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25. [Introduction] 

Responsive Environments 

• 

Those who forged new media have often seen themst'iw.'s as simultant'Ously pursuing artistic and 
technological goals. Ted Nelson and Nicholas Negroponte, for instance, gamed deep technologic..! 
Insights from considering. respectively; the literary arts and architecrure, and both presented work at 
the 1970 Software exhibition (017). Unfortunately, the work of such mdividu.us has often been 
accepted by only one realm. [n some cases the unacknowledged split has only been rectified after the 
rejeamg camp has fe-invented the others wheel in its own terms . 

.'vl.yron Krueger was rejected by. then reclaimed by, the art community in this way He has worked 
and written primarily in areas called "responsiVl.' environments· and 'artificial reality: which mclude 

(from Krueger's point of view) the various inventions called virtual reality. The importance of his 

tech nological work has been apprt!c.iated for 30 years within computer science, where he is often 

(ailed "the father of virtual reali ty: However, hIS aesthetic concerns-and his asse rtion that 
'Response LS the medium!"-have not found as comfortable a home M thin computer science. 

Further, as Kris tine Stiles writes, "as of 1971 no art department had its O'N1l computer, and 

computer sdentist·arnsts hke Myron W. Krueger", were all but ignored In the visual arts" (394), 
While some might .lrgue th.,! this lack of art world attention was related to Krueger's focus on 
response rather than saleable objects, it is clear from other selections in this volume (eg, Allan 

K.J:prow, 006) that the art world was ready to embrace work that focused on response rather than 

rhe creation of appealing physial items-at least. as long as it originated With one of their own 

Computer scientists. in tum. have not always acknowledged the importance of artistic concerns in 

Krueger's work. or in other work important to his area, In ArtificiDl RealIty II Krueger points out th.Jt 

before the- head-mounted display (in\-ented by IVID Sutherland in 1968) artifici.1l re.ahty was being 

~'xplored in the context of next·generation fUm experiments such as Morton Heilig's Stnsoroma In 
1976, a new inrerface, the first glove to monitor hand movements. was d('\'eloped at the Electronic 

Visu.ilizanon Lilborator}' (EVL) at the University of Illinois.n Chicago (a collaboration between the 
Colle-ge of Engintering and the School of Art and Design), with funding from the N,ltiona.l 

F.ndowment for the Arts But when 19805 "data glove" hype was at its hright. this founding work was 
Li ttle ruscussed.. 

Krueger's assertion that response is the medium may also bring to mind other writings about art 

md trchnology, particularly surrounding questions of interactivi ty and the form/content diVIde, 
Krueger reports being asked of his work. "What does it meanT One is tempted to insert Roy Ascott's 

!<,sponse to a similar question about telematic art (from "Is There Love in the Telematic Embr.lce?") 

In a telematic art, meaning is not created by th~ arilit. distributed th rough the network. and 

re(eivtd by th~ ob~erVf:r Meaning i:; the product of in tnaction between the ohservu and the 
syStem. tht content of which is in a )fn ... of flux. of endless chang ... ilnd transformation in thIS 
condition of unceruinty and instability, not simply because of the crisscrossing interacuons of 
US~l$ of the network but because content isembodied in wtJ thJt IS jt~lf !mmatenal. it is pure 
e1(ctrQnic diffet~'TlCe. until it has been reconsti tuted at the interface iI.5 image, lUI.. or sound. The 

o;.ensory outpur may be cUfferenuat.ed further as existing on screen, as articulated srrucrure o. 
m..llerLa! as archltectUTl!. as eIJVllOnment or in virtwJ space-

Krueger wrote along similar lines in his essay below: 

For the artist the en~t.ronmt'Tlt augu11l ne ..... rel.ationship5 with hlS audt ... ncl' .and hIS art. He operatl'S 
3[ a me[ .. leveI. Th~ ~rtiap.1nr pmvide~ dw dnl"Ct perfonnancl' of thl' I'xp!'nence Thll' 
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Thf, connection ~n 
IriltUal teattty and the 
arts is we.l ~fted 
by Jilron liInier 
-computer scientist, 
mufiOaIl. Ind Irtist
who WiIS both crucial in 
VJ!'s tedt1'lOlogkll 
invention and in the 
I'ltpliatian of In IrtiStic 
a~ soNl pWlltiit. 
!.allier coined tht WIn 
-virtual rulity.~ 

The: tss.lYS by EAT (OM) 
and Ted Helron (021). and 
ttle eanier essay by Roy 
Ascott (010). also bear on 
this inue of the 
(Oll'luuctiOl'l of mean''Ig. 
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Given that Krueger 
created an environment 
for foll.bsxJy 
unencumbered 
interaction. with a 
computational ~pace.. 
the most direcfheir of 
his work.,is not the 
disembod~ng head
mounted display (HMO) 
of 19805 V1t but the 
(AVE."AutOfllatK Virtual 
Etrvironment: The [AVE 
experience is one in 
which users can ,~ 
themselves (and the 
faces and bodies of 
~ople around them, 
and objectr in tilei f 
hands. and their 
clothing, etc.) 
simultaneously Wit)1 a 
virtual environment. 
'Thls is made po.ssibi.e by 
ilia method 'used to 
tWl$lIlft .. appropriate 

..stereo images to the 
user's.. ~'S. H}10s create 
a stere!) effect by, in 
es:sen'ce, lNindfolding 
the user-and pta.rins 
@o small dispbys. in 
the bHndfotdt om> in 
front of ~ ~e. The. 
(AVE achieve.s stereo by 
c(eating a room in 
which three wa lls and 
the ROOf (and, in som(> 
cases, the' ceiling amI 
fourth waUl aTe aU 
projection , urfilces, The 
projectors- aimed at udl 
surrace quickly alte rnate 
between tile images 
approernte for the 
Ilse( s left and rigtJt 
eyes. The user w(>ars 
~shutter glas5es" whith. 
at- the same speed as 
the proj&tors, 
alternately COveT the 
left dnd right eyes.. Like 
the first gl~' to 
monitor hand 
movements. the CAVE. 
was developed at UI 
Chicago's EVL 
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erl\'ironmenta! hardware ;~ the insrrum~nl. The (()mputer acts much as an orehcstm conductor 

controlling the broad relationships while the artist pnWidts th~ score 

One perspective In Krueger's essay wa5 unlikely to be a t home in either the an world or the 

computer samee world of t he 1970.~-one t hat demonSrTiltes tha t his resistarJ(e to traditional 

notinns of "conten t" did not mme from nihili~m , lack of ideas, or I.1Gk of desire to impJct the nllrure. 

