2.0 The evolution of interactive dnema

Interactive Cinemahas at ifs root dnema. Cinema—the art
of visud storytdling—is inexordoly connected to the fech-
nology of images andsound. Interactive dnemaadds the
tfechnology of computationinto the mix, inheriting from
twotraditions, dnemaaond computers. GlorionnaDaven-
port coinedthe term “Interactive Cinema” in 1988 as a way
to desaibe the acodemicendeavor of her research group.
Her ccademic seach waos to satisfy the “longing of dnema
to become something new, something more complex, ond
something morepersond, ¢ if in conversation with on
audience.”

Figure 2.Timeline of 100 years of dnema and computer. The fimelineillustrates thetiming of technologica innovation with individud
expression. Abbreviations: Computer Time-Sharing System(CTS S), Quickl ime (QT), MedalLd (ML)
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INTERKCTIVE CINEMA

In the 100 years before the group wos founded, the two
machines which enable interactive dnemawac invented,
namely the comeraand the computer, but they had yet 1o
be combined into asingle medium. Cinema was born with
the invention of Edison’s Kinetoscopein 1891. Filmmaokers

furnedit into ameans of expression.
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Inthe 25 years aoffer the comerawacs invented, Meliés,
Edwin S. Porter, D.W. Griffith, Sergei Eisenstein, and Buster
Keaton each pushed the expressive use of the film medium
to tell their own stories. After theinvention of synchronized
sound, Orson Welles madehis masterpiece Atizen Kane—a
prime example of using thelimits of technology fo tdl an
goicstory in black and white. Tedchnicolor enabled Wdt Dis-
ney toreleose thefirst two color cartoons. Affer technology
enables anew form of expression, an atist who under-
stands the conventions of the past ond has avision of the

future will tdl new kind of story.

Inthe 25 yeas dter ENIAC—thefirst decfroniccomputer—
Ivan Sutherland expressed his vision of the power of com-
putation by aeaing SKET CHPAD, the first interactive
grophical computer interface. As non-linear access to infor-
mation become possible, Ted Nelson begon to implement
Xanadu, his vision of the ultimate hy pertext system that

sought torecord ond aoss-reference dl human literature.

Inthis section, | will chronide the three periods. The evolu-
tion of the dnematic medium begins with theinvention of
the photogroph (1850) and ends with Citizen Kane (1941).
The devdopment of interactive computing begins with
ENIAC (1945) ond ends with the Madntosh (1984). Thelcst
peiodis thebirth of inferactive dnema, which begins with
the invention of the opticd videodisc (1976) ond continues
unftil today. In each period, | describe the enabling technol o-
gies of the day andsome of the people who expressed

themselves in the new medium.
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Figure 3. Phenckis toscope ond Z oefrope, 2.1 Cinema and its machines, 1850-1941
early motion picfure machines

Cinema was born s an independent medium
only affer the dnema machines had been
evolved for purposes other than the
establishment of such amedium. That is, the
invention of the machines preceded any
serious oconsideration of their documentay or
aesthetic potentidl; and this reaionship hcs
remaned constant throughout the history of
film because the dnemad its materid bcseis
atedhnological form—one in which
tfechnologicd innovarion precedes the
aestheticimpulse (i.e. noartist can express
him- or hersdf in dnemain ways which
would exceed the technol ogical copdoilities
of the machines). (Cook 1990)

Thefilm medium’s first incarnation was as alight-sensitive
emulsion smeaedonto agloss plate. For the budding pho-
tographer like George Eastman, going outside to take apic-
fure meont bringing alight-tight tent full of gloss bottles
with you. Ecstman pioneered the use of celluloid as aflexi-
ble, portable, andhighly flasmnmable filmbase. This advance
made possible onateur photograohy, the moving picture,

andmany small fires.

