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FROM CVR TO CVRO:
THE PAST, PRESENT, AND FUTURE
OF CULTURAL VIRTUAL REALITY.

Bernard Frischer
UCLA, usa

Franco Niccolucci
University of FlorenceiraLy

Nick Ryan

University of Kent at Canterburyk

Juan A. Barcel6
Universitat Autonoma de BarcelorspaiN

The authors first sketch the development of cultural virtual reatity) (within the overall context of the development of computing since
the 1940s. After establishing the nature and ubiquity of virtual reality systems, especially in the 1990s, and predictirtyehsjpread

in the coming decade, they argue that the time is ripe for the creation of a new professional association devoted to thenodeige

of cultural heritage sites. The proposed association will be called(or, "Cultural Virtual Reality Organization”) — a play on the Latin

word curo ("I care for”; cfr. English "curate”). It will be open to professors, students, and professionals actively engaged in the theory
and practice of cultural virtual reality — the content developersvef The goals ofvrowill include: defining and defending the interests

of its members; holding an annual meeting for the exchange of information; hosting a Web site; and developing aesthfiticasdienti
technical standards for cultural virtual reality models. Readers wishing tacjgroare asked to contact one of the co-authors.

1. INTRODUCTION hundreds of millions of personal computer enthusiasts will
be interacting with hundreds of thousands of virtual worlds
If the ten-year rule of thumb holds true, personal on a variety of devices in their homes, schools, and offices.
computer enthusiasts by the millions a decade from What will these worlds be? Most will undoubtedly be a
now will be interacting directly with virtual worlds great deal more photorealistic than today’s averapge 3
through their desktop reality engines. computer model, but most will also almost certainly be no
less fanciful. Humanity's appetite for new entertainments
HowarD RHEINGOLD (1991)  and spectacles is unquenchable and probably far exceeds its
more sober curiosity for visualizations of scientific models
All men by nature desire to know. An indication of of natural and man-made objects. In a recent futuristic issue
this is the delight we take in our senses; for even of Timemagazine devoted to “The Future of Technology”
apart from their usefulness they are loved for Ray Kurzweil predicts that virtual reality will be used to
themselves; and above all others the sense of sight. offer “any type of experience with anyone — business,
For not only with a view to action, but even when we social, romantic, sexual — without having to be in the same
are not going to do anything, we prefer seeing (one place” (KurzweiL 2000, 83). Nevertheless, since “all men
might say) to everything else. The reason is that this, by nature desire to know”, and, as in Aristotle’s day, learn
most of all the senses, makes us know and brings to best through seeing, we can predict that, in comparison with
light many differences between things. the last ten years, many more of the new virtual worlds
waiting to be born in the next 10-year cycle will be
ARrIsTOTLE, Metaphysic®80a (ca. 330 B.C.) scientific, i.e. accurate digital representations of the object
they purport to model as authenticated by experts.
Howard Rheingold’s ten-year rule worked. Now, almost te As scholars active in the field of cultural heritage, it is
years after he published his prediction, millions of personinaturally computer models of cultural heritage sites (i.e.,
computer enthusiasts are interacting with virtual worldcvr) that interest us. Digital reconstructions of
through desktop 3 engines. But, with a few notable archaeological sites, digital restorations of existing
exceptions, the virtual worlds they are visiting in thebuildings showing them in their earliest phase, computer
computer games they play and on the Web sites they virecreations of entire cities as they appeared at earlier stages
are generally the creations of anonymous digital graphin their history: all these are examples of virtual worlds that
artists and make no claim to scientific accuracy chave been created in the past decade and that will be created
authenticity. Now, indeed, we can make a new predictiolin even greater numbers during the second ten-year cycle
after another cycle of the ten-year rule, by the year 20Ithat is just beginning. We write this article because we are



concened tha as the pace of wiral world creaion pidks
up, the oppotunity not be lost to enserthd at least some
small potion of the n& models ag scientifc in the sense
defined dove. We also wite because @ think tha now is
the ight moment to pause anelflect on vha it will take to
maximiz the mmber of scientit models tha will be
creded and consumed in theas aheadAs will be seen,
we think tha in view of the impessve goundwvork of
hardware and softwre alead laid, the ansver we seek is
more theoetical and sociolgical than it is teknolagical.
The bad n&'s mg be the veakness of human tuae, but the
good nevs is tha cvr content deelopes can themsebs
take some obious st@s — talen mary times ly practitiones
of other pofessions — and become to no smateat the
mastes of their ovn fate.

It has taken a long timedr computing to ead the point
where authenticed photoealistic models of the evid’s
cultural heitage sites hae been possie and economical. It
is the thesis of this per tha what we call“cultural virtual
reality” (cvr) has nav come of ge. The tetinological and
theoetical peconditions ér cvr had been laid y 1990.
The 1990s witnessed thefats of a Bw pionees who
seizd the moment and commenced thacfice ofcvr. In
this paer, we review the“prehistoy” of cvr and ague tha
it is nov important for cvrR developes to found a
professional aganizdion tha will represent their int@sts;
give them a drum for shamg nev ideas and mijects;
comrmunicae with eab other; povide a ¢ealinghouse dér
their cvR models thathird paties can license; ananost
important of all, provide a stacture thiough which new
tedhnical, aestheticand scientit standadls can be defed
and implemented

2. BACKGROUND. THE PREHISTORY OF CVR

As is well known, the pogress of computing sincé/orld
War Il has been based on amber of &vorable and elaed
developmentsthe steayl decease in the cost and siof
computer pwer, memolk, and other ky hadware
components; the rgdual incease in the umber of
components thtacan be put onto a single igteted circuit;
the elentless acceldion of computtional speed of cerdf
processing units; etcThus, eniac (Electronic Numercal
Integrator And Computer),an ealy computer hilt from
1943-1946 athe Unversity of Rennsyhania ty John W.
Mauchly and J Presper Ekert, Jr, occupied aagom tha
was dout 10 x 15 metsrin siz; ENIAC could ony perform
15 to 50 aditions per secondlIn 1996,in honor of the

fiftieth annversaly of ENIAC, computer science students a

the same uRersity huilt a single computerhip, 7.44 mm
by 5.29 mmusing a 0.5 mi@metercmos technolagy, that
had the same ehitectue and pwer as the dginal ENIAC .2
The dip was less than 1/3800the siz of the oiginal
madine Meanwvhile, by the same ar the frequeng of a
typical pc microprocessor had eaded 200 million
instructions per secontAlso in 1996,the United Sties
Depatment of Enggy’s Sandia Ni@onal Laboratory and
Intel Comporation creaed a paallel supecomputer tha
operted d 1.06 teaflops (1.06 fiflion instructions per
second). By 2000)8M had ceded a supemomputer
opesting & 12.3 teaflops4 Personal computer pesfmance
had speeded uwen moe by 2000,reading frequencies as
high as 5.5 gaflops?

ENIAC was luilt to geneete ballistic tdles for theus Army.6

The oiginal gpplicaions of computing peer were military,
and thoughout the histgr of the postwr em, us military
investment has dren beakthoughs in hadware, software,
and in the ery concetion of hav the computer might be
used Thus, ThomasWatson, Sr. the bunder and Rsident
of 1Bm, resisted his sog’eforts in the 1940s to lauhca
computer diision of the compan claiming thd the
worldwide maket was mirute and limited to scientists.
Watson Sts infamous (ot had to coroborate) estimge of
potential demand as “maybe fve computes”.8 In the
event, his son,ThomasWatson, Jr.,, was ight in predicting
the penettion of the computer into the comme@l sector:
by 1959 the maet of computes for business dr exceeded
tha for the militay, and undeMWatson, Jr. 1BM’s \aludion
had gown from $900 million to $8 billior?.

