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Preface: The Great Adjustment

The Internet, like many readers of this book, is a child of the industrial
age. Long before the arrival of digital communications, the steam
engine, telegraph pole and coalmine quickened the pace of the world.
Industrialized commerce, communications and war spun the globe ever
faster and increasingly to a centripetal beat. Control in the industrialized world was put at the centre. The furthest reaches of the globe came
under the sway of centres of power: massive urbanization and a ﬂight
from the land created monstrous cities in the great nations; maritime
empires brought vast swathes of the globe under the sway of imperial
capitals. The training of workmen, the precise measurement of a pistol
barrel’s calibre, the mass assembly of automobiles, all were regimented,
standardized in conformity with the centripetal imperative. The
industrial revolution created a world of centralization and organized
hierarchy. Its deﬁning pattern was a single, central dot to which all
strands led. But the emerging digital age is different.
A great adjustment in human affairs is under way. The pattern of
political, commercial and cultural life is changing. The deﬁning pattern
of the emerging digital age is the absence of the central dot. In its place
a mesh of many points is evolving, each linked by webs and networks.
This story is about the death of the centre and the development of commercial and political life in a networked system. It is also the story about
the coming power of the networked individual as the new vital unit of
effective participation and creativity.
At the centre of this change is the Internet, a technology so unusual
and so profoundly unlikely to have been created that its existence
would be a constant marvel were it not a fact of daily life. No treatise
or arch plan steered its development from beginning to end. Nor did
its success come from serendipity alone, but from the peculiar ethic that
<
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emerged among engineers and early computer lovers in the 1960s and
’70s, and through the initiative of empowered users and networked
communities. The combination of these elements has put power in the
hands of the individual, power to challenge even the state, to compete
for markets across the globe, to demand and create new types of media,
to subvert a society – or to elect a president.
We have arrived at the point when the Internet has existed for a sufﬁciently long time for a historical study to reveal key characteristics that
will have an impact on business, politics and society in the coming
decades. Like all good histories, this book offers insight into the future
by understanding the past. The ﬁrst section of this book (Chapters 1–4)
examines the concepts and context from which the Internet emerged.
The second section (Chapters 5–9) traces how the technology and culture of networking matured, freeing communities for the ﬁrst time in
human history from the tyranny of geography in the process. This
section also describes the emergence of the Web and the folly of the dotcom boom and bust. The ﬁnal section (Chapters 10–13) shows how the
deﬁning characteristics of the Internet are now transforming culture,
commerce and politics.
Three characteristics have asserted themselves throughout the
Internet’s history, and will deﬁne the digital age to which we must all
adjust: the Internet is a centrifugal force, user-driven and open. Understanding what these characteristics mean and how they emerged is the
key to making the great adjustment to the new global commons, a
political and media system in ﬂux and the future of competitive
creativity.
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<PHASE I>

DISTRIBUTED NETWORK,
CENTRIFUGAL IDEAS

<1>

A Concept Born in the
Shadow of the Nuke

The 1950s were a time of high tension. The us and Soviet Union prepared themselves for a nuclear war in which casualties would be
counted not in millions but in the hundreds of millions. As the decade
began President Truman’s strategic advisors recommended that the us
embark on a massive rearmament to face off the Communist threat.
The logic was simple:
A more rapid build-up of political, economic, and military
strength . . . is the only course . . . The frustration of the Kremlin
design requires the free world to develop a successfully functioning political and economic system and a vigorous political offensive against the Soviet Union. These, in turn, require an adequate
military shield under which they can develop.1
The report, nsc-68, also proposed that the us consider pre-emptive
nuclear strikes on Soviet targets should a Soviet attack appear imminent. The commander of us Strategic Air Command, Curtis LeMay, was
apparently an eager supporter of a us ﬁrst strike.2 Eisenhower’s election
in 1952 did little to take the heat out of Cold War rhetoric. He threatened the ussr with ‘massive retaliation’ against any attack, irrespective
of whether conventional or nuclear forces had been deployed against
the us.3 From 1961, Robert McNamara, Secretary of Defense under
Presidents Kennedy and Johnson, adopted a strategy of ‘ﬂexible
response’ that dropped the massive retaliation rhetoric and made a
point of avoiding the targeting of Soviet cities. Even so, technological
change kept tensions high. By the mid-1960s the Air Force had upgraded
its nuclear missiles to use solid-state propellants that reduced their
launch time from eight hours to a matter of minutes. The new
<
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Minuteman and Polaris missiles were at hair-trigger alert. A nuclear
conﬂagration could begin, literally, in the blink of an eye.
Yet while us missiles were becoming easier to let loose on the enemy,
the command and control systems that coordinated them remained
every bit as vulnerable as they had ever been. A secret document
drafted for President Kennedy in 1963 highlighted the importance of
command and control. The report detailed a series of possible nuclear
exchange scenarios in which the President would be faced with ‘decision points’ over the course of approximately 26 hours. One scenario
described a ‘nation killing’ ﬁrst strike by the Soviet Union that would
kill between 30 and 150 million people and destroy 30–70 per cent of us
industrial capacity.4 Though this might sound like an outright defeat,
the scenario described in the secret document envisaged that the
President would still be required to issue commands to remaining us
nuclear forces at three pivotal decision points over the next day.
The ﬁrst of these decisions, assuming the President survived the ﬁrst
strike, would be made at zero hour (0 h). 0 h marked the time of the
ﬁrst detonation of a Soviet missile on a us target. Kennedy would have
to determine the extent of his retaliatory second strike against the
Soviets. If he chose to strike military and industrial targets within the
Soviet Union, respecting the ‘no cities doctrine’, us missiles would
begin to hit their targets some thirty minutes after his launch order
and strategic bombers already on alert would arrive at h + 3 hour.
Remaining aircraft would arrive at between h + 7 and h + 17 hours.
Next, the scenario indicated that the President would be sent an offer
of ceaseﬁre from Moscow at some time between 0 h and h + 30 minutes. He would have to determine whether to negotiate, maintain his
strike or escalate. In the hypothetical scenario the President reacted by
expanding us retaliation to include Soviet population centres in addition to the military and industrial targets already under attack by the
us second strike. In response, between h + 1 and h + 18 hours, the
surviving Soviet leadership opted to launch nuclear strikes on western
European capitals and then seek a ceaseﬁre. At this point, European
nuclear forces launched nuclear strikes against Soviet targets. At h + 24
the President decided to accept the Soviet ceaseﬁre, subject to a withdrawal of the Soviet land forces that had advanced into western Europe
during the 24 hours since the initial Soviet strike. The President also
told his Soviet counterpart that any submerged Soviet nuclear missile
submarines would remain subject to attack. The scenario concludes at
<
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some point between h + 24 and h + 26 when the Soviets accept,
though the us remain poised to launch against Soviet submarines.
In order for the President to make even one of these decisions, a
nuclear-proof method of communicating to his nuclear strike forces
was a prerequisite. Unfortunately, this did not exist. A separate brieﬁng
for Kennedy described the level of damage that the us and ussr would
be likely to sustain in the ﬁrst wave of a nuclear exchange.5 At the end
of each of the scenarios tested both sides would still retain ‘substantial
residual strategic forces’ that could retaliate or recommence the assault.
This applied irrespective of whether it had been the us or the Soviet
Union that had initiated the nuclear exchange. Thus, despite suffering
successive waves of Soviet strikes the United States would have to
retain the ability to credibly threaten and use its surviving nuclear
arsenal. However, the briefs advised the President, ‘the ability to use
these residual forces effectively depends on survivable command and
control . . .’ In short, the Cold War belligerent with the most resilient
command and control would have the edge. This had been a concern
since the dawn of the nuclear era. In 1950 Truman had been warned of
the need to ‘defend and maintain the lines of communication and
base areas’ required to ﬁght a nuclear war.6 Yet, for the next ten years
no one had the faintest idea of how to guarantee command and control communications once the nukes started to fall.
A nuclear detonation in the ionosphere would cripple fm radio
communications for hours, and a limited number of nuclear strikes on
the ground could knock out at&t’s highly centralized national telephone network. This put the concept of mutually assured destruction
(mad) into question. A key tenet of mad was that the fear of retaliation
would prevent either Cold War party from launching a ﬁrst strike. This
logic failed if a retaliatory strike was impossible because one’s communications infrastructure was disrupted by the enemy’s ﬁrst strike.
rand, a think tank in the United States, was mulling over the problem. A rand researcher named Paul Baran had become increasingly
concerned about the prospect of a nuclear conﬂagration as a result of
his prior experience in radar information processing at Hughes.7 In his
mind improving the communications network across the United States
was the key to averting war. The hair-trigger alert introduced by the new
solid fuel missiles of the early 1960s meant that decision makers had
almost no time to reﬂect at critical moments of crisis. Baran feared that
‘a single accidental[ly] ﬁred weapon could set off an unstoppable
<
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nuclear war’.8 In his view command and control was so vulnerable to
collateral damage that ‘each missile base commander would face the
dilemma of either doing nothing in the event of a physical attack or
taking action that could lead to an all out irrevocable war’. In short, the
military needed a way to stay in contact with its nuclear strike force,
even though it would be dispersed across the country as a tactical
precaution against enemy attack. The answer that rand delivered was
revolutionary in several respects – not least because it established the
guiding principles of the Internet.
Nuclear-proof communications

