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Abstract

Thisthesisexamineghe process required to develop an immersive storytelling experiémeevirtual
reality environment based oarchaeological and historical eviden€&ather than investigate a single
building or small settlement thithesisinvestigatesthe issues facinghe reconstruction of a large
scale environmen Whilst this is predminately a hardware and software isstleat is continually

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

The focusof this thesisis a 3D reconstruction ofhe ancient Egyptian city at Amarnknown as
Akhetden; the shortlived capital of Egypt between 134ihd 1332 BCEThis was a time of great
religious and political upheaviehown as the Amarna Periahd the city itselivas the bakdrop to

many events played out during that time.

The Amarna3D Project wasarted in 2000 to develop a 3D visualisation of the city and has been
repurposed many timefor several different outputsince then However,it was never designed as

an interactve 3D environmenfTo take it forward a neweconstruction will be requiredone 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 archaeoldgiaderial available to maintain

historical integrity and visual accuracy.

This body of work is thereforenaarchaeeR S @ S f purdeyNdards the creation of historically
accurateinteractive visualisation of Amarna where its stories baracted out.The research looks at
the unique characteristics of this specific site and refrains from developing a general framework for

the desgn and development of a wider range othaeological sites.
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Preface
My career in the games industbeganA y (1 KS fwhdieS stanteolyouia® & generalist was

involved in design, programming, and art creatiomainly on a freelance basis. | lkeaworked on
projects for Activision, Ocean, Infogrames, At&EGA, Nintendd:A, Microsoft, Sony, amongst
others. | havegainedexperiene indeveloping contentdr all the main game consoleangingfrom
arcadeghrough to thepresentdayPlayStation att Xbox a journey which has seen many technological
advancements in computing hardware and softwake. roles within the developer studios became
more specialised,fbcused on the art pipeline as a 3D artist. My experience in design, programming,
and art ceation 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 | left the commrcialsector and tookup a post as lecturer at Teesside University where | was
responsiblen developing the undergraduate and postgraduate games degree programmes. As part
of this provision,| designedthe first undergraduate degree in computgames art.The academic
department grew over the years which enabled Teesside toigeo& 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 revolvedound the3D reconstruction ohistorical sites in antiquityhich
led me to leave desside to study formally for a degree in archaeology at Leicester in 2015 so that |
would gain a deeper understanding of the subject. It isbhmljefthat anyfuture 3D econstructons |

develop will benefit as a result.

The Amarna3D Project is a modeltbé 18" Dynasty Ancient Egyptian City of Akhetaten at the
modernday site of Amarna, Egypt. Its initial construction was in 2000 and has since been used in a
range of melia including documentaries, magazines, and bo@Wsilst 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 foraaté/e storytelling.
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1 Interactive Storytelling

1.1 Introduction
An emerging challenge witharchaeology is to engage in digital visstarytelling By reconstructing

archaeological sites as interactive environmenis possible that the wider public can gain a deeper
understanding of the past and the lives of the people who lived throughi. ise of 3D capture
technologies has enddd archaeologists to showcase their work but much of this has been on a
modest scaleln general, 3D reconstructions are limited in size to houses, small forts, castles, and
potentially a hamlet or village whichag or may not incorporate interior spacts exploration. The

scale of reconstruction could be a result of financial constsatimescales, or hardware and software
limitations. This thesis looks at the issues surrounding the construction of adedgearchaeological
reconstruction of the adient Egyptian city at Amarna, focusing on the 3D visual/narrative design
process. Ta research looks at the unique characteristics of this specific site and refrains from
developing a general framework for the dgs and development of a wider range othaeological

sites.

The development of an immersive visual storytelling experiendweated through a game engine
requires a large interdisciplinary development team. So, for the purpose of this thesis the tesearc
was restricted to the specialist area$ art and design and not computer codinigoking at how

archaeology can be used toform the designThe VR design project has been titled AmarnaxR to

differentiate it from the older long running digital modetléid Amarna3hown inFigurel.

Figurel, the Amarna3D model 2020
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Amarna3D isan immensely detailed and archaeologically rich virtual recreation of the main city
complex of the ancient Egyptian city of Akhetaten (modern day Amarna), birthplacéaokiiamun

and shortlived capital city of Egypt (1383836 BCE). The cityas a fasciating 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 gta from the official findings of the Egypt Exploration

Society and th@resentday Amarna expedition team.

Although the model of Amarna is extensively realised, it remains an environment relatively empty of
people and storiesThis thesiexplores mode of storytelling using the existing Amarna3D models
This is an ideal case studxporing how existing archaeological modetnay be enhancel or
translated into more interactive storytelling environmentuich as the proposed AmarnaxR design

The primary esearch questions are:
1) How can storytelling be introduced to VR reconstructidrarchaeological sites?
2) Can reconstructions of archaeological sites be repurposed for storytelling?

3) Can future virtual reconstructions of archaeotajisites incgporate elements that make them

more suited for repurposing by the creative digitadiiistry?

Thethesisbeginsby looking athow archaeologists are exploring the physical and digital connections
to games through the emerging field of archgeming. This amparatively new area of digital
archaeology covers a range of gaming technologiegeher there is relatively little current research
being done around the development of 3D modelling, virtual archaeological environments and visual
storytelling methods réating to the heritage sector. Boverview of archaeogaming is followed &y
outline of thedevelopment ofvirtual realityand interactivestorytelling. This sets the stage for the

case study.

Chapter 2akes the fundamentals of gameplay and storytelxglored in the first chapter anldoks

at how they can feed into the design AfnamaXR, beginning with the development of the Amarna
period as a storyworldThis chapter seeks to pull together all the relevant research mataralable
for study whendeveloping a visualisation of the sit#t. includes a review of the appropriate
archaeological resources together with an exploration of #iee of Amarna as a visual tour using the
physical models and illustrations which have been developed by otihdssgivesan understanding

of the site in terms of its historgeography sizeand layout, flora, and fauna, all of which would need
to be represented within the game engin&he chapter concludes with an accounttod authorsvisit

to Amarna as a nmber of the expedition team wherke was tasked to capture several areas as 3D
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modelsusing photogrammetry. Spending time with the team allovied author an opportunityto

discusgotential narratives and gain a better insight into the location.

Chapter 3s a review of the history of the Amarna3D madEhis covers aange of Amarna retad
visualisations which have been creatsthce theproject began in 2000. The modelhas been
repurposed several times over its lifetime, however it has many flawsrticular its unsuitability for
viewing in first person perspectivieading to the relsation that a new version of the model is
required to allowfor greatervisualaccuracy and as a base foteractive storytelling. The original
Amarna3D project can tmefore be considered an earlier prototype which will inform the

development of AmarndR.

Chapter 4investigates apotential narrative the story of Raneferand the locations required to
facilitate its translation into a virtual experienc&his ultimatelyinforms the design and construction

process and identifies the required resourcesl avorkload for projects offttis kind.

Chapter 5 reports several observations based on the material gathered and some construction
experiments conducted during the resehrperiod.Due to the sheer scale of this project additional

modelling was kept to theninimum required to illustate the topics for discussion.

Chapter 6 looksit what has been learned from the Amarna3D model and the issues surrounding the
use of archaeolgical sites in VR reconstructions aimed at storytelling with a bias towards lalge sca

sites. Thahesisconcludeswith a summary and recommendations for future work.
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1.2 Archaeogaming
Archaeologists have embraced 6 dzaS 2F 05 Y2RSttAy3 FyR @ANIdz €

communicatampressions of the pasbtothers, and invite outside participation in the construction of

0 KS (Morgaih 2009, 471)The term virtual archaeology was introduced in 19R@illy 1991jo
encompass the use of computers in simulating excavations, modellattaeological contexts, and
reconstructing historical structures as 3D visualisations. In 1997 the first collection of 3D computer
generated archaeological visualisatiolisting 50dcations was publishe@Forte and Siliotti 1997)n

the same year the historical stratgggameAge ofEmpires(Ensemble Studios 199Was released
building on edier historically themed strategy games suchGisilisation(Sid Meier 1991and The
Seven Cities of Gol@zark Softscape 88).