The final paragraph~ of hls e~say echo the calb for lay undersunding of technology and resistance to 

redmologicJI de rellTlinism that underlie the 19705 writings of Raymond Williams (020). Krueger, 

however, poses the situa tion in a less explicitly poli tical fashion: 

We are jncr~dibl" attuned to the id~..a that the sole pllrpo~ ... of our tc,hnoloSY is to ~olVf problems. 

It also creates w ncepts and philosophy. We must more fully explor~ these aspects of our 

inventions, bec~us.e the n~)(t :<:en~ ration of technology will speak to us, under,tand us, and 

ptrcti,'e our behavior It will ~nter every homt and nff;(~ and intcrcpde hcrw,'~n u., and muc.h of 

tht' information and exp~rience we receiVl'. The design of such intimate tt'chnoiogy is an aesthelic 

is~uc as much as an engineering on~ We mu~t R'Cogniz~ this- if we are to unJnstand and choose 

whal WE become a, a rt'sult of what we have made. 

Wllile at times as technophWc as.ue those sta tements criticized by Langdon Winner (040). 

Kruegers writing still provides some good advice today. Yet it is not advice often followed, It 
continues to be very rare. both in Jcademic and commercial settings, for computer SClt'ntistS, artists, 

and those who study culture to in teract meaningfully, T ht' design uf ow- tt'chnoiogies is not 

simultaneuusly approached as aesthetics and engineerinl) A current s tep in this di rection is t he 

bui lding discussion around mtiral technical pm[tius (CfP). This ter m was coined by Phi! Agre. 001' of 

the pioneers of reac.tive art ificial in telligence at MIT (An article by Agre on a di fferent topk appears 

in th l,~ hook (0.'11 ) CfP describes a practice that makes tedlllological artifacts (computer science 

and engineering), but that also works within traditions of the ar ts and s t udies of cul ture. These 

la tter practi(es offer a self-reflexive view to technological production-one Lhat can help overcome 

development roadblocks that <lJe created by "invis iblt" and potentially unhelpfl~ asslUnptions about 

the n a tu re of reality-as weIl as provide guidil tlce for prooudng work tha t takes a desired place 

\vithin the larger culrure. or even provides spf'cific means for intervention woithin the culture. The 
CrP discussion has been grov.'ing, particularly among younger computer srif'ntist s sllch as Phoebe 

S~ngcrs. Michael Mateas, and Wan en Sack. But it can also be seen JS an umbrella under which to 

\'i('w design-orientcd work such as Pelle Ehn's (04 5) Jnd Terry Winugrad's (037), the new scientist 

sought hy Norherr Wiener (004), and e\'cn the work of artists such as Simon Penny, As CTP gains 

momentum . perhJPs an <lTea of new media will be defined which includes all the elements of 

Krueger's work. 

- NVVF 
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Responsive 
Environments 
Myron W. Krueger 

Introduction 
Man-machin~ mteractIon is usually limiTed to a ~ated man 
poking at a machine with his fingers or perhaps waving a 
wand over a data tablet. Seven years ago. I was dissatisfied 
with such a restricted dialogue and embarked an rese.u-ch 
exploring mure interesting ways for men and machines to 
relate. The result was the eona'pt of a responsive 
rnvironment in whu:h a computer perceives the <lctiom of 
those who ('ntt'T and responds inteUigently through complex 
.. -isual and auditory displays. 

Over a period of time the computers displays eS[ablish a 
context within which the int('raction occurs. It is within this 
contell.' that the participant chooses his next <lction and 
anticipatt!$ the eTlVIronmmts response. If the response is 

unexpected. the environment has changl>c:l. the context and 
the participant must reexamine his expectations. Thl' 

experience is controlled by a composition which antidpatrs 
the participant's actions and flirts with his expectations. 

Thi.~ paper describes th~ evolution of these concepts from 
melr primitive btoginmngs to my current project. 

V1DEOPLACE, which proVides a general tool for devising 
many interactions. Based on these examples an inter;KtlVe 

,m form is defined and its promise identified. Wh~e the envi
Ttlnments described were presenwd with acsthctic intent. 
rht>ir implications go beyond ilrl in the fmal sec.tion. 
applications in education, psychology and psychother.lpy are 
,uggested. 

GlOWFlOW 
.... 1969, I became involvt'd in the development of 
,! .GWFLOW. a computer art project conceived by O.m 
.lndin. Jerry Erdman and Richard Venezsky at the 
oaversity of Wisconsm. It was designed in an atmosphere of 
lountl'r between art and technology The VIewer entered a 

Figure 25.1. Glowflow tubes on 931lery wall. 

darkened room in which glowing lines of light defined an 
illusory space (Figure 25.1). The display was accomplished by 
pumping phosphorescent particles through tr.Insparenl 
tubes attached to the gallery walls. These tubes passed 

through opaque columns concealing lights which excited the 
phosphors. A pressure semitive pad in front of each of the 
six columns enabled the computer to respond to footsteps by 
lighting different tubes or changmg the sounds generated by 
a Moog synthesizer or the OrigUl of these sounds. However. 
the artists' amtude toward the capacity for response was 
ambivalent. They felt that it l"\Ias important that the 

environment respond. but not that the audience be aware of 
it. Delays \.','eTe introduced between the dett'Cbon of a 
participant and the computer·s response so Wt the 
contemplative mood of the mVlronment would not br 
destroyed by &antic attempts to elicit mon' responses. 

While GLOWFLOW was quite successful visually. it 
succeeded more as a kinetic sculpture than as a responsive 
environment. However. the GLOWFLOW experience led me 
to a number of decisions: 

I lntera(tive art IS potentially a richly {omposable 
medium quite disunct (rom th~ COI\(erns of sculptUll'. 
graphic art or mUSI ,-

2. In order 10 respond inteUigently the ("mputer 
should perceIve <lS much,J.5 pos'lble Jbout the 
p.lrticip.1nt·$ ~h.WlOr 

3. In order to focus on the rebrionships betv."«Tl thO' 
environment ilIld the p.lnidpants. rather th .. " among 
participants. only a small nwnbo!r of people should be 
inVQ!ved al • time. 
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4. The parnap.lnt.~ should be .iware of how the 
er\\l)ronm~nt is responding to them. 

s. TIlt" choice of sound ;md VISual r .. sponS<" syswn~ 

should be dictated by thei r ~bibty t il convey ~ wide 
YMiety of conceptu.li relation~hlps. 

