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1. Introduction
It is difficult to keep up with and to understand the magnitude of the revolution in
Information and Communication Technologies (ICT). Two examples make the point. In
1995 the G7 demos at Midrand used a Silicon Graphics (SGI) machine with a gigabyte of
Random Access Memory (RAM) valued at $1,000,000. In 2002, the same power is
available on a home computer at a cost of $2,600. A second example: In the year 2000,
the ASCI Red computer at Sandia Labs, the size of 5 basketball fields with 11.5 trillion
instructions (or teraflops) per second, was the largest computer in the world. In
November 2002, that same computer was at position 15 in the list of the world’s fastest
supercomputers.1 In November 2002, the top computer was Japanese, at least three times
as fast as ASCI Red and we are told that by the end of 2003 there will be a new
computer, which will have 1000 trillion instructions per second: 2 i.e. the fastest computer
will soon be 15 times more powerful than the combined power of all the 500 top
computers in 2000 and it will only be the size of only two refrigerators.
1987 10,000
1989 100,000
1992 1,000,000
1995 4,900,000
2000 230,000,000
2002 560,000,000
2003 650,000,000
2004 940,000,000
Figure 1. The growth of the Internet.3
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Figure 2. Five possible consequences of the new media.
Similarly, it is difficult to appreciate the growth of the Internet. In 1987, there were only
some 10,000 users. By the beginning of 2000, there were some 230 million.
Notwithstanding the so-called dot-com bust and the IT woes, the number of users
doubled in the next 24 months (figure 1). By September 2003, the figure was 680 million,
approximately 10% of the world population. By the end of 2004, we are told the figure
will be 940 million.
During this period of 15 years, there has been a radical change in the role of languages. In
1987, English represented an estimated 98% of the Internet. In May 2003 it represents
35.2%. Chinese is now the second largest language on the Internet (11.8%); Japanese is
third (10.3%); Spanish is fourth (8.1%); German is fifth (6.5%), Korean is sixth (4.2%)
and French is seventh (3.3%).4 There are over 70 major languages online in an Internet5
that is said to be growing at a rate of seven million new pages a day with a surface web of
2.1 billion pages6 and a deep web (which includes all the databases and sections
produced on the fly) of some 550 billion pages. 7 It is predicted that by 2007 Chinese will
be the most used language on the Internet.8 These momentous technological
developments are only the surface of the ICT revolution which is underway and which
this essay seeks to outline. There are equally significant material, organisational,
intellectual and philosophical consequences, which characterize the transformations in
culture and knowledge in the digital age (figure 2).
2. Invisibility
The shrinking of the world’s largest computer from the size of 5 basketball fields to the
size of 2 refrigerators is symptomatic of a more fundamental trend towards nanotechnology.9 Twenty years ago this was largely a topic of science-fiction. Today there are
major developments on four fronts: electronic, biochemical or organic, mechanical and
quantum. An item on the BBC News (12 January 2000) gave a glimpse where this is
leading: “1 gramme of dried DNA can hold as much information as 1 trillion CDs.”
Within a generation everyday computers will be invisible. The enormous desktops of the
past will disappear into our furniture and our clothing. Wearable computing, a futuristic
buzzword only five years ago, will become a reality. Monitors, once enormous boxes,
will become one with the windows in our homes. Visionaries at Philips speak of
“ambient intelligence,”10 where everyday pieces of furniture will have their own
computer. Indeed ambient intelligence means that every object in our environment, every
object of culture, can potentially have their own “computer” that helps to describe its own
history. In the past, we often measured progress in terms of large size. The country with
the largest machine, the largest airplane was clearly the most advanced. Within a
generation this measure could well be reversed: the country with the smallest machine
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will be the most advanced.11 The technological consequences of the digital revolution are
invisibility.

3. Virtuality
Connected with this technological trend towards invisibility is a material trend towards
virtuality. In the past, the real and the virtual were often treated as opposites. In the
analog world the real counted and everything else was a poor imitation. In the digital
world a high level digital version may in some cases entail something more useful than
the original, because the digital or virtual form can readily be “translated” to a series of
other media. An analog page of a printed book is no more than a page. A digital page of a
printed book can theoretically be output as a handwritten manuscript page, as a spoken
page in oral form or even as a cuneiform page in tactile form.
