction of Akhetaten was only 

part of his plan and it was his religious reforms that would ensure the loyalty of his subjects. 

For a millennia people had believed that the darkness of night (and the afterlife) was inhabited by 

demons, gods, and all sorts of horrors which would devour all those who did not live their lives 

honourably. The fate of an individual had always been in their own hands and that by living a virtuous 

life they would be rewarded with a rich and good life in the hereafter. However, in the Amarna Period 

the realm of the dead was simply the absence of light (and life) from the Aten. It was Akhenaten, as 

the earthly representative of the Aten, who gave life after death and as such the safety of the eternal 

soul was not found through the good deeds you did in life but in your devout service to the pharaoh. 

This is evidenced in the tomb paintings which traditionally would have focused on the daily life and 

achievements of the deceased alongside their dutiful worship of the gods. In the Amarna tomb 

paintings, the occupant is relegated to a small figure and the focus is on the royal family worshipping 

the Aten and bestowing gifts to the deceased for loyal service. It was palace life and the processional 

activities of the royal family throughout the city which were made large, not the residence or 

accomplishments of the deceased. The tomb occupant no longer had any real control over their own 

eternal life, which was at the mercy of the pharaoh. Traditional belief also held that the ba (energy) 

of the deceased would leave the tomb at sunrise as a human-headed bird and re-join the living, free 

to go where it pleased and drink from the Nile. In the Amarna Period the ba was allowed to visit the 

ŎƛǘȅΣ ƳƛȄ ǿƛǘƘ ǘƘŜ ƭƛǾƛƴƎΣ ŜƴƧƻȅ ǘƘŜ Ǌŀȅǎ ƻŦ ǘƘŜ !ǘŜƴΣ ŀƴŘ Ŝŀǘ ǘƘŜ ΨǳƴǳǎŜŘ ƻŦŦŜǊƛƴƎǎ ƻŦ ȅƻǳǊ ŦŀǘƘŜǊ !ǘŜƴΩ 

from the altars in the Great Aten Temple (Murnane 1995, 112). Akhenaten was not only the almighty 

power in life, but he was in complete control of the afterlife. The people had to pledge their loyalty or 

risk their very existence in eternity. 

Between years 8 and 12 Akhenaten refocused his attention back to the cult of Amun who had 

continued to function albeit in a reduced capacity in opposition to the new religion. This time a true 

persecution was to take place as Akhenaten instigated a purge oŦ ǘƘŜ ƎƻŘ !ƳǳƴΩǎ ƴŀƳŜ ŦǊƻƳ ŀƭƭ 

monuments. The fear was so great that the Egyptian people themselves ground out and removed the 

name of Amun from personal possessions to not be caught. Paranoia gripped the population; there 

was a real danger that watchful eyes were ready to inform on one another to the authorities (Reeves 

2019, 152). 
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If Akhenaten was moving towards establishing total control of his people, the same cannot be said for 

the foreign powers. Akhenaten was so concerned with his domestic issues that he neglected his 

foreign affairs. The Amarna tablets show evidence of this as correspondence between Egypt and its 

foreign territories όwŀƛƴŜȅ нлмрΤ aƻǊŀƴ мффнΤ aȅƴłǌƻǾł нллтύ. This was most noticeable in year 12 

when a revolt occurred in Nubia and Akhenaten ordered ǘƘŜ YƛƴƎΩǎ ǎƻƴ ƻŦ YǳǎƘΣ ¢ƘǳǘƳƻǎŜ ǘƘŜ ±ƛŎŜǊƻȅ 

of Nubia, to deal with it. In the north towards Syria, vassal kings pleaded with Akhenaten for support 

to quell local fighting between countries for fear of losing their lands. However, in the same year 12 

there is evidence of foreign dignitaries paying tribute to Akhenaten and Nefertiti, probably at the site 

of the Desert Altars, depicted in the tombs of Huya and Meryre II shown in Figure 13. 

 

Figure 13, paying tribute to Akhenaten in year 12, tomb of Meryra II (de G. Davies 1905a, pl. XXXVII) 

¢ƘŜ ǇŜǊƛƻŘ ōŜǘǿŜŜƴ ȅŜŀǊ мн ŀƴŘ мп ōǊƻǳƎƘǘ ǎƻǊǊƻǿ ǘƻ !ƪƘŜƴŀǘŜƴΩǎΩ ŎƻǳǊǘ ƛƴ ǘƘŜ ŘŜŀǘƘ ƻŦ Meketaten 

the second daughter of Akhenaten and Nefertiti, along with Kiya the secondary wife of Akhenaten, 

and Queen Tiye the mother of Akhenaten. In grief it may have been that Akhenaten decided to focus 

on a rebuild of the Great Aten Temple as there is evidence of the site being cleared in part and a 

rebuild having taken place at this time (Kemp 2014, 6). 

The last few years of Akhenaten have caused much debate. Nefertiti may have ruled alongside him as 

coregent (alluded to in the tribute wall painting where she is sitting alongside her husband as an equal) 

or have fallen out of favour for possibly moving away from the Atenist religion back towards the old 

gods. In year 17 Akhenaten died and his successor was named as Neferneferuaten or Smenkhare. 