The development of video games with wd#fined civilisations has prompted some archaeologists

and heritage specialists to study how virtual archaeology and comateing can & used together

within an emerging research area termed Archaeogamftrighaeogaming has been broadly defined

08 ! YRNBEG wWSAYKFINR Fa aidKS | NIDK|25TRi§ i®aSignplibcationrk Ay |
of the many and varied we in which acthaeological methods and analysis can be used in connection

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

Archaeogaming into several research areas as shovirabiel.

One area of archaeogaming views the physical game package, thatdtotage media, manual, and
box, as a physical artefact. It explores the personal and commercial history of hardware and software,
its distribution methods, change of aership, and spport communities(Reinhard 2018, 3)A
notable example of tis 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 Eemestrial n a landfill
(Reinhard 2018, 229). Archaeogaming takes theaditional archaeological methods used to study a
site in the physical world and transfers them to the digital environmenexample of which was the
examination of tle hardware comonents and digital file structures located on data storage devices,
such as hard drives and USB memory sticks, as archaeologica{Maskenska @14; Perry and
Morgan 2015)This excavation explored a potential recording stratiegynedia archaeology projects
whilst revealing issues surrounding the [dis]connection between hardware and software within the

same artefact.
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Atari burial ground

History of use and object biography

Conservation and preservation

Real-world Archaeology of Vidg

Establishing chronology and typology of games

Game Hardware and Softwarg

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

Videogame or Virtual World ag
Archaeological Site

Game as artefact or the space between the hardware and the illusion of aw
game

In-world garbology

Survey landscape underwater exoarchaeology

Quantum entanglement in video games

Perception

Philosoph - -
! phy Complexity and chaos and algorithms
Deism and world-building
Archaeologists as playable characters
Archaeologists as non-playable characters or Al
. In-world looti d tioni f in- i t
Reception n-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

Game Development

Augmented reality for play tourism or education

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

Lore and lore communities

Code source as epigraphy and palaeography

Virtual ethnography

Machine Created Culture

ARCHAEOGAMING

Procedurally generated environments and artefacts

Minecraft

Elder Scrolls

World of Warcraft

The Archaeology of [game titl

Fallout

Mass Effect

etc.

Real and virtual commerce economics and numismatics

Real-world manifestation of virtual world artifacts

Material Culture

Cosplay and game-derived experimental archaeology

In-world museums

Real-world museums

Tablel, Arctaeogaming research aredafter Reinhard 2018, 4)

Archaeogaming also involves treating established built environments within games as archaeological

sites by exploring the cultures, hi

stories, dotk createdby the developers; including how they have

grown, changed, and adaptetthirough serialisation(Reinhard 2018, 88)Reinhard explains that

historical games interpret past civilizations and places, shaping them into what worke foutpose

of audience engagement, as simi

lar to how archaeologists have interpitedquhst from the material
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recovered from the archaeogical recordReinhard 2018, 6However, the motives are quite different

in that game designers are workjtowards commercial success whilst the archaeologists are looking
to increase knowldge. Developers aim to utilise public interest in bist periods and events to sell

a product. To succeed they must develop an engaging story and associated gamepldyingo
history as requiredCopplestone 2017¢) Ly i SNBaGAy It &8 | aredfth¥BastRSaA Iy
they begin to create unique civilisations which are in turn of intetesarchaeogamergMol et al.
(Eds) 2017; Reinhard 2018, 19Wjith established gamevorlds, archaeogaming also examines the
physical manufacture and sale of digital artefactsttie form of ingame clothing, armour, and
weaponry through realorld marketplaces @&ating a physical archaeological record mirroring the
digital one(Reinhard 2018, 162Here experimental archaeology through cosplay can be extended
further by taste and smell through the interpretation ofgame food into realorld codkbooks
(Monroe-Cassel 2016, 2019, 2020; Rosenthal 2018, 2aP@)t limited in the gameavorld cooking
methods(Reinhard 2018, 179)

The construction of digital mode of archaeological sites is a natural extensionlo$trations 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 archaeolwgistbeen able

to have autonomy over. The use of theline virtual world Second Lifeinden Lab 2003jas allowed
archaeologists to bypass much of the software development and focus on content creation. This can
be seen in the devepment ofCatalhdyils KA OK 61 & | aYdz (A @2 QuildingS E LIS NR Y
andrepresenting the past and present realities of thedpa A O I(Morgarm2008, 468)The relatively
limited constructon tools within Second Life means that the resulting accuracy of the structures
cannd compete with dedicated 3D modelling software but it still allows the archaeologist to make
interpretive decisions which can be feddnmnore detailed reconstructions lat(Morgan 2009, 476)
Second Liféncludes the option to allow others to modify content within the environment enabling a
collaborative approach to understand the sifehis allows the archaeologists tuink about the many

ways archaeological data can be interpreted and communicatedwmar audiencgMorgan 2009,

481) This thesis is focused on the archaeogaming arteeounding game development andelt8D
recreations of antiquity both real and imagined, and in doing so touches owrtdays of reaiworld
historical events.Archaeologists as game developers is of great interest in that it affords the
archaeologist angportunity to not only disseminatene possible narrative but engage others in the
exploration of multiple narratives tough gameplay desigiCopplestone 2017b)te dissemination

of archaeological @aterial through video games rather than the traditional publicati¢k®l et al.

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

nature of gaming technology as an archival system.
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Editor (Epic Gmes 2020&p
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through the use of game editor software supplied by the publisher, a notatdeple is the Unreal
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community who used it to develop their own alternative versions of published games. Other

z

i



publishers have followed suit by making game edi{@sytek GmbH 2020; Unity Technologies 2020)

available free to the genefraublic 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 growntésarhased adventures

through scrolling bitmap graphics to immense 3D envirenis 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 teavith expertise in design, art, programming, audio, and testing all

working unde the guidance of the Producer to create a publishable gaRigure2 presents the

typical roles found within a medium sized gamevelopment studd derived from multiple sources

(Mitchell 2012; Novak 2012; Rogers 2010j the roles presented, it is the artists and de§ighda NR f S &
whichare of most relevance to this thesis, with the artists responsii¢hfe construction of the visual

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

Whilst the production pipeline and software developnéools have been refined over the years the
demand for higher quality visuals andtdied open world environments has led to much larger
development teams, particularly within the art department whettee main content is created.
UbisofQa ! & & I difrarichiséa is weNB&wn for its detailed historical visuals and open world. The
Asassin's Creed: Origins Discovery Tour game mnibidbésoft 218) allows the playerto wander
around ancient Egypt without having to complete questgqre 3). Whilst the hstorical,
archaeological, and geographical accuracy is flawed in partsnttierda Egyptian world has so much
detail that it creates an immersive quality that is currently unmatched, and with the stbore

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

It has been argued that the increased detail within the environments can affect the story and level
design(Reinhard 208, 191)however the development pipeline ensures that designers and artists
work in parallel. The artists are free tewklop photorealistic assets whilst the designers use whitebox

or block out techniques to develop the gameplay. Whiteboxing uses lowlutgan or primitive
geometry as temporary assets to construct the game lewtlin 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 ma@mplex level design. It is not the detail required of the assets but
thesaf S 2F (GKS 3IFYS ¢g2NIR GKIG Aa Fy AaadsSo wlk LKIFS
(ACO), spoke about the asset development at the 2017 Montreal International Gammit (MIGS

17). He was interviewed by GamesBeat where he disclosed teafA@0O team was around 1000
people with 300 of those working on the artwork. At the 2018 Games Developers Confdeaite

Guesdon, franchise head for Assassin's Crpeesented tle development timeline chartigure4)
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F2N) GKS ! aal aaay QafourrybabdsuRliopmehiNder®d for ABE spanylird) three
studios. For the Discovery Tour, work continued through t@®8@ith assistace from additional
Ubisoft studios worldwideWith 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
dal aaiy Qase redoB& RveBMNMiloOEhikiue user@bisoft 2020)

Figure3, posterartwork for Assassin's Creed: Origins Discovery (Lni®ft 2018)
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TheAssassf Q a

frad@BiSeR not only a commercial success but also a success in delivering large

historical sites to thegeneral ppulation. These open world environmerdse a very credible virtual
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reality experienceand whilst thér narratives may befanciful, they prove the potential of the
technologyfor storytelling The next section explores the histooy virtual reality and éads into

gameplay and storytelling.