Virtuality affects not only our approach to physical objects but is also transforming our
approach to processes. At least from the time of the Romans, there was a clear tradition
of making models prior to building “the real thing.” These models have always be seen as
useful visualization aids but little else. This is changing. A virtual factory in Manchester
(cf. Professor Adrian West) took more than 40 person years to create.12 It is much more
than a simple, small-scale replica of a physical factory. It reconstructs all the major
processes that take place within that factory. Similarly, in Virtual Environments for
Training (VET), Lockheed Martin and the US Navy are reconstructing in virtual form all
the operations of a warship.13
This same approach is being applied to historical subjects. At the University of Bologna,
scholars are reconstructing silk mills14 of the seventeenth century virtually in order better
to comprehend how they functioned and to use this in studying both the history of
technology and economic history. Similarly in Falun, Sweden, at the new Centre for
Digital Interpretation, scholars are reconstructing the processes of the mine which once
produced 70% of Europe’s copper in order to understand their own past.15 In Jaen,
scholars are using similar techniques to reconstruct the history of olive presses.
Meanwhile models have evolved into virtual reconstructions with simulations of how a
physical factory, such as an atomic energy plant, works under ideal conditions. These
virtual conditions become a basis for monitoring conditions in the physical world,
problems in which are then adjusted on the basis of comparison with the ideal conditions.
In this case, the virtual is no longer a poor imitation of the real. Virtuality serves to
monitor, adjust and ultimately control the real through what might be called a simulationreality feedback loop, which has interesting parallels to what Professor Kaynak calls the
mechatronics loop.16
Elsewhere, these new links between the real and virtual are leading to projects which use
a Distributed Real and Virtual Environment for Mechatronics and Teleservice (DERIVE,
Bremen),17 wherein combinations of virtual and real environments are starting points in
the design of new products. The material consequences of the new media are virtuality.
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On other fronts, these new links between the real and the virtual are introducing new
ambiguities. There are real cameras in real cities to record traffic and other movements.
There are virtual cameras in virtual cities as in the case of the Canal + model of Paris.
Increasingly, however, one can move from places in virtual cities to their corresponding
locations in virtual cities and conversely. The fictive space of paintings is being
reconstructed virtually such that one can walk through it as in the case of Infobyte’s
reconstruction of Raphael’s Incendio nel Borgo.18 This is leading to a new category of
interactive paintings as De Pinxi demonstrated in the Mexico Pavilion at Expo 2000.
A recent Virtual Reality Notre Dame claims to be the “first gaming based, multi-user,
real-time virtual experience”19 This uses a real cultural monument as the scene of a
virtual game. Another recent game, the Getaway, 20takes this principle much further. It
uses footage of at least 60 miles of real London streets as a starting point for an
adventure. Games such as Its Alive21 and Terraplay22 go one step further again. They
combine video screens with GPS systems in order to enable children to play virtual spy
adventures in the streets of real cities such as Stockholm. The game Madcatz goes one
stage further still. Instead of just shooting at virtual characters, the game inflicts actual
electric shocks on fellow players when they are hit. Granted the shocks are minimal but
the conflation of real and virtual is not. It is not surprising then that for some games of
Dungeons and Dragons become the starting point for adventures in real life. Some cynics
would argue that war games are subsdized by the military who see in these “realistic”
games virtual training grounds for later battlefields.
Such examples are extreme expressions of more subtle trends. In the past films, video
games and physical games were very separate activities. In the seventies there were jokes
about having read the book and then seeing the film and conversely. In the last five years,
however, there is an increasing tendency for video games to become starting points for
films such as the Matrix, Pokemon, Crouching Tiger, Hidden Dragon, Lara Croft and
Final Fantasy.
