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Abstract

This article discusses technological and discursive developments in the interdisciplinary

historical trajectory of theory and practice of digital cultures in the 1990s, specifically

around the notion of virtuality and the transition to the paradigm of ubiquitous

computing. However hazy, the ideas of ‘the virtual’ and of ‘virtuality’ were central

structuring concepts for 1990s media art theory and practice. It is argued here that the

concept of ‘the virtual’ was the product of an incomplete and rapidly changing

technological constellation. The problematics of ‘the virtual’ were intensified by an

incomplete technological understanding among many of the first generation of artists and

theorists in digital cultural practices. A general long-term and largely uninterrogated

commitment to Cartesian Dualism complemented these shortcomings to produce a heady

and confusing discursive mix. Through this period, problems around human-computer

interaction (HCI) are shown to be persistent, and attributable in part to the prevailing

cognitivist paradigm (part of the uninterrogated philosophical baggage) and its influence

both on technological development per se and the rhetorics surrounding it. It is argued

that media arts research, as a hybrid of traditional embodied arts sensibilities and the

abstractions of computing, was uniquely positioned to identify these problems and model

solutions, and did so generally in advance of academic and commercial sectors.

Framing 1990’s Media Art

The 1990s decade was definitive and formative for digital art precisely because the

technology was new and in rapid transition, and the imaginations and aspirations of

artists - fueled no doubt by sci-fi , as well as by mathematical and technological

metaphors, outstripped both the available technology and theoretical contexts.i Typical of



this confusion was the clustering of metaphors of space, travel and ‘navigation’, both in

immersive environments (virtual reality) and in network-based practices (world wide

web) as is evidenced by the Microsoft web slogan ‘where do you want to go today’. In

many areas in media arts discourse, its interdisciplinarity produced and still produces

debates around what sometimes transpire to be silly misunderstandings of terminology –

this of course can be quite generative, as in the case of ‘virtual space’. For artists, ‘space’

refers to tangible experiential space, but also to perspectival representational space. VR

permitted the quasi-inhabitation of an animated perspectival space which combined these

two, and was thus inexorably attractive to visual artists. In physics and mathematics,

‘space’ refers to often-multidimensional abstract conceptual spaces (this metaphoric

deployment is seldom recognized as such). VR provided a bridging of immaterial abstract

mathematical ‘space’ and bodily experiential space. The construction and ‘navigation’ of

architectonic virtual environments in which the disembodied eye ‘travelled’ - often at

dizzying speeds in a virtual ‘phantom ride’ - provided a titillating sensorial experience of

this reified liminal space.

The notion of virtuality (in the sense of immersive VR) was, I suggest, largely the

product of speculation by an imaginative but not technically well-versed community

upon a computational technology with insufficient and incomplete hooks into the

time/space humans customarily inhabit. This led to the sensation that there was a place

we could look into but only rather falteringly ‘be’ in. In fact, there was no ‘there’ there,

as Gertrude Stein, famously said about Oakland California in the 1930s (Stein 1937)

I have observed previously that the explosively experimental nature of the period was

reminiscent of the proto-cinematic period of the late nineteenth century, when the

confluence of precision manufacturing of metals and optics, and photographic chemistry

provided a context of a kind of cultural pre-cambrian explosion.ii Like that evolutionary

period, the pre-cinematic moment was followed by a technological mass extinction. What

survived was (obviously) cinema. Other genres of semi-immersive image spectacles

(stereoscopy, dioramas and image environments) went extinct or clung on in tiny niches,

in some cases to be resuscitated in new technological contexts. I argue here that for

digital media the 1990s was similar, and that by the year 2000, ‘survivor forms’ had



emerged. A decade later they were dominant - most conspicuously, multi-user gaming

World of Warcraft and net-based social media phenomena like Facebook and Second

Life. iii

The historical lineage of these forms of digital cultural practice has been obscured. Over

two decades the socio-economic location of digital media practices has shifted from

marginal grassroots media art collectives, obscure hybrid art studio/research labs and

rarefied international conferences and festivals to profitable Silicon Valley media

corporations. In that shift, the formative role and significance of 1990s media art research

has largely gone without note, but in the aesthetic and technological research and

development of the 1990s, one can find the precursors to these new forms.

To trace in detail the development of techniques, forms and approaches through 1990s

media art into increasingly commercialised contexts and commodified forms over two

decades is a huge (and important) historical project, far beyond the scope of the present

paper. iv My goal here is more modest: to describe the technological and discursive

context of the period, in order to lay a groundwork in which to discuss the notion of

virtuality. This idea was an axis around which the discourse the community seemed to

orbit, not without much consternation. It is important to frame this discussion with an

explanation of the technological as well as the discursive context, as it is easy to forget

the rapidity and profundity of change in the tools/media available to artists.

Technology Raw and Cooked

Because artistic research in this context was integrally tied to emerging technologies,

because they have matured rapidly, and because we have become rapidly naturalized to

newer technologies, we tend to forget how comparatively primitive the tools and systems

were. Any discussion of the history of media-technological discourses relevant to the

matter in hand would be of little worth without establishing the context of those

discussions. It is worthwhile, therefore, to remind ourselves of the technological context

at the beginning of the 1990s. Without going into laborious historical detail, here is a

technological snapshot.



In 1990, the IBM PC was not yet a decade old and MS-DOS was the dominant OS.v As

computing moved out of the research lab and into the office, the school and the home, it

was boom-time for the desktop PC and the computer industry. Desktop publishing was all

the rage but on-screen display of typefaces was still tricky. Programming was to most

people arcane, and the concept of software ‘packages’ was novel. The graphical user

interface, as a commodity, was in its infancy, WYSIWYG was in debate. Desktop

multimedia was titillating and the concept of ‘interactivity’ was a huge thrill.vi Computer

graphics was hot: ray-traced still-frames of teapots were not yet a cliché. Processors were

so slow and RAM so expensive that one would leave a computer to work overnight to

render a single 3D graphic frame in NTSC resolution (640x480). The Commodore Amiga

was regarded as the most advanced home/studio graphics/multimedia platform. Digital

video editing was only possible on special purpose high-end professional machines (such

as Quantel paintbox) backed up by rooms of hardware supported by full time technicians.