As ealy as 1945a beakthough of another kind as made
tha was to be as imptant for the gowth of cvr as pogress
in brute computing peer. Since the eéiest computing
devices of Shickard, Pascal,Leibniz, and Badbage, the
pumpose of the computeras dear: as the name implied,
was a calcul@r designed to spahumans the tedioud et
of solving equtions tha were either long qras in the case
of tables, numeousl0 Credit for a nev vision of hav a
calculding madine might be usedogs tovannear Bushtl
In the same pé&d tha eniac was being bilt, Bush
pubished an dicle in a popularAmerican maazine tha
laid out a stunning vision of thoological and media
convergence Bush,who seved dumng World War Il as
Director of the wartime Ofice of Scientiic Reseach and
Development2 dutbed his poposed inbrmaion system
the “memex”. The memg was to be a ast nultimedia
database stard on micofilm and accessed yb a
computeized inde built on the pinciples of assoctave
logic.13 The usels meandeng trail through the dibase
could itself be ecoded and accessedain 14

In 1963, Douglas Englbat founded theAugmentéion
Researh Center £rc) with us military funding though the
Advanced Reseehn Pioject Ageng/ (ARPA, later DARPA).
Engelbat knev and cited Busls’ aticle;15 he also shad
Bush’s goal of using the computeoif opegtions far begrond
mere mahemadical calculdion. As the name implierRc’s
mission vas to &plore hav the computer could augment
the human intellect in sys tha Bush had anticigad With
the passge of timeg Engelbat could see thaBushs memea
was a tehnological hybrid whose use wuld be
cumbesome time-consumingand ultimaely frustiating to
the uset® In effect,the work of thearc was completsi to
computeize Bushs mema and mak other impovements.
New devices and pocesses ere developed &ARC to male
the pats of the system meregonomic and dfcient: the
mouse and pointer csor; displg editing; linking and in-
file object adressing; mitiple windows; hypemedial? In
the '60s and '70s the la developed a hipemedia-
groupware system calledts (for anLine system)i8 Parallel
reseach was done tathe Unversity of Noith Caplina,
Chepel Hill by Fredeick Brooks, who founded tha
university’s Depattment of Computer Science in 1965. His
work since then has tested and implemented his porde
“intelligence amplitation”, whose similaity to
Engelbat’s notion of augment®n has been notedyb
RHEINGOLD 1991 (36)1°

Major contibutions to the prhistoy of cvr were also made
by Ivan Suthdand in the 1960s. Ineseach for his Ph.D
dissetation (SUTHERLAND 1963), Suthetand deeloped
Sletchpad the frst piogram tha pemitted the user to mak



highly precise enmpeeing and achitectuial drawings on a
crr. Sletchpadalso had thelility to zoom in and to @aom
out on thecrr. It could poduce memor structures,
rubberband linesand it was &le to male eact lines,
comers, etc & a scale of 1:2008.In 1966,while teading
a Hawvard, Suthefand’s inteest in computegeneeted
graphics led him to theirfst expeiiments in vha would
much later be calledvirtual reality”. Adapting an &isting
video system Wwose displg was"head-mounted{i.e., a so-
called head-mounted disgla or HmD), Suthetand
substituted computerrgphics input ér the videotherby
immersing the veaer of the displg into a vitual world
consisting of a simple wérframe pom with the catinal
points (ORTH, SOUTH, etc) inscibed on the'walls”.21 As
eaty as 1964,Suthefand’s reseath, like Englbat’s,
receved us military funding though ArPA. In 1968,
Suthefand joined with Daid C. Ewans, then a éllow
professor aithe Uniersity of Utah,and bunded Eans &
Suthefand with the ihancial suppdr of Venmodk, the
Rodefellar family’s wventue caital compay. The
compan’s olginal products vere gaphics deices,such as
image eneators, and fight simulators. The compan
struggled until the Nay contracted in 1977 to pahase its
cT15 image geneetor for use in the ne cH46 helicopter
systemg2

Just as Eans & Suthdand was fnally getting of the
ground as a commeial ventue, James Clak was ariving
at Stanbrd to teab computer sciencén 1978 he ceded a
processor \wich he called thégeomety engne”. This was
a chip onto vhich the algrithms used to @ae 3o computer
graphics had been pgrammed therby dramadically
speeding upendeing time By 1982,Clark was ead/ to
leave the uniersity and starup Silicon Gaphics Inc23 By
1984, saI (as the companwas to be dfcially named in
1999) was shipping itsifst workstaions and poducing
high-end3p graphics systems thacame to domirte the
maiket by the ealy 1990s fom the time \en the Ogpx
Reality Engne was launbed in 1993 and their§t sai
Reality Center ws ceaed by David Hughes ofsai in
Theale (Bekshire), England?4 The Center daured a
Reality Theder, which is a pom in which the audience
views a cuved sceen onto Wich images flom a sal
supecomputer a& pojected The RealityTheder piovides
an immesive, interactive, and eal-time emironment in
which lage or small goups of people canxpeiience a
virtual world together Because of their high cosReality
Theders have mainy been sold togzemment gencies and
comporations (paticulady to companies in theeid of oil
and @s &ploration). In 2000,ucLA was to become thérét
university in the vorld to kuild asci Reality Theder.25

The 1980s also sathe deelopment of hptics,or “the use
of physical sensato povide uses with a sense of tohct
the skin leel, and brce feedbak informaion from nmusdes
and joints"26 Jaron Lanier and his compgrveL developed
several impotant paents in this a#a and méeted the
DataGlove, an ealy hagptic device.2”

The 1990s sa the deelopment of seeral other kinds of
theders and displgs dedicted to the pesentéion of real-
time, immeisive virtual reality. In 1992 the frst was ceaed
for sicGrRAPH 92 Shevcase The cave is a cube-shzed
room, typically 10’ x 10’ in size or bigyer, onto to vhose
walls, ceiling, and foor the computer output isqjected in
real-time The first cave was used dr scientifc
visualizdion of a \ariety of astophysical phenomena shc
as the Rwleigh-Taylor Insteility and gavitational wave

components pdicted ly Einsteins Geneal Theoy of
Reldivity.28 caves ae paticulaly good spaces in kch to
run cvkR models of athitectuml and urban spacesince
uses ae fully immeised within the vitual world, and the
right angles of theave geneally fit the angles of viual
architecturl spacesTheucLA cvr Lab has beenlde to un
one demonsttion in thecave of Virginia Ted, thanks to
the genepsity of theVirginia Tech College of Architectue
and Urban Studie® Also in the 1990¢vans & Suthdand
mariketed the StarRider domical thiea which has mainf
been used in planetaBC® At the irvitation of Evans &
Sutheftand the ucLA cvr Lab has beenlde to mun a
demonstation of its models in the StarRider thega with
results tha were not quite as s$iafying as those in the
RealityTheaer andcave. Owing to the StarRides’domical
projection suréce the ectilinear shpes of our athitectual
models vere distoted It remains to be seen if the StarRider
can be twaled to povide better pedrmance or typical
CVR models.

As the theastical and pactical bunddions for virtual
reality were laid in the 1960s,/0s, and 80s,ealy
applicaions tended to be militgrand indusial. This is not
sumprising in viev of the high cost of theirkt systems.
Flight sirmulation and oil &ploration hare allead/ been
mentionecd! But cultulal goplicaiions of the kind thia
interest us vere not &ir behind Nicholas Ngroponte indeed
has identied the Aspen Mwie Map of 1978 — funded
inevitably, by ArRPa — as the gy first multimedia poject
(NeGcroPONTE 1995,65-67)32 It can also be consided the
direct ancestor afvr, which could not gt eist becauseas
we hare seenthe necessgrhadware and softwre had not
yet been a@aed The steets ofAspen, Colorado were
filmed in eab direction ty taking a shot\ery three ket.
The footage of the stumight steets vere put onto one
videodisc; the cwes were put onto a second videodi3de
videodiscs were diven ty a computeron whose displg the
footage was seenThe user had the illusion of iding
through the twn, turning right or left & intersectionsas he
wished The motvation behind the mject was to gve the
us amed brces the vitual equvalent of the kind of &ining
the Ismel amy used to pgpare for the successfulaid on
July 3, 1976 on the Enftibe Uganda aiport, where 103
hostaes were being held ¥ Palestinian teworists. But
whereas the Isteli training took place in a psical
reconstuction of the Entiebe aiport (which, by chance
Israelis had designedthe us solution was to cede a
system tha could suppdr photoealistic computer
simulations of aly and @ery possilte terrorist taget aound
the world.