Baran came up with a solution that suggested radically changing the
shape and nature of the national communications network. Conventional networks had command and control points at their centre. Links
extended from the centre to the other points of contact in a hub-andspoke design. In 1960 Baran began to argue that this was untenable in
the age of ballistic missiles.9 The alternative he began to conceive of was
a centrifugal distribution of control points: a distributed network that
had no vulnerable central point and could rely on redundancy. He was
conscious of theories in neurology that described how the brain could
use remaining functions effectively even when brain cells had died.10 An
older person unable to recall a word or phrase, for example, would
come up with a suitable synonym. Using the neurological model every
node in the communications network would be capable of relaying
information to any other node without having to refer to a central control point. This model would provide reliable command and control
of nuclear forces even if enemy strikes had wiped out large chunks of
the network.
In his memorandum of 1962, ‘On Distributed Communication Networks’, Baran described how his network worked. Messages travelling
across the network would not be given a pre-deﬁned route from sender
to destination.11 Instead they would simply have ‘to’ and ‘from’ tags and
would rely on each node that they landed at on their journey across the
network to determine which node they should travel to next to reach
their destination in the shortest time. The nodes, by a very simple
system that Baran describes in less than a page, would each monitor
how long messages had taken to reach them from other nodes on the
network,12 and could relay incoming messages to the quickest node in
<
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the direction of the message’s destination. By routing the messages like
‘hot potatoes’, node-to-node, along the quickest routes as chosen by the
nodes themselves, the network could route around areas damaged by
nuclear attacks.
Rewiring the nation’s communications system in this manner was
a conundrum. The analogue systems of the early 1960s were limited in
the number of connections they could make. The process of relaying,
or ‘switching’, a message from one line to another more than ﬁve times
signiﬁcantly degraded signal quality. Yet Baran’s distributed network
required many relay stations, each capable of communicating with any
other by any route along any number of relay stations. His concept was
far beyond the existing technology’s capabilities. However, the new and
almost completely unexplored technology of digital communications
could theoretically carry signals almost any distance. This proposal was
radical. Baran was suggesting combining two previously isolated technologies: computers and communications. Odd as it might appear to
readers in a digital age, these were disciplines so mutually distinct that
Baran worried his project could fail for lack of staff capable of working in both areas.13
Baran realized that digital messages could be made more efﬁcient if
they were chopped up into small ‘packets’ of information. (Acting
independently and unaware of Baran’s efforts, Donald Davies, the
Superintendent of Computer Science Division of the uk’s National
Physics Laboratory, had developed his own packet-switched networking theory at about the same time as Baran.) What Baran, and Davies,
realized was that packets of data could travel independently of each
other from node to node across the distributed network until they
reached their destination and were reconstituted as a full message.
This meant that different types of transmissions such as voice and data
could be mixed, and that different parts of the same message could
avoid bottlenecks in the network.
Remarkably, considering the technical leap forward it represented,
the us did not keep Baran’s concept of distributed communications
secret. The logic was that:
we were a hell of a lot better off if the Soviets had a better command and control system. Their command and control system
was even worse than ours.14
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Thus, of the twelve memoranda explaining Baran’s system, only two,
which dealt with cryptography and vulnerabilities, were classiﬁed.15 In
1965 rand ofﬁcially recommended to the Air Force that it should proceed with research and development on the project.16
Baran’s concept had the same centrifugal character that deﬁnes the
Internet today. At its most basic, what this book calls the ‘centrifugal’
approach is to ﬂatten established hierarchies and put power and
responsibility at the nodal level so that each node is equal. Baran’s network focused on what he called ‘user-to-user rather than . . . centre-tocentre operation’.17 As a sign of how this would eventually empower
Internet users en masse, he noted that the administrative censorship
that had occurred in previous military communications systems would
not be possible on the new system. What he had produced was a new
mechanism for relaying vast quantities of data across a cheap network, while beneﬁting from nuclear-proof resilience. Whereas analogue
communications required a perfect circuit between both end points of
a connection, distributed networking routed messages around points
of failure until it reached its ﬁnal destination. This meant that one could
use cheaper, more failure-prone equipment at each relay station. Even
so, the network would be very reliable.18 Since one could build large networks that delivered very reliable transmissions with unreliable equipment, the price of communications would tumble. It was nothing
short of a miracle. at&t, the communications monopoly of the day,
simply did not believe him.
When the Air Force approached at&t to test Baran’s concept, it ‘objected violently’.19 There was a conceptual gulf between the old analogue
paradigms of communication to which at&t was accustomed and the
centrifugal, digital approach that Baran proposed. Baran’s centrifugal
model was the antithesis of the centralized, hierarchical technology and
ethos on which at&t had been founded. at&t experts in analogue communications were incredulous at Baran’s claims made about digital
communications. at&t, used to analogue communications that relied
on consistent line quality that relayed a message as cleanly as possible
from point to point, could not accept that cutting messages into packets
as Baran proposed would not hinder voice calls. Explaining his idea in
a meeting at at&t headquarters in New York, Baran was interrupted by
a senior executive who asked:
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Wait a minute, son. Are you trying to tell me that you open the
switch before the signal is transmitted all the way across the
country?20
Yet the theoretical proofs that digital packet switching could work
were beginning to gather. In 1961 a young phd student at mit named
Leonard Kleinrock had begun to investigate how packets of data could
ﬂow across networks.21 In the uk, Donald Davies’s packet-switching
experiment within his lab at the National Physics Laboratory in 1965
proved that the method worked to connect computer terminals and
prompted him to pursue funding for a national data network in the uk.
Though Davies was unable to secure sufﬁcient funding to pursue a network project on the scale that would emerge in the us, his laboratory
did nonetheless inﬂuence his American counterparts. Also in 1965 two
researchers called Lawrence Roberts and Tomas Marill connected a
computer at mit’s Lincoln Laboratory in Boston with a computer at the
System Development Corporation in California.22
Despite these developments, at&t had little interest in digital communications, and was unwilling to accept that Baran’s network, which
had a projected cost of $60 million in 1964 dollars, could replace the
analogue system that cost $2 billion per year.23 One at&t ofﬁcial apparently told Baran, ‘Damn it, we’re not going to set up a competitor
to ourselves.’24 at&t refused the Air Force’s request to test Baran’s concept. The only alternative was the Defense Communications Agency
(dca). Baran believed that the dca ‘wasn’t up to the task’25 and regarded
this as the kiss of death for the project. ‘I felt that they could be almost
guaranteed to botch the job since they had no understanding for digital technology . . . Further, they lacked enthusiasm.’ Thus in 1966 the
plan was quietly shelved, and a revolution was postponed until the right
team made the mental leap from centralized analogue systems to centrifugal digital ones.
Innovation incubator: RAND

The breadth of Baran’s ideas and the freedom that he had to explore
them had much to do with the organization in which he worked.
rand was a wholly new kind of research establishment, one born of the
military’s realization during the Second World War that foundational
science research could win wars. Indeed it is perhaps in the Second World
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War rather than in the Cold War that the seeds of the Internet were
sown. Even before America’s entry into the War, President Roosevelt had
come to the view that air power was the alternative to a large army and
that technology, by corollary, was the alternative to manpower. In Roosevelt’s mind it had been German air power that had caused Britain’s
acquiescence in the Munich Pact.26 The us, which had hitherto neglected to develop its air forces, resurrected a programme to build almost
2,500 combat aircraft and set a target capacity to produce 10,000 aircraft per year. When it did enter the War the us established a ‘National
Roster of Scientiﬁc and Specialized Personnel’ to identify ‘practically
every person in the country with specialized training or skill’.27 Senior
scientists understood the War as ‘a battle of scientiﬁc wits in which outcome depends on who can get there ﬁrst with best’.28 Chemists held
themselves ‘aquiver to use their ability in the war effort’.29 Mathematicians, engineers and researchers could point to the real impact of their
contribution to the war effort. Vannevar Bush, the government’s chief
science advisor, told the President in 1941 that the us research community had ‘already profoundly inﬂuenced the course of events’.30
The knowledge race captured the public’s imagination too. The us
government appealed to the public to contribute ideas and inventions
for the war effort. While Vannevar Bush regarded tyros, individuals who
circumvented established hierarchies to inject disruptive and irrelevant
ideas at levels far above their station, as ‘an unholy nuisance’,31 he and
the military research establishment were open to the ideas of bright
amateurs. The National Inventors’ Council, ‘a clearing house for America’s inventive genius’, reviewed inventions from the public that could
assist the war effort.32 It received over 100,000 suggestions,33 and is distinguished, among other things, as being one of the many organizations
and businesses that rejected the concept of the photocopier.34 The
Department of Defense released a list of ﬁelds in which it was particularly interested to receive suggestions including such exotica as ‘electromagnet guns’.35 In one startling example two ideas of Hugo Korn, a
sixteen-year-old from Tuley High School in Chicago, were apparently
given practical consideration. One was an airborne detector ‘to spot
factories in enemy country by infrared radiation’. The other was ‘an
aerial camera which would be used in bad weather conditions’.36 During the First World War the Naval Consulting Board had performed a
similar function, though out of the 110,000 proposals submitted to it
all but 110 were discarded as worthless and only one was implemented.
<
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Researchers during the War basked in public recognition of their
critical importance. This new status, the President of mit mooted,
might ‘result in permanently increased support of scientiﬁc research’.37
As the end of the War drew near, political, military and scientiﬁc
leaders paused to consider the transition to peacetime. The signiﬁcance
of the moment was not lost on Roosevelt. He wrote to Vannevar Bush
in late 1944 asking:
New frontiers of the mind are before us, and if they are
pioneered with the same vision, boldness, and drive with which
we have waged this war we can create a fuller and more fruitful
employment and a fuller and more fruitful life . . . What can
the Government do now and in the future to aid research
activities by public and private organizations . . . so that the
continuing future of scientiﬁc research in this country may be
assured on a level comparable to what has been done during
the war?38
In response Bush drew together the senior scientists of the nation to
draft Science: the endless frontier, a report that established the architecture of the post-war research environment. At the core of its
recommendations was a general principle of openness and crossfertilization:
Our ability to overcome possible future enemies depends upon
scientiﬁc advances which will proceed more rapidly with diffusion
of knowledge than under a policy of continued restriction of
knowledge now in our possession.39
Though he argued for the need for federal funding, Bush was against
direct government control over research.40 While not directly involved
in its establishment, Bush’s emphasis on cross-disciplinary study, openness and a hands-off approach to funded research would percolate and
become realized in rand. Science: the endless frontier also proposed the
establishment of what would become the National Science Foundation,
an organization that was to play an important role in the development
of the Internet many decades later.
Also considering the post-war world was General ‘Hap’ Arnold, the
most senior ofﬁcer in the us Army Air Force. He wrote that:
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the security of the United States of America will continue to rest
in part in developments instituted by our educational and professional scientists. I am anxious that the Air Force’s post war and
next war research and development be placed on a sound and
continuing basis.41
General Arnold had a natural appreciation for military research. He
had been a pioneer of military aviation at the Wright Brothers’ ﬂight
school in 1911, where he and a colleague became the ﬁrst us military
ofﬁcers to receive ﬂight instruction. Despite a personal ambivalence
towards scientists and academics, whom he referred to as ‘long-hair
boys’,42 he placed a priority on the importance of research and development. As he told a conference of ofﬁcers, ‘remember that the seed
comes ﬁrst; if you are to reap a harvest of aeronautical development,
you must plant the seed called experimental research’.43
At the close of the Second World War Arnold supported the establishment of a new research outﬁt called ‘Project rand’, an acronym as
lacking in ambition as its bearer was blessed (rand is short for
‘Research and Development’). The new organization would conduct
long-term research for the Air Force. Edward Bowles, an advisor to the
Secretary of War on scientiﬁc matters, persuaded Arnold that rand
should have a new type of administrative arrangement that would
allow it the ﬂexibility to pursue long-term goals. It was set up as an
independent entity and based at the Douglas Aircraft Company, chosen
in part because of a belief that scientists would be difﬁcult to recruit if
they were administered directly by the military and because Douglas
was sufﬁciently distant from Washington to allow its staff to work in
relative peace.44 rand’s earliest studies included the concept for a
nuclear powered strategic bomber called the ‘percojet’, which suffered
from the fatal design ﬂaw that its pilots would perish from radiation
before the craft had reached its target; a strategic bombing analysis that
took account of over 400,000 different conﬁgurations of bombers and
bombs; and a ‘preliminary design of an experimental world-circling
space ship’.45 This was truly research at the cutting edge of human
knowledge.
rand was extraordinarily independent. General Curtis LeMay, the
Deputy Chief of Air Staff for Research and Development, endorsed a
carte blanche approach to Project rand’s work programme.46 When the
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Air Force announced its intention to freeze its funding of Project rand
in 1959 at 1959 levels, rand broadened its remit and funding base by
concluding research contracts with additional clients that required it to
work on issues as diverse as meteorology, linguistics, urban transport,
cognition and economics. By the time Paul Baran examined packetswitched networking at rand the organization was working at levels
both below and above the Air Force and with clients outside the military structure.
In 1958, a year before Baran joined rand, a senior member of rand’s
staff wrote in Fortune magazine that military research was ‘suffering
from too much direction and control’.47
There are too many direction makers, and too many obstacles are
placed in the way of getting new ideas into development. r. and d.
is being crippled by . . . the delusion that we can advance rapidly
and economically by planning the future in detail.48
The rand approach was different. As another employee recalled,
‘some imaginative researcher conceives a problem . . . that he feels is
important [and] that is not receiving adequate attention elsewhere’.49
Before joining rand Baran had been ‘struck by the freedom and
effectiveness of the people’ there.50 rand staff had ‘a remarkable freedom to pursue subjects that the researcher believes would yield the
highest pay off to the nation’. One rand staff member recalled ‘anarchy
of both policy and administration . . . [which] is not really anarchy but
rather a degree of intellectual freedom which is . . . unique’.51 The staff
were given freedom to pursue their interests and indulge their eccentricities. ‘We have learned that a good organization must encourage
independence of thought, must learn to live with its lone wolves and
mavericks, and must tolerate the man who is a headache to the efﬁcient
administrator’.52 Though scientists at rand may have been more
politically conservative than their counterparts in academia,53 many
were oddballs who did not ﬁt in: ‘One man rarely showed up before two
o’clock, and we had another who never went home.’54
Reﬂecting in 2003, Baran recalled a freedom for staff to pursue
projects on their own initiative that has no contemporary comparison.55
This was the environment in which Baran developed the concept of
packet switching, a concept so at odds with established thinking about
communications that the incumbent could not abide it.
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Systems analysis, the rand methodology, promoted the perspective
that problems should be considered in their broader economic and
social context. Thus by the time Baran joined rand in 1959 the organization incorporated not only scientists and engineers, but also economists and, after some initial teething problems, social scientists.56
This might explain why, though he wrote in the context of a sensitive
military research and development project, Baran posed a remarkable
question at the conclusion of one of his memoranda on distributed
communications:
Is it now time to start thinking about a new and possibly nonexistent public utility, a common user digital data plant designed
speciﬁcally for the transmission of digital data among a large set
of subscribers? 57
From the outset Baran’s ideas were broader than nuclear-proof
command and control. His vision was of a public utility.