Scholars have argued whether this was a brother of Akhenaten, another son of his, or Queen Nefertiti 
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(Kemp 2012; Reeves 2019; Aldred 1968). However, within two years this king disappeared from the 

record, and Tutankhaten ascended the throne transferring the capital back to Thebes, reinstating the 

worship of the old gods in the process, and changing his name to Tutankhamun. Within nine years he 

too would be dead whether through illness or foul means and his successor Ay took the throne. This 

again was to be a short reign as four years later General Horemheb succeeded in becoming the last 

pharaoh of the 18th Dynasty. 

IƻǊŜƳƘŜō ŜƴǎǳǊŜŘ ǘƘŀǘ ǘƘŜ ΨƘŜǊŜǘƛŎΩ tƘŀǊŀƻƘ !ƪƘŜƴŀǘŜƴ ŀƴŘ Ƙƛǎ ǎǳŎŎŜǎǎƻǊǎ Neferneferuaten, 

Smenkhkare, Tutankhamun, and Ay were removed from the historical record. As part of this, 

Horemheb had all representation of these Pharaohs erased from public record and began the 

ǎȅǎǘŜƳŀǘƛŎ ŘƛǎƳŀƴǘƭƛƴƎ ƻŦ ǘƘŜ Ŏƛǘȅ ŀǘ !ƳŀǊƴŀΦ ¢ƘŜ ƛƴǎŎǊƛōŜŘ YƛƴƎΩǎ [ƛǎǘǎ ŀǘ !ōȅŘƻǎ όƛƴǎŎǊƛōŜŘ мнфл-1279 

BCE) and Saqqara (inscribed 1279-1213 BCE) both show Horemheb immediately following Amenhotep 

LLLΣ !ƪƘŜƴŀǘŜƴΩǎ ŦŀǘƘŜǊΣ ŀǎ tƘŀǊŀƻƘ όFigure 14). As time passed it may have been that the memory of 

the Amarna period faded. However, by the third century BCE the Egyptian priest Manetho wrote a 

history of Egypt in Greek, the Aegyptiaca, an important source of information regarding the 

chronology of the pharaohs of ancient Egypt (Waddell 1940). Manetho constructed the king list in the 

form of dynasties where the kings were grouped by location or extended genealogy, establishing a 

framework still in use today. The 18th dynasty Amarna period pharaohs are difficult to determine 

accurately, with Akhenaten potentially identified as Chenchres or Akencheres (St. J. Thackeray 1926, 

200)Φ Lǘ ƛǎ ŘǳǊƛƴƎ ǘƘŜ ǊŜƛƎƴ ƻŦ Ψ!ŎƘŜƴŎƘŜǊŜǎΩ ǘƘŀǘ aŀƴŜǘho states Moses became the leader of the 

Hebrews in their exodus from Egypt and thereby fuelling the minds of many modern authors as to a 

connection between Akhenaten and Moses (Waddell 1940, 119; Osman 2011; Montserrat 2000).  

 

Figure 14, Royal Cartouches of the 18th Dynasty Pharaohs at Abydos. No 73 is Amenhotep III and No 74 is Horemheb. 

(image Wikimedia Commons) 

The Amarna Period, although short lived, is a fascinating narrative but one which plays out at the 

topmost levels of society. The city of Akhetaten at Amarna however allows for the stories belonging 

to its inhabitants to be explored as a snapshot of Egyptian life during this period. Expeditions and 

surveys conducted since the 1700s have brought about a wealth of archaeological material much of 

which can be used to construct the environment as it may have been in antiquity along with the daily 

activities of those who lived there at the time. 
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2.2 Archaeological Resources 

With a defined backstory the Storyworld can begin to take shape. However, the individual stories and 

the environment used to support them needs to be constructed from the archaeological remains. The 

requirement is to identify what is known about the site in terms of city layout, archaeological 

structures, what level of preservation there is, what finds have been discovered, and how the 

environment functioned in terms of bioarchaeological evidence. The material gathered here will help 

to inform both the visualisation of the site, including portable items and personal belongings, and any 

potential story plots. It should be noted that the Amarna Period is a distinct period in Egyptian History 

and one which deviated from the modern idea of ancient Egypt therefore the resources outlined in 

this section are essential to maintain accuracy. 

2.2.1 Plans 

The primary resource for reconstructing the city in 3D must come from the various surveys which have 

taken place over the years and their resulting maps and plans. Between 1798 and 1799 Edmé Francois 

Jomard, as part of the Napoleonic expedition to Egypt, surveyed a small region of the site around what 

is now known as the Central City and subsequently published it in the Description de l'Égypte in 1817 

(Planches IV plate 63.6-9) shown in Figure 15. He describes the ruins of the Small Aten temple and the 

impressive size of the mudbrick pylons at the entrance which, although ruined at that time, still stood 

7.33m in height. In terms of 3D reconstruction, the extant structure of the pylons informed the 

potential height when first built. 