It is noteworthy that Final Fantasy, which was also one of the first films to be completely
generated by computer graphics, was arguably the least interesting of these. Blockbuster
films such as Jurassic Park, Star Wars and more recently Lord of the Rings, use
computer graphics but also continue to use real, physical sets. Hence, the move to
virtuality is not a simple rejection of the physical. It entails a new ambiguity between real
and phantasy worlds, which challenges the handy subject-object distinctions that, as
Cassirer23 showed so convincingly, were introduced with the rise of early modern science
in the Renaissance.
George Lukas, whose monumental Star Wars has become the film equivalent of an epic
in our times has chosen not to produce ever more sequels in the manner of the James
Bond films. At the same time, game versions of the films continue to evolve. The heroic
screen versions are becoming the starting points for thousands of variants produced by
creative individuals. In the past, this happened with fairy tales and other stories central to
our collective memory. A notable difference is that traditionally it was only the official
version that was printed and the many variants remained oral and unrecorded. In the Star
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Wars phenomenon the variants are also recorded. What happens when these become
available on-line and become the equivalents of libraries of creative variants to the
original story? Foucault, Derrida and other deconstructionists have tried to undermine our
notion of a text and even of a source. Is it not possible that these developments in new
media challenge us to raise these questions at a new level? Fortunately, as we shall
below, the same media also offer new tools for contextuality.
It is tempting to see these new ambiguities between the real and the virtual only in a
negative light, as an erosion of a reality, which once seemed so dear. Perhaps it is
important to recognize also positive dimensions in these same trends. In a world where
the news media claim to bombard us with a reality, which highlights only the disastrous
dimensions of the human condition, there is a new need to reactivate the realms of
phantasy and the imagination. Films such as Lord of the Rings re-enact those dimensions
in the great open landscapes of New Zealand and with real sets that include whole
villages. They fire our imagination because they are not just virtual sets. We sense that
this setting of the imaginary has a compellingly real basis, so much so that we could
foresee a new branch of tourism that will one day take us to the places where Lord of the
Rings was filmed. You’ve read the book and seen the film, now go to the place where it
happened.
In a sense Walt Disney has already succeeded in exploiting this principle within the
limited confines of theme parks. But the potentials of Lord of the Rings or even films
such as Crouching Tiger, Hidden Dragon are far greater. They introduce the idea of
secular pilgrimages to experience oneself the landscapes of one’s imagination, of one’s
heroes. In this scenario the ambiguity of real and virtual becomes a new stimulus for the
creative imagination, a new source of hope whereby the heroic world of dreams is
nurtured by pilgrimages through a selectively exciting and inspiring reality.
4. Systemicity
The organizational consequences of digital media entail a new emphasis on systems,
which might be called systemicity. Of course, the notion of systems as such is hardly new
and goes back at least to the time of the Greeks. In the past, systems focused on the life
cycle of a specific medium. For instance, the production life cycle of a manuscript
entailed a scriptorium and was very different than the production life cycle of a book,
which entailed a printing press. Each medium had its own system. In the digital world,
the life cycle of a “manuscript,” a book, a video, a film, and a television programme are
potentially all connected.
In the past, different aspects of systems were studied. In the manufacturing world, there
was Manufacturing Resource Planning (MRP), Supply Chain Management (SCM), and
Enterprise Resource Management (ERP) while others dealt with aspects such as
Customer Relationship Management (CRM). In the digital world, developments such as
the Supply Chain Action Network™ (SCAN)24 attempt to bring all aspects of production
within a single systematic treatment. Both physical organization of objects/products and
the social organization of personnel now tend to become part of a single vision that
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promises to be all inclusive and threatens to reduce individuals to the role of cogs in new
conceptual wheels. The organizational consequences of new media are a systemicity
which is frequently problematic. To escape the mechanistic determinism of such models
some are looking to organic metaphors for new guidance.
5. Contextuality
Pioneers of the Internet such as Vannevar Bush25, Douglas Engelbart26 and Ted Nelson27
were fascinated by the potentials of linking introduced by the new medium. This soon
became known as hypertext and hypermedia. Only gradually are we beginning to realise
that this entails something much more profound than a neat technological fix.