Michael Naimak, a media arst who colldorated with
Negroponte on théspen poject, chamacteized the system
as “surrogate travel”, not “virtual reality”, a tem whose
coining is gnerlly atributed to &ron Lanier & some
unspecifed time in the |t 19803 Even moe common in
the 1980s was the tan “simulation” (RHEINGOLD 1991,24;
Biocca, Kim andLEvy 1995,6), which was talen over from
computeized fight training The Aspen Mwie Map
inspired seeral other pototypical cvr projects in the
1980s,including ucLA’s Pojectcicero, which proposed to
crede an urban sinlation on videodisc of ancient Rome
using the ged “Plastico”, or plasterof-Paris model of the
city in the time of Constantindhe model is housed in the
Museum of Roman @ilization in a sulirb of Rome (see
FrRISCHER1988). In the eent,test photgraphs shawed tha
the Rome modelyhich had been steed in the 1930s and



was intended to be seewrfin a balcow at a height of seeral
metes, did not hae enough detail to sustain dose
viewing, and so Rrject cicEro was neer implemented in
the manner aginally proposed In the mid-1990s¢IcCERD
was evivified asucLA’S ROME REBORN project, which sav
the use ofvr technolagy in effect to ecrede the Plastico
from the bginning, with new archaeolgical dda — not the
Plastico itself — used as the basis of\tkanodel.

By the edly 1990sthe tem “virtual reality” had come into
geneal curengy (cfr., e.g., FiscHER1991;LANIER 1992) and
the 90s were yeass in which truecvr projects frst gppeaed
— not alvays, as we will see to gread acdaim. But as with
ary innovation, the ealy failures were as instctive and
useful as the success@se spead of the ten and thevr
industy itself can be meased from, e.g., the fllowing
stdistics gleaned dm theus Patent Ofice ddabase In
abstracts pior to 1991,the tem “virtual reality” does not
appear aall. Fom 1991 to 1995we find it 22 times. But
by 1996-2001the rumber of #estdions has in@ased to
172.

Given the teminological creg by which “virtual reality”
displaced sut ealier tems as'‘surrogate travel”, “artificial
reality”, and“simulation”, it is not suprising tha the 1990s
also sav some confusionkout wha virtual reality really
means. One of the pionsaof the feld indeed g 1997 vas
expressing her xaspesation éout the tem’s misuse as a
cachall for ary use of computerthd reeked of the'bizarre
and scienceidtion” (Cruz-NEIRA 1997, 2-2). She cited
with gpproval the dehition of Steve Biyson and Stee
Feiner who called “virtual reality” “the use of thee-
dimensional displgs and intemction deices to &plore
real-time computegeneeted ewnironments”. HEm 1993
(109-127) #ributes to vitual reality ary or all of the
following chamacteistics: simulation, interaction,
attificiality, immersion, telepresencefull-body immersion,
and netwrked comnunicaions. In wha follows, we
undestand“virtual reality” as impying the use of tlae
dimensional computerrgphics in a system thas (& a
minimum) real-time immersive, and inteactive. cvr is the
use ofvr systems spedédally for the pesenttion of the
world’s cultual heitage sites. Br our puposes,an
important distinction should be made beemn vr and
computer gaphics €G), with which vr is sometimes
confused While all vrR could be calledcg, not all ce
constitutevr. The diference is tha wherasca is simply
“pictorial representéions of objects and da using
computes”,34 VR is CG requiling immesion, interactiity,
and a eal-time delery system. Genelly, thosecc tha are
not piopety VR fail the test of eal-time @plicability. Thus,
wheras in a wevr systemthe computer gneetes images
at a frame ete equal or geder than thephi-phenomenon
(ca. 24 fames per seconéj,cc used in special &cts in
movies require aerage rendeing times of ten houwr per
frame36

As the 1990s mgressed another impdant derelopment
could be detected patitioning of vk developes betveen
what could loose} be called‘artists” and“scientists”. Heim
humowously applied a“bicoastal’metaghor to this diision:
“T here ae two coasts in the mind’heWest Coast antsvr
to seve as a mdune-diven Lsp tha brings dout a
revolution in consciousness; the East Coastits a ne tool
for suppoting current pojects and solvingigen poblems”

(142). In a ecent book,HoLtzman 1998 discusses the

aesthetic possibilities oR, reveling, as an drst, in the nev
credive possibilitiesvr technolagy affords.As yet thee is

no similar stugt of the other kandh of the bifucation.
Below, we will argue tha one eason a mfessional
organizdion of cvr developes is needed is pcisel to
provide a famevork in which sud studies can occur
Ironically, it has been thecLa Cultural Virtual Reality L,
located on théNest Coastthat has done some of the bar
studies on scientif cvr.

3. FOREGROUND

With appropriate programming sud a displa could
literally be theAbndetand into which Alice walked
IVAN SUTHERLAND (1965)

VR has the potential to este an e&tremey rich
perceptual and cgnitive ewvironment. Intescting with
sud an ewrironment mg sometimes tax mental
capacities. Under sucpeceptual and cgnitive stess
people mg be moe likely to accet pecepts and
staements asaal because tlyadont have the cpacity

to ched for veracity, and the defult value is eal.

SHAPIRO andMcDonaLp 1995,334

If the cinema aris going to diw its subjects so

genepusly from histoy, it owes it to its p&rons and

its own higher ideals to dteve geaer accuacy. No

picture of a histoical nature ought to be &red to

the pultic until a reputable histoian has had a

chance to diticize and evise it.

Prof. Louis GOTTSCHALK
University of Chicayo, 1935 in a letter to the gsident of
Metro-Goldwvyn-Mayer (RosENSONE 1995,45-46)

The theoy and pactice ofcvr developed aace in the
1990s.As eaty as 1989,Reilly and Shennan pposed
applying 3o computer teknology to archaeol@ical
problems, especialy three-dimensional modeling of
archaeolgjical sites ReiLLy 1989; ReiLLY and SHENNAN
1989).A volume of occasional pers was pultished ly the
British Museum in 1996 thancluded contibutions sub as
Rvyan 1996 and CHALMERS and STODDART 1996 tha
followed up on Reill's sugestions.FORTE and SILIOTTI
1997 (orginally puHished in Italian in 1996) in &ct
present a dalogue of actual ahaeolaical computer
modeling pojects fom the irst half of the 90s.®m the list
of contibutors of the modelsye can see thanajor plyers
up to tha point were commecial: Taisei Cop., Hochfeiler,
i1BM, Infobyte, Santa Barba Studios and &hways
Production,etc. (Forte and SiLioTTl 1997,288). CINECA is
the eceptional academic institution on the list.v@n the
expense ofvr systems in the elgr 1990s, this is not
suiprising.

An odd feaure of ForTE and SiLioTTi 1997 is the fequent
disconnect beteen the desigtions of the athaeol@ical
sites and the computer models used to illstithem.
Rarely, if ever, are we told who made the modelyhether
there was aiy consultéion between the modelmak and the
archaeolgjists, and wha elements of the modeleaknavn
with cettainty and vhich are hypothetical. Yet, as
Suthetand tendanty noted as edy as 1965, “with
appropriate piogramming suc a pwmp] display could
literally be theWondetand into vhich Alice walked” — a
Giusepe Arcimboldo potrait, as opposed to a scieitif



illustration by sud Renaissance masteas Fancesco di
Giorgio Martini or Luca Racioli (seeCrossy 1997,232).

This is not in ap way to deprecae the alue of Forte and
Siliotti’s seminal pulication.

The issue of‘historical credibility” raised ly Forte and
Siliotti is the eplicit subject ofRvan 1996.As he notes
(107), mary eaty cvrR projects were undetaken as
“vehides for demonstting adzanced gaphics tetniques
with ary archaeolgical considestions plgying a less
important ole” (107). Ryan uged achaeolmists “to

communicae achaeolaical and histdcal information to

their collegues and to the plib, not to demonsgte their
skills in the laest computer gphics tebiniques”(107). In

this aticle, Ryan’s concemn was to elae the ppeaance of
a computer model to theesulting inkrences tha
unsuspecting usermight dew about the quality of the
archaeolgical dga on which the model s based

It seems as if manpeople ae taking br granted théereal”

naure of virtual worlds.Visual models & the equialent of
sensoy representdions in the bain: a transldion of

empiiical phenomena into aegmetic languae. As

modelsthey are the esult of a tansbrmation of input déa,

into a gometic explanaion of the input,with light and

which flocked in gea numbes to the ghibit, was irvited

to donHwmbps and &plore the vitual world creaed Ly the

Simlab team.sal, whose pléorm was utilizd, supplied the
hadware hut not a tebnician egulaly on duty The

frequent telnical glitthes in@itable in ary sud exhibit

thus often caused dgf and other mblems to vhich the

museum stdffound it had to respondThe rumber ofHmbs

was fr fewer than vould ideall have been needed tovg

every visitor a dance to visit viual Fompeii. Those tha
did get to visit bund thathey were left alone to xplore the
virtual world without a guide or gnsouce of help and
informaion.