While usenet was a decade old, the internet was just emerging from its defense

research/academic gestation. Email was raw text via clunky command line interfaces.vii

Real-time multi-user online environments were rare. viii Tim Berners Lee proposed the

world wide web in 1991. It was not available until 1993. The first web browser (Mosaic)

was released in he same year. In wireless telephony, pagers were all the rage, mobile

phones were briefcase-sized. ix

By the end of the decade, high resolution real-time 3D graphics had become a regular

part of the desktop, digital video editing became viable on desktop machines, and the

world wide web had brought forth diverse resources and practices.

The Mine-field of Media Arts

Much of the work of the 1990s was characterized by a kind of techno-formalism, an

exploration of possible modalities of practice. If technological components and

procedures were a new ‘palette’, then the exploration of the formal qualities of these, and

the integration of these into a new artistic language was the major task of the period. We

might describe such work as media formalism. In order to understand the work of media

artists of this period, it is crucial to recognise that their aspirations were constrained by

the half-baked nature of the technologies at their disposal, so engagement was often at a



basic level of electronic engineering: the behavior of a specific class of sensor, a

particular strategy for realtime 3D modeling, or a motor control technique. Necessity

being the mother of invention, this selfsame technological paucity gave rise to a drive to

develop technologies that one imagined ought to be possible and to create a context in

which the development of sophisticated technological devices was necessarily part and

parcel of creative practice. x

Some artists were lucky enough to have access to or affilitions with bona fide research

labs and research budgets. Others were not so fortunate, and for many artists, the

experience of coming face to face with deep computer hardware engineering was not

unlike running full-tilt into a concrete wall. The experience of engaging with the world of

code was more like stepping off a cliff into a weightless world without up or down. These

were worlds that an art-school education gave one no preparation for. And yet, like fools

rushing in where angels feared to tread, artists waded into the field, took stock of

capabilities, dreamed new possibilities and set about to build new technologies with

which to realize those dreams. Many artists were therefore obliged to define specific

engineering R+D projects as an integral component of a larger techno-aesthetico-

theoretic project, and thereby found themselves trying to do engineering on an art budget,

outside of the normal support structures of development grants, research labs and

technicians - a situation which gave rise to staggering can-do invention, improvisation

and innovation, as well as confusion, frustration and disappointment, in roughly equal

measure.

Conceptual and Technological Babushka Dolls

Here is revealed a fundamental and double problematic of 1990s digital art practice.

Some part of artistic practice assumes mastery of tools, enabling a creative flow: ready-

to-hand as opposed to present-at-hand (Heidegger). The rapid change of technology

meant that the tools were almost always present-at-hand. If fluency with tools and media

is a characteristic of virtuosity, then this rug was continually pulled from under

practitioners feet. The technology changed rapidly, and ‘elementary’ technological

components were quickly subsumed into more complex assemblages. This technological



and conceptual chunking-up happened at a rapid rate, and the new chunks became basic,

if temporary technological building blocks, with their own formal qualities and dynamics.

We might say this chunking-up happened three or four times in the decade. As artists

were concerned at the outset with understanding and conceptualising the capabilities of

the new tools, and many projects were concerned with an exegesis of the aesthetico-

formal qualities of these technologies. But these elementary formal elements were rapidly

rendered invisible or incomprehensible by the technical and conceptual chunking-up.

Working as an artist in that context was like trying to stand vertical in a rushing river. xi

At the time, critical discourse among practitioners was constantly preoccupied with these

issues, exploring what pursuing artistic practice meant amid such contingency and

provisionality. The less practically engaged theorists, critics and curators (and employers)

remained blithely unaware of such dilemmas. This disjunction regularly produced

confusion and misunderstanding. xii

As if the rapidly changing technology were not itself adequate erasure, a second order

effect of this change was the problem of preservation and ‘migration’. While we can

enjoy great paintings hundreds of years old, there are few media artworks a decade old

that are still functioning, as this demands regular migration of the work across storage

and computational platforms, languages, coding environments and operating systems.

Such an ongoing effort is and was beyond the means of most media artists – who were

busy simply trying to produce new work - to say nothing of the frustrations of

committing to a platform which transpired to be a technological cul-de-sac or commercial

backwater. The notion of ‘migration’ is itself predicated on a clean separation of

information content from materiality, a paradigm. This might lend itself to banking

records because they are already enfolded in such an informational paradigm, but it

becomes more problematic and less viable in cases of artworks whose materiality is

fundamental to their nature. Migration process may in fact render the work meaningless if

that meaning were closely related to the qualities of a particular platform or technology,

as many of the period were. As a result, the majority of the works of the decade must be

considered ephemeral, only surviving in photographic, video and textual documentation.



The question of materiality is therefore fundamental to the rendering of the history of the

period. Some members of the community fully subscribed to the rhetoric of the

computationalist hardware/software divide, while others maintained a more or less well

resolved commitment to embodiment or nostalgia for materiality. I contend that the

digital arts community in the 1990s was a crucible in which the deep cultural implications

of the ‘information revolution’ were modelled and debated. xiii

These then were some of the key aspects of the context of media arts practice in the

1990s.A decade or two later, the context is very different. Not only has the performance

of hardware and software advanced by orders of magnitude, but entirely novel modalities

have become common-place: capabilities that were the stuff of science fiction in 1990 are

in the pockets of school children in 2010.

What is Virtuality?