<
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The Military Experiment

Cold War though it may have been, its belligerents fought a hot war of
technological gestures. In late 1957 it appeared to Americans as though
the Soviets were winning. On 26 August 1957 the Soviets launched the
Vostok r-7 rocket, the world’s ﬁrst intercontinental ballistic missile
(icbm). Two months later on 4 October 1957 a pulsing beep . . . beep
. . . beep . . . from space signalled Soviet mastery in the space race. The
Soviet Union had launched the ﬁrst satellite, Sputnik, which circled the
globe every 96 minutes at 18,000 miles per hour.1 The beeps of its
radio transmission were relayed to listeners on earth by radio stations.
Visual observers at 150 stations across America were drafted in to report
sightings of the object. Time magazine spoke of a ‘Red moon over the
us’.2 Not only were the Soviets ﬁrst to launch a satellite into space but,
as the front page of The New York Times told Americans the next day,
the Soviet satellite was eight times heavier than the satellite the us
planned to put into orbit. If the ussr could launch so heavy an object
into space what else could their rockets do? Then on 3 November the
ussr launched a second satellite. This one weighed half a ton and
carried a dog into the heavens. Soviet scientists hinted at plans for
permanently orbiting satellites providing platforms for space ships.
American scientists speculated on whether the next trick up the Soviet
sleeve would be to detonate a hydrogen bomb on the moon timed for
its eclipse on the fortieth anniversary of the October Revolution.3 Four
days after the launch of Sputnik ii the President received the ‘Gaither
Report’ from his Science Advisory Panel. Dramatically overestimating
the strength of the Soviet missile force, it recommended $19 billion (1957
dollars) in additional defence expenditure.4 The perception of a missile gap was so profound that in 1958 Senator John F. Kennedy could
compare the supposed loss of American military superiority to the
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British loss of Calais and surrender of any pretensions to power on
the European continent in 1558.5 The American sense of jeopardy was
profound.
The us response, when it came, was underwhelming. On 6 December 1957 a Vanguard rocket was fuelled and prepared to launch America’s ﬁrst satellite into space. The ﬁrst Soviet satellite had been the size
of a beach ball. American’s ﬁrst attempt was the size of a softball. Size
and weight mattered because the heavier the object the better the
rocket, and the better the rocket the better the launching nation’s
nuclear missile capability. The us satellite weighed only four pounds
compared to the half-ton Sputnik ii. More signiﬁcant was that the Vanguard launch was a catastrophic failure, exploding only a few feet above
the ground. The world’s media responded, as Time reported, with ‘jeers
and tears’.6 The question, as one journalist put it the day after Sputnik
i launched, was ‘could the United States have launched a successful earth
satellite by now if money had not been held back and time wasted?’7
Before Sputnik the various armed services had been ﬁghting tooth
and nail over research budgets, and the Secretary of Defense, Charlie
Wilson, had cut research spending. After Sputnik, Neil McElroy, who
took over the job of Secretary of Defense in October 1957, had a mandate to get things moving. He understood the importance of research.
In his previous job as chief of Proctor & Gamble he had championed
basic research. In 1957, the last year of his tenure, 70 per cent of the company’s income came from products such as ﬂuoridated toothpaste that
had not existed a dozen years before.8 McElroy’s solution to the defence
research problem was a new civilian agency within the Pentagon that
combined the top scientiﬁc talent of the Army, Navy and Air Force,
avoiding duplication and limiting inter-service rivalry over space and
missile research. In February 1958 the Advanced Research Projects
Agency (arpa) was created over the heckles of the Joint Chiefs of Staff.
arpa would be a different kind of research organization to what had
gone before. It would not establish its own separate laboratories, nor
would it be a vast organization like rand. It would be a small operation that would issue contracts for research and development to other
organizations. At the time that arpa began to work on networking, its
Information Processing Techniques Ofﬁce had only two staff members,
Bob Taylor and his secretary, who together administered a $16 million
budget.9 Like rand, arpa had a wide intellectual remit, and the scope
to pursue long-term basic research. Indeed the establishment of nasa
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in later 1958 forced arpa to focus on long-term basic research rather
than on practical rocket and space work. By the 1970s, arpa had become
a magnet for far-fetched research proposals. As a former ipto director
recalls, ‘every brother and their crackpot friends told us about their
projects that they wanted to do’.10
The Advanced Research Projects Agency pursues networking

Central to the story of arpa’s involvement in the Internet and to the
development of computers in general was a remarkable character
named J.C.R. Licklider. In 1962 arpa’s Director, Jack Ruina, recruited
Licklider to work on two areas: command and control and behavioural
sciences. Ruina was preoccupied with arpa’s work on ballistic missile
defence and nuclear test detection and gave Licklider a wide degree of
latitude to direct the command and control programme as he saw ﬁt.11
Licklider told Ruina that improving the usability of computer systems
would lay the foundations for improved command and control.12 He
established a group of researchers who shared his interest in interactive
computing, and named it, tellingly, the Intergalactic Computer Network. He asked this group to consider the big picture in computing:
It seems to me to be interesting and important . . . to develop a
capability for integrated network operation . . . Consider the situation in which several different centers are netted together, each
center being highly individualistic and having its own special
language and its own special way of doing things. Is it desirable,
or even necessary for all centers to agree upon some language or,
at least, upon some conventions for asking such questions as
‘what language do you speak?’13
At the core of Licklider’s thinking was an emphasis on collaboration.
Licklider posited a future scenario in which a researcher at one research
centre could ﬁnd a useful computing resource over the network from
a research centre elsewhere. This, in a world of incompatible machines
and jealously guarded computing resources, was far-sighted talk indeed.
Though his ﬁrst tenure at arpa (he returned as Director of ipto in
1974) was brief, Licklider inculcated within the Agency an enthusiasm
for a new approach to computing in which the machines would be both
networked and easy to use. In 1964 he chose as his successor Ivan
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Sutherland, from mit’s Lincoln Laboratory. Sutherland had written the
ﬁrst interactive graphics system, ‘Sketchpad’, and was only 26 years old
at the time of his arrival as Director of ipto, where he would administer a budget of over $10 million. Sutherland’s successor as ipto
Director was Bob Taylor, who had also worked on interactive computing before arriving at arpa. Taylor’s successor, Lawrence Roberts,
had also worked on graphics and networking and was another of the
cohort of technologists who had been inspired by Licklider at mit
Lincoln Laboratory to think of networking as the future.14 Licklider’s
inﬂuence was felt further aﬁeld through his support of large research
programmes in universities that stimulated the early computer studies
departments and attracted the new generation of students to the new
ﬁeld.15 Licklider had taken him to demonstrations where one could interact with a computer and move graphics on a screen. He also told him
about ‘time-sharing’, a new approach to computing that allowed many
different terminals to use the computing power of a single large machine.
Licklider had established the framework, but the person who ﬁrst
proposed that arpa establish a signiﬁcant networking project was Bob
Taylor, head of ipto from late 1965. His motive was purely practical. The
Department of Defense was the largest purchaser of computer equipment in the world. arpa itself was funding the installation of large
computers at research centres across the country. Yet incompatibilities
between the wide varieties of computers purchased prevented them
from talking to each other, and unnecessary duplication of equipment
was adding to this enormous expense. In Taylor’s own ofﬁce there
were three separate and incompatible computer terminals linked to
computers at different arpa-funded centres. In a twenty-minute pitch
Taylor proposed to the arpa Director, Charlie Herzfeld, that arpa
could resolve the problem of duplication and isolation.16 His proposal
was simple: arpa should fund a project to attempt to tie a small
number of computers together and establish a network over which researchers using them could cooperate. If successful the network would
not only allow different computers to communicate but it would enable
researchers at one facility to remotely use programs on computers at
others, thereby allowing arpa to cut costs.17 The network Taylor was
describing would later be known as the ‘arpanet’.
Herzfeld, who had already been convinced by Licklider that ‘computing was one of the really exciting things that was going on’, allocated
funds for the project immediately.18 In December 1966 Bob Taylor
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recruited a young researcher named Lawrence Roberts to run the
project as ipto chief scientist. Lawrence Roberts had been working on
problems related to communication between computers19 and had
run an experiment connecting a machine in Boston to one in California the previous year.20 Though Roberts was initially unwilling to join
the agency, Taylor successfully used arpa’s budgetary inﬂuence on the
Lincoln Laboratory to pressure the new recruit to come to arpa.
In early 1967 Lawrence Roberts met with principal investigators
from the various arpa-funded research centres across the us to brief
them on the proposed networking experiment. Remarkable though it
seems in retrospect, the assembled leaders in computing research were
not enthusiastic about the networking project that Roberts described
to them. Networking was an unknown quantity and most could not
conceive of its beneﬁts. Moreover, they were concerned about the toll
the project would take on their computing resources if they were
shared across the network. Roberts took a hard line. He told the
researchers that arpa was:
going to build a network and you are going to participate in it.
And you are going to connect it to your machines . . . we are not
going to buy you new computers until you have used up all of the
resources of the network.21
Wesley Clarke, one of the fathers of microcomputing,22 made a
suggestion that went some way to placating the researchers. arpa
would pay for a small computer to be installed at each connected
facility that would act as a middleman between arpa’s network and the
facility’s own computer (the facility’s own computer was known in networking parlance as the ‘host’ computer). These middleman machines
would be called ‘Interface Message Processors’ (imps). Dedicated imps
at each site would remove the burden of processing from the facility’s
host computer. Before Clarke mooted this idea Roberts had apparently
considered using a central computer based in Nebraska to control the
arpanet, which would, one might presume, have scuppered the allimportant decentralized characteristic of the future Internet.23
There is a lack of clarity in the historical record about the level of inﬂuence that Paul Baran’s ideas had on the arpa project. Roberts appears
to have been unaware of Baran’s conceptual work at rand on packetswitched networking until October 1967 when he saw a reference to
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Baran in a paper that Roger Scantlebury, head of data communication
research at the uk National Physics Laboratory (npl), gave at a conference in Gatlinburg, Tennessee.24 Baran was consulted the following
month.25 Roberts credited Baran’s work as merely ‘supportive’26 in the
conceptual rather than practical sense. The chronology of events that
Roberts maintains on his website is explicit on this point: ‘the Rand
work had no signiﬁcant impact on the arpanet plans and Internet history”.27 For the sake of clarity it is worth noting, however, that Roberts
did write to the Director of arpa in mid-1968 saying that the arpanet
project would test ‘a form of communications organization recommended in a distributed digital network study by the rand Corporation’.28 Moreover, Baran recalls that he had in fact met Roberts in
February 1967, many months before Roberts indicates.29
Roberts was also inﬂuenced by a number of other networking and
computer researchers. Among them was Leonard Kleinrock, who had
written his phd on how data could most efﬁciently ﬂow across a network. Kleinrock had originally thought that his research would have an
application in ‘Post Ofﬁce System, telegraphy systems, and satellite
communication systems’.30 Unaware of Paul Baran’s military-themed
work on distributed networking, Kleinrock developed many of the
principles of packet switching necessary to implement such a network. The npl in the uk also contributed ideas. At the Gatlinburg meeting in 1967, where Scantlebury had told Roberts of Baran’s work, he also
told him about the practical work that npl had done on packet networking under the leadership of Donald Davies. The npl team had
become aware of Baran’s parallel work on packet networking only the
year before when a colleague at the uk Ministry of Defence alerted them
to it. Yet the funding available to pursue the idea in the uk was dwarfed
by the us effort over the coming decades. As Roberts recalled, npl ‘had
the ideas, but they did not have the money’.31
Funding, however, was an issue. Despite the fanfare that greeted arpa’s
creation, the establishment of the National Aeronautics and Space Administration (nasa) shortly afterward stole many of arpa’s most prestigious projects and decimated its budget.32 From 1961 to 1963 arpa
rebuilt its funding and developed its reputation as a supporter of highquality, high-risk research. Thereafter the Agency was better accepted
within the Department of Defense and by the time of Charlie Herzfeld’s
tenure as director, from 1965–7, arpa enjoyed the pinnacle of its rebuilt
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prestige within the defence establishment – but also witnessed the
beginning of a new decline in its fortunes as Vietnam began to absorb
American resources. Within arpa, however, the process of funding new
projects remained blessed by an absence of red tape. As Herzfeld said,
‘arpa was the only place in town where somebody could come into my
ofﬁce with a good idea and leave with a million dollars at the end of the
day’.33 One contractor working on the arpanet remarked that it was
arpa’s ‘liberal view toward research funding . . . that allowed the internet
to blossom the way it did’.34 Yet the remarkable degree of latitude that
arpa enjoyed was not without limits. Lawrence Roberts recalls that funding was ﬂexible at arpa in the mid- to late 1960s to the degree that it
could be excused or obscured when arpa faced congressional oversight:
‘We put projects in whatever category was useful and I moved projects
back and forth depending on how it was selling in Congress’.35
In 1968 a new director of arpa, Eberhardt Rechtin, signed off on an
initial project to build a four-nodes network joining computers at the
Stanford Research Institute (sri), uc Santa Barbara, ucla and the
University of Utah, at a cost of $563,000.36 This initial system would
demonstrate whether a larger network with more nodes would work.
The explicit goal of the programme was essentially the same as that
which Bob Taylor had originally proposed the year before:
The installation of an effective network tying these [research
centres] together should substantially reduce duplication and
improve the transfer of scientiﬁc results, as well as develop the
network techniques needed by the military.37
On 3 June 1968 arpa issued a Request for Proposals to contractors
to build the trial ‘resource sharing computer network’. A small company
called Bolt, Beranek and Newman (bbn) submitted the winning bid.
bbn had been originally introduced to computing by none other
than J.C.R. Licklider, who had spent a period as its vice president
before his tenure at arpa. Leading bbn’s bidding team was an engineer
called Frank Heart. He summed up his approach: ‘Get the very, very best
people and in small numbers, so they can all know what they’re all
doing.’38 The team included individuals who would play key roles in the
future of networking and computing including Severo Ornstein, Will
Crowther, Dave Walden and Robert Kahn. Individuals in Heart’s team
were free to be idiosyncratic, working long hours in rudimentary
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ofﬁces at desks made from wooden doors with legs nailed on to them.39
The systems they were building were unproven and the technologies
theoretical to the point that many outside the project did not believe
it would succeed.40 ibm had said that such a network could not be built
without a truly massive budget.41 Indeed, even bbn hedged its bets,
noting in its bid for the project that ‘we take the position that it will be
difﬁcult to make the system work’.42
bbn, however, delivered the goods. The project progressed from
award of contract to delivery of equipment in nine months, slightly
ahead of schedule and within budget. On 29 October 1969 at 10.30 p.m.,
two of the imp machines delivered by bbn to ucla and the Stanford
Research Institute made their ﬁrst attempt to communicate with each
other over 350 miles of leased telephone line. This was the ﬁrst arpanet
transmission.43 By December 1969 the fourth node had been connected. By April 1971 the network had expanded to include ﬁfteen
nodes. Yet though the network now connected the imp machines at various participating research centres to each other, these were intended
only to be middlemen between the network and the main ‘host’ computers at each research centre. Many facilities were slow to perform the
extensive engineering and programming work required to link the
imp machines to their own host computers,44 partly because of the considerable engineering challenge this posed and also because they did not
yet fully appreciate the virtues of networking. In short, networking was
slow to take off.
arpa needed to generate interest in the idea of network. It had to
show something tangible. On 24–26 October 1972 arpa staged a large
expo at the International Conference on Computer Communication at
the Washington Hilton Hotel. A member of the bbn team, Robert Kahn,
was tasked by Lawrence Roberts to organize the event. The expo took
a year to prepare and featured sixty computer terminals arrayed in a
vast hall where visitors could use them and connect to computers
across the country on the arpanet. Even naysayers visiting the demonstration began to understand that this ‘packet-switching’ technology
was something real and practical.45 arpanet, as Dave Walden, one of
the bbn team that had developed the imps, announced to a conference
in 1975, had lain to rest the ‘previously worrisome possibility that there
might be no adequate solutions’ to networking. ‘Future network
designers can use such techniques without fear of failure.46 Yet though
arpa’s functioning network was momentous, it was not an Internet yet.
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The Essence of the Internet