The sense thiahe Pompeii ehibit was moe, in Ryan’s

tems, a “vehide for demonstting adranced gaphics

technigues”than br corveying histoical information to the
museum visitor \as einforced ty the poor quality of the
model. Despite the pject’s financial suppdr by the

Archaeolgical Institute of America, no professional
Pompeianists & knavn to hae been consulted hven the
project was in its incption, nor to hae had ay major input
on the fnal product. Pedictably, professional
archaeolgjists and drhistotians were not impessed ¥ the

results. In a thoughtfuleview in Architronics BRIGMAN

texture informaion. Tha is, geomety is used as a visual 1996 wote:

languae to epresent a theetical model of the ggem of
contast and luminangewhich is the sfct equialent of
perceptual models of senspinput in the human bin. All
tha means th@“visualizing” the eal world it is not the
same a$picturing” it, because the model and theyghical
means ér creding and visualizing the arld are distinct.
Accuragy is the topic of a theetical pger by SHapiro and
McDonNaLb (1995). Taking as their point of gemuture
eatier psydological reseath shaving tha “belief is the
default”, they amgue tha, in vr systemsuses ae e/en moe
apt to lend cedence to theirxpeliences than thedo in
traditional media (cfrespecialf 336-337). Opetting from
the assumption thaall vrR will be, to use Heins tem,
“West Coast”,Shairo and McDonald conémt only the
issue of the ééct of vR on uses of atistic content.
Recalling the old degte dout the dfect of mimesis on the
viewer which goes bak to Plao andAristotle, they see both
the dangr of escpism and also the beriebf thermapy.
“Obviously spending too mich time in vitual reality could
be damging to those o need to conémt reality and not
escae it. It could be paiculaly damaing to dildren and
adolescents. But in some casesnlj in avr could be
therpeutic Cetain kinds of theapy encouege pdients to
abandon unpyductive images and substitute meieficient
images of eality’ In a skilled theapist's hands viual
reality might assist siicprocesses(342). Because Shao
and McDonald do not consid4#ast CoastVr, they do not
discuss its possib efects on scienti€ reseath and
educdion. We will retum to this belav.

The issues of accagy, authentiction, and stolafy input
into the modeling prcess wre biought ugently to the bre
in the Pmpeii cvr project of the nav defunct Simla of
Camggie Mellon Unversity.3” The Pompeii poject also
raised questionsbaut the use of eal-time vr in the
museum conte. Simleb was co-diected ly artist Lowry
Burgess and computer scientist Oaveffler.38 It appeas to
have reated the peak of itsxéstence in the peyd 1994-
1996, when it ceaed computer models of theemple of
Isis, the Geek theter, and the Triangular Brum a
Pompeii. The models wre shovn in a @llery a the De
Young Museum in Sanr&ncisco in 1995The pullic,

Let's bgin with the touding news. lynn Holden,
representing theVirtual Pompeii design team,
shoved video rcempts flom an inteactive walk-
through of Pmpeiis Temple of Isis and Lae
Theder. The Virtual Pompeii poject, which is
mauring thanks to a cadér of Oryx Workstaions
(donaed tLy Silicon Gaphics) and a ant from the
Archaeolaical Institute of Ameiica, got mixed
reviews. Cetainly the design up a& Camegie
Mellon’s Virtual Reality Simlation Laboratory (VR
SIMLAB) hae ambitious} stalled what Silicon
Graphics calls in their bwchures“infinite reality”.
At the same timehowever, the efect is disturbing
and uncang, sometimesheesy and slic It all too
frequenty feels pakaged Although impessve to
those caving transpot (indeed at times the
Pompeian site as“spectacular”), when Mr Holden
finished narating the othenarldly glide-though of
the restoed Campanian compte replete with
anadronistic nusical accompaniment and an
andmoidal priest,there was a palpale electicity in
the audienceSome sighed withhat seemed to me
exaspeation, others with wonder

Comments &m the cowd ranged flom the posaic
(i.e.,, the frustrations of tying to use the unwiejd
navigation helmet thth accompanied the pject’s
pubic debut a the M.H. deYoung Museum in San
Francisco) to the hostildn patticular, a number of
scholars obseved tha the design team had
fashioned their temple compleout of rural
vignettes ecised fom seeral different
archaeolmjical sites and contds. Rinted panels
along the peaphery of the econstucted sanctuar
were unsettling to manprecisey because thehad
been iiched fom other Roman citiesThus, the
reconstuction took érm as a pastited contimum,
a collage of ecombinant pas. Not the kind of thing
scholars of Antiquity ae bound to lge.

But pioneeing eforts thd fail can be just asaluale as
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Figure 1.Diagram of avr systemBioccaand DELANEY1995,114).

those thasucceedSud is the case with Sinikés Fompeii
project. For those vko studied the shwin San Fancisco,
lessons could be lazed dout the bestr displays to use in
pubic exhibits; the desability of having a well-trained
technician on duty tall times; and the need to nwakhe
virtual world an inteactive informaion systempnot simpy
an aestheticxpelience Even moe impotant lessons could
be leaned dout the suicture and pysose of sule cvr
projects:although Simla did invite some Bmpeian gpeits
to view its models,they were irvited only after the
completion of the blk of the poject and were not &pected
to do anthing kut admie the esults3® This is &actly
badkwards:for the kind of scienti€ accuncy demanded ¥
Ryan 1996the epetts should be inltaige of collection of
the modeling d&, should egulaly review the
modelmaler’s piogress, and should be igen the
oppotunity to sign of on the fnal product.

On the other side of thlantic in the 1990s ahaeol@ists
have also been arely involved in the ceaion and
intempretaion of Virtual Reality models (see aemgesl
reference in BARCELO 2000). In Euope most cvr
applicaions hae developed as an fsfpring of engneeing
reseach in computer gpphics. With a few notéble
exceptions, most teams he not induded histoians,

archaeolgists or humanistsbut only computer gpets.
Only recenty hare nmuseums stéed paticipating in sud
projects as content gviders, but these concareducéonal
multimedia gplicaions, which ae only the tip of thecvr
icebeg. In these conditionsit is no suprise tha the
“historical method”has not been a ipnary concen of cvr
in Europe In the edly cvr projects,archaeolaists had‘to
agree to be guinea pigsorf the eseach of computer
programmes” (DaNIELs 1997),and lder they did little to
improve their junior stas. Notwithstanding the
commitment of an intetional goup of intedisciplinary
reseachers, official archaeolgy and vR seem to hee
marched on sparte if not divergent pahs.

Within the Eubpean Uniongvr (and the so-called digl
culture or Digcult, as it is oficially defned) falls into the
caegory of Information Technology (7). In the 3
Frameavork, the Euopean Commissiore€) introducedist
(Information Society Technologies) Pogramme as a
funding souce for IT. In duly 2000,isT called br projects
concening the “virtual representdons of cultual and
scientific objects”. While cvrR was elegated in the %
Framavork to the tebinology-dominaed world of i1, the
cultural initiatives of theec are dealy inspired by a
(mis)concetion of cultue as phemeal, contingent, and



“artistic”. Unfortunaely nothing eplaced Rphaeltheec's
program for cultue which ended in 1998 and thaffered
more funding oppdunities br Cultural Heiitage andcvr.
Several “digital culture” projects hae been funded tbugh
IsT since 1999and some of the mosteent ones va been
reported 4 this Conérence Those funded in 1999 thare
involved with achaeol@y mainly exploit the esouces of
archaeol@jical sites and mseums — .@., ARCHEOGUIDE,
which is aHwMD-system & Olympia?® and theToursor
museums mject, in which an aatar of the user can visit
virtual museums,while the viever himself vievs the
experience &home via the Interet.41 Projects sub as these
— however worthwhile — conirm tha adaye tha “Europe
finances onl expensve gadgets”. Both pojects popose to
increase the quantity of iafmation available to visitors, but
in neither poject poposal is ther ary coresponding sign
of a desie to incease the quality of the content.
Nevertheless,the paticipation of four I1ST projects & this
Conference (and theatt tha the conérence itself vas
funded ly the Ec, even if the poposal did eceve some
shap ciiticism) shavs thd something is mang on the
engnees’ side For their pat, some enlightened
archaeolgjists outside the aife of enthusiasts o for
mary yeas hare been prading the aslent of the computer
era hae realizd the potential of3p visualizgion for
scientiic reseach and scientit communicdion. They
undestand thg besides being a p@rful educéional tool
for presenting athaeol@y to the non-specialistvr raises
“questions thatax the ingruity of achaeolaists” and is
itself theefore in need of fuher eflection and stug
(RenFrRew 1997). But misundastanding and ldc of
comrmunicaion and collboration between the tw groups
still predominae. The engnees g on beli®ing they can
implement ambitious pjects on cultual heitage without
the colldoration of content epetts. Their pojects ae
nevertheless funded and thedore oficially approved The
archaeol@ists eact to their xclusion ty relegating virtual
models to the degory of fangy museum ghibition tools
useful, at best, for vulgarisation or, at worst, for
videagames.