1.3 Virtual Reality
The term virtud NBF f AG@ o0xw0 61+ & YIRS LRLJz N 6& WINRY

Research with Thomas Zimmerman to develdp §bggles and the data glove for commercial use
(Bosworth and Sarah 2019,. Hlowever, the road to modern virtual reality has beefoag one
0SAAYYAYI AGK (GKS LIAYK2KEN] IR YO SINENT @ 200Kka0 d2NIJIG A
pinhole and camera obscuin be traced back to the4century BCE in the Chinese Mohist text
MoJing(Needtam 2004, 98although the earliest scientific work with thamera obscura is attributed

to the great Arab physicisbn atHaytham at the start of the 1% century CESarton 1927, 721)The
camera obscura was a dark room which permitted light to enter thihoagpinhole projecting an
inverted image of the exterior onto ghwall within. Later use of mirrors and lenses allowed the
projectedimage orientation to be corrected and-mrojected to a different plane within the room.
The effect of the camera obscuraag/ to bring the outsideinside and alter the scale if desired.
Between the 18 century and the midl9" century it was used forgpular entertainment, scientific
enquiry, and artistic practic€Crary 1990, 29)he projected image could hesed as a drawing aid to
create a permanent and accurate copyté exterior view. By rotating the camera obscura, it was
possibleto create a panoramic representation and with the invention of portable booths different

locations could be explored.

In 178& the artist Robert Barker patented a method for minimisingpieespective problems inherent

in painting 360degree panoramasangi mMT (oM LINBaASYy i SR at ly2NIF Yl 2F |
{ 2dzi Kg I NJ ¢ (Byerly Z0kK2S36;Bdsivdrtth add Sarah 2Q)9To see the new panoramas

correctly a large viewing platform was required, prompting a new type of building, the raturte

Panorama in the Strand8021831), and the Rotundia Lecester Squar€l8231861) were two such

buildings, the interior wdtings of which can be seenhiigure5. Panoramas took the viewer to places

they wouldnormally not be able to visit, creating a form of virtual tourism anthuhe depiction of

national and international events brough narrative element to this new immersive experienthe

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

One very popular method wastheuntoly 3 2F | Ol y @l a aK2gAy3IwedKS g2 N
TNRY | o6tft28¢® OKSAQWoLATERRYE TFT2NBNHzyySNI 2F (2RI
many modern virtubreality simulationsRiver journeys and boat journeys were populanirthe early

1820s through to 1900, sometimes with actors naging the scenes on vieyAltick 1978, 203)The
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by Dickens in th&xamineywho was impressed with its length at threelesi(Sater 1996, 135)

Figureb5, section of he Rotunda, Leicester Squékditchell 1801)

1.3.1 The Head Mounted Viewer
With the advent of photography, the quality draccuracy of panoramas increased, and the viewing

technolagy started to shrink to accommodate the size restrictions in developing photographs. The
invention of the stereoscope in th&830s, was able to take advantage of stereo pair photographs
(stereograms) and with the later replacement of the mirrors with lessn 1849 by David Brewster,

the modern 3D viewer was born. The stereoscope has continued through to the present in various
forms such as the VieMaster in 1939, Google Cardboard in 2014 whialsed in combination with

a mobile phone to display sterémages in 3D, and Oculus Rift introduced in 2016 Fsgere6). The
modern head mounteddisplay HMD) includes motion and rotation sensors which record the
translation or sliding motion, through the three axes givimdptal of six degrees of freedom (6DoF),
seeFigure7. TheHMDis connected to a computer whiafenerates the immersive visuals and the
addition of 3D positional sound furthenhances the immersion by bringing audi®s typically found

in the real world. To interact with the environment the user can trigger events through either looking
at an objet or signpost using a crosshair view or through the manipulation of ‘nehd joystick and

button controllers. Hanéheld ®ntrollers normally include similar positional and rotational sensors
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found in the HMD allowing for enhanced freedom of movement whemanipulating objects or

features within the environment.

3 4

Figure6, the evolution of stereo lael mounted displays: (1) Brewster Stereosc@@@2BBA = 6 H O { MaseiSNDa +A S5
(CR0), (3) Google Cardboard (O} (4) Oculus RifCC0)

Up

\\
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&
o

Down

Figure?, six degrees of freedor@C BBA

A VR environment is a method of transfiog the player into a place they would not normally have
physical access to. This allows experiences to be based on geographiéah&dattional locations,

off-world locations, or scatbased from sukatomicto galactic in size. VR can also be useidansport
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the player through time to different periods. Whilst VR places the user inside a virtual world
Augmented Reality (AR) brimartificial elements into the real world. The AR environment uses video
cameraa (U2 &0NBIY G§KS Lifaighé&tdIdia withJdsual, audidry, orddptcalata Y
feedback accurately positioned in reabrld 3D space. This is achieved througé timplementation

of additional processing using a combination of Gifgct, and pattern recognition to accuratel
register the position of the digital augmentation in regghe. In its simplest form it can be a live
information feed over a video or TV lagcast. In the game industry it can be used to bring a battle
into your livingroom, hunt monsters in the streetr run away from zombies while out for a jog. With
coded targets, books come alive in your hands allowing the reader an opportunity to insétiache

characters themselves.

1.4 Gameplay and Storytelling
The craft of storylling has taken many forms throbgut history including word of mouth, the

written page, theatre, and film. Stories are generally a linear construct albeit sometimes told outside
2T OKNRy2f23A0Fft 2NRSNIX Dbheréhg and dramaONEt  YdzaYiS oyt y &
(Adams 2010, 158)hey aretypically 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-semams andutterly
absorbing activity condued outside ordinary life which proceeds according to a set of rules. He adds
that it is not associated with any material interest or praind that it creates its own social groups
separate from the outside world withiits own boundaries of space andn (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 schoolchil@m acting out the exploits of theheroes and heroines in an impromptu way.
Whereas formal gameplay is based on ends and means. The ends constitute a goal to be aghieved b
either an individual or teanbased contest. The means are the tools required tothe 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 altimavigated through by the player. With a range

of choices available, the playentareate their own stories usingé numerous interactions they have
experienced within the game. This means that each time the game is played the experience will be
slighty different. It is the games designer, who engineers the range of possibilitifefptayer, but

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

designrevolvingaround gameplay
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1.4.1 Game Mechanics
The ruks of gameplay are the mechanics of the game and are designed to enable playes actio

restrict them(Domsch 203, 16) Some games will begin with simple game mechanics and introduce
more complex ones as the game progresses to challenge the plagienaintain interest. Being able
to maintain the interesof the playeris fundamenal to the success of a game, mak&o easy and

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

The primary game mechanic is that of space and howtridigrsed by the playeiSchell 2019, 130
135) Realworld mechanicgollow the physical laws found ihe realworld such as gravity and solid
matter which would restrict the player from walking through walls or being able to fly -\iard
mechanics enable the player to walk, run, climb, swim, and manipulate objeetsdi/antage of real

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

Game mechanics can be implemented in a way which lesafiarrative events to take place and a
story to be told which creates empathy amadh emotional connection between ¢hplayer and the
characters within the game. This can be seen in the popular game series Left {Vakad2008,
2009)and The Last of UdNaughty Dog 2013, 2014, 2020here players become investdd the
wellbeing aml safety of the charactersbeyond that normally found in action adventure games
(Dubbelman 2016)Storytelling mechanics include player and faye character interaction in the

form of physical contact, dialog, and progression. The mechanics of progression involve exploring the
game space, gain abilities and skidlject objects, discover clues, and experiencesagnes triggered

at certain locaibns tied to the plofAdams and Dormans 20, 31)

Building economies is inherent in simulation and strategy games andvesvaround irgame
resource managment. Civilization and SimCity involve constructing buildings which establish
economic relationships with each other depending on their type andtilmecgAdams and Dormans
2012, 197)Player mismanagement, natural disaster, or aggression can impact the economy. Econom

can be used as a narrative event at a character level to enablenpigtgssion through trade or skills