The Internet is a loose arrangement of connected but autonomous
networks of devices. Each device, a ‘host’ in networking jargon, uses a
‘proto- col’ to communicate with other devices on the network. These
protocols tie together diverse networks and govern communication
between all computers on the Internet. Not only are the protocols
elemental to the Internet and how it works, but the unique collaboration between their designers was the formative event of Internet culture. In as much as any single element of the whole can be, these
protocols are the essence of the Internet. The remarkable manner in
which a team of young collaborators developed these protocols set the
tone for the future development of Internet culture. As their work on
the protocols proceeded they began to establish the informal conventions that would characterize the tone of collaboration and discussion
on the Internet thereafter. The process began in a bathroom, late on the
night of 7 April 1969.
As bbn started building the imps for the arpanet in 1969, an important
piece of the network was missing: the software that would govern how
computers would communicate. Graduate students at various facilities
funded by the us Department of Defense Advanced Research Projects
Agency (arpa) had been given the task in 1969 of developing the missing
communication protocols. They formed an informal ‘network working
group’. Finding themselves working in a vacuum, the students connected to arpanet, who had been given the task in 1969 of developing
the technical protocols, also began to establish the informal protocols that
would inﬂuence interpersonal communications on the Internet in general.
Uncertain of their positions within the hierarchy of the arpanet
project, the students issued notes on their protocols under the title
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‘Request for Comments’ (rfc). Steve Crocker, a graduate student who
had received his bachelor’s degree at ucla only a year before, used the
title Request for Comments to make the invitation to participate as
open as possible, and to minimize any claim to authority that working
on so crucial an aspect of the network as its protocols might imply. The
ﬁrst rfc document, which set the tone for the next half century of
Internet culture and initiated the process to deﬁne the protocols that
govern virtually all data exchange on the planet, was composed in
humble circumstances. Its author recalls: ‘I had to work in a bathroom
so as not to disturb the friends I was staying with, who were all asleep.’ 1
The tone in which the rfcs were typed was distinctive.2
Crocker was the de facto leader of the small group of six. He and two
others of the group had been at the same high school in Los Angeles,
Van Nuys High, and were graduate students of Leonard Kleinrock.
(Kleinrock was under contract with arpa to run the network measurement centre at ucla.) Crocker was writing a document that outlined
some broad ideas on how the students would pass around ideas through
‘temporary, informal memos’.3 Even as he drafted the document, the
prospect of disapproval from far above in the academic hierarchy
weighed heavily upon him:
In my mind, I was inciting the wrath of some prestigious professor at some phantom East Coast establishment. I was actually
losing sleep over the whole thing.4
Crocker was eager to open up the process to as many of his peers as
possible:
Closely related to keeping the technical design open was keeping
the social process around the design open as well. Anyone was
welcome to join the party.5
Vint Cerf, an early participant in the informal networking group
(and now Vice President of Google), sums up the approach and context:
Keep in mind that the original developers of the host level protocols were mostly graduate students. We adopted a humble and inclusive posture and a mantra that Dave Clark ultimately coined as
‘rough consensus and running code’ – that means we don’t really
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vote exactly, we just try to assess rough consensus among the
group trying to agree on proposed standards.6
rfc 3, released in April 1969, elaborated on the character and objectives of the rfcs (note that the word ‘Host’ here refers to a connected
computer):
These standards (or lack of them) are stated explicitly for two
reasons. First, there is a tendency to view a written statement as
ipso facto authoritative, and we hope to promote the exchange
and discussion of considerably less than authoritative ideas.
Second, there is a natural hesitancy to publish something unpolished, and we hope to ease this inhibition.7
rfc 3 continues in the counter-hierarchical vein, establishing the
principle that no text should be considered authoritative and that
there is no ﬁnal edit. This is a pivotal element of the ‘perpetual beta’
described in the next chapter. Also implicit was that authority was to
be derived from merit rather than ﬁxed hierarchy.
Crocker’s rfc, though penned in humble circumstances, set the
open, inviting tone of the next half century of Internet culture and
initiated the process to define the protocols that govern virtually all
data exchange on the planet. Since Crocker’s rfc there have been almost
six thousand rfcs published, which maintain an open, collaborative
approach in Internet-engineering circles. The meritocracy of the rfcs
was exempliﬁed by a generation of delinquent programmers at mit
from the late 1950s to the late 1960s, who in turn created the ‘hacker’ culture that inﬂuenced much of what was to follow. The ﬁrst fruit of the
graduate students’ labour was the ncp, the Network Control Protocols,
which governed communications between machines on the Internet.
The ncp, however, was merely the ﬁrst protocol that allowed communications on the arpanet. An ‘internetworking’ protocol that could tie
different machines and networks together was yet to come.
Radio and satellite networks