The "moving picture” was born of twotechnologies,
mechanical and photogrophic. After you have film with
sprocket holes, then you need acomeratomove thefilm at
sixteen franes per second, starting ond stopping the film
behind arotating shutter—a difficult mechanicd task. Early

film comeros had difficulty controlling theinertia of large

film reels, which would spin too fast cndsnapthe film poss-
ing through the camera. Ealy movies were shorts that
could only Icst from thirty seconds to two minutes. (Cook
1990)
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Thomaos Edison’s Kinetoscope didnot even use afilmred, Fi%reffdson'sfirsfprojecﬁon machine, the
inetos cope

instead stretching the entire film out on rollers. Thefirst
nickd odeon shows were primarily novelty acts tha could
be brought into astudio and performed in front of afixed

aamera.

Figure 6. A shot from atypiad nickelodeon film Parision Dance

In 1895, The LumiéreBrothers aeate the Cinéndogrophe,  Figure 7.7 he Gnématog aphe. The wondr ous
machine did everything afilmmoke needed

: f [ i i . amera film printer, andprojedor. Its hond-a onked
asingle machine which wos comer g, film printer, and pro Grive mechonism made it much lighter fhan

. . . Ed ‘s battery-dri camera.
jector, dll in one. The hond-cranked comeraweighed only SO batenydiiven canerd

16 pounds maoking it quite portdole. The brothers freed the
comera from beingfixed inside astudio and begon to cop-
ture scenes from the world around them.

Figure 8.T he first Lumiére film: La S orite des ouvries del'usineLumiére
(Workers Leaving the Lumiére Factory)
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Figure 9.T he Latham Loop

(M Lop Dissolves are on in-comeratransition from
scenetosaene T he ameraperson closes theiris af
theend of ascene, rewinds the film afewseconds,
then open theiris slowly while the next scene
begins. Today these effects ae usudly done in post-
produdion either using an opticd printer or digitaly
on acomputer,

(2) T heproscenium arch is the physiad framewhich
surrounds the thedrica stage. It is theboundary
between the red world andthe arama on stoge In
ealy films, this ach wa offen indudedin the frame
tosignify that was aploy.
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In 1901, the Lahaom Family (Gray, Otway, ond faher Wood-
ville) discovered that pladng a small loop above ondbelow
the shutter reduced the stress placed on film possing
through projectors and comeras. Cameras ond projectors
using the Loop could reliobly hold 20 minutes of film
instead of 120 seconds. This inadementd advancein tech-
nology madeit possible for filmmdkers to record and
project much longer sequencess. Filmmdkers began to
experiment with longer shots ond editing different shots
together. The advoncein technology dlowed filmmakers to

extend their narrative longuoge.

Meliés. The thirty second nickd odeon show Paisian Dance
soon evolvedinto George Mdiés’s ten minute AT rip fo the
Moon. Mdié& begon to usethe technology in adifferent
way, to tell astory. He adopted much of his mderid from
books or plays, such as Jules Verne's A Tripto the Moon.

Meliés composed one-shot scenes which he called fab-
leaux, e.g. "Theflight of the projectilethrough space” or
"Theostronomers’ escape.” The actors, os if on astoge,
would begin ond finish fableaux in continuous shots while
Meliés filmed the action cs if he were sittingin atheatre
house. Mdié& splioced each complefe scenetogether into a
narrative. Voild, Cinemd (Cook 1990)

Meliés’s films exhibit mastery of the fechniques of photog-

rgphy. His films contain comeratrickillusions, douds of

hand-tinted color, ond visud traonsitions like lop dissolves !
fo edit smoothly from sceneto scene. Mdiés understood
how the comeraworked mechaonicdly—he had built it from
saarch—but not oncein 500 films did his comeramove
during ashot. He fixed the comerain the best seat of his
thedre and left it there, torecord his stage plays—the
proscenium ach? just outside the frome. He extended the
longuoge of visual storytdlingusing narrative and editing,

but he waos entrenchedin the fraditions of stoge andtheatre,



Figure 10. Le Voyage dans dlune (A Trip to the Moon), dir George Meliés, 825 ft. ~16 minutes