It was in this technological context, as new users were grappling with fundamentals of

the new and not particularly user-friendly technology (How do you switch it on? Where

did my file go?) that the spectre of virtual reality loomed into the cultural imagination,

propelled by sometimes giddy panegyric from the likes of Timothy Leary, Jaron Lanier

and Howard Rheingold.xiv From the late 1980s, the notion of the virtual and its relation to

the various, and rather heterogenous array of technologies which were lumped into the

conversation was generative of a vast output of media theory – much of which became

rapidly anachronistic.

At the time, ‘virtuality’ might have referred to: immersive interactive 3D stereoscopic

display, the internet and related technologies of high-speed long-distance communication

or telematics involving fibre-optics, servers and internet protocols, (though what at the

time distinguished telematics in its digital mode from the telephone was far from clear);

or the accumulation of ‘databodies’ – cross related financial, medical and judicial (etc)

records in large scale corporate, institutional and governmental databases. Reference to

virtual reality may have involved any of these, or any combination, with or without the

addition of various other media, including television, radio, telephone, fax, even movies,

photographs and novels. xv



No less a figure than Jeffrey Shaw, at the time director of the Institute for Image Media at

the ZKM (Zentrum für Kunst und Medientechnologie), characterized his work as the

exploration of ‘the modalities of the virtual’. But what was this ‘virtual’? In Shaw’s case,

and I would argue, in the case of many artists of the period, what was termed ‘the virtual’

was navigable 3D visual environments, real time synthetic perspectival representations,

ie, the precursors of Second Life and World of Warcraft. But the substantial work of these

artists - which went largely unremarked in the hysteria of virtuality - was the

development of ‘intuitive’ bodily interfaces to such worlds. This was certainly the case

with Jeffrey Shaw’s Legible City, as it was with other paradigmatic works such as David

Rokeby’s Very Nervous System. Indeed, it would not be difficult to produce a revisionist

history of the work of many artists previously grouped under the descriptor ‘virtual’-

including such artists such as Rafael Lozano-Hemmer, Perry Hoberman, Char Davies, as

well as Shaw, Rokeby, Krueger and others – which emphasized the centrality of

embodied interaction in their work. As desktop screen/keyboard interfaces to net and

web-based forms became dominant, the importance of this research into embodied

interaction was obscured. The value of such interfaces has more recent been recognized

in the commercial world, as is evidenced by the success of the wii. There was an

overwhelming desire among artists to make that which is truly virtual – the immateriality

of computational data and processes – amenable to lived sensori-motoric reality. Perhaps

this is why the work of the period was not just technically but also intellectually

challenging, to the makers as well as to its audience – it collapses the Cartesian Dualism

which structures both the technology and our general cultural paradigm.

Where did ‘the Virtual’ go? (it was here a minute ago).

And yet this desire to make ephemeral worlds amenable to lived sensori-motoric reality is

precisely the project of ubiquitous computing. The ubiquitous computing paradigm, as it

has been promulgated over the recent decade is, according to my analysis, little but the

completion of the previously incomplete technology. That is, ‘the virtual’ has been

overlayed upon and subsumed into the ‘real’ by virtue of embodied interfaces and

(wireless) data distribution. We now live in what used to be called ‘augmented’ and



‘mixed realities’. The transition from the period of virtuality to the period of ubiquity was

a result of the maturation of interface technologies missing from the technological palette

of the 1990s, thus the discourses of technological ‘virtuality’ during the 1990s are

attributable in large part to incomplete technology. In the interim, a variety of

technologies linking the dataworld with the lived physical world have emerged. Small

and large scale sensing and tracking technologies such as MEMS accelerometers,

machine vision, laserscanners, GPS, RFID, and mobile communications technologies

have been developed and deployed. This has had the effect of nesting ‘the virtual’ back

into the lived physical world. This belated integration of data with the world has caused

‘the virtual’ to evaporate. ‘The virtual’ has thus become doubly virtual, revealing it to be

a panic around an explosive and messy technological transition period. xvi

Interdisciplinarity and Communities of Discourse

While the world of code and computer engineering was a daunting unknown to most

artists, the complex world of aesthetics and art discourses was equally disorienting to

those coming in from engineering and the still-young discipline of computer science.

Those coming from the academic world of cinema/media studies were at a double

disadvantage having limited experience with both artistic and engineering practice. Such

intersections characterised the free-floating interdisciplinarity of the period, and there

was a certain thrill in the unbounded nature of it. This territory attracted characters who

were undaunted by such a lawless frontier (and like any Wild West, it had its cowboys).

It was these people who went on to build new college programs, new degrees, new

conferences, new venues, new journals, around what increasingly (and regrettably)

became known as media arts.

The field was characterised by the rarther murky confluence of several separate

communities of discourse. One community, emerging largely from cinema and media

studies, was built around the cultural imaginary of VR, fueled by sci-fi literature and

media. Given the general lack of basic technological grounding amongst many theorists

and pundits, this created a conception of the technology that was not supported by the

technology itself. As Matthew Kirschenbaum quipped at the time ‘if the devil is in the

details, Media Studies has been positively angelic’. xvii Some such conversations were far



fetched and the more extreme now seem positively bizarre. A different community,

arising largely from computer graphic and HCI professionals, focused on the trials of real

R+D work. Technical researchers would from time to time admit a commitment to

aspects of the cultural imaginary - the star-trek holodeck was a favorite mythic image.

The various circuits connecting technological innovation, popular imagination and

philosophical underpinnings are multifarious and regress infinitely. Something of the

science-wars was definitely at work here. Humanists made snide conjectures regarding

the unconscious motivations for VR, as a technological fantasy world full of

(controllable) imaginary friends for socially-challenged engineers. Meantime

technologists dismissed incomprehensible references to French post-structuralist theory

as annoyances that got in the way of the pragmatic task of making things work. xviii The

very necessary interdisciplinary meetings at the intersection of these different discursive

communities – ostensibly about the same thing, or at least bearing the same name - were

thus a quagmire which only the most clear-headed were able to navigate without falling

victim to phantasms.