6 The visual responses should not be judged.lS art 
nor the sounds as music. The only aesthetic roncem 
is the quality of the inter.action, 

METAPLAY 
Following the GLOWFWW experience, I conceived Jnd 
directed METAPLAY which WIiS exhibited in the Mrmorial 
Union Gallery of the University of Wisconsin for a month in 

1970. It was supported by the Natlonal Science Foundlltion. 
the Computer Sdenct' Department. the Graduate School and 
the loan of a PDp·12 by Digital Equipment Corporation, 

METAPLAYS focus reflected my reactions to GLOW· 
FLOW. Interaction bt' tween the participants and thr environ 
ment was emphasized; the computer was used to facilitate a 
unique real-timr relationship between the artist and the 
partidpanl An 8' by 10' rear-projection video screen 
dominated the gallery. The live video image of the \oiewer and 
a computer graphIC image drawn by an artist. who was in 
another building. were superimposed on this screen. Both the 
viewer and thr artist could respond to the resulting image. 
Hardware 
The image communications (Figure 25.2) starred Wlth;m 
analogue data t .. blet which enabled the artis t to draw or 
write on the computer screen The person doing the drawing 
did not have to be an artist, but the term is ~d for 
conveniencf'. One video camera, in th E' Computer Center. was 
aimed at the display scrt'eIl of the Adage Gldphic Display 
Computer A second camera. a mile aw .. y In the gallel)', picked 
up the live image of people in [he room. A television cable 
rransmitted the video computer image from the Computer 
Center to the gallery and the two signals were mixed so that 
the computer image overlayed the live Lmage. The composite 
image was projected on the 8' x 10' screen LIl the gallery and 
was simultaneously transmitted back to the Computer 
Center where it was displayed on a video monitor providing 
feedback for thr artist. 

The artist could draw on the Adage screen using a data 
tablet. By using fun!tion switches. potentiometers and the 
teletype keyboard the pictures could be rapidly modified or 
the mode of drawing itself altered In addition to the effects 

theNEWMEDIAREA DER 

of simple drawings. the imagE' could be moved around the 
screen. image size could be controlled and thE' picture could 
be repeated up to ten times on the screen displaced by 
variable X. Y and size increments. A tail of a fixed number of 
line segments could bto drawn allowing the rerylOval of a 
segment at one end while another was added at the opposite 
end An Image could be rotated in 3-5pace under control of 
the pen. Although thIS was not true rotation. the visual effect 
was similar. A simpll' set of transfonnations under 
potentiometer and tablet control yielded apparent .mimatlon 
of peoples outlines. Finally. previously defined images could 
bt' recalled or exploded While it might seem that the 
dravving could be done vvithQut a computer. the ability 10 

r.lpidly erase, reulJ and transform images required 
considerable processing and created a filr more powerful 
means of expression than pencil .md paper could provide. 
Interaction 
These facilities pmvu:led a nch repertoire for an unusual 
dialogue The artist could draw pictures on the participants' 

Figure 25.2. Metaplay commu(litation~ , 

Omar
Highlight

Omar
Highlight

Omar
Highlight



.~ ____ ~. ______ ~.~ ______ ~. ____ ~1~1~'7~.7 ______ ~.~ __ 25. Responsive 
Environments 

images ur communicate directly by writing words on the 
screen (Figure 25.3). He could induce people to playa game 
like 'lie-TOle-Toe or play with the act of drawing. starting to 
draw one kind of picture only to have it transformed into 
another by interpolation. 
Live Graffiti 
One interaction derived from the .rnst's ability to draw on 

the image of the audience. He could add graffib-like features 
or animate a drav.m outline of a person so trut it appeared to 

d,mel' to the' music in the gallery. The .utist tried. various 
.lpproaches to involve people in the interaction. Failing to 
engage one person. he would .seek someone more responsive. 

It was important to mvolve the participants ill the act of 

drawing. Hllwever. the electronic ""'and designed for this 
purpost' did not work reliahly What evolved was a 
serendipitous solution. One day as I wru; trying to draw on a 
student's hand he beame confused "nd moved it When I 
erased my scribblings and sIDted over. he moved his hand 
again. He did this repeatedly untiln beame a g.une.. Fina!Jy, 
it degenerated to the point where r was simply tracking the 
Image of his hand with the computer line. In effect. by 
moving his hand he could draw on the screen before him. 

The relationship esublished with this p.1rticipant was 
dl'veloped as Olle of the major themes of METAPLAY It was 
repeated and varied until it became an aesthetic medium in 

iteslf. With each person we involved in this way. we tried to 
prl'Serve the pleasure of the origin.tl discovery_ After playing 
some graffiti games with each group that entered. we would 
focus on a single individual and draw around the image of hi.~ 
h,md. After an i"iti,11 reaction of blank bewilderment. the 
self-conscious person would make a nervous gesture. The 
computer line traced the gesture.. A second gesture. followed 
by the Ime was the key to discO\<ery. One could draw on thl' 
\rideo s{!"('('n I'.~th his finger! Others in the group, Qbsenring 
this phenomenon. would want to try it too. The line could be 
passed from one person's finger to another's. Literally 
hundreds of interactive vignettes developed within this 
'SImple communication ch.anneL 

Drawing by this method was a rough process. Pictures of 
~ny but the simplest shapes were unattainable. This was 
mainly m.cause of the difficulty of tracking a person's finger. 
Happ~y. neither the artist nor the audience were concerned 
OIbout the quali ty of the drawings. What was exciting was 
mt~ra(ting in this novel way through a man-computer-video 
link spanning a mile. 

~~--------------------~ 

Figure 25.3, Metaplay drawing. 

PSYCHIC SPACE 
The next step in the evolution of the responsive 
environment was PSYCHIC SPACE, which I designed and 
ahibited in the Memorial Union Gallery during May and 
June of 1971lt was implemented with thE' help of my 
students. the Computer Science Department and a National 
Science Foundation grant in Complex [nfonnation 
Processmg. 