Continuity editing. Thefilm medium would not sit still, and
just oneyear later, EAwin S. Porter would extend the lan-
guaoge of both dnematography and editing by relecsing
The Gred Train Robbery. Up to this point, film editingwcs
peformed s away of to connect whole actions. If it took
the actor fwo minutes to get dressed, the action was

recorded in a two minute scene.
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Figure 11. T he compression of time
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Porter pioneered the editing conventions that today ae
known ¢s therules of continuity editing. By cutting scenes
before the end of on action, you aeare on ellipsis in time.
An actor con get aressed in two shots, rather thon fwo min-
utes. Porter’s basic element for tdling astory was not a
scenebut a shot. He sequenced multiple shots fogether to
compose scene, brecking the one shot-one scene conven-
fion of Mdiés. (Cook 1990)

Thebaosicunderlying cssumption of continuity editing is
that timeis dways progressingforwad, even if the comera
is not present. Porter couldportray two actions happening
in padlel, by intercutting between them. Editing became
part of the process of tdlingthestory.

Because complete actions no longer had to haopen in asin-
geshot, Porter experimented with movingthe comera
dose foactors. He staged his scenes using the depth of the
frame, so action would prooceed from the backgroundtothe
foreground. Inthe Great Train Robbery, he panned the
camer a to follow the action in the scene, moving the com-
era during ashotl In Icter films, he even mounted his com-

era onto cars and trains. (Cook 1990)

Porter’s films had astrong effect on everyone who saw
them, espedadlly other filmmmakers. Filmmaokers delighted by
the novelty built on wha they had leaned. Audiences
learned a new visud longuage. S oon everyone imitated
Porter’s techniques, which were codified slowly into the
conventions we use today. His films destroyed the prosce-
nium arch tha constranedfilms tothe stogedoction of the

thedtre.



Figure 13 The Great Train Robbery, dir Edwin S. Porter, 740ft. ~12 minutes

2.0 THE EVOLUTION OF INTERACTIVE CNEMA 25



Porter hadfoster film stocks, rdidole comeras, andwaos port
of agenerdion of filmmaokers evolvingthe visud longuoge
of dnema Thefilmmakers beforehim saw movies as away
tfo mdke photogrophs come dive, or torecord astage play
with spedd effects, but Porter and filmmakers ofter him

showed the world what was possible.

Figure 14 The Trampin the machine: Mocern Times,  The silent masters. T he filmmmadkers who followed—D.W.
1936, 87 minutes , dir Chales Choplin

Griffith, Chalie Chaplin, Buster Keaton—wouldevolve
these narrative techniques 1o tell their unique bands of sto-
ries. D.W. Griffith’s confroversial epic Birth of aNation
(1915) wos amind-numbing 185 minutes with 1154 shofts.

Chalie Chaolin’s Tromp was loved throughout the world.

Twenty years after Porter, Buster Keaton made Sherlock. Jr.
(1936), his gredarest and most self-reflexive film. He plays
the pat of apoor projectionist who falls asleep during his

movies. As part of his dreams, hefinds himself stepping
info ondout of other movies, revedlingtotherea audience
the techniques of the filmmaoking, within a movie inside

another movie. Hewas very meta.

3

sl

4

Figure 15, Sherlock Jr., 1945, 45 minutes, dir feditor Bus ter Keaton. (Keaton is in thecirde.) In this scene, hesees his beloved on the screen
andjumps info the movieto s ave her from the evil boyfriend.

26 ACTIVES TORIES



Sergei Eisenstein definedthelanguage of montoge editing  Figure 16 The promotion poster for Batfleship
Potemkin, 1925, 75 minutes , write /dir S e gei

; ~ H i i Eisenstein. Below, astill from the oft imitated
inthe eath-shattering Batfleship Potemkin (Ten Days That Ocloss a8 feps sequence | love the design of fhis
. ter. Sovig design ond filmmding influenced
Shook the World) reveding fo the world the power of oo ofher Infher $60roh for hebestway 1o
mofivate thecommon man to odion.
Soviet fil Ki
oviet filmmaking.

ruF nnn'rh COB TI:H[IH KHHEMATOr PATHH
NG

2.0 THE EVOLUTION OF INTERACTIVE CINEMA

27



Figure17. The JazSinger, 1927, 89 minutes. Al Joson - Sound and color. The technologies that followed would
in black foce taks fo the audience.