 

Figure 15Σ 9ŘƳŞ WƻƳŀǊŘΩǎ tƭŀƴ ƻŦ !marna and the Small Aten Temple Pylon 

ό/ƻƳƳƛǎǎƛƻƴ ŘŜǎ ǎŎƛŜƴŎŜǎ Ŝǘ ŀǊǘǎ ŘΩ9ƎȅǇǘŜ муннΣ tƭ соύ 
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In 1824 the English antiquarian John Gardner Wilkinson visited the site and [re]discovered the rock 

tombs in the cliffs on the east side of the city. Wilkinson surveyed the Central City and made many 

Ŏŀǎǘǎ ŀƴŘ ŘǊŀǿƛƴƎǎ ƻŦ ǘƘŜ ƛƴǎŎǊƛǇǘƛƻƴǎ ƘŜ ŦƻǳƴŘΣ ƭŀǘŜǊ ǇǳōƭƛǎƘƛƴƎ ŀ ǎŜƭŜŎǘƛƻƴ ƛƴ Ƙƛǎ ΨaŀƴƴŜǊǎ ŀƴŘ 

Customs of ǘƘŜ !ƴŎƛŜƴǘ 9ƎȅǇǘƛŀƴǎΩ (Wilkinson 1847, 350, Pl. VII) using a plan of the Central City as an 

example of ancient Egyptian town planning (Figure 16). 

An acquaintance of Wilkinson, Robert Hay, who was also a well-known antiquarian and travelled 

regularly with Wilkinson throughout Egypt, visited the site in 1827. Hay made a detailed drawing of 

the ōƻǳƴŘŀǊȅ ǎǘŜƭŀ Ψ!Ω (Figure 17) where the statuary arrangement gives a clue as to how they may 

also have been represented at different sites across the city (de G. Davies 1908a, Pl. XLIII). During the 

summer of 1830 Hay also examined and recorded tombs 2 and 13 (Montserrat 2000, 63). 

 

 

Figure 16, WilkƛƴǎƻƴΩǎ tƭŀƴ ƻŦ !ƳŀǊƴŀ ŎΦмунс (Wilkinson 1847, 350, Pl. VII) 

With each stage of excavation there is inevitably some irreversible damage done to the remains 

therefore it is important to track any changes through the subsequent excavation plans and collate 

this information prior to 3D model construction and layout of assets. 
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Figure 17Σ wƻōŜǊǘ IŀȅΩǎ ǎƪŜǘŎƘ ƻŦ .ƻǳƴŘŀǊȅ {ǘŜƭŀ Ψ!Ω ƛƴ мунт (de G. Davies 1908a, Pl XLIII) 
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It was Karl Richard Lepsius who was to make a breakthrough in our understanding of what was known 

about the reign of Akhenaten. Lepsius visited Amana between 1843 - 1845 as the head of the Prussian 

archaeological mission to Egypt where he drew an updated ground plan of the ruins (Figure 18) and 

recorded the northern tombs (de G. Davies 1903, 4). 

In 1881 Gaston Maspero and Urbain Bouriant working as part of the Missions Archéologiques 

Françaises au Caire began excavating the tombs at Amarna over a period of 3 years. During the 1883-

мууп ǎŜŀǎƻƴ .ƻǳǊƛŀƴǘ ŘƛǎŎƻǾŜǊŜŘ ǘƘŜ άDǊŜŀǘ IȅƳƴ ǘƻ ǘƘŜ !ǘŜƴέ ƛƴ ǘƘŜ ǘƻƳō ƻŦ !ȅ (Bouriant 1889). 

 

Figure 18, Plan of El-Amarna (Lepsius 1856, Abth.I.BI.64) 

The Egypt Exploration Fund of London (which would later become the Egypt Exploration Society ς EES) 

sent an excavation team to Amarna between 1891 and 1892 under the guidance of William M. F. 

Petrie and his assistant Howard Carter. Petrie was the first to analyse the building layouts and sizes in 

terms of function and social standing, developing a basic typology as seen in Figure 19. This would go 

towards informing the 3D artist of materials and how each building should be dressed for function. 

Interest continued to grow regarding Amarna and between the years 1901 and 1907 Norman de Garis 

Davies conducted a full survey of the rock tombs at Amarna, later publishing his research in 6 volumes 

(de G. Davies 1908a, 1905a, 1903, 1905b, 1908b, 1906). During this period, in 1903 Bouriant, Legrain, 

and Jéquier published the first scientific monograph of the Royal Tomb of Amarna (Bouriant,Legrain 
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and Jéquier 1903). The inscriptions give insights into the architecture of Amarna and when combined 

with survey plans create an invaluable resource for the 3D modelling of Amarna. The daily life and 

ceremonial depictions also feed into potential storylines. 

 

Figure 19Σ tŜǘǊƛŜΩǎ ƘƻǳǎƛƴƎ Ǉƭŀƴǎ (Petrie 1894) 
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In 1907 the Deutsche Orient-Gesellschaft (DOG ς German Oriental Society) secured the concession to 

excavate at Amarna and Ludwig Borchardt began his first excavations of the site ruins; the most 

extensive up to that point (Borchardt and Ricke 1980). Borchardt continued his excavations in the 

southern city ruins up until the start of the First World War when all work at Amarna was halted. The 

DOG published the results of the excavations in Amarna between 1911 and 1914 ǳƴŘŜǊ ǘƘŜ ǘƛǘƭŜ ά5ƛŜ 

Wohnhäuser in Tell el-!ƳŀǊƴŀέ ό¢ƘŜ ƘƻǳǎŜǎ ƛƴ ¢Ŝƭƭ Ŝƭ-Amarna) which included 112 detailed house 

plans and a series of overview maps, see  Figure 20 (Borchardt and Ricke 1980). BorchŀǊŘǘΩǎ Ǉƭŀƴǎ ŀǊŜ 

extremely well detailed and provide excellent blueprints for 3D modelling of the urban environment. 