PSYCHIC SPACE was both .m Instrument for musical 
expression and a richly composed interactive, visual 
experience, Participallts could become involved in a softshoe 
duet with the environment. or they could attempt to match 
Wits with the computer by walk.ing an unpn'dicrable maze 
pl'OJt'ctedon an 8'x 10' video ween. 
Hardware 
A PDP-ll had di rect control of all sensing and sound in the 
gallery. In addition, it communiuteO. with the Adage AGT-JD 
Graphic Display Computer at the Computer Center (Figure 
25.4). The Adage image was transmitted over video cable to 
the gallery where it was rear-projected on the 8' x 10' screen. 
The participant's position on the floor was the basis for each. 
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figure 25.4. Diu and video communication for psychic space. 

m of the interactions. The sensing was done by a 16' x 24' grid 
of pressure switches. constructed in 2' x 4' modules. each 

oont.tining eight switches (Figure 25.5). Since they were 

elecO'Onically independent. the system was able to 
discriminate among incbviduals if several were prt'St'nt. This 
independence made it easy for the programming to ignore a 
faulry switch until its module \Vas replaced or repaired. Since 
there were 16 bits in thl' input words of the PDp·ll, it was 
natural to read the 16 swil(hes in each TO\ ... across the room 
in parallel (Figure 25.6). Digital circuitry Wal; then used to 

'>Can the 24 rows under computer control 
Input and Interaction 
Since the goal was to encourage the participants to express 

themselves through the environment. the program 
automatically responded to the footsteps of people entering 
the room with eie<tronic sound We experimented v.ri th a 
number of different schemes for actually generating the 
sounds based on an analysis of peoples' footsteps_ In 
sampling the floor 60 times per second we discovered that a 
single footstep consisted of as many as four discrete events: 
lifting the heel lifting the toe, putting the heel do.vn and 
puning the ball of the foot do\O\'I1. The ftrst two were dubbed 
the 'unfootstep: We could respond to cach footstep or 
unfootstep as it occlUtt'd, or we could respond to the person's 
average posinon. A number of response schemes were tried 

t heNEWMEOIAREAOER 

but the most pleasing was to sun each tonc only when a 

new sv.ritch was stepped on and th ... n to tenninate it on the 
next 'unfootstep ' Thus it was possible to get silence by 

jwnping. or by lifting one foot. or by puttmg both feet on the 

same SWItch. 
Typical reaction to the sounds was instant understanding, 

followed by a rapid·fire sequence of sUps, jumps and TOlls 
This phase was followed by a slower mon.' thoughtful 
explor;ltion of the environment in which more subtle and 

interesting rel;ltionships could be developed. in the second 
ph;lse. the pdrticipant would discover mat thl" room W;lS 
organized WIth high notes at one end and low notes at the 
other. After ;l while. the keyboard was ;lbruptly rotated by 

90 degrees. 
After a longer period of time an additional feature came 

into play. If the computer diSl:overed that a person's behavior 
was characterized by a short series of steps punctuated by 
reidtively long pauses, It would use the pause to establish a 
new kind of reidnonship. The sequence of stl:pS was 
responded to with a series of notes;lS before: however. 
during the pause the computer would repeat these notes 

again If me person remamed still during the pause, the 
computer .15swned that the relaoooship W;lS under.; tood 

The next sequence of steps was edioro at a noticeably higher 
pitch Subsequent sequences wt.'re repeated several times 
wi th \'aria.tions each time. ThIS mter3cbOn was experimental 
and extremely difficult to introduce cleHly with feeclb.-lck 
alone. i.e .. v.ri thout explicit insuuctions. The desire was for a 

man·muhine dialogue resembling the guitar duel in the fUm 
[kliwronce. 

figure 2~ . S. Hooting senSing module~ in lIiychic spate. 
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Figure 25,6. P~rtkipii"t.s' feet are seen by the compute r ~s Diles 
m ii field of zeroes. 

Maze-A Composed Environment 
The maze p rogram focused on the mterdctWn bety.:een one 

rovidwl and the environment. The p;!l'ticip.mt w0l51uroo 

:11[0 attempting to navigate a projected m.1Zt'. The intrigue 

krlVro from the maze's responses,.a c.arefull.y composed 

oequence of rel.abons designed to constitute.a unique and 
",he rent expcru1'nce, 

Hardware 
The maze itsel( w.as not programmed on the POP-Il but on 

~ Ad<tge located a mile ~way in the Computer Center. TIle 

FOP· I I transmitted the participant's floor coordinates across 

oUl audio cahle to the- Adage. The data was transmitted 

.lSVl1chronously as a serial bit stream of varying pulse widths. 

'he Adage generated the maze image which was picked up 

0,.: A TV camera and transmitted via a video table back to the 
_ man where it was rear-screen projected to a size of 8' x 10' 

interaction 
-~ firs t prnblem was simply to educate the person to the 

~tlOnshlp5 betwl'eO the floor and the scll!t'n Initially. a 

::.unond with a cross m it representing the per.;ons position 

JifOPtared on the screen Physical movement in the room 

;,;i1~ the symbol to move correspondingly on the saeen. As 

:v pdrticipant approached the screen, the symbol moved up. 

As he moved Away, it moved down. The next step was to 

induce the person to mO\'e to the starting point of the maze, 

which had not yet appeared on the scrt'('n (Figure 25,1). To 

this end another object waS placed on the screen at the 

position which would be the starting pmm of th(' maze. The 

viewer unavoidably wondered what would happt.'Il if he 

walked his symbol to the object. The amval of hIS symbol at 

the startmg pornt caused the object to vanish and the maze 

[0 appear. Thus confronted with the maze, no one 

questioned the inevitability of walking it . 

Software Boundaries 
Since there was no physical constraints in the gallery. the 

boundarit's of th t' m.l2C had to be enforet'd by the computer. 

Each attt'mpt to violate a boundary was foiled by one of 

many responst's 1M th~ computers repertoire. The mmputer 
could move the line. stretch it elastically, or move the whole 

maze, The line could disappear, m~mingly removing_the 
barrier. except that the rest. of the maze would change 

SImultaneously so no advantage was gamed In additltm. the 

symbol representing the person could spli t in h.llf at the 

violated boondary. with one h.llf held stat ionary while the 

other hal f. the alter ego. continued 10 track movement. 