enhonce the fillmmaoker's pdlet, but would not change it
fundamentdly. Thetechniques of continuity editing, fluid
camera movement, and montoge would dll continue to
apply to sound and color films. The coming of sound wcs
denouncedby studios s apossingfad, hailedby inventors
as away for small towns without orchestros to have movie
music, cnd unoppredded by everyone. The Jazz Singer
(1927) surprised everyone, even its producers. The sta Al

Jolson adHibbed didlogue duringthe musical numbers, but

for the most part, the film was treated like a silent picture.
During the sound scenes, audiences weresurprised that
they were " overheaing” red people having aconverso
fion. They loved it so much, that the worst sound picture
would bed the finest silent film o the box office. Within
twoyedas, silent movies were dead. (Cook 1990)

In 1932, three MIT graduates perfected the expensive three-
strip Technicolor process. Walt Disney used it firstin his
color catoon, ThreeLittle Pigs. Color wouldbe adopted

slowly because of its prohibitive expense.

Figure 18 Whoadude, it's coming right at me! In response to bladk and white tdevision, Hollywood
adopted ocolor in the 50s and widesareen Cinemcs cope in
the é0s. Hollywood turned to any technology to stem the
B fide of viewers flocki ngto TV, from mdcking 3D "Depthies”
d to engaging our keen sense of smdl with Smell-o-Vision.

=1 Thefirst "Smellie” was The Scent of Mystery, 1959, 125

. minutes. Its cdvertising slogan didnot convince audiences
of the narrative value of smdl, “First they moved (1895)!
Now they smdl!” (Hdliday 1993)

(1) Gitizen Kane, 1941, 119 minutes, writer dr Orson By this time, audiences had become accustomed to the Hol-

Welles, dr of photography Gregg Toland, ASC ) . ) . )
lywood conventions of narrdfive filmmaking, ond the culmi-
nation of this styleis exemplified ond defiedin Orson

Welles’s radical first film dtizen Kane
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Kane, Chades Foster Kane.

Right away | waont fo mdke a distinction between * coommondment” and
“oonvention.” Photographically spedking, | understond acommandment to be a
rule, oxiom, or prindple, anincontrovertible fact of photographic procedure
which is unchangeadble for physical ond chemioal recsons. On the other hand, a
convention, to me, is ausage which has become acceptable through repetition. It
is atradition rather thon arule. With time the convention becomes a
commandment, through foroe of habit. | fed that the limiting effect is both
obvious andunfortunate.... Orson Wdles was insistent that the story be told most
effectively, lettingthe Hollywood conventions go hongif need be. (Tolond 1941)

In Gitizen Kane, Orson Wdles with his Director of Photograohy Gregg Toland used the latest tech-
nology in film stock and super-wide anglelenses to invent a new visudl style called deep-focus an-
ematogrophy. Wdles told Toland “the technique of filming should never be evident to the
audience” (Toland 1941). By aedting aframe with virtudly infinite depth of field, the film most
dosdy approximares how the eye sees. Welles staged his scenes in depth and eliminated much of
the need for hard cuts, thus dllowingthe eyeto ignore the film mechanism. Welles oand T olond used
the tools of the doy ond consdously discarded the common assumptions about how you visudly
construct astory. In collaboration, they evolved the language of dnemato anewlevel. Theresultis
aocombination of dnematictechnology ond narrdtive visionin which fechnology is used uniquely in
seaviceto thenarrative | strivefor this same unity of vision and technology in my intercctive work.

Figure 19. T he grandios e Kone (Orson Welles) jus T beforehis fdl.

RAN E-
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2.2 The digital calculating machine

In 1945, fours years ofter Gitizen Kane—perhaps the aculmi-
nation of narrative film—ENIAC thefirst electronicoom-
puter was born. Unrdiable, filling severd rooms with
vaouum tubes, and programmedwith banks of switches, ifs
performance rivaled the rdiability, memory footprint, ond

usability of foday’s Miarosoft operating systems.