In figure 1,we see the basic functions of/a system and
note the ancial mle played by the Designer as the inita
and manger of the entie systemThe questionaised ly
the Simld Pompeii poject, by recent EU-sponsed
initiatives as wll as ly the mainy commecial models
utilized by FortE and SiiotT 1997 is: “who is the
Designer”? If the Designer is to be atlteician using-vr to
display his wares or a commefal compag usingcvr to
ean a pofit, then the dticisms of Bigman will become a
perennial complaint of academicAnd, as has hapened
with histolians’ complaints hout histoical films sud as
tha quoted aove by Louis Gottsbalk in the 1930sthe
criticisms of academicvr developes ak likely to fall upon
deaf eas. Of couse “the Designer’should idealy be“the
Designes”: the tetnician esponsike for hadware and
software; the content deloper esponsite for the imae of
Leonado’s Vitruvian Man in the digram of Rgure 1; and
the digtal graphic atist, or modelmakr, responsike for
actually creding thevr file. In some settingshere will be
even moe &petts involved: in a commeeial project, for
example the pioducer financier and maketer; in a
govemment poject, entended hureaucets and elected
officials. Of couse the paticipation of some of these other
“Designes” may complicde, or complete} undemine, the
implementéion of scientifc standags in cvR modeling

This raises the question of yer: for the question ofwho
is the Designer"? iseally tantamount to“who is in
contol”? How can academicvr developes ensue thd in
at least some instances the wes to this question in the
future will be less painful than it has been in teeent past?

4. CVR TODAY

As M. Forte noted in the 1990scvrR models tended to be
designed dr high-end wrkstaions and supeomputes
(ForTE 2000). But ly the year 2000real-timevr is possilte
on the pc platform with reldively inexpensve gaphics
cards. Moeover, soon to hit the commeial maket ae pc-
based3p engnes; in&pensve gaphics cads suppding
anti-aliasing; andccpus and bises suppding much faster
calculdions and d& transkr than ger. The aserage pc of
2001 will indeed hae & least as mch computing paer as
the xpensve sci Onyx Reality Engne supetomputer of
1993.The pc of 2002 will mad this compason obsolete
and on and on with no end in sighs paver inceases,
applicaions will kegp pace if only because — as has been
seen ger and wer gyain — dhip marufactuers will provide
seed mongto reseath pmojects and commeial stat-ups
exploiting the otherwise supéubus esouces of their lgest
models. Moeover, as Bacelo et al. 2000 makdear, in the
five yeass since the pulzation of Forte and Siliotticvr has
taken hold in the acadgmMary individual piojects and
labs sut as theucLa Cultural Virtual Reality Ldoratory
and the Reality Centett aiNeECcA have spung up with the
mission of ceaing scientifc cvrR models.

Charcterstic of recentcvr projects and theetical work
has been an implicigr sometimeslicit, recanition of
the key advantaye tha academiccvr produced § subject
expetts has wer its commagial countepaits: wha Heim
refered to asmetgphysical anboring” and wha we prefer
to call the aded \alue of scientit credibility and
authenticiion 42 In a recent pubcation, Barcelé noted with
disgopointment tha“in most cases the use of tuial reality
in archaeolgy seems ma an atistic task than an
inferential pocessVirtual reality is the moder version of
the atist tha gave a’possilde’ reconstuction using vater-
colous” (BARCELO 2000). In the same plibation, some
papers ae baginning to bcus aplicitly on the question of
accung/ (cf KANTER 2000; FriscHER et al. 2000). One
contibution (Forte 2000) bought up a mar fundamental
issue:

Noticedle gaps ae represented Y the fact tha the models
are not“transpaent” in respect to the initial imimation
(what were the initial daa?) and ly the use of the
peremptoly single econstuction without ofering
altematives (t could hare been lik this lut we can also
offer other models.).

The questions d¢tte poses in his pantheses ar typical
issues of metada3 In effect, Forte is calling br a nev
philology of cvr: a methodolgy for hav cvrR models
should be edited and plighed In a dassic vork on textual
criticism, Maas deified the tasks cordnting the editor of a
text as bllows:

In eat individual case the @inal text either has or has not
been tansmitted So our irst task is to esklish wha must
or may be egarded as @mnsmitted — to makthe ecension
(recensid; our net is to examine this tadition and disceer
whether it mg be considesd as @ving the oiginal
(examindio); if it proves not to gye the oiginal, we nmust



try to reconstuct the oiginal by conjectue (divinatio) or &
least to isolee the coruption Maas 1958,1).

Mutatis mutandis,recensiogxamindio, anddivinatio have
analgous pocedues in the aaion and pubcation of a
cvrR model. Philolgy also oferscvr developes ansvers to
how Forte’s questions might be handléd Maas notes (21
ff.), a philolagically prepared text is not simpy printed and
presented without fainer ado g the editor The philolagist
has the duty of intducing the tet with a peface tha
“should (1) desdbe all the witnesses... (2) demortrthe
relaionship of the witnessesh&re this is &all possilke in
a stemma... (3)lam|cteize the quality of the ahetype...
(4) settle all questions of spelling and dialgdffaas 1958,
21-22). Moeover, in the tet, celtain signs a used to alér
the eader to a mhlem: < > for conjectual adlitions; [ ] for
conjecturl deletions; 1 dr irremedidle coruptions.
Finally, undeneah the tet, the philolaist must pint an
apparatus citicus, noting: “(1) every depatture from the
archetype not akad/ indicaed in the tgt; (2) all rjected
vanants... (3) the subariants... (4) identical eadings of
two or moe \anant-cariers... (5) doubt as to the
comectness of the x' (22-23). Thus, the philolajist
editing a tet deals with metada in the peface in the
apparatus citicus, and in the tet itself though the use of
signs#4 None of this can be done in the samay Wy the
cVR developer who works in nultimedia,unlike the editor
of texts who works in the single medium of ipt. Thus,
Maas’ rules can onl be @plied by analgy, but the
cettainly can be pplied — & least ifcvr developes unite to
define their avn standads, rules,and comentions. On its
Roman Brum Web site and in its other mductstheucLa
Cultural Virtual Reality Léd has beenxpeimenting with
the derelopment of sut philolagical procedues,including
even theapparatus ciiticus (see http://wwwecvrab.org).

In cvr, then, accuaey means not ogl tha the déa ae
represented caectly; it also implies the deslopment of a
new “cvr philology” to handle metada. The two goals of
professionalcvr developes — accuscy and authenticity —
are two sides of the same coixccuragy pettains to the da
and metada; authenticity to the userexpeiience of the
daa and metada. Reseah on other media sggsts thg
ironically, far from getting in the vay of the uses
expelience and sense of authenticityetadsa can een adi

veridicality than a pedctly restoed model pesented
without ary philological gppaietus.