However, no progres.'i could be made until the halves of the 

symbol were reunited at the violated boundary, 

Even when the participant was moving legally, there Wt'f{' 

changes 1fl the program contingem upon his position. Several 

times, as the goal was appr04ched. the maze changed to 

thwan immediate success. Or, the relationship behveen the 

floor .and the maze was altered so that movemen ts that once 
resulted in vertical motion now resulted in horizonLli 

motion, Alternatively, the symbol repre;entmg the 

participant could remain stationary whilt' the maze moved 

I~: _i lal i 
/) - l ;7 !--- - l 

( . , • --"--- 0 • • ---~ 

Figure 25. 1. Composed ellvirOllment·male. 
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UltimJ.t~ly, success was not ,illowed. When reaching th~ 

goal seemed imminent, additional bowldaries appeared in 

front of and ~hind the symbol. boxing it in. At this point. 

the maze slowly shrank to nothing. Whilt' the goal could not 

he reached the composed frustration made the route 

int~re!ltmg. 

Experience 
The maze expeTienc(' conveyed a umque set of feelings. The 

ddeo display space cre.ilted a sense of dew.dunent enh'lnced 

by the dispidced fffilback: movement on the horizontal plane 

of the Ooor translated onto the vertical plane of the SCTfi'll. 

The popul.u stereotype of dehumanizing technology seemed 

fulfilled. However. the m.l:U idea was engilging and ~'Op!e 
became mvoivI.'d willingly. The lack of any other sen!>.!.tion 

focused aluntion completely on this interaction. As thf' 

~perience progressed, their perception of the maze changed. 

hom the initial imprt'S.'lion that it was a problem to solve. 

they moved to the realization that the maze was a vehicle for 

whimsy, pldying with the concept of a mazc and pokmg fun 
at their compulsion to walk it. 

VIDEOPLACE 
For thl' pJst two years I have been wurking on a prOject 

called VIDEOPLA(F., under the aegis of the Space SCIence 

and Engineering Center of the University of Wisconsin. 

ThIS work IS funded by the Nauonal Endowment for the 

Arts and the WisconSin Arts Board. A preliminary version 

was exhibited at thr Milwaukee An Center fur six weeks 

beginning in October 1975. The developm~nt of VIDEO· 

PLACE is still under way and several more yt'Jrs WIll be 
required before its potl!ntial is fully realized both in terms 

of Implementing the enabwlg hud""are and expiaTing i~ 
compositiondl possibUities 

VIDEOPLACE is a wnc ... pru~l environment with no 

physical existence. It unitl's people in srparat ... locations in a 

(ommon visual ~perience. allowing them to mter.act in 

unexpected ways through th(' video mediwn. The term 

VlDEOPLACE is based on the premISe that the act of 

communication creatt's a place that consists of ~ the 

information that the participants share at that moment. 

When people are in the same room. the phYSICal and 

communication plan·s are the sa me. When the 

com municants -are separated by distance. as in a telephone 
(Om'ers.;ltion. there is still a sense of being rogether although 
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slght and touch are nOt possible. By u~ing television instead 

of telephone. VIDEOPLACE seeks to augment this sense of 

place by including vimn. physical dimension and a new 
interpretanon of touch. 

Vfl)EOPLACE consists of two or mort idenncal 

environments which can be adjacent or hundreds of miles 

apart. In each em'ironment. a single person walks Into a 

darkened room where hI.' finds himself confronted by an 8' X 

10' rear·Vlew projection sere .. n. On (he sCll'cn he Sel'S his 

own life·size image and the image of one or more other 

peopl~'. This is surprising in itself. ~ince he is alone in the 

room (Figure 25.8). The other images are of people in the 

other envlronment5. They see the same composite image on 

their screens. The visual effl?Ct I~ of several people in the 

same room, By moving ,uound their respective rooms. thus 

movmg their images. the participants can interact within the 

limitations of the video medium. 

It lS these app.lrenlllirutdnons that I am currently 

workmg to overcome. When people are physically together. 

they can talk. move around the same space, manipulate the 

same objl.'{'ts and touch each other. All of these acrions would 

appear to be impossible within the VlDEOl-'LACE However. 

the opposite is ITue. The video medium hds the potential of 

being more rich and variable In some ways. than reality itself 

It would"" easy to allow the participants ttl talk although 

I usually preclude this. to force poopl .. to focus on the' less 

famili.lr kinds of interaction that the video medium provicks. 

A ~ense (If dimension C.In be created with the htlp of 

computer graphics. which can define a room or another 

spatial context within whICh the participants appt'ar to move 

around. Graphics can also fumish this space With artlfidal 

objt'Cts and inhabit it with imaginary organisms The sense 
of touch would seem to be impossible to dupllcate. J lowever, 

smce the cameras Sl't.' each person's image in contrast to a 

neutral background. it is easy to digitize the outlme ana to 

determine Its orientation on the screen (Figure 25.9). It is 

also easy to tell if one persons imag(' touches another's. or if 

someone touches a mmputer graphic object Given thIS 

infonnation the computer can make the sen5o:' of touch 

eff<.'Ctive. It (an currently respond with sounds when two 

images touch and will ultimately allow a pt>TSon's image to 

pick up a graphic object and move it about th~ screen. 

While the participants bodie!l are bound by physical laws 
such as gravity, their Imagt'5 could be moved around the 
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figure 25.8, Videoplace. 

sneen. shrunk, rotated. coloTlzOO and keyed together in 
<lrbit(i\ry ways. Thus. the full power of vide<! processing 
could be used to mecL.ate the interaaion and the usuallo1w.s 
of cause and effect replaced with alternatives composed by 
the artist. 

The impact of the experieflce will derive froln the faath .. t 
eilch person has a \'1''1' proprietary feeling towards his own 
lm.1ge. \oVhat happens to his irn.age happens to him In folet. 

when one person's image Qver]"ps anothtis. theTl~ is J 

{'¥hological sensation akin ill toumln VlDEOPLACE. tlu.s 
~nsati(')n can be enhanced in a numbt:>r of ways. One =ge can 

ucdude the other. Both images can disappear where they 
mtcrsect. Both images can disappear except whe~ they 
mtersect. The intersection of two images can b€ used to form J. 

window imo another $Cenl' so two participants ha\-e to 

cooperate to ~.1 third 

VIDEOPLACE need not involvc more than one p.1rtidp.rnt. 