Artists comprised the third community, and their motivations and goals were often

incomprehensible to the technical community.xixArt historians were notably absent, nor

did computer science researchers play a significant role, and for similar reasons – their

professional paradigms tended to render the concerns of such artists trivial or

incomprehensible. The most relevant aspect of computer science - computer graphics

research - remained steadfastly technical in its concerns and when it did reference ‘the

arts’ it was generally with such naiveté that it was unaware that its terms of reference

were a century out of date. As a memorable but typical example, I well recall the

statement made by a leading computer graphics research scientist from IBM Thomas J.

Watson Research Center in the mid 1980’s, that the goal of computer graphics is to

produce an image indistinguishable from a color photograph. This statement is not

remarkable because it was unusual – quite the contrary, it was taken to be a familiar and

unremarkable statement of motivating drives for the research program of computer

graphics. What is significant is that I was probably the only person in that particular

(computer science department) audience who was appalled by the cultural/historical

naiveté of that remark, implying as it did, a host of uninterrogated assumptions. As if a



color photograph was a transparently accurate and complete model of the real world and

not the implementation of certain very specific optical and representational conventions -

themselves cultural products intimately tied to the very particular qualities of renaissance

humanism and enlightenment rationalism - implemented in a particular technology of

glass, metal and photo-chemicals. As if a color photograph is representative of vision as

human experience. Or as if the goal of ‘art’ was to emulate the condition of the color

photograph, an assumption that is historically completely topsy-turvy. ‘Art’ projects by

such researchers were usually regarded by artists as pitiably naïve, in the same way that

computer scientists were often dismayed by the limited technical understanding of such

artists. xx

Media Art Research, Before and After Virtuality

The 1990s saw an explosion of interactive art R+D, along with an explosion of discourse,

catalysed by the increasing availability of and familiarity with domestic and prosumer

computer based media technologies and by the force of the marketing rhetoric of the

rapidly expanding computer industry - the construction of the ‘information revolution,’

the burgeoning rhetoric of virtuality and related historical fictions. But interactive art

R+D did not suddenly materialize from nowhere. It was informed by the previous thirty

years of ‘art and technology’, installation art, performance art and video art, and more

broadly by traditions of open intellectual inquiry and interdisciplinarity in the arts.

The goals and preoccupations of the explosion of interactive art of the 90’s centered on

the creative potential of the technology. As such there was much concern about the

capabilities and constraints of emerging computational media technologies and the

relation with existing/traditional art practices. Those that most intensively engaged with

those issues were visual artists, film and video makers, along with a smattering of

musicians and composers, dancers, theatre directors, architects, graphic and industrial

designers, media activists and others. Questions of narrative and embodiment were

central. These questions were structured around the three most (artistically) significant

aspects of the new technology – real time computation and its capacity to support

interactivity as well as real time graphics, data storage and search, and networking. For



artists, trained to work with spatiality, materiality and embodiment, the challenge of

grappling with such intangibles probably contributed to the ‘spectre of virtuality’ - an

idea whose very incoherence led to a vigorous and inventive, if chaotic, arts-issue

motivated R+D program.

Consider the two historically significant early cases mentioned above: Jeffrey Shaw’s

‘Legible City’ (1989) and David Rokeby’s ‘Very Nervous System’(1988). Shaw came to

the work from prior practice in ‘expanded cinema’ which deployed film as components

of installations, performances and ‘happenings’. Rokeby came from a visual arts

background. ‘Legible City’ employed a bicycle interface to allow a user to navigate

through a realtime 3D virtual world. The deployment of the bicycle interface was both

technologically parsimonious and socioculturally savvy. Bodily literacy with this device

is almost universal. The device reduced the complex diversity of human locomotion to

two variables (forward speed and turning angle) trivially amenable to digitisation. The

interface thus gathered salient and useful input data in an easily manageable form. The

relationship between the users’ understanding of their actions and the result presented in

the screen was comprehensible without training – a key requirement of interactive art.



Legible City. Jeffrey Shaw. xxi

‘Very Nervous System’ brilliantly condensed potentially intractable live camera data into

a highly reduced dataflow processable by a very limited machine – an Apple IIe(!). The

fact that Rokeby was able to do real time machine vision on such a machine was itself a

laudable achievement, the fact that the system made intuitive sense to untrained, naïve

users attests to his perceptive understanding of the nature of embodied human perception.

The key to these economies was the notion of temporal dynamics – Rokeby reasoned

(explicitly or implicitly) that (machine) awareness of (bodily) change could be deployed

as interaction control, without any ponderous frame by frame analysis or

object/scene/gesture recognition.xxii Much academic machine vision research has been

impeded by an obsession with framewise analysis because it lacked this fundamental

insight. Myron Krueger, a pioneer in machine vision based interactive art, trod similar

ground fifteen years earlier with his Videoplace (1969/70) works, which suffered the



plight of all such visionary work that occurs before its time – it was incomprehensible for

lack of (discursive) context. While such works were framed by the contemporary

discourse of virtuality, they often centered on questions of interaction and are very

relevant to research in the ‘ubiquitous’ paradigm.

Myron Krueger. Videoplace xxiii

An autobiographical interlude

Through the 1990s I was an active participant in the development of these sensor-based

embodied interactive art forms (see endnote 22). The goals of my own art practice,

research and development through the 1990s were critically motivated and informed by a

history of embodied and situated art practice, (and worked against the grain of

conventional research). Coming from a background in situated and embodied practices of

sculpture, performance and installation, I was never excited by the rhetoric of fantastic



immersion, nor by the stereo-visual spectacle. My previous art practice brought to my

design of robotic and interactive systems an intuitive understanding of the role of

embodiment and bodily movement in the engagement of spatialised aesthetic projects and

an equally visceral awareness of the ways that experiences are built from the sum and

interaction of diverse and multimodal components: the physical placement of components

with respect to the scale of the body and range of movement; the effect of ambient light

and ambient acoustics; the sensorial and associative qualities of specific materials. It was

this sculptors sense of the task of crafting the totality of a sensorial and sensori-motoric

experience that permitted me a rather different set of insights into the task of interaction

design, and at the same time, gave me zero-tolerance for media artworks which presented

the work on a desktop computer, seemingly oblivious to the way that the posture

demanded of the user, the physical appearance of the machine and its associations with

the workplace and utterly framed the work in a way which was as aesthetically

overwhelming as it was uninterrogated.