 

Figure 20Σ ƻƴŜ ƻŦ .ƻǊŎƘŀǊŘǘΩǎ Ǉƭŀƴǎ ǎƘƻǿƛƴƎ larger housing supported by smaller buildings. Plan 9 - Gehöft Q46.12,Häuser 
Q46.14-17 und 25 (Borchardt and Ricke 1980) 

 

Work at Amarna recommenced in 1921 when the EES began extensive excavations in the urban area 

through to 1936 under the direction of Thomas Eric Peet, Leonard Woolley, Francis Newton, Henri 

Frankfort ŀƴŘ WƻƘƴ 5Φ {Φ tŜƴŘƭŜōǳǊȅΦ ¢ƘŜ ŜȄŎŀǾŀǘƛƻƴ ǊŜǇƻǊǘǎ ǿŜǊŜ ƭŀǘŜǊ ǊŜƭŜŀǎŜŘ ŀǎ Ψ¢ƘŜ /ƛǘȅ ƻŦ 

!ƪƘŜƴŀǘŜƴΩ ƛƴ ǘƘǊŜŜ ǇŀǊǘǎ (Frankfort and Pendlebury 1933; Peet and Woolley 1923; Pendlebury 1951). 

During this extensive excavation period the north suburb, eastern village, central city, and Maru-Aten 

were recorded (Frankfort 1929, 1927; Griffith 1924; Newton 1924; Peet 1921; Pendlebury 1931, 1932, 

1935, 1936, 1933; Whittemore 1926; Woolley 1922). It was during the 1930 season that Mary Chubb 

accompanied the expedition and later published an account of their daily activities in her book 

ΨbŜŦŜǊǘƛǘƛ [ƛǾŜŘ IŜǊŜΩ (Chubb 1954) giving an interesting insight into workings of the expedition. 
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Figure 21, The 1977-1989 City Survey Sheets (Kemp and Garfi 1993) 

 

During the 1960s the Egyptian Antiquities Organization (now the Ministry of Antiquities) excavated in 

the Kom el-Nana and el-Hagg Qandil areas, but no material has yet been published. So, it was in 1977 
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that the Egypt Exploration Society resumed excavations at Amarna under the direction of Barry J. 

Kemp; a position he still holds. Kemp initially set out in early 1977 to consolidate the previous survey 

work and update it as needed (Kemp 1978). He was assisted by Salvatore Garfi in 1981 and together 

produced the first large scale survey maps of the site by 1989 for publication four years later (Kemp 

and Garfi 1993). Figure 21 ǎƘƻǿǎ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǘƘŜ ǿƻǊƪ ŎŀǊǊƛŜŘ ƻǳǘΦ YŜƳǇΩǎ ŦƻŎǳǎ ŀǘ Amarna was to 

study the urban life across the full social and environmental spectrum and the nature of the site gives 

a unique opportunity to do so. A series of Amarna Reports were published between 1984 and 1995 

(Kemp 1987a, 1984, 1995, 1985, 1986, 1989a) with further preliminary reports published in the JEA at 

ǘƘŜ ŜƴŘ ƻŦ ŜŀŎƘ ŀŎǘƛǾŜ ǎŜŀǎƻƴ ǘƻ ǘƘŜ ǇǊŜǎŜƴǘΦ Lƴ мфтф ǿƻǊƪ ōŜƎŀƴ ŜȄŎŀǾŀǘƛƴƎ ǘƘŜ Ψ²ƻǊƪƳŀƴΩǎ ±ƛƭƭŀƎŜΩΣ 

a walled village set aside from the main city for the housing of tomb builders (Kemp 1987b), with 

similarities to the village at Deir el-Medina. The village caused interest in that there was evidence 

showing the active worship of gods other than the Aten (Kemp 1979). At the start of 1980, Geoffrey 

Martin recorded the surviving reliefs and inscriptions in the Royal Tomb along with a study of the 

pƻǘǎƘŜǊŘ ƭŜŦǘ ōŜƘƛƴŘ ŦǊƻƳ ǇǊŜǾƛƻǳǎ ŜȄŎŀǾŀǘƻǊǎ ŀƴŘ ǇǳōƭƛǎƘŜŘ ŀǎ tŀǊǘ ±LL ƻŦ ǘƘŜ ΨwƻŎƪ ¢ƻƳōǎΩ ǎŜǊƛŜǎ 

(Martin 1989). 

Between 2002 and 2006 excavations took place on the house of an official named Ranefer and a group 

ƻŦ ŜƛƎƘǘ ŀŘƧŀŎŜƴǘ ƘƻǳǎŜǎ ƪƴƻǿƴ ŀǎ ΨDǊƛŘ мнΩΦ ¢ƘŜ ƘƻǳǎŜ ƻŦ Ranefer had been built over a previous 

smaller house and may have indicated a change of ownership iƴ ǘƘŜ ƭŀǘŜǊ ȅŜŀǊǎ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ƭƛŦŜΦ ¢ƘŜ 

results were published in two volumes in 2010 (Kemp and Stevens 2010). Here we see an example of 

a small community which may have been dependent on the larger house, something common 

throughout the city and important when developing storylines for Amarna. 