1.4.2 The Backstory / Storyworld
G22NXRa Oly SEAalG 6AGK2dzi ad2NR SWaf 2G12z29) Thel 2 NA S &

storyworld of a video game the fictional world in which the structure of the game and its rules as
well as the actions of the playaiithin it are given meaningPpomsch 2013, 270t is the environment

in which the story takes place but does not limit itself to just the pregame. It sets the rules of the
world so that all stories are developé@dm a common foundation and hawecoherent structureThis
world establisieswhat society looks like and the languages udedescribeshow this world began

and what events shapei including any belief systerfBerger 2020, 16). It explainswhat type of
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environments are present, the climate, and what nature looks like, in short, its whole ecos(atelin
2012, 30) By developing a solaioryworld each story oplot line reinforces the next bringing it to life
and enabling the plar to become deeply immersed indlplace and time. Theoryworld is the

primary blueprint from which all related stories are developed fidtitsche 2008, 243)

By imagimgthe storyworld as a planet then stories can be thought of as thentwees on it, they can
have their own individuality but must not deviate from the establishetbryworld. A story is
constructed from specific events whickhen connectedform the plot. The plot is the linear path or
journey taken by the player througlhé game. The plot structure wilbkie a beginning, middle, and
end(Heussner et al. 2015, 12Tjhe beginning will setup any goals the playsist achieve and why.
The middleforms 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 Baan emotional resonance with the player such
as conflict, humour, or los&vents bould escalate to push the plot favard and, asthe player nears

the end of the game, they should feel a sense of evolution has taken place in their characters outlook
andsituation when compared with the beginning. How the story and plot are conveyduktplayer
forms the narrative strature constructed from interactions, dialogue choices, visual events, art style,
tone, and music. It is important to note that whilst tipéot takes a linear path through the story the

interactive nature of games can affdwow this path is structured withegards to gameplay.

1.4.3 The Interactive Story
Interactive stories include three kinds of eventdayer events which are under the contrdi the

player, ingame events which are initiated and controlled by the game mechaiicd narrative

events which ardixed to the plotline within the storyAdams 2010, 159.60)

1.4.4 Linear Gameplay Stories
Linear gameplay moves the story along by inpersing player control with animated cut sequences

(Figure8). This is a popgar method used by many games but can break the players immersion when
their characer 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 writhe player may be lessmpetent
during the interactive parts than that portrayed by the cut sequence gitive sense of a split
personality. By taking away control from the player there is also the possibility that the player fails to
reconnect with he game character after ¢hcut sequence. However, it is an effective way of balancing
the advancement of thetoryline whilst allowing for the player to spend time immersed in each event.
Cut sequences can help to impart additional information neededtopete the next challengand

consolidating an event before moving on. They are also a way of changingripegigve 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 pieadlowing the player to remmber a momen{Salen and Zimmerman 2004, 31)

Beginning Playe_l —» Cut Sequence [—P» Playe_l | Cut Sequence [m=msmsm= End
Interaction Interaction Repea

Figure8, lineargameplay story sequence

1.4.5 NonlLinear Gameplay Stories
A nortlinear 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 i
diluted and less coherd. The initial driving premse of the story may not be consolidated at the end

f SFGAY3I GKS LI F@8SNJI g2yRSNAYy3I 6KIFG GKS LRAYy(Gd 41 ad
in creating more choices can rapidly get out of trohadding to the compleity, development time,

and ultimately making it financially newiable. 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 evem (Schell 2019, 26 8eeFigure9. If those events also spawn three choices, then within ten
iterations we must create 88,573 unigue outcomes. This is calculatedlds Bus the sum of the
previous choices andeates an eveincreasing diverging nelinear gamepy 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 stsisthat can ke
completed out of sequenc&®ne prdlem 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 chnological accurey.

O

O
O
O
O
O
O
O
O

Figure9, a diverging no#inear gameplay sequence
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If the gameplay is ageries of encapsulated events with their own beginning and éreh we only
need to give variation within these two points. This isoavergent gamplay sequence gding the
players choicesind giving the illusion of free will, whilst gently nudging the player towards & pre
determined event, se€igurelQ. This may be a strain however in op&orldgames where the player

can move freely throughout the whole of the environmegiiteussner et al. 2015, 121)

FigurelQ, a converging nofinear gameplay sequendafter Schell 2019)

Thischapter hagpresentedan overview of hownteractive storescan bedeveloped within a gaming
framework.However before a story can be told the 3D environment has to tiestructedand this is
an extremely complex procesAt the start of a projecthe 3D environment israemptyvoid within
3D spaceand everything required to visualise it must beeatedby the artists.The story and 3D
environment construction can badeveloped in parallel onlyf both aredriven bythe same storyworld

concept

In the game development industry atsare generally brought into a project with littlerior
knowledge of the historical period or geographic regidheywould be reqired to condud relevant
research to enabl¢he accuratereconstruction of digital asset§Vhilst the Lead Designer will have
provideda sizeable proportioof this through the initial storyworld researcparticularlyin the form
of major plot assetdt is generdly the artists responsibility tprovide the additional infill assets within

the environment.

For an accurate reconstruction of tloety layout, its associated flora and fauna, the people, andthe

life events, it is necessary for the artists becomeveryfamiliar with the archaeologgind 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 prudergain the input of subject specialists at

this shge.
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The next chapter begins with the development of the AmarnaXR storywitriich would normally be
undertaken by the designeT his serveto inform both the construction of all the interactive element
(3D assets) and any potential storylines. Muwd the design process is a faotding exercise to see
what resources are available and how they can be utilised within the AmarnaXR constrilibi®n.
chapterwill present the main archaeological resouressilable, a tour of Amarna terms of the pat
and the presentusingvisual interpretations developethroughout its excavation period, and finally
the authorsfirst-handexperierce of the site which helped tgain an impression of the site farms

of atmosghereand 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
inhaltants of the city at Amarna requires researching the history of the period and the physical
evidence left behind. Initial design research is a broad rangeoapp to collect all the potentially
useful resource material together. The Design Team hiagenitial responsibility of gathering this
together and making it available in an organised form for the other development teams. For AmarnaXR
the starting pointrequireslooking into the events of the Amarna Period with a view to creating a

backstoy insupport of the development of the Storyworld.

Amarna Period

1279-1212
3150 years BC 1549 1069 332 I BC
beginning of the 1st beginning of the end of the conquest
dynasty of kings New Kingdom / New Kingdom of Egypt by
(approximate date) 18th dynasty Alexander
reign of Ramesses II ihe Gigat
(the Great)
1327
1393 1355 1338 1336 | 1323 1298
Amenhotep III Smenkhkare Ay Horemheb

Tutankhaten / Tutankhamun

Amenhotep IV / Akhenaten

Figurell, chronology of the Amarna Perifidemp 2012, 304)

2.1 The Amarna Perioas Storyworld
The Amarna Red took place at the end of the ¥8Dynasty in Egypt between 138322 BCE and

refers tothe NSA3Iya 2F LIKINI2KQa ! YSY2LIKA& L+ 0! 1 KSYyI (

Tutankhamun, se€igurell. The 18 Dynasty was a period which started the New Kingdom era and
was also noted for the reign of Hatshep$citl473-1458 BCE), the second confirmed female pharaoh.
Under the reign of Amenophis Il / Amenhotep 1l (c.:3883 BCE), Egypt saw unprecedented
prosperity and reached the peak of its artistic and international power. Amenophis Ill embarked on
many comstruction projects including the expansion of the temple of Karnak andQGbtossi of
Memnonbuilt to guard the entrance to his mortuary temple the largshave been built in Egypt
(Kozloff 2012, 122124) Before his death, Amenophis Il had created more statubswdef 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, theast powerful of the religious cults, had grown in wealth to a
point where they were a religious and Igecal power potentially rivalling that of pharaofResves
2019)

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

father and the surgod Aten had become on& move towards reestablishing the divinity of the

pharaoh. This meant that the kingship past, preseand 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 wasnoégg a calculated move to ensure

pharaoh was the supreme power throughout Egypt. By becoming tleereplS & Sy G G A @S | YR
LINARSaidQ 2F GKS !'G4Sys GKS 2yfeée ¢gle& (GKS LIS2LX S 02c
indorse this religious movén year 5 of his reign, Amenophis IV changed his name from Amenophis,