San Francisco features disproportionately in the history of the digital
age. Little attention, however, has been given to one of its acknowledged
landmarks: a public house called Zott’s. Zott’s (named ‘The Alpine Inn’
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since the mid-1950s) is a small, wood-panelled tavern and a historic
focal point for the ne’er-do-wells of Silicon Valley. Its founder was Felix
Buelna, a Mexican, who moved from Santa Clara in the wake of the gold
rush when that area became crowded by would-have-been gold diggers
in the mid-1800s. He built the inn on the site of a pony trail that had
been used by rancheros and settlers to reach the coast. Buelna’s inn was
a place of gambling with a colourful clientele and, in the words of the
us National Park Service’s ofﬁcial survey, ‘a long string of colorful
owners’.8 Regulars in the 1880s included the construction workers
building Stanford University, whose entrepreneurs and technologies
would propel the dot-com boom a century later. The inn also became
the regular haunt of the new university’s students. In 1908 the editors
of the Stanford Sequoia lambasted their immoderate peers, writing
that the student body had been ‘held up to the world as a community
composed largely of drunkards’.9 In January the following year the
president of the university wrote in vexed mood to the county supervisors requesting that they not renew the inn’s liquor licence because
it was ‘unusually vile, even for a roadhouse, a great injury to the University and a disgrace to San Mateo County’.10 Yet the humble woodpanelled structure remained a landmark through the twentieth century
as the digital industry evolved around it. By early 2001 its car park
accommodated the expensive sports cars of the young Silicon Valley
millionaires.11 It was ﬁtting, then, that more than a century after its
establishment Zott’s should be the site for an important event in the
history of the Internet.
On 27 August 1976 a van parked in Zott’s beer garden. It was part of
the Stanford Research Institute’s (sri) packet radio experiment, conducted under contract for arpa. The sri team removed a computer
terminal from the van and placed it on a wooden table in Zott’s beer
garden. A wire connected the terminal to the van, and radio equipment
in the van connected it to arpa’s new packet radio network, prnet,
which in turn was connected to arpanet. The team at Zott’s sent a
message from their terminal across the prnet and thence to a distant
machine connected to arpanet. This was one of the more momentous
events to have happened in any beer garden: it was the ﬁrst ever packet
data transmission across two networks using the new ‘internet’
protocol.12
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The discoveries that made this transmission possible arose as part of an
earlier project at the University of Hawaii in 1970. Norman Abramson,
the Professor of Electrical Engineering and Computer Science, had
faced a difﬁcult problem. He wanted to network the University of
Hawaii’s seven campuses. This posed three problems. First, the campuses were physically spread across four islands. Second, the leased telephone lines that connected arpanet facilities to each other were too
expensive for his budget. Third, the line quality of the Hawaiian telephone system was too poor to carry networking data. The answer,
Abramson decided, was to use radio. Thus from 1970 arpa began to
fund Abramson’s attempt to develop a packet radio network.
Radio signals travel differently to electric signals across telephone
lines. While telephone signals travel from point to point in an orderly
sequence, radio transmits indiscriminately to all receivers within its
broadcast range. Signals broadcast by different nodes to the receiver at
the same time can collide and be destroyed. Abramson’s team developed
an elegant solution to this problem: when any node sent a packet but
did not receive conﬁrmation of successful delivery from the receiving
node it would wait for a random period and then resend the message.
Since all nodes would wait a random period before resending, the
odds of repeat collisions were slight. Thus the network would quickly
correct itself when it lost packets. Using this method Abramson’s team
built a functioning network called the AlohaNet that linked Hawaii
University’s campuses to each other and to the arpanet. This method
of dealing with collision between messages was called the ‘Aloha
method’, and arpa used its example to build its own packet radio network, prnet.13
The discovery of the Aloha method for packet radio networking was
particularly timely since the political tides in which arpa swam had
become slightly more turbulent. In 1969 Senate Majority Leader Mike
Mansﬁeld had signalled his intention to cut $400 million from the
defence research budget.14 He was the author of Section 203 of the
Military Procurement Authorization Act for Fiscal Year 1970, the socalled ‘Mansﬁeld Amendment’, which stipulated that all funded research
must have a ‘direct and apparent relationship to a speciﬁc military
function or operation’. Packet radio was just such a project. The power
of massive, expensive mainframe computers could be relayed to the
battleﬁeld by networks of radio, cable and, as arpa was beginning to
prove, satellite.15
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The launch of Sputnik in October 1957 had forced the United States
to dramatically accelerate its space programme. Its first successful
satellite, Explorer i, entered orbit on 31 January 1958. The space programme had advanced considerably by the 1970s. Between January
1971 and May 1975, for example, a civilian programme launched a
series of ‘Intelsat iv’ communication satellites from Cape Canaveral,
each over forty times heavier than Explorer i.16 Yet though the space
race had prompted this acceleration of us satellite technology, it
would be the nuclear arms race that would in part create the conditions for the expansion of arpanet to its first international node
by satellite.
In 1957 the us had conducted the ‘Rainier’ test, its ﬁrst underground
nuclear detonation. The blast was detected by seismic devices across the
globe and proved the value of seismology in nuclear detection.17 The
Limited Test Ban Treaty of 1963 banned open-air testing in favour of
safer underground tests and made the speedy processing of seismic data
critically important. In June 1968 the us and Norway concluded an
agreement to cooperate in building a large seismic detection facility at
Kjeller, near Oslo. The facility, called norsar, was built in 1970 and
began sending seismic data to the us Seismic Data Analysis Centre in
Virginia via the Nordic satellite station in Tanum, Sweden.18 arpa
decided to ‘piggy-back’ on the original norsar satellite link, connecting the norsar facility to arpanet19 in June 1973. University College
London (ucl) was connected to the arpanet the following month via
landline to norsar.20 The arpanet connection at ucl was used by
researchers at centres across the uk working on diverse subjects
including computer aided design and network analysis.21
International interest in packet-switched networking was growing.
Robert Kahn, now at arpa, believed that satellite networking could support the connection of us and international networks.22 arpa began to
investigate the possibility of creating an Atlantic satellite network. In
1974 the uk Post Ofﬁce agreed to cover the uk’s costs for a satellite connection to the us, and in September 1975 arpa initiated the satnet
Atlantic networking programme using civilian Intelsat iv earth stations
in the us and the uk. In late 1977 the Norwegian Defence Establishment
was also linked via a separate earth station in Tanum. By May 1979
arpanet access from the uk was provided almost exclusively over
satnet and the landline connection via Tanum was removed at the end
of the year.
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Thus by the mid-1970s arpa had built three functioning networks:
arpanet, prnet and satnet, using cable, radio and satellite. Now it
remained to network the different networks.
By 1973 a new protocol was required to internetwork the arpanet,
prnet and satnet. After organizing the 1972 International Conference
on Computer Communication at which the arpanet was demonstrated in Washington, Robert Kahn had joined arpa (now named
darpa) where, following some unrelated projects, he resumed his work
on packet networking. In the spring of 1973 he approached Vint Cerf,
one of the group of graduate students that had developed the ncp protocol for the arpanet, and outlined the need for a new internetworking protocol that would allow computers to communicate together
across cable, radio and satellite networks.23 Cerf had just become an
Assistant Professor at Stanford and ran a series of seminars to tease out
the problem. He drew together a group of researchers who would later
hold key positions in the networking and computer industries. Participants included Robert Metcalfe, who was representing the Xerox parc
research centre, and Gerard Lelann, who was visiting Cerf ’s lab from
Cyclades, the French packet network project. Cerf ’s group continued
the inclusive, open approach of drafting rfcs.
They were inﬂuenced by the example of Cyclades, which had
adopted a centrifugal approach in which data transmission was not regulated by the equipment of the network itself but by the computers
sending and receiving the data at its edges.24 At the Xerox company’s
parc research centre, Robert Metcalfe was working on something similar. Xerox had just unveiled a revolutionary new computer called the
Alto. The Alto had a mouse, graphical display, a desktop and system of
windows and folders for storing ﬁles. The machine was two decades
ahead of its time and represented a paradigm shift in computing that
the senior management of Xerox failed spectacularly to capitalize
upon.25 Metcalfe was working on a network to connect many Altos in
an ofﬁce, developing ‘Ethernet’ and Local Area Networking (lan). He
grew impatient with the consensus approach that Cerf, Lelann and
others were taking and decided to move ahead on his own. In 1973
Metcalfe’s phd thesis had reﬁned the Hawaiian Aloha method. He now
applied these mathematical improvements to develop a system informally named Alto Aloha, which became pup (parc Universal Packet).26
pup adopted the same centrifugal datagram approach of Cyclades,
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and its network was dumb to the extent that it was merely a system of
cables. Unlike the arpanet, where the imp machines controlled many
of the network’s functions, the pup network had no capability to
control transmission or ﬂow of data, or to verify delivery or repeat
transmission of lost or partially delivered packets. Instead the software
protocols running on the connected host computers would control
the network. As a later parc memo on the speciﬁcations of the pup
noted:
Pup communication is end-to-end at the packet level. The internetwork is required only to be able to transport independently
addressed Pups from source to destination. Use of higher levels
of protocol is entirely the responsibility of the communicating
end processes.27
This moved control over the operation of the network from the connecting infrastructure to the actual devices participating in the network
themselves. This was a centrifugal approach, and it suited the requirements of the network of networks that arpa had in mind.
The ncp (Network Control Protocol) that controlled communications on the original landline arpanet was not appropriate for radio
and satellite networking. Instead, a new internetworking protocol
would give each connected ‘host’ computer a far greater degree of
responsibility for control of the network. The new protocol, which
would run on each host computer connected to the network, would
not only establish connections between hosts, it would assume the
functions that the dedicated Interface Message Processor (imp)
computers had performed: verifying safe delivery of packets, retransmitting them where necessary and controlling the rate of data ﬂow.
Simply put, to allow data to ﬂow across a network that included
landline, satellite and radio connections, a new protocol would take a
much more ﬂexible approach to communication control. In May 1974
Cerf and Kahn published an outline of the new Transmission Control
Protocol (tcp):
a simple but very powerful and ﬂexible protocol which provides
for variation in individual network packet sizes, transmission
failures, sequencing, [and] ﬂow control.28
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This internetworking protocol is, in a technical sense, the essence of
the Internet, and in its priorities and functions can be discerned the
cardinal characteristics of the new medium. tcp is centrifugal by
necessity, as one of its designers notes:
We wanted as little as possible at the center. Among other reasons,
we knew quite well that it’s much easier to scale a system that
doesn’t have choke points in the middle.29
Some of the enthusiasm for the centrifugal approach of relying on
the host computers themselves and abandoning the imps may have
arisen from social rather than technical reasons. The imp machines connecting host computers at each participating facility to the arpanet
were controlled by bbn, arpa’s main contractor, which gave bbn control over the network itself. From their central ofﬁces bbn engineers
could remotely update, repair and monitor the use of imps across the
network. Increasingly, researchers preferred the idea of a dumb network
controlled by a community of computers using a common protocol
without the imp standing between the host and the network.30 It is a
small irony that the imps were originally introduced in 1969 not to
control the network but to convince the arpa-funded researchers that
connecting to the arpanet would not directly impose a burden on the
processing power of their host computers. Support for the removal of
the imps only ﬁve years later was a sign of how far networking had
come.
Much as Paul Baran’s original, decentralized network prioritized survivability over other considerations, the tcp prioritized robustness
over accountability and control. Billing and accounting, which would
have been foremost in the minds of commercial designers, were entirely
absent from the arpa internetworking protocol.31 tcp was also heterogeneous by nature. It was designed so that machines on different
networks using different technologies could seamlessly communicate
as though they were on the same network. Various networks were
bridged by so-called ‘gateway’ machines that maintained routing tables
with the addresses of computers on their own local networks. tcp
underwent several revisions, and following a meeting in January 1978
between Cerf and two researchers, Jon Postel and Danny Cohen, at the
University of South California, it was split into two parts to streamline the functions of the gateway computers. tcp would handle
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communication between computers and an additional Internet Protocol (ip) handled internetwork connections between networks. The
combination of tcp and ip would avoid the gateway computers from
duplicating functions already performed by host computers within
local networks. What remained was to make sure that internetworking
actually worked in real world conditions.
Cerf, who had joined arpa in 1976, oversaw a series of practical
internetworking tests. A particularly ambitious test was conducted on
22 November 1977. As the sri packet radio van drove along the California freeway, the radio equipment onboard broadcast data packets via
prnet to a gateway machine that connected to arpanet. Travelling
across the arpanet by cable, the packets sent from the van reached a
gateway machine on the East Coast of the United States that connected to satnet. From this point the packets were relayed by orbiting
satellite to Goonhilly Downs in the uk, and thereafter back via arpanet
to California. To monitor the ﬁdelity of the network’s transmission, a
screen in the van generated patterns from the data it was receiving.
Errors in the data transmission would be immediately clear from ﬂaws
in the pattern. Yet the system performed so well that whenever the signal was blocked by bridges and other objects that the van’s radio could
not penetrate, the pattern would only pause and then resume when the
signal returned. There were no errors.32 This test had spanned three networks and two continents. Cerf recalls, ‘the packets were travelling
94,000 miles round trip . . . We didn’t lose a bit!’33 Another test put
network computers aboard aircraft from the Strategic Air Command
to simulate wartime conditions:
airborne packet radio in the ﬁeld communicating with each other
and to the ground using airborne systems to sew together fragments of the Internet that had been fragmented by nuclear
attack.34
Here was proof that internetworking was possible between radio,
satellite and landline networks across the globe and under adverse
conditions. An optimistic observer might have thought that now, after
proof had been offered, the telephone companies would embrace
tcp/ip and bring the Internet to the masses. Instead, however, the telephone industry rushed to develop its own standard. It was keen to
maintain its central control over the network.
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How the tcp/ip Internet suite of protocols differed from and
eventually overcame the alternative put forward by the telephone companies says much about the character of the Internet and the nature of
enterprises that are best suited to prosper upon it.
Centrifugal defeats centripetal (TCP v x.25)