The Amarna Project are developing the Amarna Digital Atlas which is a compilation all the survey plans 

into one large .pdf file at a scale of 1:50 with a standard view of 555 x 400 cms which is capable of 

being zoomed in for greater detail. The large-scale survey maps produced by Kemp & Garfi have to 

some extent been converted by Dr Anna Hodgkinson into a Geographic Information Systems (GIS) 

database as part of her PhD research into the technology and urbanism in Late Bronze Age Egypt 

(Figure 22). I have a copy of this data which I have expanded on by georeferencing digitized copies of 

the small-scale plans. I have also had access to the aerial photography taken by Gwil Owen between 

1992-2012 covering a large part of Amarna. By applying photogrammetric techniques to the 

photographic material, I have been able to create orthographic images of several areas (Figure 23). 

There are some issues with the WGS84 coordinate system not able to resolve the mapping accurately 

over the whole Amarna site so the Egyptian local grid coordinate system (EPSG:22992) has been 

applied although the vector data still requires appropriate adjustment. 
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Figure 22, Amarna survey maps as GIS data (Kemp, Hodgkinson, Docherty) 

 

Figure 23, a selection of orthographic photography and georeferenced plans at different transparencies to show layering. 
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2.2.2 Flora and Fauna 

Gardens were of great importance to the inhabitants of Amarna, indeed the earliest illustrations of 

gardens in Egypt are represented in the tomb paintings, for example that of Meryre (de G. Davies 

1903, pl. XXXII). Large gardens would be enclosed by an outer wall and would include fruit bearing 

trees grown within their own container or pit to aid in watering. Water was provided by large wells, 

but this would not have been enough to sustain the gardens and household. There must have been a 

network of water carriers established as there is no evidence of water channels from the river to the 

houses. Sometimes the wells would feed an ornamental pool. Vegetables would be grown in 

rectangular plots laid out in a grid (Figure 24). Among the foods grown were grapes, dates, melon, 

lettuce, almonds, grass-pea, lentils, onions, and garlic. Much of the bulk cereal growing probably took 

place on the western side of the Nile as there was a large bread making industry required for offerings 

to the Aten. Several large grain silos were present in the city, for example O51.1, and all the estates 

had several silos situated next to the main house. Flowers were important to the inhabitants and along 

with herbs were used as medicines, herbal teas, spices, and perfumes (Wilkinson 1998, 50ς62). 

Botanical evidence of the various species of plants and trees grown around Amarna has been found 

at the ²ƻǊƪƳŜƴΩǎ ±ƛƭƭŀƎŜΣ ǘƘŜ aŀǊǳ-Aten, Kom el-Nana, and the North Palace (Stevens and Chapman 

2016) a list of the species recovered can be found in appendix 7.2.  

 

Figure 24, open garden plots at Kom el-Nana after excavation (Stevens and Chapman 2016) 

Many gardens also housed small chapels to the Aten bringing a spiritual nature to some of the layouts. 

Whilst the smaller households had areas for some livestock namely cattle, goats, and pigs, the larger 

complexes such as Maru-Aten and the North Palace had a wider variety of animals suggesting a 
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menagerie mimicking the wider Egyptian landscape. Mudbrick manufacture made use of threshing 

waste from cereals and date palm leaves and fibre were used in roofing construction along with reeds 

(Stevens and Chapman 2016, 156). Larger mudbrick construction would also make use of timber to 

strengthen the walls and prevent wall collapse. Much of this timber has not survived to the present 

due to insect action. By understanding the bioarchaeology of the site, it is possible to accurately 

reconstruct the agricultural food sources, medicinal plants, and livestock as 3D assets. 

2.2.3 Osteological Remains 

During the 2003 and 2005 surveys of the southern tombs a series of disturbed burials were identified 

and subsequently excavated between 2006 and 2013 (Kemp 2007). A second cemetery was discovered 

at the north tombs 2 and 3 and excavated between 2015 and 2017, with a third cemetery, previously 

ŘƛǎŎƻǾŜǊŜŘ ōȅ IŜƭŜƴ CŜƴǿƛŎƪΩǎ нллм Dt{ ŘŜǎŜǊǘ ǎǳǊǾŜȅΣ ōŜƎƛƴƴƛƴƎ ƛƴ нлму (Stevens et al. 2019). The 

aim of this long-term study of non-elite cemeteries was to shed light on the lives of the people who 

lived at Amarna which could only be achieved in a limited capacity through the excavations within the 

city. There are many questions surrounding the people buried here, and work is still ongoing. One 

interesting discovery was evidence of a peculiar method of punishment which may have been enacted 

at Amarna. Normally reserved to constrain the movements of pigs, a hole drilled through the shoulder 

blade would be debilitating enough for an individual to prevent them from using their arm for work 

for a period until it healed (Kemp 2010, 8ς9). Once healed the individual should regain the use of their 

limb. Preliminary data from the south tombs indicates that the average age of death for the local 

population who lived into adulthood was 34 for women and 30 for men based on 154 individuals 

(Kemp 2009, 4). The data also shows that older adults who had grew up elsewhere before coming to 

Amarna had an average height of 165cm for males and 156cm for females whilst those who had grew 

up in Amarna were 3cm shorter indicating the possibility that childhood nutrition at Amarna may have 

been poorer than elsewhere. 