Z. A

We¢KS 3I2R ! Ydzykhénas yor? yWiISS/ (icic2 (R2a |STFSOGABS 2y GKS

To secure his new religion Akhenaten had to dismantle the power of the other religious sectgand th
Y2ad O2YLX SGS ¢4l e 2F R2Ay3 (GKAa ¢l a G2 ol yR2Yy
Theles, tte religious centre. A new religious and administrative capital would be built at theoiid

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

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

to the east of the chosen site included a small valley entrance gap which resembled the hieroglyph
akheEK 2INA T 2y QS -BKB NB2 delKB & 8zyNBo 2Ny G GKS adl NI 27

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 serieedfmations
carved into rockcut stelaeas to the extents of and structures to be constructed withikhetaen. 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 noatenel The total

number of stelae found talate is 15 and thie locations are shown ifigurel2.
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Figurel2, locations of the boundary steléBarry Kemp

Akhenaten set out in his proclamatiomhat structures would be builiKemp 2017ajpnd these

included the House of Aten, the Mansion of the Aten, the Sun Temple for Nefertiti, the House of
wS22A0Ay 3 0F2N) 2dzo AReSdBncet &hd airésidénéedod Neferiitik|8 thtichel NJ 2 K Q 2
declaredthat 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 oddstwihe general tinking regarding perceived
FILYyFGAOIE Y2y20KSAAGAO ARS2t238d 2A0KAY GKS y2N

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

The construction of Akhetaten began with the buildiof the first étar 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 Greéam Aemple. The North and South Palaces

followed sortly after andin 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 néllow the enclosed structures normally found eldgere in
Egypt ad were built as opesair constructs to allow direct access to the syod. This design was a

continuation of theGempa-Aten6 Wi KS | 1Sy A& F2dzyRQO GSYLXaS & i NHzC
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Karnak a few years earli@viontserrat 2000, B). 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 holdanki= G KS &d&vYoz2f T2NJ Wi ADo®A ¢KS R
the royd 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 configssituation give the sundrenched nature of

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

FYR GKS ! Sy LINAS&a(iK22RQAa LINAYIFNE Fdzy OdAz2y RS

the god, which by default meant the pharaakthe sole repesentative 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 pharaoch would

need to maintain deightened stateof 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 thé®yaasty,
Amenembhatl also known as Ammenemes | (198862 BCE), had previously abanddihebes to

establish a new capital namefimenemhatitj-tawy (Itjtawy), in the Faiyum regiotUnfortunately for
Ammenemes he was assassinated by his own guards while his son, Senusret | was on a campaign in
Libya(Smpson (Ed)@03ap ¢ KS S @Sy (a ITedshinyd IOy RiRrteRemasy to M IOrS
SesostriSimpson (Ed) 2003byritten during the early Middle Kingdo(20401782 BCERs is the

FANBRG NBLR2 NI SDIYSYiilSy2y a2 1 RSSI e LG Aa KAIKE @ f
teaching of Ammenemes |, recorded inthé"®Be y I & Wt | LI®NHza aAffAy3aSyQs

discovered at Amarna which meati the text(Parkinson 2000)

LG Aa FIANI G2 aleée GKFG ' {KSylFGSyQa | Otazya SR
affecting every level of society. The nyagods to whichthe 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 subjugdtitrese
complex alts 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 dafliyeldeer 2011,

186) How did they react to the loss of a god which was powerful one day and noext@ Did this
invalidate theimpreviousprayers 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 workeThansitionwas not likey 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
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much in the wg that Amun hd 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 wdistipp 2012)
Akhenaten may have been a religious fanatic, or he could have been a ruthless politician, but he must
also have bee aware of he fate of Amnenemes | 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 loghtiis subgcts.

For a milennia 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 halivays beern their ownhands 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 wasat&hens

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 paintingsiai traditionally would h&e 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 andbestowing gits 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 ngdohad anyeal control aver their own
eternal life, which was at the mercy of the pharaoh. Traditional belief also held thdtalienergy)

of the deceased would leave the tomb at sunrise as a huhwauded bird and rgoin the living, free

to go wheret pleased ad drink from he Nile. In the Amarna Period th&a was allowed to visit the
OAles YAE 6AGK (GKS ftAQGAy3ds Syeaz2e GKS NIreéa 2F (GKS
from the altars in the Great Aten Temgurnane 1995, 112)Akhenaten wagot onlythe 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 oh Avho had

continued to function tbeit in a reduced capacity in opposition to the new religion. This time a true
persecution was to take place as Akhenaten instigated a pufge @ KS 3I2R ! Ydzy Qa yIY
monuments. The fear was so great that the Egypibeople themselves ground outéinemoved the

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

was a real danger that watchfuyes were ready to inform on one another to the authorit{&eeves

2019, 152)
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If Akhenaten was movingwards establishing total contt@f 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 befggphand its

foreign territories6 wlk Ay S@ wamMp T a2 NI yThisngagmdst natidegblenpyéat 121 n n 1 0
when a revolt occurred in Nubia and Akhenatenordeied S YAy 3Q&a a2y 2F YdzZAKI ¢
of Nubia, to deal with it. In theorth towards Syria, vassal kingleaded 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 Neferiihably at the site

of the Deser Altars, depicted in the tombs of Huya and Meryre Il showRigurel3.

M

= AN 4 < g_f‘ I l — e - = — s ~=
A b @L’QW | | i A "f\?a i it E&Lﬁg_ﬂ@b C &

'r’f_M vfﬁ R /—;\3'
ke Jlkm
S 'f \J_‘J/Q:T i

. ']ib?

Figurel3, paying tribute to Akhenaten in year 12, tomb of Meryr@# G. Davies 1905a, pl. XXXVII)
¢KS LISNA2R 6Si6SSy @2SIFNI MH YR mMn 0 NPMEREEN & 2 NNER ¢
the second daughter of Akhenaten and Nefertiti, alonghvKiiya 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 therevidence of the site being cleared in part and a

rebuild having take place at this timéKemp 2014, 6)

The last few years of Akhenaten have caused much debate. Nefertiti may have ruled alongside him as
coregent @lludedto in the tribute wall painting where she is sitting alongside hesttaind as an equal)

or have fallen out of favour fguossibly moving awafrom the Atenist religion back towards the old
gods. In year 17 Akhenaten died and his successor was namedfeseferuatenor Smenkhare.

Scholars have argued whether this was atseo of Akhenaten, another son of his, or Queen Niitie
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(Kemp 2012; Reeves 2019; Aldred 1968)wever, within two years this king disappeared from the
record, and Tutankhaten asnded the throne transferring the capital back toebes, reinstatinghe
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 Atheotikone. This

again was to be a short reign asifoyears later Germmal Horemheb succeeded in becoming the last
pharaoh of the 18 Dynasty.

| 2NBYKSO6 SyadzZNBR (KIFG GKS WKSNEBGANeRmeferiateN] 2 K !
Smenkhkare, Tutankhamu and Aywere removed from the historical record.sApart of this,

Horemheb had all representation of these Pharaohs erased from public record and began the
a2a0SYFTGAO RAAYLFYGEAYT 2F GKS OAGeE G ! M279) | & ¢K
BCE) and Saqgara (inscribed 122343 BCE) bbtshow Horemheb imediately following Amenhotep

LLLXE ! 1KSyLl Sy Orgurdd). AKtind passkdit maykhavalbeenkhatdhe memory of

the Amarna peod faded. Howeve by the third century BCE the Egyptiafiegt Manetho wrote a

history of Egypt in Greek, thAegyptiaca an important source of information regarding the
chronology of the pharaohs of ancient Egi\Maddell 194Q)Manetho constructed the king list in the

form of dynasies where the king were grouped by location or extended gatmy, establishing a

framework still in use today. The .&lynasty Amarna period pharaohs are difficult to determine
accurately, with Akhenaten potentially identified as Chenchres or Akenck®tes. Thackeray 1926,

20000 LG A& RA2NAY3I GKS NBHo3tdes MasesBecaie $hy @408 NiIBhe Q (1 K I
Hebrews in their exadus from Egypt and thereby fuelling the minds of many modern authors as to a

connection between Akhenaten and Mog@¥addell 1940, 119; Osman 2011; Montserrat 2000)
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Figurel4, Royal Cartouches of thet1Bynasty Pharahs at Alydos. No 73 is Amenhotep Il 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 howevewslfor he stories belonging

to its inhabitants to be exploreds 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 consttithe ervironment as it may have been in antiquity along vitie 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 envronment used to support them needs to be constructed from d@inehaeological 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 h&e=n discovered, and how the
environment functioned in terms of béwchaeological 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 plotslt should be noted that the Amarna Period is a distinct periodgypEan History

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

this section are essential to maintain accuracy.