arpa’s networking endeavours, like those at rand previously, were
totally at odds with the ethos of the telephone industry. The reason for
this conﬂict extended back to the industry’s very origins. In 1877
Alexander Graham Bell was granted a second patent for his telephone
and formed the Bell Telephone Company. For a brief period only Bell
Telephone and its licensees could legally operate telephone systems in
the United States. Then, when his patent expired at the end of 1893, a
glut of competitors rushed into the market. Between 1894 and 1904, over
6,000 independent telephone companies went into business in the
country.35 This had two effects. First, it dramatically accelerated the
proliferation of telephone systems across the United States. Second, it
resulted in a chaotic mess of incompatible telephone networks. Telephone subscribers might indeed find themselves newly connected,
but they were also unable to use their telephones to communicate
with people who did not happen to be on the same system they
subscribed to. In the 1908 annual report of at&t (as Bell was known
from 1899 when it came under the ownership of its subsidiary, at&t),
the president of the company, Theodore Vail, warned that only through
universal and consistent service could reliable telephony be assured.36
The solution, at&t argued, was monopoly. As its 1908 marketing slogan
put it: ‘one policy, one system, universal service’.37 Vail’s argument
prevailed and in 1913 at&t became a government-sanctioned monopoly under the regulation of the Federal Communications Commission (fcc).
From this point on, at&t’s control over the United States’ telecommunications network was so absolute that, until the late 1960s, homeowners in the United States were even forbidden from modifying their
telephone sets in any way. While Bell Labs, a research unit within at&t,
was a hive of innovation, the company had no strategic interest in transforming its network. at&t was ﬁrmly wedded to the orthodoxies of
central control and knew with the beneﬁt of long experience that the
circuit switching of telephone calls, the technology that Alexander
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Graham Bell had patented in the late 1870s, worked as it was. Thus Paul
Baran had been rebuffed in the mid-1960s when he approached at&t
with the opportunity to use the packet-switched networking concept
he had developed at rand. Even so, in 1968 arpa had anticipated that
the successful demonstration of four functioning nodes in a data network would convince a telephone company of the merits of digital
networking. The original planning document for the arpanet project
included the optimistic objective of transferring the technology so
that a utility could provide ‘digital message transmission as a tariffed
service’.38 Yet even in 1975, after proof of concept and extensive testing
of the packet-switched distributed network concept had been successfully conducted at the taxpayers’ expense in the form of the arpanet,
at&t refused to pursue the Internet idea.
Shortly thereafter, in the mid- to late 1970s, telecommunications
companies in Europe, Canada, Japan and the us did begin to appreciate
that the potential of digital packet-switched networks should no longer
be overlooked. While some public data networks had been established
in the late 1960s and early 1970s, such as the Broadband Exchange
Service in Canada from 1969,39 many telephone companies found the
digital network revolution challenging. This was not least because they
had been beaten to this conclusion by the computer manufacturers.
While the arpanet used open, non-proprietary standards to which any
manufacturer’s devices could connect, the commercial computer manufacturers began to offer proprietary equipment and networks that
were incompatible with machines supplied by their competitors. Thus
telephone companies would not be able to choose suppliers on the basis
of competitive prices if they built a network using proprietary equipment from ibm, Digital Equipment Corporation (dec) or some other
supplier’s technology. Thus, even as they became interested in data networks, the telephone carriers grew concerned that they might become
in thrall to the equipment manufacturers.
The solution, the telecommunications giants realized, was to create
an open standards network, the equipment for which could be produced by a plurality of suppliers, but over which they could retain the
strict central control that they had always exercised over the traditional
telephone and telegraph networks. Though they were keen to avoid
monopolies in networking equipment, many of the telecommunications carriers were monopolies themselves. Outside the United States,
telecommunications services were often offered either by regulated
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monopolies along the at&t model or by the so-called ‘ppts’ (governmental ministries of posts, telegraph and telephone) or by nationalized
companies. Within the us, as arpa and the networking researchers it
funded were veering off in the direction of multiple networks, decentralized control and open standards, at&t remained ﬁxed to the Vailian
ideas that had helped to make it one of the largest corporations in the
world. In the late 1970s, J.C.R. Licklider had cautioned that different
networks would be unable to communicate with one another unless
common standardized protocols were introduced.40 This is indeed
what began to happen.
Between the mid-1970s and the late 1980s, a pivotal period in the
expansion of networking to the public, arpa and its allies fought a
standards war against the telecommunications industry.41 Representing the interests of the telephone industry was the Consultative
Committee on International Telegraphy and Telephony (ccitt), a
body of the International Telecommunications Union (itu). Within the
ccitt a group began working on the question of standards in 1975. The
resulting protocol, x.25, was adopted by the ccitt in September the
following year. Despite their dawning awareness of data networks as an
emerging market, the telephone companies had not fully made the leap
to the concept of distributed networking that lay at the heart of Baran’s
work at rand in the early 1960s. Nor had the telephone companies
embraced arpa’s approach towards diversity. Foremost among Baran’s
considerations had been the need to provide a robust communications
infrastructure using unreliable, redundant equipment. The telephone
companies took the view that digital networks, like the analogue
networks for telephone and telegraph before them, could only offer
reliable service if every aspect of the network were controlled by the
operating company.42 The imperative for arpa had been to enable ‘a
very broad class of interactions’ between a diverse array of incompatible computers and networks that served different purposes.43 Thus
where tcp/ip enabled diversity, x.25 required consistency and conformity.
In contrast, tcp/ip, like the French network Cyclades, used ‘datagram’ packets. Datagrams are simple, elemental packets that can be
combined as needed by host computers to scale up or down the level
of complexity in their communications. x.25, however, was built to provide consistently high-quality communication in all cases – whether
necessary or not – which made it inappropriate for many uses. This
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distinction between tcp/ip, which used datagrams, and x.25, which
rejected them in favour of consistent and rigidly controlled communications, was an ideological division44 between two generations of
engineers, centripetal on one hand and centrifugal on the other, as
much as it was technical. Vint Cerf, one of the chief architects of tcp,
recalls that he had offered tcp/ip to the ccitt but had been rebuffed
because the protocol had come from the Department of Defense, and
because ‘they thought they could not “sell” datagrams’.45
tcp/ip did not only accommodate different devices, but accommodated many different types of networks too. tcp/ip could be used inside a network, or to connect many networks, or both. Not so for the
telephone companies. Their interest was in national public data networks. The diverse array of networks of varying sizes, architectures and
purposes that tcp/ip could support, and which the Internet eventually
became,46 was beyond their view. According to Cerf, tcp/ip ‘eventually
won out because it was so general’.47 Ultimately, homogenous x.25, the
expression of the centripetal bent of the telephone industry, was defeated by tcp/ip, the open, diverse and untidy offering of the research
community. As tcp/ip spread across the globe, communications began
to take on the centrifugal character that had previously been the preserve of participants on the arpanet. Moreover, new opportunities
beckoned for underground, amorphous communities drawn together
by common interest rather than proximity. The growth spurt that the
early Internet enjoyed in the late 1980s was partly due to the ability of
tcp/ip to work at both the macro and micro levels. This proved to be
enormously fortuitous for the development of the Internet.
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Computers Become Cheap,
Fast and Common

Even as Sputnik i soared into orbit in 1957 it was being tracked by a
cutting-edge radar, the ‘uhf Millstone’, that had become operational
that very month in the United States.1 Millstone had an unprecedented
2.5 megawatt transmitting power and an 84-foot (25.6m)-diameter
dish that stood on an 88-foot (26.8m)-high tower. The Soviet Union
had won the race into space, but American technology was quietly progressing in a different but potentially more important direction.
In 1950, seven years before the launch of Sputnik, the us had started
to investigate how computers and radars could be used together in a
new and dramatically different way. In 1950 a group drawn from the us
Air Force Scientiﬁc Advisory Committee chaired by George Valley
concluded that the air defence system across the continental United
States would stop only 10 per cent of Soviet strike forces.2 This was
particularly worrying due to two recent developments in Soviet technology. In August 1949 the Soviet Union had performed its ﬁrst nuclear
test, ‘First Lightning’, at the Semipalatinsk test site in Kazakhstan. Then
during the Korean War, which lasted from June 1950 to July 1953, the us
and ussr both ﬁelded new jet aircraft, the us f-86 Sabre and Soviet mig
15, capable of transonic speeds that made it impossible for radar operators to reliably interpret radar signals. Strategic bombers, presumably,
would soon be equally difﬁcult to detect. Air defence would have to
change, and computers were the answer.
The Valley Group considered radical measures to buttress air defence.
One was the idea of establishing an array of small radars dotted along
the nation’s borders that fed into a central computer system. Another
was the establishment of a research laboratory at mit that would study
air defence solutions. Both recommendations proved pivotal in the
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development of the Internet. The Lincoln Laboratory at mit would be
a major force in the development of modern computing and networking and its early alumni include the emeriti of Internet history:
Frank Heart, Kenneth Olsen, Wesley Clarke, Lawrence Roberts, Severo
Ornstein, Robert Taylor and J.C.R. Licklider himself, who had been on
Valley’s air defence study group and on an mit panel that deliberated
over Lincoln’s establishment.
The Lincoln Laboratory worked to realize the Valley Group’s concept of a computer-connected, nation-spanning radar array. The sage
(Semi-Automatic Ground Environment) program was initiated in 1954
to track and intercept high-speed enemy aircraft. To do so it would
gather real-time information from an array of radars spread across the
United States, instantly combine and analyse their data, and display the
results on screens in such a way that human operators could quickly
comprehend. Every part of this was revolutionary.
Building sage would demand a revolution in networking, computing and user interaction – the three ﬁelds of advance that would make
the Internet possible. sage was a truly massive undertaking involving
7,000 programmers at various stages. Each of the 24 massive sage
direction centres was linked by long-distance telephone lines to more
than a hundred interoperating air defence elements, requiring system
integration on a scale previously unimagined. sage drew data from
sensors across North America including weather stations and ground
and shipboard radar. Its real-time nature meant that the staff at the
Lincoln Laboratory who worked on it became leaders in the ﬁeld of
high-speed computer communications.3 Many went on to work at
bbn on arpa networking projects.
Approachable, usable computers