2.2.4 Amarna Art 

¢ƘŜ ƪƛƴƎΩǎ ȅŜŀǊ п ŀƴŘ р ǿŜǊŜ also the start of a new style of art which moved away from the traditional 

formulaic constructs to a more realistic if not overly exaggerated expression of the royal household in 

everyday intimate scenes of relaxation and worship. This Amarna art style is very fluid and did not 

survive beyond the Amarna Period when a return to the more traditional formal depictions of the gods 

and royalty reaffirmed the move to wipe that period from history. An example of this style can be seen 

in Figure 25. For an accurate reconstruction of the city at Amarna it is essential that the uniqueness of 

the Amarna art style is understood and that it replaced the traditional Egyptian style of artwork. 
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Figure 25, an example of the Amarna art style portraying Akhenaten, Nefertiti, and three daughters (CC-0) 

 

During the 1891/2 excavation, Petrie discovered wall-ǇŀƛƴǘƛƴƎǎ ƛƴ ǘƘŜ YƛƴƎΩǎ IƻǳǎŜ (Weatherhead 

1995) and a beautiful painted floor in the North Harem (Weatherhead 1994). The floor was later 

broken up by a disgruntled farmer one morning in protest to travellers crossing his land to see the 

excavations. These remains are presently under a wood and glass enclosure in the Cairo Museum 

(Weatherhead 1992). The modern analysis of the painted walls and pavements by Weatherhead helps 

give an insight into the surface decoration of the royal and upper social class architecture (Figure 26). 

Many of the houses had evidence of painted walls and inscribed lintels Figure 27 shows a 

reconstruction of the west part of the south wall of Room 1 from the house of Ranefer N49.18 

(Frankfort 1929; Kemp and Stevens 2010, 625). 
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Figure 26, Princess Fresco, Tell el-Amarna, Egypt (image Ashmolean Museum, AN1893.1ς41.267) 

 

Figure 27Σ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǿŀƭƭ ŘŜŎƻǊŀǘƛƻƴ ŦǊƻƳ wŀƴŜŦŜǊΩǎ ƘƻǳǎŜ bпфΦму (Kemp and Stevens 2010) 

During the 1912 excavations in the southern city ruins Borchardt whilst excavating the house of a 

sculptor, possibly named Thutmoses, found numerous model heads, amongst them the now famous 

bust of Queen Nefertiti (Borchardt 1916, 1923). The bust made its way to Germany under 

controversial circumstances and became one of the most iconic Egyptian works of art, Figure 28. The 

skill represented in its creation is remarkable given its realistic proportions which are in contrast with 

the colossal sculptures of Akhenaten. 
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Figure 28, bust of Nefertiti, Neues Museum, Berlin (CC-0) 

In 1925 Maurice Pillet discovered two large colossi of Akhenaten whilst engaged in rescue work at the 

eastern gate of Karnak (Manniche 2010, 1ς14), see Figure 29. This was followed up by a formal 

excavation conducted by Henri Chevrier in 1926 which recovered more fragments totalling 15 colossi. 

These would have been part of a peristyle courtyard dedicated to the Aten at Karnak; a similar albeit 

larger court was also located at Amarna. The colossi drew even more attention towards the physical 

appearance of Akhenaten. 

The colossi are the best representation of Akhenaten to be discovered and allow for a full 

reconstruction in 3D (covered later in this work). This is fortunate as there are many locations around 

the city where his statue would have been present. The Great Palace has evidence of at least 100 

colossal statues surrounding its main courtyard. 
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Figure 29, Left image: one of the first two colossi found (Manniche 2010, 2)Σ ǊƛƎƘǘ ƛƳŀƎŜΥ /ƘŜǾǊƛŜǊΩǎ ŦƛǊǎǘ Ǉƭŀƴ ƻŦ ǘƘŜ 
excavation (ASAE 26, 1926, p. 192) 

 

Since the 1890s decorated stone blocks of a uniform size had been discovered within the pylons of 

Karnak. These came to be known as the Karnak Talatat (Aldred 1988, 69ς85; Hoffmeier 2015, 93). 

With their distinctive artistic style dating them to the time of Akhenaten and their number reaching 

to over 40,000 many have been able to be pieced back together providing important visual insights 
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into the art and history of the Amarna period (Figure 30). Originally done by hand it was later 

augmented through the use of IBM computers during the 1970s as the Akhenaten Temple Project 

under the direction of Donald B. Redford (Redford 1973). In 1939 west of Amarna, the German 

Hermopolis expedition under the direction of Günther Röder uncovered layers of talatat in the 

foundations of the ruined pylons constructed by Ramesses II (Montserrat 2000, 50). There was not 

enough time to photograph or store them safely, so they were buried in the hope of returning the 

following year. Unfortunately, the Second World War broke out and over the next few years the blocks 

were removed and sold on the open market. Many blocks were sawn into pieces and touched up with 

watercolours to appeal to buyers and after the war no blocks remained at the site (Aldred 1988, 86). 

It was clear though, from their subtle detailing, that these blocks were from the later Amarna period 

belonging to the temples and palaces at Amarna. Fortunately, many of these have since been 

recovered. By analysing the visual style presented in the talatat it may be possible to reproduce a 

similar art style throughout the 3D model of the city as material textures. However, this would require 

a large amount of time, planning, and guesswork on behalf of the artists, hence most visualisations of 

the city refrain from incorporating much in the way of wall art. 