On the other handphilology itself suppots the cvr
developers constant need cageousy to produce
supplements her evidence is laking: “if the sense
requires it | am pepared to wite Constantinopolisvhere
the mss. have the monosyllic interjectiono.” wrote A.E.
Housman (cfrReyNnoLDbs andWiLsoN 1968,162), echoing
the ealier sentiment of Mdtz Haupt (1808-1874)here is
a point & which mary of our models h&e to @ beyond
empilical obsevations and to pvide a sésfactoy user
expelience or to sugpest paficular intepretdions, must
necessaly introduce less ceain elements.Although
grounded in eidence and supptable inference mary of
these elements aressentiajl speculéive in form. At one
extreme this may entail a decisionk®out paint colas on an
otherwise intact stae or on some other tdact. At the
other it might concen the brm of a iilding where the ory
remains a shot lengths of obber tendes or beam slots
suwnviving between laer disturbances. df mary
archaeolgjists,the later is doser to their eality than ag the
impressve wins of Pmpeii or the Romandfum. Indeed
we ma often need to wk far beond this leel of
uncetainty, for example vhen visualizing a landspa or
townscage in which the aea knevn from achaeol@ical
investiggtion is ony a tiny fragment of the Wwole On sub
a basis w can hbild interactive ewironments suited to the
needs of a wideange of audiences &m casual mseum
visitors to adanced skolars.

Sometimeswe ae not theifst to intgrate the fegmentay
recod of achaeolg@y. When we accet a pevious stiolar’s
conjectual supplementye need to put than recod. Even
if we do not gree with edrer scholarship,we owe it to our
predecessarand to our userto note anddeally, to disply
within our models ay plausibbe altendive views. Ther
may indeed be ma than one conjectaron ecod. In a
philological apparatus citicus, ary altendive readings
should be citedincluding “conjectues in oder of meit”
(WEsT 1973,87). The same should beutr of acvr model,
as has been sggsted § Roeerts andRvaN 1997,and has
been aplied ky FriscHER et al 2000 as wll as ly David
Whedley and Geeme Edrin the Nejotiating Avebury

to the cedibility of a cvR model,as can be seen in the Project4s

following stud/ of Conbry (1989) cited lp SHaPIRO and
McDonNaLD (1995,338):

Conpry (1989) illusteted another compkity of the
relaionship between sensgr cues and egality judgments.

He tells of vetching the frst moon landing with his then 5-

yearold son.The same pegptual cuethe poor quality of
the tel@ision pictue, corvinced his son thahe pictue was
not real,but added to the aduls' feeling thathis was indeed
real. The dild appaently made eality judgments based
strongly on \eridicality. But the adult irérred tha an imae
being tansmitted fom the moon ineal time with 1969
technology would be dgraded He would hae been
suspicious of a studio-quality i@ Thus, sophisticéed
adult metacgnitions dout the nture of comnunicaion
can cede a situion in which less sensgrinformétion is
more realistic

As goplied tocvr, this sugiests thaa philolagically edited
cvrR model eplicitly maked up ly < >, i.e., conjectual
supplementsand ly 1, i.e., areas vhere daa is hopelesyl
lost, could well be peceved by uses to hae moe
authenticity pecisey because it wuld hae less

There is nothing inhemtly wrong in @ing from o to
Constantinopolisor in presenting within the same model,
altemdive views of hav the site might hae oiginally
looked To the contary. The impotant point is thewhen we
add information beyond wha is archaeolaically atested
we need to lbg our supplements or altative
intempretaions of the d& by means of signs.

At this point, it is impottant to irvoke semiotics:Maas
comectly calls < >,[ ], and t “signs”. Most signs &
arbitrary, and tha is cetainly the case with the standar
philological specimens mentioney Maas (inWesT 1973,
80-81,there ae even moe signs ctalogued) Why should T
mean“hopeless} corupt” and notfor example “dead” or
“Christian” or, for tha mater, “intersection”?As Eco notes,
“the sign is a gstue pioduced with the intention of
comrmunicding... The «istence of a céain mle (a code)
endling both the sender and thedaelssee to undstand
the maniéstdion in the same &y must, of couise be
presupposed if thednsmission is to be successful... signs
seem to deend on arbitary decisions”(Eco 1986,16). In
order for the commnicdion act to succeedhe sender and



addressee mst hae greed in adance vha the initially
arbitrary and theefore meaningless signs shall meahew
transmitted This implies tha thee is a cucial social
element in the delopment of ap semiotic system. t
means‘hopelessy corrupt” in a philolajical text because
philologists like Maas hee long since greed thait should
so signify and since authities like Maas hee codifed
such agreements in handbooks thao self-especting
professional philolgist would hare nelected to master
before atempting to pactice his caft. Thus,it will not do
for onecvr lab to deelop metad@ signs and standis.
Tha would be lile one peson tying to invent a languge or
alphaet:it could be dongbut it would mean thiahe could
communicae only with himself

Beyond philolayy, cvr developes hare an inteest, which
this time thg shae with their countgraits, the engneers
and tebnicians,in banding tgether to déhe common
technical and aesthetic standarir the models themale.
If each consumer eledtral device ran on a uniqueoltage,
the maket for home elecical products veuld be ory a
small fraction of wha it is toda. You would wire your
house with 135 @it curent to un your heger, and then
have to e-wire your house with a 550lt line to wn your
new toasterEad purchase of a ng electical device would
require a major imestment in n& infrastucture, which
would perhas seve only your laest puchase In thecvr
world, there ae mary competing ile formas and
proprietaly software pa&ages tha are used to prducecvr
models.As long as diferent cvr developes use diferent
solutions,the maket for cvr will be quite limited Like
purchases of nev toastes or teleision setspuyers of nev
cvrR models vant to be Ble to plug them in and opate
them automtically without worrying ebout their computing
infrastucture. They want the model of auilding in one par
of a city to opeste smooth}y with another model of a site
elsavhere in the same cityrhey want to be ble to puchase
a model of the Romarofum in 1008c from vendorA; and
a model of the 6rum in 200AD from vendor B; and the
want an intedice thaallows seamlesswatching from one
model to the otherFor their pat, cvr developes do not
want to h&e to guessight about wha hamdware and
software their potential customerovn or ae willing to
purchase Implicit in the tetinical comptbility of cvr
models is their aesthetic hogemeity To look right, as well
as to opeate popety, cvrR models fom different vendos
should shag the same fture library. Adoption of common
technical and aesthetic standarthus semes the intersts
both of consumer— who will buy more cvr models if thg
can leverage their initial irvestment in &R system iy being
able to wn all possike cvr models — and of pduces, who
will operate with the assance of a lage installed baseof
their pooducts.

Another vay to sol\e the poblem is ty “learning by doing”;
to lean aout reality we nust frst build a model of eality
and malk it un. To undestand eality and all of its
compleity, we rrust huild attificial objects and yhamicaly
act out oles with themTha means tansbrming “vir tual”
into “augmented” reality,. Augmented eality has been

provides adiitional information tha enhances or augments
the eal world, rather than eplacing it with a completgl
non-«isting ervironment. InArR the computer contains
models of signitant aspects of the userewironment. In
an Augmented Reality Bfironment,we should“imitate”
the eal world, descibing an object  more than just
computer gaphics to povide a néural interface br
processing da requests lout the ewronment and
presenting the esults of equests. Majing graphical
representtions of augmenting imkmation with the viev of
the real object ealy presents theelaionship betveen the
data and the object. Usingr, the user can eagilperceive
and compehend may components of the qued dda.

The goal of the visual model should not trealism”alone
for the sak of imitaion, but in omder to contibute to
undestanding of non-dsting objects.An Augmented
Reality Ewironment is something merthan a visuajl
“realistic” geometic model.We also needdynamism and
interaction”. A dynamic model is a model thahanges in
position, size, maeral propeties, lighting and vieving
specifcation. If those banges ae not stéic but respond to
user inputwe enter into the pper world of Virtual Reality
whose ley fedure is eal-timeinteraction. Here real-time
means thiathe computer iskde to detect input and modify
the virtual world “instantaneousft’.