In the case of a printed book, an author makes claims and then uses footnotes and
bibliography to establish the solidity of their claims. In the past, there were jokes that a
book which did not have at least half of its page covered with footnotes was not really
serious. Interestingly enough both the footnote and the bibliographical reference provide
neither proof nor even first hand evidence. Footnotes and bibliographies merely point to
sources outside the covers of the citing book, which supposedly have the evidence and
proof that is claimed. What makes such printed books serious is that a sceptic can go to
the references and check up whether the claims made are justified.
Here electronic books potentially introduce a fundamental advance. Hyperlinks can, of
course, perform the same function as footnotes and point to sources elsewhere, but this
would simply be to repeat the limitations of an earlier medium in electronic form.
The same hyperlinks can be used to link any claim with a digital version of the original
source on which the claim is based. Hence, instead of merely referring to a source beyond
its covers as in the case of a printed book, the electronic book can connect us directly
with the source in question. This greatly facilitates our ability to check on the validity of
a claim, so much so that linking to the original source in its place of origin could well
become a new criterion for scholarship in future. Hence an electronic work which cites
just any copy of the Mona Lisa is less serious than one which takes us back to the
Louvre's own version(s) of that painting. A reference to Mona Lisa, which includes the
Louvre’s documentation on the same painting is more serious than one that does not. In
future every claim can potentially be linked with the objects and concepts about which
these claims are made.
Such new bridges between primary and secondary literature provide unexpected tools
against the current of constructiivism and deconstructionism which claims that nothing is
certain, mainly because they are very careful to remove access to the sources whereby
their fashionable claims could be checked and challenged. Even so the potentials of
digital contextualization go far beyond an ability to link sources with claims about these
sources.
Any cultural object exists in a specific place. For instance, the Mona Lisa hangs on a wall
of the Louvre in Paris, which affects the way it is seen. Earlier it hung in other places.
Printed books typically reproduce images of a painting, book or monument but hardly
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ever provide us with the context wherein that object or monument exists. With a digital
version one could theoretically provide not only an image of the painting but also of the
room wherein it hangs as well as reconstructions of where it hung previously. To be sure
our ability to do so depends very much on the documentation which is available.
Even so the potentials in a digital world are infinitely richer than those in an analog
world. In the case of a church, or monument we can reconstruct not only the building as it
looks now but also all its changes: e.g. how what began as a heathen temple devoted to
killing bulls in the tradition of Mithra became an early Christian Church, a Romanesque,
Gothic and Renaissance church, before becoming San Clemente (Rome) as we know it
today. In other cases we can link the evolution of Romanesque and Gothic churches to
the rise of pilgrimage routes such as that of Saint James of Compostella. Potentially we
can link an object, the room and buildling where it stands, with its site, town, cultural
landscape and cultural route(s).
Given the enormous developments in Universal Mobile Telephony Systems (UMTS)
linked with Geographical Positioning Systems (GPS) and Geographical Informational
Systems (GIS) it is entirely feasible that spatial contextualization complete with historical
and cultural variants could become part of tomorrow’s criteria for scholarship. Whereas a
traditional analog book cited only a single image of a painting or site, future electronic
works could allow us to see any object in their original contexts plus the competing or
even conflicting interpretations thereof in the case of archeological and other
reconstructions. European projects such as Archeoguide28 allow us to use augmented
reality to superimpose on a virtual version of the landscape a Greek reconstruction of the
temple of Hera at Olympus. In future, we might use the same techniques to compare
differences between British, French, German, and Italian reconstructions of the same
building. Rather than merely lamenting that there is interpretation present in all that we
undertake, let us make that interpretation visible so that we can compare the differences.
If the Germans “see” the world differently let us also see what that looks like.
The University of Bologna’s NUovo Museo Elettronico (NUME)29 project, which
reconstructs the inner city of Bologna and traces its evolution from the year 1000 to the
present is an excellent precursor of this vision. Ironically, this demonstration which is
approaching five terabytes in size is not yet available online, except in a summary
fashion, because the realities of gigabit connections are not yet part of our everyday
infrastructure. A generation ago these limitations were technological. Today, the only real
barriers are political will and a certain psychological barriers.