It is quite possible to create a compelling expt'nence for one 

person by projecting him into this imaginary domain alone. 

In fact the hard~vare/software system underlymg 

VlDEOPLACE is not conceived as a singll' work hut as .1 

g .. ncr.11 facility for explOring all the possibilities of the 

medium to be described next. 

Figure 25.9. The video outline se~sor. 

Response Is the Medium 
The environmt'nt s described suggest a new art medium 
based on a commitment to real·time interaction between 

men <lnd machines. The medium is compnsed of sensing, 

display J.l1d c(lntral systems. It accepts inputs fmm or "oout 

the p4rtlcipant and then outputs in a way he can recognize 

as corresponding to his behavior. Th .. relationship betwccn 

inputs and outputs is arbItrary and variable. allowing the 

artis r to mtervene between the puticipant's action.md the 

results perceived ThUs. for example. the particip.mts phYSICal 

movement can cause sounds or his voice Can be used tQ 

navigate a computer defined visual space. It is the 

composition of these relationships between action and 

response that is import.lnt The beauty of the visual and 

aural response is secondary Response is the medium! 

The distinguishmg aspect of the medium is. of course. the 

fact that it responds to the viewer In an inter .. sting way. In 
order to do this. It mus t know as much as possible about 

what the particIpant is doing. It cannot respond intelligently 

If it IS unable to distinguish vanous kinds of behavior as 

they occur. 

The environment might be ab! .. to respond tQ the 

pa.rticipants position. voice volume or pitch. position relative 
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to prior positiun or the tim~ elapsed since the las t 

movement. It could also respond to every third movement, 

the rate of movement. posture. height. colors of clothing or 

time elapsed since the person enterl-d the room. If there were 

several people in the room. it m ight respond to the distance 

separating them. the average of their positions or the 

computer's ability [0 resolve them. i.e .. respond differently 

when they are very close together 

In more complex mteract ions like the maze. the computer 

can create a context within which the inter.u:tion occurs. 

This context is an artifidal reality wirhin which the art ist has 

complete control uf the laws of cause and effcct. Thus thr 

actions pen:eivcd by the hardware sensors are tested for 

Significance within the current context. The computer asks if 

the person h.!s crossed thr boundary in the maze or has 

touched the image of a particular object. At a higher level the 

machine can learn about the individ~ and judge from its 

past experience with sunilar individuals just v..fllch responses 

would be most effective. 

Currently. these syStems are constrained by the total 

inability of the. computer to make certain very useful and for 

the human. very simple perceptual judgments. such as 

whether a given individual is a man or a \\-"Oman or IS young 

or old. The perceptwl system will define the limits of 

meaningful interaction. for the environment cannot respond 

to whOlt it cannot perceive. To dOlte the sensing systems h,lVe 

included pressure pads. ultrasonics and video digitizing. 

As mentioned before. the actual means of output are not 

as imponant in this medium as they would be if the form 

were conceived as solely visual or auditory. In fact. it may be 
desir;!ble that the output not qualify as beautiful in any 

sense. for that would distract from the central theme' the 

relAtionship established bern<een the observer and the 

environment. Artists are fully capAble.of producing effective 

displays in a number of media. This fact is well knovm and to 

duplicate it produces nothing new. What is not known and 

remains to be tested is the \<ahdJty of A responsi\1! aesthetic. 

It is necessary thAt the output media be capable of 

displaying intelligent. or at It'ast composed reactions. so that 

the participant knows which of his Actions provoked it and 

what the relationship of the response is to his action The 

purpose of the displays is to commumcate the relationships 

that the environment is trying to establish. They must be 

capable of great variation and fine control The response can 

be expressed in light. sound mechanic.a.1 movffilenL or 
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through any means that can be perceived. So far computer 

graphics. video generators. light arrays and sound 

synthe5izers have been used 

ControL and Composition 
The control sr-;tem includes hardware and software control 

of all mputs and outputs as well AS processing for decisions 

thAt are programmed by the artlst. He must balance his 

desire for mteresting relationships AgAinst the commitment 

to respond in real ·time. The simplest responses are little 

more than direct feedback of the partiapant's behavior. 

oillowing the enVIronment [0 show off its perceptual system. 

But far more sophistiCAted results are possible. In r.lct. a 

given aggregation of hardware sensors. displAYS and 

p rocessors can be viewed as an instrument which can be 

programmed by artists with differing sensitivities to create 

completely different experiences. The environment can be 
thought of in the foUowing ways: 

I . An ennty which ~Ilg;age; the participant m a 

di.1logue. The environment <'Xpre5S1!S iudf through 
light ;md Mlund while th .. partidpant mmmunicates 
with physw:..al motion. Sin~ the o:xperienco!' is iII1 

~Ilcounter" ben..WIl indi\lidu.:Js. it might IegirimOitely 
indude grl't'tings. introductions And fan:wdh;- all m 
an abstract rath~r rhan literal way. The problem is to 

provide an interfsting po'tsoT1.llity for the 
envir(,lnmo!'nt. 

2 A pe~ .unp\If1er One indiVldual use; tht: 
ellV1lOrunent to enluocr Ius abwty to intl'r.lrt with 
those within it. To the participants the inlnamon 
might appear similar to that described above. The 
,~t would be !united by ~ speed of the artist's 
responS(' but impro~~ by his smsiuvity to the 
participants" mood.~. The live drawing 1flteraction in 
METAPLAY (auld be coruider<!d 3n example of th is 
approoch. 

3 An en,,"ironment which has suh-erIVuunments ... ith 
differ~t response R'l..uionships. TIus space could be 
inhahtkd by artificu.l organisms deflned either 
V1SUiIlly or with sound. These crt'atures c.m inttraCl 
with the partic1pants as they mem about the room. 