Thefirst computer systems, like ENIAC, werelarge, expen-
sive, and completely non-interactive. Progrommers wrote
their first programs by flipping switches. Later they wrote
machine longuoge onto punch cards. These programs were
run through the computer as abatch, to minimizeidetfime
between jolbs on the expensive computers. However,
because progrommers did not recaive feedoak until the
batch was completed, amisplaced comma could ruin a

whole doy’s work. (Taonenbaum 1992)

Figure 20. Thetypiad process to progrom a computer. Man writes aord. Womaon with glass es carries fopes badk ond forth between computers.
OGobviously, somethings have changed ond, unfortunately, some have not. (Tanenboum 1992) ()
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The programmer waos the only user, andthe only input wos

text. Usudlly, the only output wos text s well...

But one day, theicy damorous cardprinter
room wcs turned into awhimsiod odoaretf: a
deve younghadker had created aset of punch
cards that worked like apiano roll ond caused
the card reader to chug out arecognizable
version of the Marine Corps Hymn: baom-bom-
THUMP bam-THU MP bom-THU MP-THU MP-
THUMP. All day long, programmers snecked
away from ther work to hea the mesmerizing
concert. (Murray 1997)



2.3 Interactive computing

Obviously, programmers wanted to have a doser rddtion-
ship with their machines. In order to provide foster feed-
bak toprogrammers, MIT built the prototype Computer
TimeSharingSystem (CTSS) in 1962, Thesystem waos
invented to speed the task of debuggingprograms. Multi-
ple people could aocess CTSS o thesametimetorun and
compile programs interactively. Interactive aocess to a
compute wos considered waosteful, because acomputer is
idle for most of thetime it tckes for apersonto typein a
program. Mdking thesystem avdldole to multipleusers
reduces the chance that the computer is not being used.

QI SS become the modd for dI modern operdingsystems,
espeddly UN*X. CTSS was thefirst step tointeractive
computing, but the interface to most computers wos atde-
type machine with atypewritten paper display, not agraph-
icd one. (Tonenboum 1992)

Avyea later, Ilvan S utherlond published his landmark paper,
SKETCHPAD: A Man-Machine Graohical Communication
System. SKETCHPAD is thefirst grophicd user interface to
aocomputer. Completely built out of custom hardware,
Sutherlonduses alight pen ond avector grophics display to
sketch grophics interactivdy. The vector display uses a
“random socon” pattern to trace arbitray line drowings,

however the display is expensiveto produce. (Foley 1994)

Sutherlaond’s work inspired Xerox PARCand Apple Com-
puter to integrate graphical user interfaces into their oper-
aingsystems. They would use amuch cheaper form of
rendering cdled raster grophics, which divided thescreen
up info on addressable array of pixels. This “fixedscon”
disploy could be used on tdevisions, making disploys

cheap ondeaosy to produce.

Figure 21. Sutherland using S KE TCH PAD.

LR

Figure 22 T he two types of graphicds plays
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Sutherlond was an inferface genius, Figure 23. lvon S utherland, father of the graphiad us & interface, had intense vision.
grasping tha the power of the com-
putational medium could be used for
visual communication. Heinvented
the first 3D headset with areadl fime
visuadl display. Although few people
hod access to his work, those who did
invented the next generation of com-

puters.

With the invention of hard disks and
aocoess o inferactive computing, the
ocopadty to aocess text in anon-linea
manner endoles Ted Nelson a Brown
to begin work on X onadu (1965) dur-
ing which he coinedthe term hyper-
text. Neson'’s vision was to digitize
ond store dl human knowledge into a
singlestorage medium. Ndson wos
inspired by Vanneva Bush'’s originadl
conception of hypertextin his arfide,
"As We May Think,” which Bush
wrote in 19451 Nelson’s vision has
never been redized, but heshowed a

human need for inferactive comput-

ing.

Hypertextwas not avdldole to onyone
exogpt progrommers until Bill Atkin-
son a Apple shippedHyperCard
(1987). Its built-in scripting longuage,
HyperTadk enabled onyone to write
simple programs to acosss graphics,
text, ond serid devices, like videodisc :-

players, andit waos shipped with every

Madntosh.
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2.4 The birth of interactive cinema

Two things needed to happen for interactive dnemato be

born. First, the computer needed a grophical interface and

non-linea access fonarrativeimages, like the optical video-

disc. Seocond, someone hadto csk the question, "What do

computers have to do with video?”