2.2.1 Plans
The primary resourcir reconstructing the city in 3D must come from the various suswelyich have

taken place over the years and their resulting maps and pBetsveen 1798 and 1799 Edmé Francois
Jomardas part of the Napoleonic expedition to Egyqtrveyed a small regioofthe site around what

is now known as the Central City and sedpsently published it in th®escription de 'Egypia 1817
(PlanchesV plate 63.60) shown irFigurel5. He describes the ruins tife Small Aten temple and the
impressive size of the mudbrick pylongla¢ entrance which, although ruined at that time, still stood
7.33m in heightIn terms of 3Dreconstruction,the extant structure of the pylons informed the

potential height when firsbuilt.

= s A = 2an Froazn e — —
15.4.5 VUE ET DETAILS DES RUINES D'EL DEYR.2 PLAN D'UN EDIFICE RUINE EYR.G. 10 PLAN GENERAL
UNE ANCIENNE VILLE ET DETAILS D'UNE PORTE EN BRIQUES, A EL TELL.

Figurel5x 9 RY S W2 Y ImddiRathad thie Srhajl Atéh Temble Pylon
0/ 2YYAaaArzy RSa a0ASyO0Sa S FNIla RQ93I_LIIS wmy
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In 1824 the English antiquarian John Gardner Wilkingsited the site and [re]discovered the rock

tombs in the cliffs on theast side of the cityWilkinson surveyed the Central £i&nd made many

Orada FYyR RNIgAy3da 2F GKS AyaONRLIIA2ya KS F2dzy/F
Customsofi KS | y OA S y(Wilkirss@h &84, 350, P& \@ing a plan of the Cetnal City as an

example of ancient Egyptian town plannifiggurel6).

An acquaintance of Wilkinson, Robert Hay, who was a welknown antiquarian and travelled
regularly with Wilkinson throughout Egyptisited the site in 182 Haymade a detailed drawingf
the 6 2 dzy’ R NE (Figuie X wheredtHestatuary arragement gives a clue as to how they may
also have been represented at different sites actbsscity (de G. Davies 1908a, PI. XLINing the

summer of 183MHay alsexaminal and reeordedtombs 2 and 13Montserrat 2000, 63)

Secalc of 1060 Paces or 2500 Feek,

o

Modern
Village

B e R T oy

Sheklis
Tomb 2o

Figurels, Wilkh Y 82 Y Q& t £ | Y (\&iKinson84NF50, PIOVBM y H C

With each stage of excavation there is inevitably sameversibledamage done to the remains
therefore it is important to track any changesrtiugh the subsequent excavation plans and collate

thisinformation prior to 3Dmodelconstruction and layout of assets
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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 Amiaeiaveen1843- 1845 as the head of the Prussian
archaeological mission to Egypt where he drew an updatednd plan of the ruinsKigurel8) and
recorded the northern tombgde G. Daes 1903, 4)

In 1881 Gaston Maspero and Wih Bouriant working as part of the Missions Archéologiques
Francaises au Caire began excavating the tombs at Amarna over a period of 3 years. During-the 1883
Myyn aSkrazy . 2dNRAFyi RAZ OR2DSWS RA i KEkrEnDilsgRyY a1 2 ® Ylye

Specialplan der Ruinen

von

EL AMARNA.

Manfastati.

KOV

Figurel8, Plan of EAmarna(Lepsius 186, Abth.l.BI.64)

The Egypt Exploration Fund of Londgvhich would &ter become the Egypt Exploration SocielES)
sent an excavation team to Amarna between 1891 and 183%uthe guidance of William M. F.
Petrie and his assistant Howard Carfeetrie was the first to analyse the building layouts and sizes in
terms offunction and social standing, developing a basic typology as sédgurel9. This would go

towards informing the 3D artigif materials and how each Bding should be dressed for function.

Interest continued to grw regarding Amarna and between the years 1901 and 1907 Norman de Garis
Davies conducted a full survey of the rookibs at Amarna, later publishing his research in 6 volumes
(de G. Davies 1908a, 1905a, 1903, 1905h, 1908b, 1B06ing this period, in 1¥Bouriant, Legrain,

and Jéquier published the first scientific monographhef Royal Tomb of Amarrn@ouriant,Legrain
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and Jéquier 1903)The inscriptins give insights into the architecture of Amarna and when combined
with suney plans create an invaluable resource for the 3D modellingnadrna. The daily life and

ceremonial depictions also feed into potential storylines.

XXXIX,

1:200 TELL EL AMARNA.  PLANS OF HOUSES XXXV 11300. TELL EL AMARNA. PLANS OF HOUSES.

E

Figurel9= t S G NR S Q &Pefi@1®84R\ vy I LI | v a
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In 1907 theDeutsche Orientesellschaft (DOGGerman Oriental Society) secured the concession to

excavate at Amarna and Ludwig Borchardt beganirss éxcavations of the site ruins; the most

extensive up to that poin{Borchardt and Ricke 198@orchardt continued his excavations in the

southern city ruinsup untilthe start ofthe First World War when all work at Amarna was haligee
DOGpublished the results of the excavations in Amarna between 1911 andd81R SNJ G KS G A Gt ¢
Wohnh&user in Tell él Y+ Ny I ¢ 0 ¢ KS -Kr@adzi) S/ich holuded $12 HekaiSHouse

plans and a series of overview maps, $6gure20 (Borchardt and Ricke 198@orch NR G Q& LI | y &

extremely well detailed and provide excelldsitieprints for 3D modelling of the urban environment

T L .

[rom s ——

Figure20= 2y S 2T . 2 NOK laiyér loQsing suffpdrigdaby sin&llgr suildings. Plagehsft Q46.12,Hauser
Q46.1417 und 25Borchardt and Ricke 1980)

Work at Amarna recommenced 921 when theEE®egan extensive excatians in the urban area

through to 1936 under the direction of Thomas Eric Peet, Leonard Wodilancis Newton, Henri
Frankfortl Yy R W2 Ky 5@ { & t SyRf SodNE® ¢KS SEOI G A2y
' T KSYy Ll GSy Q (Rayikfoit &NEeSdlehdry NIB3; Peand Woolley 1923; Pendlebury 1951)

During this extensive excavation period the north suburb, eastern village, centramitivaruAten

were recordedFrankfort 1929, 1927; Griffith 1924; Newton 1924; Peet 1921; Pendlebury 1931, 1932,
1935, 1936, 1933; Whittemore 1926; Woolley 1922Was during the 1930 season that Mary Ciwub
accompanied the expedition andtér published an account of their daily activities in her book

Wh ST S NI A ((EhupbABYYRinglarsSideSting insight into workings of the expedition.
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Figure21, Thel9771989 City Survey She¢kemp and Garfi 1993)

During the 1960s the Egyptian Antiquities Organization (nowiméstry of Antiquitie$ excavatedn
the Kom elNana and eHagg Qand#reas,but no material has yet been published. So, it wa$977
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that the Egypt Exploratio®ociety resumed excavations at Amarna under the direction of Barry J.