For the momentwe ae resticted to the aedion of virtual
environmentswhose pupose is to sensenanipulde, and
transbrm the stée of the human opator or to modify the
stae of the inbrmaion stoed in a computerFutue
advancement of viual reality tediniques in scientid
visualizgion should not be esticted to “presenttion”
techniques,but to eplandory tools.vr techniques should
be used not owmlfor desciption, but for expressing all the
explandory processAn explandion can be prsented as a
visual model,tha is as a vitual dynamic erironment,
where the user ask questions in the sarag avscientist use
a theoy to undestand the emgpical world. A virtual world
should be then amode| a set of congas, laws, tested
hypotheses andypotheses witing for testing

5.WHERE DO WE GO FROM HERE?
PROPOSAL FOR A PROFESSIONAL
ORGANIZATION FOR CVR DEVELOPERS

But we need some sense of npétssical andoring,
| think, to enhance viual worlds. A virtual world
can be vitual only as long as & can contast it with
the real (andored) world.46

MicHAEL HEIM (1993)

Uniting to defne their avn standads, rules, and
cornventions or scientifc cvkR models is just one of geral
reasons Wy it is impottant,at this point in the deelopment
of cvr, for cvr developes to star their avn professional

defined as the simitaneous acquisition of supplementalorganizaion. The main easons can be quy listed:

virtual dda aout the eal world while navigating aound a
physical rality (DurLAacH and Mavor 1995). for
information petaining to compliceed 3p objects,
augmented gality is an dfectve meansdr utilizing and
exploiting the potential of computer basedamhation and
databases. In an augmentedality systemthe computer

e to hold an annal meeting Wwere membes can shar
new ideas and mjects; vher training dasses can be
offered; and wher nev products ofcvr hamdware and
software supplies can be xhibited

e to facilitate networking and collhoration between
membes



to creade a Web site br onging comnunicaions
between memberand to ppmote the aganizdion to the
world & large

to represent cvrR developes’ interests befre
govemments, trade assoctens, and other doolaty
organizdions

to develop philolaical corventions and tdwmical
standads for the ceaion and pubication of
authenticted cvk models; to deelop and dissemina a
common libary of textures; to ofer a seal of gproval
on membes’ models tha conform to authenticon
standads; and to der a ¢eatinghouse on it4Veb site
wher membes’ authenticked models can be made
available for third-paty licensing

The pultication of BARCELO et al 2000 and the success of
VAST in Arezd in November 2000 cetainly suggest tha a
critical mass ofcvr developes nav exists to mak the
cregion of a pofessional aganizdion timely and
worthwhile. Reseath has shan tha there is no sub
organizaion yet in «istence so the poposed ne
organizdion would fill a distinct gap. Various elaed hut
ultimately distinct oganizaions indude:

http://www acadia.ag/homehtml

ACADIA, the Associdion for ComputerAided Design in
Architectue. It has &isted since 1981 arfavas brmed
for the pupose of &cilitating commnunicaion and
informaion exchange regarding the use of computein
architectue, planning and bilding science” (see
Bylaws 2.1 & http://wwwacadia.ay/bylaws.html).
http://www.acm.og/

The Associdgion for Computing Mahinery (Acm) was
the world’s first educional and scienti€ computing
society It was bunded in 1947 anémong man other
activities impingng oncvr, SPONSos SIGGRAPH
http://www.caaconérenceorg

Computer Applicgtions and Quantitase Methods in
Archaeola@y (caa), which was bunded in 1973 with the
mission of encowging communicaion between
archaeolgjists, mahemdicians and computer scientists.
http://wwwvrs.og.uk/pubdic/whatisvrs.html

The Virtual Reality Societywhose gals indude the
study of vr tedchnology and softvare systems;vr
applicaions; assessment R systems; philosophical
and ethical issues; andwahces elevant tovr.
http://www.w3.0g/Metadda/

The w3c Metadda Activity, which is deoted to
developing metada standats for theWorld Wide Web.
http://wwwjiscmail.acuk/lists/vista.html

Although less wll organizd the vista e-mail list
(vista@jiscmail.aaik) is also an inteist goup
http://www.virtualheitage.net.

Virtual Heitage Network (vHN), is a nev intemational
organizdion designed to mote the utilizdon of
technology for the educdon, intempretdion,
consevation and pesewation of Naural, Cultural and
World Hertage. The network is a plysical and
electonic network of people and esouces in man
counties curently working in the vitual heitage
comrrunity. This oiganizaion has beendfmed though
the may ideas of people @rking in the heitage and
tedhnolagy industly who recagnize thd it is fragmented
and dificult to find other eseathers and inbrmation.

organizdion are stictly on a wlunteer basisThrough

the netvark resouces yu can ind: News and Indusyr
Information Conkrences,Events and Collaorations,
Reseath and Deelopment of Local and Intedional
Projects. Curently, the Intenaional Society orVirtual
Systems and Multimedia has been hosting this
organizdion and its actiities in an undicial cgpacity.

A Venn digram betveen the ppposedcvr associéion and
these goups would shev greder or lesser dgees of
overlap in missionsjnterests,and actiities. For example

caA andTheVirtual Reality Society wuld gpear to hee a
far bioader pwiew. Thew3c MetaddaActivity andAcADIA

have a narower focus. The Associdion for Computing
Machinely is a cachall associion which, through itssics

(Special Inteest Goups — &., SIGACT, for algorithms and
computaional theoy; siGARcH, for computer ahitectue;

siGART, for attificial intelligence;sicGrapH for computer
graphics) could een become an ganizdional ervelope br

the poposed n& cvr organizdion.

Of couse ther is no eason Wy the poposed ne

organizdion could not be &liated with ary or all of these
relaed associ#ons. Moeover, in its infang it would male

sense dr thecvr organizdion to hold its annal meeting in
the same city and ¢he same time as thaf a elaed goup

sud ascAA or SIGGRAPH Indeedwe would piopose thathe
CcVR meeting be held in conjunction withcGRAPHIN yeals

when sIGGRAPH meets in LosAngeles; and thain the

altemating year it be held in conjunction wittha. We also
propose thathe cvr organizaion send aapresentéive to
the anmwal meetings of the othergamizdions listed aove.
As time ges onthe adisability of formally meging the
CVR organizdion with another mfessional assodian can
be studiedRight from the stat thecvr organizaion should
seek a drmal afiliation with as map of the other
professional assodians as posslb. In geneal, the cvr
organizdaion should opette in a spit of openness and
coopedtion.

As the name of the meorganizdion, we poposecvro.
This standsdr “Cultural Virtual Reality Oganizaion” and
also puns on the ltia word “curo, curare’, meaningd'l take
car of am concamed dout”, the etymon of‘curate”.4?
Given cvr developes’ curatorial interest in peseving
ancient mooments and dissemitiag them to the pule,

we think this pun isgproprate. We further ecommend tha

CVRO's lylaws and sticture be modeled oncabia (see
http://www.acadia.ag/bylaws.html). The ucLa Center ér
the Digtal Humanities hasolunteeed to ofer space and
staf suppot for cvrO's headquders (see
http://www.cdh.ut¢a.edu/). As is the case withacabia,
membeship should be open to academic andfgssional
cVvR developes as vell as students irtvr programs of
study.

The co-autha of this aficle have ggreed to meet seral
times in 2001jncluding & siIGGrRAPH2001 in LosAngeles,
to found cvro and to liild up a membeahip baseThey
furthemore aree tha cvro should hold its ifst oficial
anrual meeting in 2002 in conjunction with the aah
meeting of caa. A world tha has a pofessional
organizdion for indexers (http://wwwasind&ing.org/) and
an HTML Writers’ Guild (http://wwwhwg.org/) is big
enough ér a nev professional aganizaion to poomote the
interests ofcvr developes. Reader who aree and wish to

Membeship in this oganizdion and the use of its join cvro are codially invited to contact one of the co-

facilities ae free Curently all efforts to hild this
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NOTES

(1]
2]
(3]

4]
(5]

(6]

[12]
(13]

(14]

(15]

(16]

[17]
[18]
(19]

[20]

See http://wwwupenn.edu/almanac/v42/n18/enfdml.

See http://wwweeupenn.edu/~jan/eniaaggrhtml.

Cfr. Andy Grove’s keynote talk & Comde, 1996 &
http://www.intel.com/pesspom/achive/releases/cn111896.htm.
See http://wwunwfusion.com/nes/2000/0629ibmterflop.html.
TheApple Macintosh G4 hich uses the 733MHzdwerPCchip; see
http://www.applecom/pavemmac/.

ENIAC was huilt as a esult of a conict No.w-670-0rRp-4926 signed
on line 5,1942, by the Trustees of the Uwersity of Rennsyhania
and the US. Army Ordnance Dpatment.

See http://wwwfortunecom/fortune/1999/11/22/biz4.html.

See http://wwuwnau.edutnfis99/masteon/sid003.htm

See http://wwwibm.com/ibm/histoy/story/era2.html

Cfr. W. Asprar 1990.