The focus of my artistic practice was on the bodily experience of the ‘user’ and the

construction of a fluid relation between bodily dynamics and technological effects. This

research began in earnest in 1989, with the commencement of an autonomous robotic

artwork, ‘Petit Mal’, whose sole purpose was to engage visitors in large scale bodily

interaction – a dance.



Petit Mal. Simon Penny, first exhibited 1995. xxiv

I pursued these concerns in the mid-1990s with the development of ‘Fugitive’, a machine

vision, driven, motion-controlled digital video installation in a 10m circular room (ZKM

1996-7) and later with ‘Traces’, which involved the development of a custom real time

volumetric machine vision system for deployment in the CAVE. (Ars Electronica

1999).xxv These and related works pursued the creation of an aesthetically rich fully

embodied experience which users could and would interact with utterly intuitively. There

were no manual input devices, no strap-on sensors, no codified interaction procedures



and no pre-use training sessions. The systems were crafted to respond instantly to the

normal bodily behavior of users within the interaction space.xxvi

Body Electric. Simon Penny and Malcolm MacIver. 2002-3 xxvii

Contrary to much of the conventional VR/media art of the 90s which represented or

depicted in a manner consistent with conventional (pre-computational) static and linear

narrative forms, works like ‘Fugitive’ and ‘Traces’ were centrally concerned with the

users awareness of their ongoing bodily experience in the context of an aesthetic

environment contrived to provoke certain kinds of explorations. The ‘subject matter’ in

these works was the users experience of their own ongoing bodily engagement with the

system. It was not unusual that users emerged from their experience of such works

smiling, sweating and panting, a testament to their desire to explore the full gamut of

possibilities of interaction. These systems were ubiquitous in the sense of being

embedded, calm, and deeply ‘context aware.’ They presented an experience of



technological immanence: users had no immediate awareness that any computer

technology was involved. There was no obvious task or goal, the works encouraged and

rewarded exploratory play.

Sensors and the aesthetic logic of interaction

Much of the extensive technical R+D required for these projects concerned the capturing

and interpretation of real world events (bodily dynamics of users) through custom sensor

technologies. In such work, the bedrock reality of sensor design is experienced. This

fundamental dimension of the development of embedded, situated, context aware systems

is often elided, yet it is paradigmatic digital cultural practice in that it combines the brutal

pragmatism of engineering with poetic aspirations. Any interactive system can be

understood as having two complementary aspects – the ‘correct’ sensing of the world,

and the production of behavior which is take by the user to be related in a meaningful

way to their behavior. The success of any interactive system depends on the degree to

which the behavior of a system is intelligible to a user as being related to their behavior.

The question ‘what can I reliably infer from the sensor data about the user, such that a

specific system response will be interpreted by the user as relating coherently to their

action?’ is the fundamental question of interaction design. Therefore one designs with a

consideration of not only what the user did, but what you believe they identify as what

they did – it would be possible to measure and respond to aspects of the users behavior

which they were unaware of, and in most cases the resulting behavior of the system

would be unintelligible to the user.

Sensors respond to variation in a specific electro-physical variable. An ultrasonic

transceiver measures the time it takes for an acoustic ping to be reflected by the nearest

object. A video camera delivers an array of values for incident light. No sensor will tell

you ‘she has her left hand in the air.’ The first challenge of designing sensor based quasi-

intelligent computational action is to identify what changing electro-physical variable can

be reliably identified with a particular human action or environmental event. Any such

knowledge is based on inference, interpretation and probability. The pragmatic realities

of such sensor tasks often mean that the possible range of action of a system is limited



and curtailed by what can be known about the world. More often than not, a system’s

‘expressive potential’ is far greater than its range of behaviors as a working system,

because of the limitations of sensing. The alternative, to generate output actions based on

interpretation of sensor data that is inherently unreliable, has the effect of confusing the

user and thereby breaking the chain of interaction as the system ‘responds’ to behaviors

mistakenly attributed to the user.

Machine Vision based interaction – a case study

The development of custom sensor systems was a key area of technological development

by artists. Rokeby’s Very Nervous System was prominent among these. In the process of

collaboration on several projects, Rafael Lozano Hemmer and Will Bauer developed a

useful triangulated ultrasonic sensor system for artistic practices called GAMS. The

GAMS system was adopted by other artists, such as the Pares, Pares and Hoberman work

El ball de Fanalet.

El Ball de Fanalet (Lightpools). (C) Perry Hoberman & Galeria Virtual / VEGAP 1998 xxviii



The utilization of ‘machine vision’ (real time computational analysis of video-as-sensor)

was a preoccupation in the media art community as it was in the robotics community, but

the goals of the two groups were quite different. Following the pioneering work of

Krueger and Rokeby, a number of artists pursued camera-based interaction projects.

Some used the camera data purely a sensor data, some deployed it as output imagery as

well. In little more than a decade, with the rapid advances in processing and storage, the

problem transitioned from intractable, to tractable with major effort, to a standard

research lab practice (this is an example of rapid technological change discussed above).