4.An amplififr of physical position in a Tl'ii1 or 
artificially generattd sp;1Q. Mowments 3lOund the 

environment would =o-lilt in mum larger 3J'I=ent 

movements in the visu.ill.y lq1resented sp3Ce. A 
graphic display computer em be used to generate a 
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ptrsp«tn"l' Vlewof a moddl~ spa<t;U It ",,'OUId 
~ppear if me p.m:iapantv .. ere within it. Movements m 

th~ ruum .... wld result in dunges in the display, so 
that by movlIlg only five reet withm the environm~nt. 
the participant would appear to h.we mOv~ fifty f~d 
in Ih,-·display The n,le_, or the modelled space un be 

totally arbitrary and phy~icalJy impossible, e.g. a space 
where objects nude when you approach them 

5 An instrument whKh the pmidpants play by 
movmg about the spa<e. 1n PSYCHIC SPACE the floor 
W.lS used 2S a keyboard for a Simp!/' muslC:.Ji 

LIlsnument 

6. ,\ means uf turning the p.<tliopant's body into ,m 

instrument His physic.V pQsture I.'.'ouid be detennined 

from a digitized l'ideo unage and the oril'm,l!;on of 
the limbs would be u~d t [) ~"ntrol hghLS and sou.nds. 

7. A game betwe<'n the computeT Jnd the p.irlK:ipant 

This variation is really a far more invQh~ng extension 
of the pinball machine. already the most cornmermlly 
successful wter.lalve envilQTlmo:nl. 

8 An cxpetlll1ental par.lble where the thcll'\t· 1._ 

illustrAted by th~ things rho! }uPper! to ml!'. 
prot.lgonisl- th" pa~ipanl Vlew«\ from Uus
perspemve, th~ maze in PSYCf-HC SPACE h='lm"" 
prcgnJnt with mfaning It Wil.5 unpossibJe to succeed, 
to sol"e the mau, Tlus could be ~ fru~tTa!lng 
experience if onf were trying to reach the go;ti. If, on 
the other hand tbe.p;lrtidpant maintained an active 
curioslty.ilioul how th .. Iffim' would thw~rt him next. 
the expt'rierK~ W.lS entcmlll1tl1g Such poeuc 

composLtion of expenencc IS OOE' of the mO'>"t 

prurru"lng \ilk'S of development to be pursuw with the 
tnVimnmcnts_ 

Implications of the Art Form 
For the artist the environment augurs new relationships \'lith 
rus alldience and his arL He operates at a metalevd. The 
p.1ftid pant provides the dire([ perfurmance uf the l'Xpt'rienc\", 
The environmerJul hardwan' is the instrument. The 
computer .1CfS murn as an of(:hesnJ conductor controlling the 
brood relationships while the artist provides the score tel 

which both perfonner and conductor are bound. This 
relatIonship may be.1 familiar onl' for the mUSIcal composer, 
.uthough I!\'tm he is accustomed to being able to recognize one 
ofhis pieces.. no matter who is interpreting it. But the artists 
responsibilities here become even broader t\un those of a 
composer who typic.illy defines a detailed sequencE of events, 
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He is composing a sequence of possibilities. many of which 
\'Iill not be realized. for any given pilrticipant who fails tD uke 

tht' particular path along which they ~e. 

Since the artist is not deruc.lted to thl' idt'a that his entire 
piece be expenenced he Gan deal with contLllgendes. Hl' can 

try different approaches. different ways of trying to e~ci t 

pMticip.1tion. He can take into account the differences among 

people. In the past, act has often been a one-shot, hit·or-miss 

proposition. A painting could accept an}' attention paid it. btl[ 
could do little [0 mamtain interest once It had startoo to 

wane. [n an environment the loss of att('n tion am be sensed 
as a person v...uks away. The mt'd.ium Ciln try to regain 
lIttenrion and upon failure. try again. The piece has a ~ond 
strike capability. In fact it can learn to improve its 

performance. responding not only to lhe moment but also to 

the entIre history of its e:'l:perience. 
In the envlronment, the participant is confronted with a 

completely new kind of experience. Ht' is strippedofhis 
informed ~tions and forced. to dt'al \'lith the moment in 

its own terms. He is .utivcly involved. dJ.scO\'ering that lus 
limbs ha\1~ been given new meaning and that he can f:qJresS 

hllnself 111 new ways. He does not simply admire the work of 
the artist; he shares in its creation. The expenence he achieves 
will be umque to his movements and may go beyond the 
inten tions of the artist or his undl'Tstanding of the 
possibilities of the piece. 

Finally, in an exciting and fnghr.ening way. the 

environments dr.unatize the extent to which we art' 5a\'olges 
m a world of our own creation. The laymAn has extremely 

little ability to defme the limits of wh.at is possible with 
CUTTent technology and so willll«ept all sons of cues as 

representing relationships which m fact do not exist. The 
conSlant birth of such superstitions indkale6 how much we 

have already accomplished. in mastering our natu ral 
rnvimnment and how difficult the initi,ll discovenes must 
have been. 

Applications 
The responsLve environmenl is nor limited to ae.sth .. tic 
expressIon. It IS a potent tool with lIpp1ications in many fidds. 
VIDEOPLACE clearly generalizes the act of tde<ommuniCil
don. It Crc ... tl'S a fonn of communication so pov.-erful that two 

people nught chOO5C to meet visually. even if it wer .. possibl~ 
for thl'm to meet physically_ While it is not immediatdy 
obvious that V1DEOPLACE IS the optimum means of 
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rdecommunication. it is reasonably falr to say that it provides 
.an mfinitdy richer intnaction th.an Piaurephonr allows. It 
hroodens the r.mge of possibilities beyond CU1Tent efforts at 
tdeconfermcing. Even in its fetal stage. VIDEOPLACE is far 
more flexible than the telephone is after one hlmdrecl ~;us of 
dt'Velopment. At.a time when the COSt of transportation Il> 

increasing and fiber OptiL~ promise to r!.'duce the (ost of 
communication. it seems appropriate to research the .act of 

communkation in ... n intultJve sense as well as in the strictly 
scientific and problem·solving"'PPfOOches th ... t prcv.ail today 

Education 
Responsive environments h.we tremendous potential for 

education. Our entire educational syst~m is ba.s!.'d on the 
i\S.Sumption that thirty children will sit stin in thi! same room 
for SIX hours a dlly and learn. ntis phenomenon ha..~ never 
been observed in nature and it·5 the exr~ption in the 
classroom where tcachers are pItted agalOSl duldt-ens natural 
desire to be active. The responsiw environments offer.a 
learning situdtion in which physical activi ty is encouraged It 
is part of the process. An environment like VIDEOPLACE has 
an .,dditional advantilge. It gives the child a life-size physiully 

identical alter ego who takcs part in compose<llearning 
adventures on the video scf('cn. ln a fully d~veloped 
VIDEOPLACE the size and position of the childs image on 
th(' s<r~n v,'OUId be mdepenclenc of actual location in the 
room. In an interactIVe Sesame Street a (h~d w(luld be 
mesmenzed as his own min.iaturized illl.1gt: was picked. up by 
;J gi<lnt Big Bird (Figure 25.10) Conversely he would be 
delighted if the scales were a'versed and he wen' able to pid< 
up the image of., tmy adult tcacher who spoke to him from 
his hand. The most overworked educational cliche. 
'~rience is the best teacher." would h,we new meamng in 

tlus context. The environmt'nt~ prOVIde an experience which 
can be composed and conden!U'd to demopsttute an 
education.al point. 