 

Figure 30, Talatat blocks assembled from Karnak (image Wikimedia Commons) 
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2.2.5 Epigraphic Material 

It was in 1887 that an incredible discovery was made by a local woman whilst out looking for fuel, that 

of nearly 400 clay tablets inscribed in cuneiform script (Figure 31). Now referred to as the Amarna 

[ŜǘǘŜǊǎ ǘƘŜȅ ŎƻƳǇǊƛǎŜŘ ǘƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŘƛǇƭƻƳŀǘƛŎ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ōŜǘǿŜŜƴ !ƪƘŜƴŀǘŜƴΩǎ ŎƻǳǊǘ ŀƴŘ 

the lands under his control (Moran 1992, xiii). In a disastrous turn of events the woman travelled with 

the tablets unsecured in a sack to sell to Egyptologists who did not recognise their value at that time. 

Before their importance was realised many of them had been reduced to fragments. The remaining 

letters became part of the great debate at the time between archaeology and the historicity of the 

Bible (Montserrat 2000, 66). More clay tablets were fortunately discovered between 1891 and 1892 

by Petrie at the site of ǘƘŜ ά{ǘŀǘŜ !ǊŎƘƛǾŜǎέ ƴŜŀǊ ǘƘŜ Ǌƻȅŀƭ ǊŜǎƛŘŜƴŎŜ (Petrie 1894).  

These tablets have been studied and commented on by several scholars όaȅƴłǌƻǾł нллтΤ aƻǊŀƴ 

1992; Rainey 2015) and give an indication of the domestic and foreign affairs which can be woven into 

stories of the time. An extended compilation of general texts including names and titularies from the 

Amarna Period was published as Ψ¢ŜȄǘǎ ŦǊƻƳ ǘƘŜ !ƳŀǊƴŀ tŜǊƛƻŘΩ (Murnane 1995). The texts include 

tomb inscriptions, door jambs, and various fragments recovered from Amarna. 

Analyses of the Amarna tablets give an insight into the administrative procedures and historical events 

helping to inform the construction of the Amarna storyworld. 

 

Figure 31, Clay Tablet found in House O47.2 (Borchardt 1916, Plate 11) 
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2.2.6 The Egypt Exploration Society Photographic Archive 

The EES photographic archive for the period 1921-37 has been digitised and uploaded onto the online 

photo sharing platform Flickr, https://www.flickr.com/photos/egyptexplorationsociety/albums 

Within the archive there are photographs of the excavations at different stages and a wealth of 

artefacts recovered. There is also a miscellany of interesting photographs, some showing workers 

ǇƻǎƛƴƎ ŀǎ ŀƴŎƛŜƴǘ !ƳŀǊƴŀ ŎƛǘƛȊŜƴǎ ŘǳǊƛƴƎ ǘƘŜ мфнн ǎŜŀǎƻƴ ŀǘ ǘƘŜ ²ƻǊƪƳŜƴΩǎ ±ƛƭƭŀƎŜ όFigure 32). Also 

present is the dƛǎŎƻǾŜǊȅ ƻŦ ŀ ΨŎǊƻŎƪ ƻŦ ƎƻƭŘΩ ƛƴ ǘƘŜ ŦƭƻƻǊ ƻŦ ƘƻǳǎŜ ¢осΦсо ǿƘƛŎƘ ŎŀǳǎŜŘ ŀ ǎǘƛǊΣ ǊŜŎƻǳƴǘŜŘ 

ōȅ aŀǊȅ /Ƙǳōō ƛƴ ƘŜǊ ōƻƻƪ ΨbŜŦŜǊǘƛǘƛ [ƛǾŜŘ IŜǊŜΩ (Chubb 1954, 131ς140), Figure 33. 

 

Figure 32, workers posing as ancient Amarna citizens during the 1922 season (EES) 

 

Figure 33Σ ǘƘŜ ŘƛǎŎƻǾŜǊȅ ƻŦ ŀ ΨŎǊƻŎƪ ƻŦ ƎƻƭŘΩ ǇƘƻǘƻƎǊŀǇƘŜŘ ŘǳǊƛƴƎ ǘƘŜ мфол-31 season (EES) 

https://www.flickr.com/photos/egyptexplorationsociety/albums
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2.3 A Visual Tour of Amarna (Past and Present) 

With the archaeology of the city established the following section focuses on how the city has been 

visualised over time by archaeologists, illustrators, and modellers beginning with the city as depicted 

by its inhabitants at the time it was constructed, through the tomb paintings. This is an essential 

exercise for anyone endeavouring to construct their own visualisation as it uses the previous work of 

others as a foundation from which to build on. 

The site of Amarna lies approximately 270km south of the pyramids (as the crow flies) which is halfway 

between Cairo and Karnak with the coordinates of the entrance of the Small Aten Temple being 

27.645501, 30.895374 (Lat, Lon). The city was constructed on clear ground on the eastern bank of the 

river Nile protected by a line of cliffs which curve inland in the form of a bow to the north and the 

south as shown in the satellite image in Figure 34. The full extent of Amarna in ancient times would 

also have included an area to the west of the Nile which was to be developed as agricultural land in 

support of the city making the total area over 200km2 as marked by the Boundary Stelae. 