Kemp; a position he still holds. Kemp initiakly sut in early 1977 to consolidate the previous survey

work and update it as needggkemp 1978)He was assisted by Salvatore fGiar 1981 and together

produced the first large scale survey maps of the site by 1989 for publication four year@<iep

and Garfi 1993Figure21a K2 64 (KS SEGSyd 2F (GKS Anmamiwaib NNA SR
study the urban life across thelfigocial and environmental spectrum and the nature of the site gives

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

(Kemp 1987a, 1984, 1995, 1985, 1986,2%98vith further preliminary reports publisheahithe JEA at

GKS SYyR 2F SIOK OGA®S aSlrazy (2 0(KSBYWLKNBE SyAfof LY
a walled village set aside from the main city for the housing of tomb builg&mp 1987h)with

similariies to the village at Deir @lledina. The villageaused interest in that there was evidence

showing the active worship of gods other than the A{&emp 1979)At the start of 1980, Geoffrey

Martin recorded the surviving reliefs and inscrgots in the Royal Tomb along with a study of the
pPlaKSNR STl 0SKAYR FNRY LINBOA2dza SEOI Gl i2NA |y
(Martin 1989)

Between 2002 and 2006 excavations took place on the house of an official iamefkiand agroup

2F SA3IKEG FR2I OSy il K2dzaSa Rangfermg beénduiltbieNa pgreviowss Q@ ¢ K
smaller house and may have indicated a ajmof ownershipyy G KS €t F GSNJ @S N& 27F 0
results were published in two volumes in 20k@&mp and Stevens 2010jere we see an example of

a small community wich may havebeen dependent on the larger house, something common

throughout the city and important when dewaing 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 ata scale of 1:50 with a standard view of 555 x 400 cms which is capable of
being zoomed in for gater detail. The largscale survey maps produced by Kemp & Garfi have to
some extent been converted by Dr Anna Hodgkinson inf@eagraphic Infonation Systens (GIS)
database as part of her PhD research into taehnology andurbanism in Late Bronze Adegypt
(Figure22). | have a copy of this data which | have expanded on by georeferencing digitized copies of
the small-scale plas. | have also had access to the aerial photography taken by Gwil iiateeen
19922012 covering a large part of Amarna. By applying photogrammetric techniques to the
photographic material, | have been able to create orthographic images\aral areagFigure23).

There are some issues with the W@$8ordinate system not able to resolve the mapping accurately
over the whole Amarna site so the Egyptian local grid coordinate system (EPSG:22992) has been

appliedalthough thevector data still requires appropriate adjustment.
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Figure22, Amarna survey maps as GIS data (Kemp, Hodgkinson, Docherty)

e i ‘i‘a ¢

3 : -
Coordinate | 604766.9,599171.0 | Scale | 1:2241 \v[ & Magnifier | 100%

2] Rotati

Figure23, a selection of orthographic photography and georeffieed plansit different transparencies to shaayering.
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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 Mé@lgr&. Davies

1903, pl. XXII) 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 providedigelvells,

but this would not have been enough to sustain the gardens anddimid. 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 amental pool. Vegetables would be grown in
rectangular plots laid out in a grigrigure24). Among the foods grown were grapes, dates, melon,
lettuce, almonds, gragsea, lentils, onions, and garlic. Much of the bulk cereahgngprobably took

place on the western side of the Nile as there wdarge 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 situatecekrt to the main house. Flowers were important to the inhabitants aotg

with herbs were used as medicines, herbal teas, spices, and perf(Widldnson 1998, X62).
Botanical evidence of the various species of plants and trees grown around Amarna has been found
atthe2 2 NJ YSy Qa =+ A {Atert; Kb® ENafakafd tlae INdItizPate (Stevens and Chapman

2016)a list of he species recovered can be found in apperfdx

Figure24, open garden plots at Komkna after excavatio(Stevens and Chapman 2016)

Many gardens also housed afhchapels to the Aten bringing a spiritual nature to some eflétyouts.
Whilst the smaller households had areas for some livestock namely cattle, goats, and pigs, the larger

complexes sut as MaruAten and the North Palace had a wider variety of angreiggesting a
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menagerie mimicking the wider Egyptian landscddedbrick manufacture made use of threshing
waste from cereals and date palm leaves and fibre were used in roofing constraldignwith reeds
(Stevens and Chapman 2016, 136rger mudbrick constrtion would also make use of timber to
strengthen the walls and prent wall collapse. Much of this timber has not survived to the present
due to insect actionBy understanding the bioarchalegy of thesite, it is possible tcaccurately

reconstruct theagricultural food sources, medicinal plants, and livestask3D asets.

2.2.3 Osteological Remains
During the 2003 and 2005 surveys of the southern tombs a series of disturbed burials were idientifie

and subsequently excavated between 2006 and 28E3np 2007)A second cemetery walsscovered

at the north tombs 2 and 3 and excavated between 2848 2017, with a third cemetery, previously
RAAO2OSNBER 08 | StSy CSysaO|l Qa HSteves etat 0197 1kea S NI
aim of this longterm study of norelite cemeteries was to shed light on the lives of the people who
livedat Amarna which could only be achieved in a limited capacity through the excavations within the
city. There are many questiorssirrounding the people buried here, and work is still ongoinge O
interesting discovery was evidence of a peculiar method ofgfunent which may have been enacted

at Amarna. Normally reserved to constrain the movements of pigs, a hole drilled throeghdulder
blade would be debilitating enough for an individualgrevent them from using their arm for work

for a period untili healed(Kemp 2010, ). Once healed the individual should regain the use of their
limb. Peliminary data from the south tombs indicates that the average afjdeath for the local
population who lived into adulthood wa34 for women and 30 for men based on 154 individuals
(Kemp 2009, 4)The data also showvikat older adults who had grew up elsewhere before coming to
Amarna lad an average height of 165cm for males and 156cm for femaldstwiase who had grew

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

been poorer than elsewhere.

2.2.4 Amarna Art
¢KS 1Ay3Qa eakothedstart of anBw spyle df &tNuBich moved away from taditional

formulaic constructs to a more realistic if not overly exaggerated expression of the royal household in
everydy intimate scenes of relaxation and worshithis Amarna art style igery fluid and did not
survive beyond the Amarna Period whereturn to the more traditional formal depictions of the gods

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

in Figure25. For an accurate reconstructiarf the cty at Amarna it is essential that the uniqueness of

the Amarna art style is understooaa thatit replacedthe traditional Egyptia style ofartwork.
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Figure25, an examp@ of the Amarna art style portraying Akhenaten, Néferand three daughters (C@

During the 1891/2 excavatiorRetrie discovered wallJ- A Y G Ay 3a Ay (WektSerheéad y 3 Q&
199%) and a beautiful painted floor in the North HarefWeatherhead 1994 The floor was later

broken up by a disgruntled farmer one morning in protest to travellers crossing his land to see the
excavations.Theseremains are preselhyt under a wood and glass enslure in the Cairo Museum
(Weatherhead 1992)The modern argsis of the painted walls and pavements by Weatherhead helps

give an insight into the surface decoration of the royal and upper social atakitecturgFigure26).

Many of the houses had evidence of painted walls and inscribed liftiglare 27 shows a
reconstruction of the west part of the south wall of Roonfrém the house ofRaneferN49.18

(Frankfort 1929Kemp and Stevens 2010, 625)
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Figure26, Princess Fresco, Telfeharna, Egypt (image Ashmolean Museum, AN189811267)
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Figure27z NB O2y ald NHzOGA 2y 2F gt RE&EDHEIDSGtaveng20f N2Y wl ySTFSND
During the 1912xcavations 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 NefertitiBorchardt 1916, 1923)The st made its way to &many under
controversial circumstances and became one of the most iconic Egyptian workskifare28. The
skill represented in its creatn is remarkable given its readtic proportions which are in contrast with

the colossal sculptures of Akhenaten.
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Figure28, bust of Nefertiti, Neues Museum, Berlin@C

In 1925 Maurice Pillet discovered two large colossi of Akhenatelst engaged in igcue work at the
eastern gate of Karna@anniche 2010, 414), seeFigure29. This was followed up by a formal
excavation conducted by Henri Chevrier in 1926 which recovered more fragtotailig 15colossi.

These would have been part of a peristyle courtyard dedicated to the Aten at Karnak; a similar albeit
largercourt was also located at Amarna. The colossi drew even more attention towards the physical

appearance of Akhenaten.