Early attempts at commodification and commercialisation of camera based interaction

systems by groups such as the Canadian Mandala Systems began in the early 1990s. It

was another decade before the commercialisation of the webcam and related

technologies, and camera based PC and gamebox game interfaces such as the Logitech

Eye Toy for Sony Playstation 2. In December 2008, the Nintendo Wii became the most

popular gaming platform in the United States. What is seldom noted is that the aesthetic

and technical groundwork for such ‘entertainment technology’ was laid in the media arts

community. In twenty (or, in Krueger’s case, 35) years, the intellectual work of that

community of ad hoc researchers  became fully commercialized. This example is

indicative of a general historical process in media arts: vanguard R+D work often occurs

outside state institutions and corporate labs, a decade before such issues register in

technical disciplines and two decades before they are commercialized.

A new generation of interactive art students are busy hacking wii controllers as

interactive art interfaces, and this in itself is an historical marker. Due to the ‘chunking

up’ phenomenon discussed above, the current generation of students is naturalized to a

context of relatively low cost but highly complex, ‘user-friendly’, ‘plug’n’play’

technological commodities. What is seldom recognised by such users is that such

commodities have been value-engineered to serve an already identified highly specified

need – a need which is technically specific but demographically general enough to be

profitable according to the logic of mass market economies of scale. Such highly



specified devices seldom serve the needs of open-ended artistic inquiry and as such,

constrain invention.

Virtuality as an effect of Anglo-American Philosophy

Through the 1990s, computer marketing rhetoric was full of the utter newness of digital

technology, and this futurism inflected media arts discourses, particularly the more

popular strands, in a negative way. But a full half-century of technological and theoretical

development (from Alan Turings’ seminal papers) had already preceeded the advent of

the PC. Likewise, the discourses that informed discussion of the techno-cultural context

have a long history, as alluded to above. We cannot avoid becoming naturalized to ideas

which are fully instantiated in language and culture. In the west, the separation of

immaterial mind/soul and material body is such an idea. We enact it every time we say

‘my hand’, ‘my stomach’ or ‘my nose’. Such ideas are reified in technologies and

undergird disciplines. Computer Science rhetoric actively endorses a separation of

immaterial mindstuff from gross matter in the Software/Hardware binary. The mysterious

capability of multimedia computer technology was that it could somehow make this

‘virtual realm’ sensible, experiential, spatial. It is no surprise therefore that (some) media

arts discourses willingly affirmed the existence of a virtual realm, laden with

uninterrogated and body-loathing transcendentalism that was positively medieval. In this

view, the virtual technological imaginary was a realm of Platonic ideals, prototypes and

pure examples untainted by body-stuff.

The very term ‘virtual reality’ instantly belies the philosophical context it arose from, a

philosophical context its originators were so naturalised to that it undoubtedly seemed to

them simple common sense. This fundamental commitment, almost entirely unquestioned

in the scientific disciplinary environment of the time, was to objectivism (or

philosophical realism). In the case of VR, this implies a belief in a constant and verifiable

external reality and the surety that such objective reality can be represented

unequivocally and unambiguously to people regardless of physical or cultural variation.

Purportedly, VR simulated sensory (more correctly sensori-motoric) effects, but this

construction implied the assumption of an objective external real of which sense-data was



a reliably truthful representation. In contemporary cognitive science, these three notions:

‘objective external real’, ‘sense-data’ and ‘representation’ are all regarded as quite

questionable, to say nothing of cultural critiques regarding the necessarily subjective

interpretations of so-called ‘users’.

Mark Weiser, who coined the term ‘ubiquitous computing’ noted: ‘Perhaps most

diametrically opposed to our vision is the notion of "virtual reality," which attempts to

make a world inside the computer. … Virtual reality focuses an enormous apparatus on

simulating the world rather than on invisibly enhancing the world that already exists.’

(Weiser 1991). Indeed, the obsessive pursuit of stereoscopic and interactive

verisimilitude led to behemothic technological assemblages (such as the CAVE)

requiring highly skilled technical support. This scopophilic obsession with the eye and

vision, so consistent with an Enlightenment world-view, produced a technology of the

phallic gaze, the conquering eye, in which the holistic nature of embodied being was

elided. As vision entered VR, the rest of the body was checked at the door. Much of the

rhetoric around virtual reality (the immersive interactive stereoscopic kind) championed

it as a more embodying technology, but as I quipped at the time, ‘VR is about as real as a

picture of a toothache’ (Penny 1994). Contrary to rhetorics of embodiment, as an

interactive and ‘immersive’ technology, VR left much to be desired both technically and

theoretically. So not only was the understanding of these various technologies among the

‘critical community’ rather limited, but the technologies were incomplete. The ‘interface’

was far less well developed than the data-processing technology. This incompleteness

was itself rendered hazy if not obscured by the hegemony of cognitivist discourses

redolent with yearnings for a disembodied transcendence, a discourse which was

apparently reinforced by the reification of such dualism in the hardware-software

binarism.

This is consistent with the general history of digital technology development in the

previous decades, and specifically with the history of Artificial Intelligence. The birth of

digital computing was roughly concurrent with the birth of AI, as marked by the General

Problem Solver of Newell, Simon and Shaw, of 1957. As a cultural imaginary, more so



than in its technical development, AI was invested with a conception of intelligence as a

closed and abstract capacity for logical symbol manipulation, and this conception

profoundly influenced the parallel development of cognitive science, which purported to

explain human intelligence in just such computational terms. Thinking, intelligence, was

the manipulation of symbolic tokens in some abstract logical space, as opposed, for

instance, to an ongoing engagement with the material world. In this discursive context, it

was reasonable to assert that shortcomings of interface technologies was a minor detail.

Certainly, technologies supporting such interfaces were poorly developed at the time, but

little attention was paid to why this might be. The root cause was precisely this emphasis

on abstracted capacity for logical symbol manipulation and its development in

computational contexts, and a consequent undervaluing of the embodied nature of being,

of sensing and discerning salience and meaning from the barrage of stimuli which press

in upon the organism every moment.