At least since the time of the Sceptics, philosophers have rightly pointed to the problems
of certainty in our claims for knowledge. The fathers of exegesis, hermeneutics and
modern epistemology have continued this tradition, as do those in cultural studies and
Science and Technology Studies (STS) today. Earlier worries about the only constancy is
change, have their contemporary equivalents in the claim that the only constancy is
constructivism. All these schools have rightly drawn attention to the limits of certainty.
Contemporary scholars rightly warn against the dangers of technological determinism
and equally rightly insist that technology cannot replace the central importance of human
interpretation. Even so, this should not blind us from recognizing the enormous advances
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offered by digital technologies that potentially allow us to confront any claim with the
sources on which it is based. If the intellectual consequences of the new media are truly
contextuality, then they offer us new instruments in our quest for truthfulness and our
unending search for truth in all its guises.
6. Spirituality
The US army spends $50 billion annually on software and along with other branches of
the military helps to pay for what was in 2000 the largest computer in the world. By
contrast, the Search for Exterrestrial Intelligence (SETI) project has almost no funding.
To cope with the enormous computational demands of the information they gather daily
from outer space, this project introduced a voluntary scheme whereby individuals could
make available their personal computers in idle periods when their screen savers were on.
It is impressive that in the year 2000 more than 2000 persons signed up daily such that by
July of that year there were over 2 million volunteers who made their screen saver time
available. This becomes even more impressive when we realize that the combined
computational power of these volunteers’ computers was 11.330 teraflops, i.e. roughly the
same as the power of the world’s most powerful computer at the time.
The SETI example is emblematic of something very profound. Over the past 50 years
hundreds of billions have been invested in software. A few companies and individuals
have profited greatly. Yet paradoxically it could be argued that the most effective
software is free: UNIX and increasingly Linux and other Open Source software.
There are enormous efforts on the part of a small cartel of companies to own and control
content. Billions are being invested in this process. Very little of their efforts have borne
serious fruit. Meanwhile, it is striking that small groups of volunteers such as Eulogos31
have produced free online access to full text versions of 4124 books in 36 languages.
If one defines the essence of spirituality as sharing without financial or other ulterior
motives, art for art’s sake (ars gratia artis – ironically now the motto of a very
financially minded MGM), then the Internet is an unexpected stimulus to spirituality: a
return to the old humanist ideals for the sake of helping others, to build on something
beyond oneself. American thinkers such as Eric Raymond have tried to persuade us that
the Internet is not like the building of a cathedral and more like the banter of a bazaar.32
But this overlooks the motives why volunteers share their personal knowledge for the
sake of a greater cause: not to barter for their own gain but to build slowly on something
that is far beyond the capacity of a single individual.
In the Middlle Ages, the monks who worked selflessly at copying manuscripts in order
literally to ensure tradition were conscious of something similar. It was not their single
pages that counted, but the cumulative effect of many scriptoria that slowly handed
down, then recovered and translated the enormous cumulative heritage of centuries and
millennia. Initiatives such as the Gutenberg Project have received much press and these
on their own are like the individual pages of the mediaeval scribes. The real power of the
Internet lies in the cumulative force of a movement that adds 7 million new pages a day.
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The World Wide Web Virtual Library is producing enormous resources on most major
topics. Some of these projects are amazing in their detail. There are now four digital
versions of the Gutenberg Bible (British Library33, Cambridge.34 Göttingen,35 Keio36 and
Austin, Texas37). A fifth is being scanned in by the Library of Congress38 at 767
megabytes per page or nearly half a terabyte for a single tome. We have more access to
the Bible online today than any individual at any time in the past. And this is true in the
case of many other works also.
Other projects are breathtaking in their scope such as the complete digital version of the
Buddhist Scriptures, the Tripattika, in Korean. In Beijing, the complete Classics of the
Chinese Language (800 million characters) and the full text digital version of the
Emperor’s Library (over 300 million characters), exist in Unicode today.39
Such enormous accomplishments represent obvious milestones in the digital revolution.
There is reason to believe, however, that the deeper dimensions of the revolution have yet
to surface. There is much rhetoric that the Internet is creating a digital divide. This
overlooks that the advent of the alphabet brought an even more trenchant literacy divide
which is still all too visible in countries such as Nepal where up to half the population is
illiterate and unable to read.