The colesi are thebest representation of Akhenaten to be discovered and allow for a full
reconstruction in 30covered later in this wad). This is fortunate as there are many locations around
the city where his statue would have been present. The Great PakxeVidencef at least 100

colossal statues surrounding its main courtyard.
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Since thel890s decmted stone blocks of a uniform size had been discovered within the pylons of
Karnak. These came to be known as the Karnak Tglatdted 1988, 6€85; Hoffmeier 2015, 93)
With their distinctive artistic style dating them to the time Akhenatenand theirnumber 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 periggrigure 30). Originally done by hand was later
augmented through the use of IBM computers during the 1970s as the Akhenaten Temple Project
under the direction of Donald B. RedfofBedford 1973)In 1939 west of Amarna, the German
Hermopolis expedition under the direction of Gunther Rdder uncovered $apértalatat in the
foundations of the ruined pylons constructed by Rasessli(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 SecoimWorld War broke out and over the next few years the blocks
were removedand 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 thé/didleed 1988, 86)

It was clear though, from their suletdetailing, that these blocks were from the later Amarna period
belongihg 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 material textues. However this would require

a large amount of timgplanning and guessworkin behalf of the artits, hence most visualisations of

the city refrain from incorporating much in the way of watll. a

Figure30, Talatat bbcks assembled froiarnak (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 clayablets inscribed in cuneiform scrigEigure31). Now referred to as the Amarna

[ SGGSNE (KS& O2YLINRAASR GKS AYyUGSNYl A2yl f RALX 2YL
the lands under his contrgMoran 1992, xiii)In a disastrous turn of events the womaavelled wih

the tablets unsecured ia 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 debatd the time ketween archaeology and theigtoricity of the

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

by Petrieatthe siteoftit KS & { G 4SS ! NOKA @S 4(Retrig/1B94ANI 1 KS NRe&l f NB:

These tablets have been studied and commented on by several sciioar8 y' + nj2 @t HANTT &
1992; Rainy 2015)nd give an indication of the domestic and foreign affairs which can be woven into

stories of the time Anextended compilation of general texts including names and titularies from the

Amarna Periodvas piblished asV¢ SEG & FNRY (i KMBirnanerllogsyThe textSintude R Q

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

Analyses of thémarnatablets give an insight into thedministrative procedures artistoricalevents

helpingto inform the construction of thémarna storyworld.

Obverse. Natural size, Right edge.

Figure31, Clay Tablet found in House O4{Barchardt 1916, Plate 11)
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2.2.6 The Egypt Exploration Society Photographic Archive
The EES photographic archive for the period 132hadeen digitised and uploaded onto the ordin

photo sharing platform Flickhttps://www.flickr.com/photos/egyptexplorationsociety/albums

Within the archive there are photographs tife excavations at different stages aadwealth of

artefacts recovered. There is also a miscellany of interesting photographs, some showing workers
Lzaiy3a Fa FyOaASyd ! YENYF OAGATl Sya Rrghadg.Alsoi KS ™t
preentisthed 8 02 3SNE 2F | WONRO|l 2F 3I2ftRQ Ay GKS Fi22)
08 al NB / Kdzo AYy KSNICOUBRIDSS WMo, Sgude3B.id A [ A OSR | SNBC

Figure33x G(KS RAAO02@SNE 2F I WONROPILENEES)RQ LIK2 G2 3INF LK
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2.3 AVisual Tour of Amarna (Past and Present)
With the archaeology of the city establighthe following sectionfocuses 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 paintifdgsis an essential
exercisgor anyone endeavouring to construct their own visualisation as it uses the previous work of

others as a foundation from which to build on.

Thesite of Amarna lies approximately 270km south of the pyramids (as the crow flies) isthialfway
between Caio and Karnak with the coordinates of the entrance of the Small Aten Temple being
27.645501, 30.895374.at, Lon). The city was constructed on clgramund on the eastern bank of the
river Nile protected by a line of cliffs whichrea inland in the form o& bow to the north and the
south as shown in the satellite imagekigure34. The full extent of Amarna iancient times would

also have included an area to the west of the Nile which wdsetdeveloped as agricultural laial

support of the city making the total area over 200kas marked by the Boundary Stelae.
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Figure34, locatin of Amarna in Egypt (left), satellite image of the Amarna plain (right). SGaogle Maps
The site had incorrectlp SSy Ol t ArGaRS KU Sde S NI & SELX 2NBNE |yl
nineteenth century. This was based on the tribe of the Beni Amiam settled in the area on both
olyla 2F GKS bAftS Aytidé'@! Yily XBée®and WodllRy 1928T¥iesiain i KS R A
settlements were on the east bank and beging in the north named eTil, elHag Kandil, el

Amariyeh, and eHawateh. It is a common practice of naming a village with the distsiet suffix so
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et-Til became Tiél-Amarneh. Visitors misheard this and thinkingK S W¢ A f Qtelf inganing KS & 2 N
mound, and began to refer to the site as TeHAaharna. In modern times the name has been

A K2 NI S§samai 2 yR Aa O2 Yesaigefthe whide SitR. Wiheh referring to it in

antiquity we tend to use the namgiven by Akhenaten which is Akhelay’ W¢ KS | 2 NAT 2y 27

2.3.1 Modelling Amarna
The city is an excellent example of urban settlement in ancient Egypt and has been useiihmeany

to showcase the daily life of the Egyptians. Over the years the citydesused to develop a range

of modekb, usually depicting estates belonging to nobléte largest and most detailguhysicamodel

of the city of Amarna was commissioned bg tBoston Museum of Fine At8MFAXNd constructed
duringthe summer of 1999Hence, we refer to it throughout thisvork as the Boston model. It was
designed by Michael Mallinson of Mallinson Architects under advisement from Barry Kemp and Dr
Kate SpenceConstruction was by Andrew Ingham & Associates Ltd at their Tetra workshop in
Chpham, LondonThe modelwasbuilt at a scale of 1:40With a size of 3.6m x 4.9andis based on
archaeological survey and excavation with some reconstrua®reloped throgh interpolation in

order to give a consistent level of detail throughoirn. the autumn of 1999, theBMFAheld an
exhibition of the art of the Amarna Pericafter which the model was displayed at the Los Angeles
County Museum of Art, the Art Institute of Chicago, and the Rijksmuseum van Oudheden, Thalen.
modelcovers the main rediious and administrative area knowas the Central City with the river Nile
running down the western edge. It doest show the hills to the east where the tombs doeated
neither does it LINBa Sy i GKS 22NJ] YSyQa +Af f tyTSrEcorfstiuety S =+ A f
the entire Amarndandscape would have resulted @ither an extremely large modedr a smaller
model with insufficient localised detailThe construction of a digital model would overcome this
physical restriction whilst also allowingrfa wider audience, albeit creatirgydifferent set of issues
around museum atronship. 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 expedaee ¢

an attraction as seen in theEeK A 6 MiorkNayi, Akbenaten and Nefetitiin the digital ag®
developed byArchaeovisiorand hosted byhe Learning Center Archaeolofigyptology SHS of the

University of Lillén 2017 (www.atomum.fr).

TheBosta model is now on display in the Amme Visitor Centre at Amarrand a photogaphic tour

of the model is present on the Amarna Project wehsitiee model was housed briefly at the Amarna
Dig house prior to its installation in the Amarna Visitors cerfiigure35 shows the model outside
the dig house witst Figure36 shows a lowlevel closeup of the southern suburbs providing an almost
eye level visualisation of the city as it ynaave looked in its primé&he Amarna Visitor Centadso

includes a series of 1:200 scale models of the Great Aten Temple, the NortBPalag 2 N YSy Qa + A f
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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 whictelaEastwood Cook Ltd also

produced a 1:1 scale cutaway reconstruction of the housRamefero b n pdmy 0 Wal aGSNJ 2F
| 2NBSQY 2yS 2F (GKS fFNBABSNI K2dzaSa Fd ! YINYI o

Figure35, the Boston model outside the Amarna Dig Hans2010 prior to transport to the Amarna Visitor Centre

(photo Barry Kemp)

Figure36, closeup of the suburbs on the Boston mo(f#ioto Barry Kemp)
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