In the 19" centuy, Oliver Wendell Holmes had the idea of ast
multimedia daabase to be ected on a st@oscopic ifm systembut
he did not ¢t hare the idea of using the calctitly madine to inde
the contents of the thkbase This is one of Busls' major
contiibutions. On HolmesseeBiocca, Kim andLEvy 1995,9: “in
1857 Olver Wendell Holmes father of the &mous juist, sav a
glimpse of the futur of vR when he lifted a stenscope to hisyes
for the frst time After the initial stain, as the lenseofced his ges
to fuse the dfierent imayes ony inches avay, Holmes sw a vision.
Holmes pophesied the egion of a dant universal daabase tha
would house essential copies of all things... Holnoésourse saw
the essential cgpthrough the ges of the 19 centuy. Globe-totting

adventuer-scientists wuld sto& a cuio cabinet of essential samples
of reality, a collection so laye thd it would be housed in an immense

steeeagraphic library or museunt.
http://www.nsf.gov/sbe/ss/seind00/access/cl/clsl.htm#clsllla.
Cfr. BusH 1945, section 6:“consider a futue device for individual
use which is a sarof medanizd pivate file and libary. It needs a
name and to coin one airandom,memex” will do. A meme is a
device in which an indvidual stoes all his booksrecods, and
comnunicdions, and which is mebanizd so tha it may be
consulted with xceeding speed andefibility. It is an enlaged
intimate supplement to his menyor

It consists of a deslkand while it can pesumaly be opesated fom a
distanceit is primaiily the piece of fumiture & which he works. On
the top ae slanting tnslucent saens,on which mderal can be
projected br corvenient eading Ther is a leyboad, and sets of
buttons and leers. Otherwise it looks li& an odinary desk.

In one end is the sted maerial. The mater of ulk is well taken cae
of by improved micofilm... Most of the meme contents &
purchased on miafilm read/ for insetion. Books of all sds,
pictures, current peiodicals, newspaers, are thus obtained and
dropped into placeBusiness coespondence tals the same fia
And thee is povision for direct enty. On the top of the memas a
transpagnt plaen. On this & placed longhand notgshotaraphs,
memoanda,all sotts of thingsWhen one is in plag¢he de@ression
of a lever causes it to be pham@phed onto the ne& blank space in a
section of the menxefilm, dry photaraphy being emplged There
is, of course provision for consultéion of the ecod by the usual
scheme of indring. If the user wishes to consult a teém book,he
taps its code on theegboad, and the title pge of the book mmptly
appeas bebre him, projected onto one of his wiéng positions.

Frequenty-used codes armnemonicso tha he seldom consults his

code book; bt when he doess single ta of a ley projects it br his
use”

Cfr. BusH 1945, section 7:the owner of the meme let us sg, is
interested in the a@gin and popeties of the b and arow...he
builds a tail of his inteest though the maz of maerials available to
him. And his tails do not &de...Tapping a &w keys pojects the head
of the tail. A lever uns though it & will, stopping & interesting
items,going of on side &cursions. It is an intasting tail, pettinent
to the discussion. So he setsegroducer in actionphota@raphs the
whole tril out, and passes it to hisiénd for insetion in his avn
meme, there to be linled into the mar geneal trail”.

See e.g., ENGELBART 1962, sections IIl.A.1 (“Wha Vann&ar Bush
prc_:plos)ed in 1945-48") and IIl.LA.2 (“Commentslaed to Busts
article”).

Cfr. ENGELBART 1962,section IIl.A.2:* The Memea allows a human
user to do mar corvenienty (less enagy, more quikly) what he
could hae done with elaively ordinarly photaraphic equipment and
filing systemshut he wuld hare had to spend south time in the

lower-level processes of manipulan tha his mental time constants

of memoy and p&éence would hare rendeed the system wsale in
the detailed and intinta sense Wich Bush illustetes’

See http://urev.stanbrd.edu/intoduction/intoduction.html.

See http://wwubootstep.om/dce-bio.htm.

SeeRHEINGOLD 1991,25, 36;
http://www.cs.uncedu/Eents/Nevs/TuringAward.html.

See http://wwwsun.com/9607 10¢kture3/skeetthpadhtml.

[21]See http://mwwsun.com/9607 10&ture3/alicehtml

(22]

For a histoy of Evans & Suthdand see:
http://www.es.com/cquorate/histoy.html.
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[23] http://mww digitalcentuy.com/engclo/updde/jimdark.htm.

[24] For key daes insaGI's histoy see:
http://www.sg.com/nevsroom/factsheet.html. On the Reality Center
see http://wwuwsg.com/realitycenter/. Br adlitional information in
this paegraph, | thank Afshad Misti of scI for a pesonal
comnunicdion.

[25] See: http://wwwhumnet.uta.edu/humnetiassics/aculty/frischer/
000125patal.html.

[26] Quoted fom theVirtual Reality Glossgron thesci Web site &
http://www.sg.com/virtual_reality/oveview/glossay.html.

[27] See http:/lwwwredhering.com/ma/issue01/gur.html.

[28] SeeRoy et al 1994;
http://iwww svvt.edu/futue/vt-cave/whais/;
http://www.evl.uic.edu/ppe/CA/E/oldCAVE/CAVE.html.

[29] See http://wwucave.vt.edul.

[30] See http://wwues.com/Ressoom/99achive/pr05-11-99.html.

[31] For ealy uses of/Rr systemsseeGILLILAN 1997.

[32] Cfr. also http://wwwartmuseum.net/w2vr/timeline/Naimiahtml|
#NaimakText.

[33] Cfr. VALENTE and BArDINI 1995, 313. According to these authsy
Lanier coined the tem in 1987.

[34] Oxford Dictionaty of Computingfourth edition. Oxbérd 1995,95.

[35] On the phi-phenomenon cfParxiNsoN 1995, 7: “The bain has a
perceptual theshold belowv which images exposed to it will ppear as
contiruous andifm’s speed of 24 éimes per second is beldha
threshold Persistence of vision orlitker fusion pevents us fom
seeing the lines beten ealk frame while the phi-phenomenon or
stroboscopic dkct, analyzed betveen 1912 and 1916ybthe
psydologists MaxWertheimer and Hug Minsterbeg, provides a
mental bidge between the fames to penit us to see a ses of stdc
images as a single contious meement. As gplied tovr, see
PiIMENTAL and TEIXEIRA 1995,108-109.

[36] Personal commnicaion from Dean CuNDEY, a cinemégographer
responsite for Jurassic Rrk, Apollo 13,and otherifms.

[37] On the mission and sicture of Simld see
http://www loria.fr/~tombe/VirtReal/msg00030.html.

[38] Co-author of_oerFLERandANDERSON1994.

[39] Personal commanicaion of FompeianistANN KoLowski-OSTRow.

[40] See http:/lwwwzgdv.de/d@atments/z2/vc/pjects/acheol.

[41] See http://wwwics.forth.gr/tourbot/.

[42] Cfr. CHAPMAN 1991;CorNFORTH et al 1991;Kemp 1993;Sims 1997.

[43] For an Intenet esouce pge on metada see http://wwvifla.omg/11/

metadé#a.htm,which gves the éllowing defnition: “metadaa is daa

about dda. The tem refers to ay daa used to aid the identétion,
desciption and loction of networked electonic resouces”. Mary
different metadt formas eist, some quite simple in their
desciption, othes quite compke and ich”. In the contgt of
contempoary cvR we should gnenlize the phase “networked
electionic resouces” by amending it to ead“digital vr resouces”,
some of vhich may be netvarked, others not.

Philology, like all sholaly disciplines,marches on. Maasiork has

now been eplaced ly M. L. WesT 1973, where differences fom

Maas (eg., on the méter of signs) will bedund We have cited Maas

above because his avk has a lpidaly style tha males the

applicability of philology to cvr more readily appaent.

[45] See http://lwwwarch.soton.aaik/Reseash/Avebury/Virtual Avebury/.

[46] HEmm 1993,133.

[47] Note tha U andV are the same letter (V) in tia; cfr. ULLman 1963,
38.

[48] BErRNARD FRISCHERhad the ideadr cvro and wote the irst dmaft of
this aticle, which is based on his talk @asT in November 2000 in
Arezo. Nick Ryan and FrRanco Niccorucci made editarl
comments on and impvements to the ifst dmaft. FrRanco
Niccoruccladded nev maerial near the end of section Sick Ryan
in the midile of section 4Juan BARCELSO added the durth paegraph
of section 3the last thee paagraphs of section 4and the last tw
items to the list ofelated oganizdions in section 5.

[44]
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