When it initially proposed a network of radars connected to a computer
system, Valley’s group had had no clear idea of how a radar and computer system might work together, or what kind of computer might be
needed. Computers in the early 1950s were vast industrial tabulation
machines, entirely unsuited to what the Valley group had proposed.
ibm, for example, had run census-tabulating on an industrial scale for
the us government from the 1880s. Its founder, Herman Hollerith,
had ﬁled his ﬁrst patent on the ‘art of compiling statistics’.4 sage would
demand systems that went far beyond mere tabulation. sage computers
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would have to be agile and responsive, yet this was the precise opposite
of the machines that represented the state of the art in the 1950s.
Since the equipment and the price of its operating time were at such
a premium, large computers operated a system of ‘batch processing’ to
receive instructions in an orderly manner. Instead of a single operator
giving a series of commands directly to a computer, a queue of people
with programs that required computer time submitted pre-planned sets
of coded instructions in stacks of cards with holes punched in them.
A priesthood of specialist administrators relayed the cards to the
machine. A user, having never actually interacted with the machine
directly, would receive the machine’s printed responses to their stack of
code cards some hours or perhaps days later. Here was a model of
industrial-era computing in which the focal point was not the computer
users themselves, but the machines and those who administrated them.
This was totally unsuitable for the sage system. A new way of interacting with computers would have to be contemplated.
The answer, or at least the beginning of the answer, was an unusual
computer called the Whirlwind. When it began life as a project of the us
Navy it was intended to be a ﬂight simulator, allowing a pilot direct control of the system.5 This meant that it was one of the first interactive
computers through which a user could directly operate the machine
and observe its responses to instructions on a screen as they happened.
Whirlwind was taken over by the Air Force and reﬁned at Lincoln Laboratory in the early 1950s. The result was the an/fsq-7, known as Whirlwind ii. ibm won a contract to build the 24 an/fsq-7s required for the sage
system. When complete each an/fsq-7 weighed 250 tons, required a
3,000 kWh power supply, and included over 49,000 vacuum tubes.
From 1952–5, J.C.R. Licklider was part of the sage ‘presentation
group’ at the Lincoln Laboratory.6 His conundrum was how to present
information in an understandable way to human operators so that they
could respond in a direct, speedy manner. By 1963, when the sage
system was operational, a user could look at a monitor on his terminal
and observe the real-time tracks of multiple aircraft. Without typing a
line of code or punching a single punch card operators could select various data on the screen with a handheld ‘light gun’ and assign ﬁghter
aircraft to intercept bogies. The sage computers represented a computing revolution.
sage stimulated a period of transition in computing in the mid-1950s
to early 1960s. Wesley Clark and Ken Olsen, Whirlwind’s designer and
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engineer respectively, built two revolutionary computers at mit
Lincoln Lab. The tx-0 was completed in April 1956 and then work
continued on the more powerful tx-2.7 The tx machines were the ﬁrst
transistorized computers in the world and were interactive in a way that
previous systems had not been. The tx-0 gave direct feedback to its
operator through a circular glass display, indicator lights and a speaker
that generated a tone depending on what instruction the machine was
processing. Using a typewriter (flexowriter) a user punched instructions on to tape and fed them directly to the tx-0’s reader. The user
could observe the program running and see errors arising in real
time.
In 1957 Ken Olsen and a colleague named Harlan Anderson left the
Lincoln Laboratory and founded a company called Digital Equipment
Corporation (dec). dec brought the revolutionary technology of the
Whirlwind ii and the tx to the commercial world. The company
released the pdp-1, the world’s ﬁrst commercially available interactive
computer, in 1960. It cost only $120,000, a fraction of the cost of contemporary ibm machines.8 Thereafter computers continued to became
smaller and cheaper. By 1965 dec’s more powerful pdp-8 cost only
$18,000. These machines signalled the death of batch processing and
heralded a future in which individuals would own their own, personal
computers. Thus in the same years as Baran and Davies were working
on packet networking at rand and npl, the computers that would connect to the networks they were conceiving of were undergoing their
own metamorphoses.
Working down the hall from Wesley Clarke at mit in the mid-1950s was
J.C.R. Licklider. Licklider had become interested in cybernetics under
the inﬂuence of Norbert Weiner and was attempting to develop electronic models of how the brain processes pitch. However, it quickly
became apparent that two limiting factors were frustrating his work.
First, the mathematics involved was so complex that Licklider could
only tackle the problem with a very high-powered computer. Second,
Licklider realized after auditing his use of time for a period in 1957 that
he spent 85 per cent of his time on clerical work, ‘getting into a position to think’, and only 15 per cent on the actual problem.9 When a
chance meeting with Wesley Clarke introduced him to the tx-2 and
interactive computing, the thought began to form in Licklider’s mind
of a division of labour between computer and man. Theirs would be a
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symbiotic relationship: machines could perform clerical tasks better
than humans; humans would be liberated to think and make decisions.
The 85 per cent of time preparing to work would be drastically reduced.
Licklider would soon be in a position to promote this concept.
Bolt and Beranek, two of the founders of bbn, knew of Licklider
from their time working at mit on psychoacoustics. In 1957 Licklider
was recruited by bbn as Vice President. His arrival signalled a shift in
bbn’s focus. Licklider told Beranek that he needed a digital computer.
Previously bbn had used analogue computers for acoustics work, and
a digital computer in 1957 had a price tag greater than any other single
piece of equipment that bbn had ever purchased for any project. Moreover, Licklider admitted that he had no speciﬁc purpose in mind for the
machine. What convinced Beranek to approve the purchase was Licklider’s view that ‘if bbn is going to be an important company in the
future, it must be in computers’.10 He was correct. Just over a decade
later bbn would win the contract to adapt the imp computers for the
arpanet, and a few years later one of its engineers would invent e-mail.
In a sign of how pivotal certain ﬁgures were in the small world of computing, it was the same Wesley Clark, the tx designer, who ﬁrst introduced Licklider to interactive computers, who would propose that the
arpanet use the imp machines.
Thus by the time Licklider arrived at arpa in 1962, he was convinced
of the importance of computing. Licklider shifted arpa’s computer
work from war gaming and operational studies of command systems
to a new focus on time-sharing research, graphics and networking,11 and
the name of his ofﬁce changed from Command and Control Research
to the Information Processing Techniques Ofﬁce (ipto). Thus, from the
Whirlwind and sage, and then through arpa’s funding of relevant
research programmes, a military need for air defence and command
and control gave rise to a broader exploration of how humans and computers could better interact.
The world marvelled when the iPhone was released on 9 January 2007.
Unthreatening, instantly understandable and attractive, the graphical
user interface (gui) of the iPhone brought not just connectivity to the
people but also usability. Yet only four decades previously computers
had been limited, alien things, kept at many removes from the average
worker in an organization. As recently as 1975 the ﬁrst generation of
personal computers (pcs) were without video displays and reliant on
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a series of blinking lights to communicate with their users. Yet in 1965
Licklider proposed a vision of interactive computing:
A man sits at a desk, writes or draws on a surface with a stylus,
and thereby communicates to a programmed information processor with a large memory. It is the mental image of the immediate
response, visible on the oscilloscope, through which the computer
acknowledges the command and reports the consequences of
carrying it out.12
Even as he wrote, the systems that he described were just beginning
to seem feasible. Douglas Engelbart, a far-sighted engineer at the Stanford Research Institute, was reading Norbert Wiener and Ross Ashby
on cybernetics and believed that human intellect could be augmented
by using computer technology.13 Engelbart had established the Augmented Human Intellect Research Center to study computer tools
that would give users ‘a useful degree of comprehension in a situation
that was previously too complex’.14 He sought new ways of ‘conceptualizing, visualizing, and organizing working material, and . . . methods
for working individually and cooperatively’.15 He gave his team their
own dedicated computer consoles, most unusual in the era of batch
processing, and instructed them to conduct every aspect of their work
on the computer and to create the tools they needed as they went. The
result was the ‘oN-Line System’ (nls). The nls was truly revolutionary.
It introduced for the ﬁrst time the mouse, word processing, video
conferencing, the use of multiple windows for different programs, and
collaborative documents. All were incorporated within an intuitive
and easy to understand gui. Engelbart demonstrated the nls before an
audience of thousands at the Fall Joint Computer Conference in 1968.
The crowd was stunned. Engelbart’s demonstration became known
as ‘the mother of all demos’. The modern computer was beginning
to emerge.
Spacewar! and Sketchpad

At the end of the 1950s the Research Laboratory of Electronics (rle) at
mit buzzed with disruptive, innovative people. Here among the
dropouts and eccentrics a new culture began to develop. Theirs was a
culture totally at odds with the bureaucratic mindset of ibm and the
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centripetal, controlling inclinations of the telephone companies. They
referred to themselves as ‘hackers’. While the rest of mit used the term
‘hack’ to refer to elaborate pranks, a ‘hack’ denoted a smart innovation
that solved an engineering problem in the slang lexicon of the members of mit’s Tech Model Railroad Club (tmrc). The tmrc was a focal
point for obsessive technical innovators. The club boasted an impressive railway board under which the club’s Signals & Power Subcommittee had rigged a staggeringly complex array of equipment. In 1954
a control system was built that allowed control of ﬁve trains at once
across thirty different sections of the rail system simply by adjusting the
voltage and polarity of the electricity passing through the rails.16 This
astoundingly complicated system had been built using electromechanical relays, telephone equipment and sundry parts sourced by
the club’s covert ‘Midnight Requisitioning Committee’ who purloined
necessary parts from across mit.17 Many of the members of the tmrc
were also working at the Research Laboratory of Electronics, and viewed
computers in the same way as they viewed the model rail network in
their clubroom: something to be obsessively studied and perfected.
In 1959 the rle took delivery of the tx-0 computer, gifted to it
from the Lincoln Laboratory. This machine was the ﬁrst user-usable
computer that the students associated with the laboratory had ever had
at their disposal. Feedback came not hours or days later from the
hands of an administrator, but immediately and directly to the user
from the computer itself. This was the dawn of interactive computing.
In the era of the ibm mainframe and batch processing, it was a breath
of fresh air that fed the growth of a new and vibrant computing culture. The arrival of this interactive computer prompted emergence of
a wave of user-driven innovation that would eventually deﬁne much of
the culture of personal computing. In contrast to the bureaucracy that
surrounded the ibm 740 at mit, the tx-0 and the pdp-1 computer that
followed it were ‘set up as a do-it-yourself operation’.18 Since graduate
students with legitimate work to perform on the tx-0 had preferential
time slots, the hackers used the machine at unsocial hours. They often
worked through thirty-hour days in obsessive bursts of coding.19 As
John McKenzie, who directed the rle, reported, ‘Practically all of the
system software mentioned was done on a voluntary basis by users not
on the tx-0 staff at the time their programs were written.’20
The tx-0 and the pdp-1, remarkable though they were for their
interactivity, were modest computers nonetheless. Technology at this
<

51>

remedial level required that programming did the most with the
amount of available computer resources available. Hackers prided
themselves on creative efﬁciency, on their ability to hack and reduce the
number and length of instructions to a minimum. This produced two
deﬁning characteristics that prevail on discussion forums on the
Internet today: ﬁrst, a Darwinian meritocracy,21 and second, a desire to
understand and optimize code that precludes any concept of completion. No program was ever ﬁnished because it could always be reﬁned.
Both were illustrated by twelve-year-old Peter Deutsch, whose father
was an mit professor and who regularly spent time at the rle Lab working on the tx-0. Deutsch was a gifted programmer who gained the
respect of the hackers. As the chronicler of the hacker scene, Steve Levy,
notes, ‘by virtue of his computer knowledge he was worthy of equal
treatment’.22 When Professor Jack Dennis created an assembler program
for the tx-0 his code was then pulled apart and improved by the
hackers.23 This in itself deﬁed standard assumptions of academia about
who should be allowed to improve on whose code. Yet more remarkable still was that one of the hackers was a twelve-year-old who happened to pass his free time at the laboratory. The culture evolving
around these new machines had almost entirely jettisoned the established hierarchy. This ethos would spread as mit staff moved to other
institutions, such as the Stanford ai Lab (sail), from where it would
make a signiﬁcant impact in the development of mainstream culture
through Google, Yahoo and other Internet companies.
In 1962 the hackers produced one of the world’s ﬁrst computer games,
called Spacewar! Inspired by a diet of trash space adventure books and
Japanese monster cinema that relied on a ‘determined avoidance of plot,
character, or signiﬁcance’,24 the game displayed duelling black and
white spacecraft that two players could control. Each was commanded
using the world’s ﬁrst computer game joysticks, built from spare parts
at the tmrc clubroom.25 This was the dawn of a whole new era in computer interactivity, and it occurred six years before Engelbart’s public
demonstration of the mouse. The next year, in 1963, interactive computing had a further breakthrough. A young computer scientist named
Ivan Sutherland, who would shortly be recruited by Licklider as his successor at arpa, was wrapping up his phd thesis at mit’s Lincoln Laboratory. Sutherland understood that normal computer use was ‘slowed
down by the need to reduce all communication to written statements
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that can be typed’. Until now, he argued, ‘we have been writing letters
to rather than conferring with our computers’.26 Sutherland was using
the tx-2, the tx-0’s big brother, to develop ‘Sketchpad’, a graphical
design program that allowed the user to draw directly on to a display
screen with a light pen. The phd thesis in which he described this
program would be regarded as one of the most important theses ever
written in computing.27
These developments, the computer game Spacewar!, the graphical
program Sketchpad, and Engelbart’s oN-Line System, lay the foundations for computers that could be used by average human beings.
Some of Engelbart’s staff went on to work at Xerox parc and Apple
Computer where they carried their knowledge of the gui and interactive computing to a commercial audience. In the mid-1970s Xerox
created a graphical user interface with mouse and icons for its Alto
experimental computer, and ﬁnally released the Alto’s commercial offshoot, the Xerox Star, in 1981. The ﬁrst consumer computer with a gui
was the Apple Macintosh of 1984. Other personal computers such as
the Atari and Amiga, and some ibm pcs running dos, had guis from
1985. The ﬁrst version of Microsoft’s Windows was released in
November 1985.
Yet though computers were becoming increasingly usable, before the
1980s they were not yet ‘personal’, nor were they cheap or compact. This
too was about to change.
Computers for the masses