Non-linear editors. In 1982, Montoge rdecsed their first

editing system, ondin 1984 LuccsFilm released a hybrid

videotape/videodisc, non-linea computer editing system
adled EditDroid. It was atool for the production of film and

video, which used the computer os an infermediate editing

medium for the eventual compilation of a film. EditDroid

would foreshadow later tools like Avid's MediaComposer

ond the Media 100.

Nicholas Negroponte forecosted a conver gence of broad-

oo t, print, ond computation intfo one medium. (Brond 1987)

1978

Broadcast

& Motion Print &
Picture Publishing
Industry Industry

Computer
Industry

2000
Broadcast
& Motion Print &
Picture Publishing
Industry Industry
Computer
Industry

ATMIT, Glaicnna Davenport thought about how she could Figure 26 Negroponte’s famous circles

use the medium to tell more interesting stories, ond how
would it cffect themost lua ativemedium of tdevision. Andy
Lippmon asked, "What is the Tdevision of Tomarrow?”
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Figure 26 T he Aspen Movie Map Aspen. MIT s fledgling Architeciure Machine Group, ledby
Nicholas Negroponte, begon to answer those questions by
buildingthe Aspen Movie Map. It illustrated one application
of non-linear acoess to photographicimaoges. T hesystem
usedopticd videodiscs because of their ability to aocoess
video non-linearly. Unlike video cossette recorders, thefirst
LoserDisc players adlso shipped with RS -232 serid ports
endbling computer control. Aspen was one of the first vir-

' tudl redlity environments. By inferacting with a fouch
sareen, viewers could drive ond turn onto ony street of
Aspen, Colorado, in differentsecsons anddifferenttimes of
day. Inplacss likethe Gourt House, users couldgoin and
experience meeting the Police Chief through shortnarrative
movies. (Brond 1987)

With HyperCad, the Madntosh, end opticd videodiscs,
anyone ocould aeate inferactive movies using off the shelf
hardware ond software. The nardive work shot by Prof.
Ricky Leacock ondeditedby GoriannaDavenport provided
the first partidpation in anew interactive form for these
filmmakers. Findly, the computationd medium had dl the
technology it needed to begin telling visud stories, ond sto-
rytdlers seaching to extend thelonguage. After Leocoock
left the Media Lab, Davenport would foundthe Inferoctive
Cinema Group (1988). Thus inferactive dnema was born.

Figure 27. Nicholas Negroponte pondering the future.
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2.5 Developing a new expressive medium

Individually it's difficult for peopleto imagine
athing tha hasn’t been invented yet. If you
had asked peoplein 1955 what new kind of
toy they wonted, nobody would havesaid, " a
plcstic hoop that | con rotate acound my
hips.” And extropolating from the current
interactive entertanment landsocopeis risky
too, because it maoy give us afuture that
unoonsdously incorporates the limitations of
the pcst (Laurd 1989).

Wha condusions should one draow from dll this history?
The devdopment of anew expressive medium happens in
three stages. First, themedium is invented becouse of an
advance in fechnology: movedole type areatedthe print
medium, motion picture comeras enabled dnema, and
computers endoled intferactive media The next stage of
development is defines an expressivelonguage. Through
experimentdion, luck, and observation, the practitioners in
the new medium begin o learn new techniques of expres-
sion. Thefirst forms of expression will inevitdoly be unsat-
isfying franslations of older mediainto the new medium.
Thefirst films were essentidly stoge plays acted in front of
aocomera Refinements inthe technology ond the econom-
ics of the new medium endble whole new forms of expres-
sion. Findly, as the new medium matures, the tools for
aedting the medium become stdole and cheop (relativeto
the cost a theinvention of the medium). At that point, new
prcctitioners of the medium will step in ond discard the
cssumptions of the past ond refine the new conventions for

the medium.

The computational medium is on the brink of entering into
the find period of devd opment. The machines have
become stdole and accessible. A new generdion of compu-
tational designers andstorytdlers ae beginning to cost off

the cssumptions of the old ond discover the new.

Figure 28 T he futurerus hing fo meet us .
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