While it is eASY to gener,H(, examples of how the 
envtrOnments can be used to teach trarutlonal subjeas. their 
Significance does nut lie only in their ability to automate 

traditional teaching. More impurtant. they mdY revolutlOni?'e 
what we ~ch as well as how we teach. Since the 

environments citn define interesting relationships and 
change them in complex ways. it should be possible to (reate 
interactions which enrich the child·s conceptual experience 
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Fiqure 25.10. Interactive Sesame 5tr~t. 

Tlus \\I()uld provide. the child with more powerfu1 intellectual 
strucrures within which to organize the specific information 
he will acquire latH nil.' goal would be to sophisticate the 
duld. not to feed him faro 

PsychoLogy 
Smce the environments can monitor the paniclp.a.nts· ao:lions 
and respond with visual and auditory feedb.lck.lt is naturJ.l to 
cunsul .. r their appliC.ltion [0 the study of hum.m beh.a\";or. 
The u~ of the computer allows an ('xperimenter to gfn erate 

patterns and rhythms of stimuli and reinforcers. In addition. 
the ability to deaJ with gross physical behavior would suggest 
new experiment.ll directions. For instance. perc(>ption couid 
be studied.:lS pdrt of physical behavior and nOt as a sedentJry 
actl\l1 ty distina from It. Also. an environment like 
VIDEOPLACE is 'reT)' genC"raL The same aggregate of 
hardware and software could be programm~ tQ control a 
broad range of experiments. The sclleduling of different 
expenments could be interspersed hccause only the software 
wuuld have to be changed 

Since the uni\'t'csity students used as subj&ts In many 
experiments are quite sophIsticated about I he concerns of 
psychologists. what is often being studied is the se-lf
conscious behavior of people who know they ale m an 
t'Xpenment and are trymg to second·guess it. On the other 
hdnd. environments open to the public offer a suurce of 
5pontaneous behavior. lt is quill' easy for the computer to 
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rake statistics without interfenng with the experience. Or. 

Interactions ('-'1'1 be coffiJ>05ed to test specific experiment.ll 

hypotheses. 

Psychotherapy 
It is also wurth mnsiderin~ the application of responsive 

environments to psychothtrapy. Perhaps most important for 

a psycho! herapist is thl' ability of the environment to evoke 

and expand behavior. We have found in the past that people 

alone in a dark room often become very playful and 
namboy'ln t-far mon- so than they are in almost any other 

siruanan. Since the environment IS kept duk. the pat ient has 
a sen~ of anonymity. he can do thmg.~ thiiT he mIght not do 

othen.vi~e_ TIle fact that hI' i.s alone 1n the dark serves to 

protect him both from his Image of himself and from his fe.n 

of nther people, The d.1Ikne~ also IS a form of sensory 

o:i€prh'ation which might pTevt'1ll a pa.tlent fTOm 
withduwing If he is to receive any sttmulation ,It all it must 

be from acting within the enVll'OnmeTIt. Once he acts. he can 

be remfor(~d for continuing to act. 
In the event that the subjt'ct refuses to an. the 

environment can focus un mooons so small as to be 
unavoidable and rt'!;pund to these and as lime gocs by 
encourage them. slowly expanding them into larger behavior, 

lIltimately kading the patiO'nt to extreme or cathartic action. 

In certain situations thc therapist essentially program~ 

himself to become mcchanic.a1 and predictable. providing a 

sm.tcrure that the patiO'nt CAn accept which can be expanded 

slowly bo.-yond thc original contract. It is possible that it 

would be casier to get a patient to trust a me<hanical 

environment and completely mechanized therapy. On«" the 

p.went was acting and tnc.tmg Within the environment.. it 

would be possible to slowly phase m some elements of 

change. to generalize his confidence. As time went by. human 
images and fi nally human beings might be added. At this 

point. the patient colJd venture from hiS responsivc womb, 

retuming to it as often.1S n«ded. 

o 

Conclusion 

25. Responsive 
Environments 

The responsive environmt'nt has been presented as the baSIS 
for il nl'W aesthetic medium based on real time interaclion 

between men 'Illd machines. In the long range it augurs a 

new realm of human experience. artifiCIal reolHties which sl'l'k 
not to SllTIulate th ... physical world but tel denn!:' arhitrary. 

abstract and oth ... rwise impossible relaoonships between 
action and rc:sult. In adrution. it has been suggestl'd that the 

concepts and tools of the responsive enVlronments c.m be 
fruitfully applied in a number of fields. 

What pt'rhaps has been obscured is that thCS(" concepts are 

the result of a personal need to understand and express th!:' 
essence of the computer in humanistic tenns. An earlier 

project to teach peoph" how to use the computer was 
abandoned in fayor of exhibits which taught people. about 

the compll ter by letting wem expenence it. METAPLAY, 

PSYCHIC SPACE and VlDEOPLACE wert~ de~igned w 
communicolte ,m affinnative vision of technology w the lay 

pub~c. This level of education is important. fur OUT culture 

cannor continue if a large proportion of oW' population is 

hostile ro the tools mat dl'ftne it. 
We are incredibly attunt'd to the idea that the sole pW'post' 

of our technology is to solve problem.~. It also creates 

conceplS and ph~osophy. We must more fully explore thl'SC 

aspects of our inventions. because the next generation of 

technology wiU speak to us. understand us. and perceiw our 

behavior. It will enter cvery home olnd office and interced ... 
betwet'n us and mucll of thl' mformoltion and experience we 

receiY£". The design of such intimatt' technology is an 

aesthetic issue as much as an engmeering one. We must 

recogmze this if Wt" art' to unders~d and choose what WI" 

become a~ a result of what we have made. 
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