Many researchers felt that such developments were therefore not immediately crucial and

could be pushed off into the future. This dovetailed neatly with the fact that may such

problems, such as machine vision, were technically intractable at the time. This

combination of technical shortcomings and theoretical justifications served to obscure the

possibility that the process of perception, in the sense of making available to ‘cognition’

(in the sense of reasoning) of salient qualities from the world may well be regarded as the

work of intelligence. That is, rather than residing in some darkened and isolated chamber

in the brain, intelligence can be argued to reside precisely at the periphery of the

organism, the membrane, the interface to the world. Such an idea is literally unthinkable

within the terms of cognitivist AI. There was a nagging suspicion that ‘interface

technologies’ were not as ‘peripheral’ as their technical nomenclature suggested, and

inhered non-trivial problems beyond analog-digital conversion. The ‘common sense

problem’ or symbol-grounding problem (Harnad 1990: pp 335-346)) reared its head in AI

circles in the later 80s, and increasingly was recognised as a problem in principle and not

simply a task for technical resolution. xxix

Post Cognitivism, or: ‘Oh, look, there’s a body, I hadn’t noticed it till now’.



During the very decade of VR, as recognition of the shortcomings of the cognitivist

paradigm became more widespread, new modes of inquiry in cognitive science, AI and

robotics emerged, all loosely related to ‘Artificial Life’ approaches. Human interaction

with the world and with technology was addressed more intensively – as is evidenced by

the rapid expansion of HCI, CSCW (Computer Supported Collaborative Work) and

related areas of research. Cognitive Science and HCI became increasingly

interdisciplinary as psychologists, anthropologists and sociologists became involved.

New modes of cognitive science grappled with the embodied, situated and social

dimensions of cognition: the enactive cognition of (Varela, Thompson and Rosch, 1992);

the situated cognition of (Suchman 1987); and the distributed cognition of (Hutchins

1995). Advances in neuroscientific research revealed new dimensions of the mind-body

relation which gave rise to new work in philosophy of mind. Philosophy in the Flesh

(Lakoff and Johnson 1999) is perhaps the best known of these.

This movement met artists coming the other way, as it were; exploring the application of

computational technologies to embodied, material and situated cultural practices. The

crafting of embodied, sensorial experience is the core expertise of the arts, an expertise

which is as old as human culture itself. As Merlin Donald would argue, this ‘mimetic’

intelligence is fundamental to human culture (Donald 1991).xxx

Conclusion

The notion of ‘the virtual’ was unclear from the outset. I hope to have shown that it was

in large part a symptom of an incomplete technology and that the titillating promise of

‘virtual space’ was, in large part, a product of an interdisciplinary confusion over

terminology (perhaps in some cases quite intentional). ‘The virtual’ became doubly

virtual as network and interface technology nested it back into lived bodily and socio-

cultural space.

In the transition from the VR-centric discourses of the 1990s to more nuanced augmented

and mixed reality modes more recently grouped under the ‘ubiquitous’ rubric; the

accumulated research around VR’s stock-in-trade tracking and simulation techniques was

re-deployed in entertainment technology and commodity digital appliances. In this sense,



ubiquitous computing is less the kind of antithesis of VR which Mark Weiser envisaged,

and more of a continuity.

Likewise, many topics of media art critical discourse which had been framed by

discussion of the virtual have persisted after its demise. While artists had been drawn into

discourses of virtuality, much of the actual work and the aesthetic goals were grounded in

situated, embodied sensorial experience. Thus many of the aesthetic projects of 1990s

media-artists were inherently concerned with central issues of ubiquity, in the sense that

ubiquitous computing nests the ‘virtual’ into the physically lived ‘real’.
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i In much the same way that the sci-fi pop culture space travel imagery (Buck Rogers etc) fueled the US
‘space race’ of the mid twentieth century.
ii See (Penny 2008b)
iii Along with blogging, open source, crowdsourcing, folksonomy and other so-called web 2.0
parapharnalia.
iv Some aspects of this project have been addressed in monographs, anthologies and conferences. See for
instance Artists as Inventors, Inventors as Artists, anthology of Ludwig Boltzmann Institute, Austria, edited
by D. Daniels and U. Schmidt (2008). Ostfildern: Hatje Cantz.
v To elaborate on the snapshot, consider the following: Displays were monochromatic, 4” and 5 _” floppy
discs containing a few hundred kilobytes were the portable media. Microsoft had just released Windows3,
the first version of Windows to achieve significant success. Apple had just released its first, and
commercially disastrous ‘portable’, sporting a 16mhz 68000 processor and 1mb of RAM. Magnetic tape
was the primary recordable medium for audio and video. The Audio CD was relatively new technology. As
late as 1998, Apple led the market by abandoning the floppy drive in the then radical iMac. This was only a
year after the CD-RW was introduced.
vi The Aspen Movie Map (1978), the root document in hypermedia and interactive video, was only 12 years
old and serial accessible 12” interactive video-disc was (still) the normal format for interactive video.
vii Connection to the network was often via telephone lines and modems. Some still used acoustic modems,
the kind you stuck the handset of your telephone in ( image). These passed data in baud (not k-baud), 2400
bits/second was standard.
viii The original TinyMUD lasted only seven months through 1989-90. AlphaMOO, precursor of
LambdaMOO, was written in 1990. LamdaMOO was released on Usenet in 1991. But it should be noted
that through the 1980s a small community of artists concerned with ’telematics’ (such as the DAX group,
Robert Adrian X and Roy Ascott) had prototyped such environments using fax machines and commercial
data networks ( the IPSharp network). And Kit Galloway and Sherrie Levine’s deployed satellite video in
their remarkable work ’hole in space’.
ix The first ‘modern’ (2G) mobile phone system was launched in Finland in 1991. SMS first appeared, again
in Finland in 1993 (The Soviet Union had pioneered mobile telephony in the 1950s). In the US, Motorola
released the starTAC phone in 1996. In the USA, mobile phone usage was rare through the 1990s, uptake
trailed Scandinavia, Europe, Japan and South Korea.
x The exhibition exhibition of Interactive installation Machine Culture, which I curated for Siggraph ’93,
included thirty works from the Americas, Europe and Japan and offers a good cross section of such work.
Ken Rinaldos ’Flock’, comprising three custom hanging robotic sculptures. Myron Kreuger showed a new
camera based embodied interactive system, Christa Sommerer and Laurent Mignonneau showed Interactive
Plant Growing – a projection installation of dynamic 3D graphical plants driven by sensors on living plants,
and Perry Hoberman showed Faradays’s Garden, a witty pressure-mat driven and software articulated