 

Figure 34, location of Amarna in Egypt (left), satellite image of the Amarna plain (right). Source Google Maps 

The site had incorrectly ōŜŜƴ ŎŀƭƭŜŘ Ψ¢Ŝƭ Ŝƭ-AmarnŜƘΩ ōȅ ŜŀǊƭȅ ŜȄǇƭƻǊŜǊǎ ŀƴŘ ǘƻǳǊƛǎǘǎ ŘǳǊƛƴƎ ǘƘŜ 

nineteenth century. This was based on the tribe of the Beni Amran who settled in the area on both 

ōŀƴƪǎ ƻŦ ǘƘŜ bƛƭŜ ƛƴ ǘƘŜ муллΩǎ ŀƴŘ ƴŀƳŜŘ ǘƘŜ Řƛǎtrict el-Ψ!ƳŀǊƴŜƘ (Peet and Woolley 1923). The main 

settlements were on the east bank and beginning in the north named et-Til, el-Hag Kandil, el-

Amariyeh, and el-Hawateh. It is a common practice of naming a village with the district as a suffix so 
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et-Til became Til-el-Amarneh. Visitors misheard this and thinking ǘƘŜ Ψ¢ƛƭΩ ǿŀǎ ǘƘŜ ǿƻǊŘ tell, meaning 

mound, and began to refer to the site as Tell el-Amarna. In modern times the name has been 

ǎƘƻǊǘŜƴŜŘ ǘƻ ΨAmarnaΩ ŀƴŘ ƛǎ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ǘƻ Řescribe the whole site. When referring to it in 

antiquity we tend to use the name given by Akhenaten which is AkhetatŜƴ Ψ¢ƘŜ IƻǊƛȊƻƴ ƻŦ ǘƘŜ !ǘŜƴΩΦ 

2.3.1 Modelling Amarna 

The city is an excellent example of urban settlement in ancient Egypt and has been used many times 

to showcase the daily life of the Egyptians. Over the years the city has been used to develop a range 

of models, usually depicting estates belonging to nobles. The largest and most detailed physical model 

of the city of Amarna was commissioned by the Boston Museum of Fine Arts (BMFA) and constructed 

during the summer of 1999. Hence, we refer to it throughout this work as the Boston model. It was 

designed by Michael Mallinson of Mallinson Architects under advisement from Barry Kemp and Dr 

Kate Spence. Construction was by Andrew Ingham & Associates Ltd at their Tetra workshop in 

Clapham, London. The model was built at a scale of 1:400 with a size of 3.6m x 4.9m and is based on 

archaeological survey and excavation with some reconstruction developed through interpolation in 

order to give a consistent level of detail throughout. In the autumn of 1999, the BMFA held an 

exhibition of the art of the Amarna Period after which the model was displayed at the Los Angeles 

County Museum of Art, the Art Institute of Chicago, and the Rijksmuseum van Oudheden, Leiden. The 

model covers the main religious and administrative area known as the Central City with the river Nile 

running down the western edge. It does not show the hills to the east where the tombs are located 

neither does it rŜǇǊŜǎŜƴǘ ǘƘŜ ²ƻǊƪƳŜƴΩǎ ±ƛƭƭŀƎŜΣ {ǘƻƴŜ ±ƛƭƭŀƎŜΣ ƻǊ ǘƘŜ bƻǊǘƘŜǊƴ /ƛty. To reconstruct 

the entire Amarna landscape would have resulted in either an extremely large model or a smaller 

model with insufficient localised detail. The construction of a digital model would overcome this 

physical restriction whilst also allowing for a wider audience, albeit creating a different set of issues 

around museum patronship. If a museum was to pay for a digital model and showcase it online, then 

visitors would have less reason to attend the museum in person. However, a digital experience can be 

an attraction as seen in the eȄƘƛōƛǘƛƻƴ ΨAton-Num, Akhenaten and Nefertiti in the digital ageΩ 

developed by Archaeovision and hosted by the Learning Center Archaeology /  Egyptology /  SHS of the 

University of Lille in 2017 (www.aton-num.fr). 

The Boston model is now on display in the Amarna Visitor Centre at Amarna and a photographic tour 

of the model is present on the Amarna Project website. The model was housed briefly at the Amarna 

Dig house prior to its installation in the Amarna Visitors centre. Figure 35 shows the model outside 

the dig house whilst Figure 36 shows a low-level close-up of the southern suburbs providing an almost 

eye level visualisation of the city as it may have looked in its prime. The Amarna Visitor Centre also 

includes a series of 1:200 scale models of the Great Aten Temple, the North PalacŜΣ ²ƻǊƪƳŜƴΩǎ ±ƛƭƭŀƎŜΣ 
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Maru-Aten, and the Royal Tomb. These models were commissioned by Eastwood Cook Ltd and 

constructed by Whetton & Grosch modelmakers; more of which later. Eastwood Cook Ltd also 

produced a 1:1 scale cutaway reconstruction of the house of Ranefer όbпфΦмуύ ΨaŀǎǘŜǊ ƻŦ ǘƘŜ YƛƴƎΩǎ 

IƻǊǎŜΩΣ ƻƴŜ ƻŦ ǘƘŜ ƭŀǊƎŜǊ ƘƻǳǎŜǎ ŀǘ !ƳŀǊƴŀΦ 

 

Figure 35, the Boston model outside the Amarna Dig House in 2010 prior to transport to the Amarna Visitor Centre  

(photo Barry Kemp) 

 

Figure 36, close-up of the suburbs on the Boston model (photo Barry Kemp) 














































































































































































































































































