In the analog world communication is typically limited to a single medium and often to a
single sense at a time. A speech needs to be copied to become a manuscript. A
manuscript needs to be produced anew in order to reappear as a book. In the digital world
this is different. Once an oral speech is recorded digitally, it can be reproduced in
cuneiform, in handwriting as a manuscript, or in printed form as a book. Alternatively a
digital book can be reproduced as a manuscript or in oral form as a speech or
conversation. This means that an illiterate person could speak about their oral knowledge
and this could be recorded in book form to become part of our enduring knowledge. At
the same time the wisdom of our memory institutions can be made available to this same
illiterate person by being conveyed in oral form. Admittedly there are limitations but, for
the first time in history, the “computer” offers a bridge for the literacy divide. In India,
the developers of the simputer40 (simple computer) are exploring these potentials in
everyday life.
Marshall McLuhan taught us to look at media as a sequence whereby each new medium
uses its predecessor for its content. The telegraph used the printed word as its content.
Printing used the written word of manuscripts as content. Manuscripts used oral language
as content. Language used thought as its content. He also taught us that there each
medium brought unexpected side effects, which led him to claim that the medium is the
message, In McLuhan’s world every medium had its own production life cycle. The
production of a manuscript involved a scriptorium, which was very different from the
production of a book which required a printing press or a film which required a film
studio (and perhaps a post production house).
Following his approach, we would expect that the new media of Information and
Communication Technologies (ICT) should use radio and television as their content. In a
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certain sense this is becoming true. Computer screens can now carry both radio and
television signals. Televisions can increasingly link up with computers. But the story is
much more complex. For starters the knowledge production life cycle is no longer limited
to a single medium at a time. In a digital world the production of oral radio speeches,
manuscripts, books, films, television, and video are potentially all related as part of a
single cycle.
Moreover, just as computers allow digital signals to be translated from one medium into
another, they also allow conveyance of all five senses: sight, sound, touch, smell and taste
and translation from one sense into another. Hence not only can a visible sign be
translated into an oral sound. It can also be translated into a physical touch for Braille or
even a smell or a taste. This is opening new fields of sensory transduction41 whereby the
sounds of an oscilloscope or of Magnetic Resonance Tomography (MRT) of a pregnant
woman’s womb can be translated into a visible picture of the unborn child. Potentially
these technologies open up many new dimensions of sensory synaesthesia.
Any attempt to explore in detail all these possibilities or even to list them would take us
far beyond the confines of an introductory lecture/paper such as this. Our basic point is
very simple. The digital revolution is something fundamentally different than the
introduction of yet another medium, than yet another variant in McLuhan’s list of media.
It cannot be defined by catchy terms such as books on steroids or the like. The ICT
revolution marks a fundamental change in our relation to all media, to all our senses, to
all our expressions. It transcends even the barriers of literacy and introduces a world
which will take many generations ere we have fully comprehended its full implications.
The new media are transforming our definitions of culture and knowledge itself.
7. Conclusions
Marshall McLuhan taught us to study media not only in terms of their obvious effects,
but rather in terms of their unexpected consequences. Ironically, most attention continues
to be with respect to the obvious effects of computers, Internet and ICT. Most persons
continue to focus mainly on the purely visible technological consequences of ICT. We
have shown that, paradoxically these technological consequences lead to invisibility. We
have argued that there are also material, organisational, intellectual and philosophical
consequences, namely: virtuality, systemicity, contextuality and potentially spirituality.
Herein lie the unexpected and truly portentous implications of the ICT revolution.
What makes these implications of the ICT revolution more intriguing is that they change
as one shifts one’s goals. In the United States, where the goal is an Information Highway,
the emphasis is more clearly on the material and organizational consequences. In Europe,
where the goal is an Information Society, there is more concern with systemicity and
contextuality. In Japan, where the goal is a Knowledge Society, the spiritual
consequences are more in the foreground. In this discovery, that we are not determined
by the new technologies but rather that the new technologies are determined by our own
dreams, lies the stuff of many new horizons beyond the bounds of a simple article.42
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