                                                                                                                                                      
theatre of domestic appliances. Christian Mueller built an interactive mirror deploying a special glass of
controllable transparency driven by custom sonar sensing (regrattably damaged in transit). For full caatalog
and a series of invited essays (by Manovich, Huhtamo, Wright etc, see (Penny 1993). My own work
through the 90s involved development of custom sensor analysis and robot behavior algortithms,
proportional integral derivative (PID) motion control, custom realtime 3D machine vision hardware and
software, etc.
xi Many practitioners noted the destabilizing effect this blinding rate of change had on practice. A 1990s
computing pundit proposed that if automobiles had changed as rapidly as computers, a Rolls Royce would
cost 50 cents and get a million miles to the gallon. To make a similar analogy: if computers and software of
the period were paint and brushes, the painter might not recognize her tools and media from one month to
the next – canvas might have infinite length, paint might be metered in different units, brushes might be
voice activated. It was as if the ‘fundamental unit’ of a formal language of painting was sequentially
defined by; a single hair; a brush-thing made of a bunch of hairs; a brush-paint-palette unit and a ‘studio’
unit; in a single decade.
xii This situation had major repercussions for practitioners who were also academics and teachers. practical
stress of this situation was tangible the work-related condition of technological ‘burnout’ was lunch-table
conversation. For example, a collaborative document ”Running to Stay in Place: Faculty Burnout in the
Electronic Arts. Proposed Guidelines for Faculty Computer-based Media in Art and Design”, was presented
at ISEA94 and at CAA 1994. (Rubin, Weintraub et al, 1994)
xiii This notion is consistent with the idea that in the late modern period the community of artists acts as a
cultural early-warning system- as a group, though not necessarily individually, their antennas are way up.
xiv An example of the range of discourse around virtuality is evidenced by the bibliography by Toni
Emerson_ and Debra Revere at http://www.hitl.washington.edu/projects/knowledge_base/VRArt/
xv In the context of the present discussion it should be noted that two of the three large categories of
technology I have identified as being the subjects of the VR discourses (the internet (etc) and large scale
corporate, institutional and governmental databases) occupy a central place in today’s discussions of
ubiquity. The general field of sensing and tracking is also continuous.
xvi Many theorists have deployed the term virtuality in rather abstract ways, for instance, (Massumi 2002).
In my discussion here, I stay close to practices of interaction with sensor and data-driven technological
systems.
xvii Society for Cinema Studies conference, Pittsburgh, Pa, March’93, personal notes.
xviii Philip Agre has noted similar issues of incomprehensibility in the AI community in the same period.
(Agre 97)
xix Billy Kluver’s famously remarked that all the Experiments in Art and Technology (EAT) projects were
“ridiculous from an engineers point of view”. (Kluver 2001)
xx One of the quiet pleasures of the maturation of media studies and related fields is that they are
increasingly populated by people with solid professional technical experience whereof they speak,
combined with solid theoretical and critical as well as artistic grounding.
xxi http://www.jeffrey-shaw.net/html_main/frameset-works.php3
xxii An approach which became known in the techncial community as ’optical flow’.
xxiii Depicted is one of the interactions modes of Videoplace in which an animated character interacts with
the users’ silhouette. Videoplace existed in various incarnations through the mid 70s’.
xxiv Petit Mal was built 1989-1995. Shown here at Smile Machines exhibition curated by Anne Marie
Duguet at Transmediale 2006, Berlin. http://ace.uci.edu/penny/works/petitmal.html
xxv See http://ace.uci.edu/penny/works/traces.html, http://ace.uci.edu/penny/works/fugitive.html,
http://ace.uci.edu/penny/works/petitmal.html, etc.
xxvi Through the 1990s I also pursued research in distributed, semi-autonomous multi-agent systems
systems, not resident on the net but in free standing communities such as the emergent sound installation
Sympathetic Sentience. See http://ace.uci.edu/penny/works/sympathetic.html. I submitted Caucus, a robotic
multiagent project based on Petit Mal, to the NSF in 1996. It was not funded, but several years later, the
NSF established special funding specifically for flocking and swarming multi-robot research.
xxvii Body Electric utilised the Traces 3D machine vision system, originally developed by Simon Penny and
Andre Bernhardt for the Traces project (98/98). In Body Electric the system was deployed to generate real



                                                                                                                                                      
time 3D avatars and realtime 8 channel spatialised sound based on user behavior.
http://ace.uci.edu/penny/works/bodyelectric.html.
Video at http://www.neuromech.northwestern.edu/uropatagium/
xxviii El Ball del Fanalet (Lightpools) by Narcis and Roc Pares, Perry Hoberman, et al, was one such project.
http://www.dtic.upf.edu/~gvirtual/lghtpls/lghtpl_a.htm
Video at http://www.fundacion.telefonica.com/at/vida/vida10/paginas/v3/pares.html
xxix Famously, Marvin Minsky was at one point of the opinion that the common sense problem could be
solved in a year or so, given some good grad students.
xxx It is a telling and persistent failure of interdisciplinarity that while media artists were at forefront of such
research, the two communities had limited connection. Certain initiatives stand out as beacons through the
90s – such as the artist in residence program at Xerox PARC, the Ars Electronica Futurelab, V2 in
Rotterdam, ZKM, the Banff New Media Institute, the Australian Network for Art and Technology, and
more recently Intel Labs.