The invention of the transistor at Bell Labs in 1947 liberated computing from the large, unreliable vacuum tubes on which the ﬁrst digital
computers were based. The new technology, however, still required
engineers to hand-solder thousands of transistors, wires and other
components together to make complicated devices. Then in 1958 an
engineer at Texas Instruments named Jack Kilby did something that
would revolutionize not only computing, but the production of all electronic devices on the planet. He constructed a small transistor and circuitry on a single piece of germanium, an element similar to silicon,
drawing their circuits on the metal itself by a process of diffusion. This
device, built from only one material, was the world’s ﬁrst integrated
circuit. Kilby realized that the difﬁculty and expense of building small
electronic devices such as hearing aids and calculators would be reduced
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by an order of magnitude if their circuitry were built, as his patent
describes, ‘using only one material for all circuit elements’.28 His
invention prompted dramatic miniaturization and sophistication of
electronics, and a precipitous price drop. Then, a little more than a
decade after Kilby’s breakthrough, a young company called Intel used
the integrated circuit technique to build the world’s ﬁrst microprocessor in 1971. It crammed an entire computer on a single piece of silicon
the size of a postage stamp.
Intel was founded by Robert Noyce (an engineer who had also
invented the integrated circuit at almost exactly the same time as Jack
Kilby) and a colleague named Gordon Moore.29 Even though Intel marketed its ‘4004’ microprocessor as a ‘micro-programmable computer on
a chip’,30 the incumbents in the computer industry, known as the ‘Big
Bunch’, dismissed it as a device to control trafﬁc lights and cash registers.31 bunch was an acronym for the computing giants of the pre-pc
era: Burroughs, Univac, ncr Corporation, Control Data Corporation
and Honeywell. The 4004 represented the beginning of their end.
Though postage-stamp sized, it delivered the same processing power as
the us Army’s eniac computer, which had been known as the ‘giant
brain’ when it was introduced in 1946.32 The eniac had been the largest
electronic apparatus on the planet. Its system of 17,468 vacuum tubes
could perform ballistics calculations in a mere thirty minutes that
would have taken twelve hours to perform using hand calculators.33
Now the Intel 4004 marked the beginning of a centrifugal trend that
would transfer computing power from a few massive, industrial computers descended from the eniac to thousands of small computers in
the ofﬁces and homes of amateur enthusiasts across the United States.
The moment of change came when the ‘Altair 8800’ was announced
on the cover of the January 1975 edition of Popular Electronics. The
Altair was the ﬁrst so-called personal computer (pc) and was built
around Intel’s 4004. The Altair was small enough to ﬁt on a desk and
cost only $397 (over $1,500 in 2009 terms). Before building the Altair,
its creator, Ed Roberts, had sent a close friend a message speaking of
building a computer for the masses. Something that would eliminate the Computer Priesthood for once and for all. He would use
this new microprocessor technology to offer a computer to the
world, and it would be so cheap that no one could afford not to
buy it.34
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The Popular Electronics feature announcing it began with the words,
‘The era of personal computing in every home . . . has arrived.’35 Indeed
it had.
Thereafter, a tide of microprocessors hit the market. In 1975 mos
Technology released the 6502 processor, of which the 6510 variant
would eventually power the popular ‘Commodore 64’. In 1978 Intel
released the 8086 processor that would power ibm pcs running
Microsoft dos. The following year Motorola released the 68000 processor that powered Apple, Amiga and Atari computers. Thus by the late
1970s there were three manufacturers competing to sell microprocessors to an eager community of amateur enthusiasts. The arrival of the
Altair equipped with Intel’s 4004 signalled the end of the Big Bunch’s
hegemony in the computer industry.
Its impact was not necessarily clear at the outset, however. The
machine itself did not look particularly impressive. It was encased in a
blue box with lights and switches on the side. The user programmed
and interpreted it by way of the switches and lights. It had no monitor,
no keyboard, no mouse. Yet although its outward appearance belied its
revolutionary nature, geeks in the know took note. At Harvard University, a Bill Gates and Paul Allen were whipped into such a frenzy by
the release of the Altair that they developed a version of the basic programming language for the machine before they ever actually saw a
physical Altair up close.
mits, Ed Roberts’s company, had staked its future on selling a mere
two hundred Altair computers. When the Altair was released it sold
thousands. To capitalize on the unexpected frenzy, the company organized the World Altair Computer Convention at the Airport Marina
Hotel on 26–8 March 1976. Yet as the convention opened Ed Roberts was
dismayed to ﬁnd that a competing ﬁrm was advertising a piece of additional hardware that would expand the Altair’s functions at a lower
price than the component he was selling himself. One of the deﬁning
characteristics of the Altair was that it was technically open to expansion and could accommodate expansion boards to add new capabilities.36 The openness of the Altair had bred competition and mits,
introducing the personal computer era, had become the ﬁrst victim of
‘cloned’, or copied, pc hardware. The competing expansion board was
designed by a man called Bob Marsh, who was a regular at a new gathering called the Homebrew Club.
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The Homebrew Computer Club had been established a few months
after the release of the Altair. It was a regular and informal gathering
where computer enthusiasts in Silicon Valley could meet and share
ideas. The club was a hybrid of elements from the radical student
movement, the Berkeley community computing activists and electronic hobbyists. Hippy groups in California had been quick to recognize the computer as a device of empowerment. As early as 1972 a group
called the People’s Computer Company published an impassioned call
on the pencil-drawn cover of its ﬁrst newsletter:
Computers are mostly used against people instead of for people;
used to control people instead of to free them; Time to change all
that – we need a . . . People’s Computer Company.37
The following year, a hippy group called Loving Grace Cybernetics
started a social experiment called ‘Computer Memory’ that brought an
early form of social networking to the residents of Berkeley, California.
The group installed computer terminals with display screen and keyboard at the entrance of a popular record store and other locations in
the city. The terminals were connected to a computer system that
allowed users to leave messages for other visitors to read. This, the
hippies believed, ‘harness[ed] the power of the computer in the service
of the community’38 and created an ‘an information ﬂea market’.39
Much like the People’s Computer Company a year before, this experiment in social computing was intended to liberate computing ‘from the
constricted grasp of the few to its rightful place as the wealth of the
information-sharing community’.40
The Homebrew Club was established by two individuals who had
been involved in the Personal Computing Company. Posters for the
Homebrew Club announced:
You might like to come to a gathering of people with likeminded
interests. Exchange information, swap ideas, talk shop, help work
on a project, whatever . . .41
Attendees would show their handiwork, which could be expansions
to add new features to an Altair, implementations of a new microprocessor, or entirely new systems. Much like the informal networking
group of graduate students who developed the arpanet protocols,
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attendees at the Homebrew Club were part of an environment where
the overriding theme was collaborative. As Steve Wozniak, the inventor of the ﬁrst Apple computers, recalled, the ‘theme . . . was “Give to
help others”.’42 Peers would judge each other’s hardware and hacks on
the elegance of their design, efﬁciency and stability. Much as the hackers
at the mit rle had gloried in their efﬁcient code, Homebrew regulars
showed off their hardware hacks and passed around software and
schematics. Within a few months the Homebrew Club had a regular
attendance of hundreds and met at the auditorium of the Stanford
Linear Accelerator.
Steve Wozniak introduced Apple’s ﬁrst computer at the Homebrew
Club as though it were a new hack:
The Apple i and ii were designed strictly on a hobby, for-fun
basis, not to be a product for a company. They were meant to
bring down to the club and put on the table . . . and demonstrate: Look at this, it uses very few chips. It’s got a video
screen . . . Schematics of the Apple i were passed around freely,
and I’d even go over to people’s houses and help them build
their own.43
The personal computer came of age in 1977 when Apple released the
Apple ii at the West Coast Computer Faire. Where pcs had previously
been sold in parts for enthusiasts to assemble, the new Apple ii could
be bought as a ready-made unit. It was a computer for consumers, easy
to install and use. Unlike some pc manufacturers who had opted to
keep the inner workings of their systems secret, Apple released a reference manual that detailed the entire source code and schematics of their
machine.44 It could be easily adapted to ﬁt different needs and was easy
to programme software for. What happened next was entirely unforeseen by Apple.45 Apple’s computers became platforms for spontaneous
development by their users.
In the spring of 1978 a Harvard mba student named Dan Bricklin
mulled over the idea of
a magic piece of paper where I could change the number at the
beginning of a set of calculations and have all of the other numbers automatically update themselves.46
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Together with a friend, Bob Frankston, Bricklin developed and
started to market a new software for ﬁnancial accounting on the Apple
ii called VisiCalc. This became a huge hit among small businesses that
could not afford to pay for time-sharing on remote mainframes or to
lease their own minicomputers. A new market for personal computers
began to emerge as a new type of consumer began to purchase personal
computers to run VisiCalc and other software rather than to hack and
tinker with the computer itself at Homebrew and other clubs. The
Apple ii had become an unexpected commercial success simply by
being a platform on which new applications could be developed.
Attendees at the Homebrew Club meetings had known themselves to
be in the vanguard of a revolution. Following the success of the Apple
ii and VisiCalc, the personal computer revolution became apparent
even to ibm, the bastion of industrial computing. Its entry into the pc
market signalled that the market had arrived, and the manner of its
entry would prompt the market to explode.
On 12 August 1981 ibm started to sell its ﬁrst pc, called the ‘5150’, and
began a process that would permanently undermine its dominance of
computing. The company was entering the pc market in a hurry. To do
so it abandoned the normal development process that had been used
at ibm for decades. Instead of developing proprietary hardware and
code within ibm, a small team would build the new system using technology already built and tested by other manufacturers. The company
went further yet. Following the spirit of the personal computing age it
decided to make the architecture of its machine entirely open. Seeking
to capitalize on the creativity of the users and the hobby culture that
surrounded the new personal computing market, ibm published the
source code for its entire pc system. Then, in November 1980, it signed
a deal with a tiny software company called Microsoft to supply ‘dos’, a
piece of software to manage ibm’s pcs and interpret users’ inputs (in
other words, an ‘operating system’). Under this deal Microsoft would
also be allowed to sell dos to ibm’s competitors. This allowed ibm to appeal to potential customers who had already used existing applications
on other computers running Microsoft’s basic programming software. In its press release to announce its ﬁrst personal computer, ibm
told consumers that its partnership with Microsoft would ‘provide
users with the opportunity to transfer hundreds of widely used applications to the ibm Personal Computer with minimal modiﬁcations’.47
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However, though the ibm–Microsoft deal would enable ibm to rush its
ﬁrst pc to the market without having to design a new operating system
from scratch, it would also ultimately cause the ruin of ibm as a computer manufacturer.
Within ten months of the launch of ibm’s ﬁrst pc, a competitor,
Columbia Data Products, launched the ‘Multi Personal Computer
1600’ using almost exactly the same hardware as the ibm machine and
supplying it with the Microsoft dos operating system. This was the ﬁrst
so-called ‘ibm-compatible pc’. In other words, it was a clone. ibm had
let the genie out of the bottle. The release of additional clones onto the
market stimulated ﬁerce competition,48 driving the price of the ibmcompatible pcs downwards and making their manufacture an increasingly marginal activity. Yet even as pcs became more affordable
and ibm’s fortunes began to wane, Microsoft’s revenues grew. Bill
Gates’s deal with ibm had made the physical computer into a common
commodity, an item that could be bought from any manufacturer,
while Microsoft capitalized on the resulting boom in sales of pcs
equipped with its operating system. ibm began a precipitous decline and
Microsoft a spectacular rise. By 1992, twelve years after the deal,
Microsoft’s market value had grown from virtually nothing to equal
ibm’s. Before the end of the decade Microsoft’s market value was
twice that of ibm.49 ibm had been ranked number one in the top
companies by market value in 1990 and 1980 (and number three in
1970). Its fall was so dramatic that by 2000 it was not even included in
the top ten.50
ibm’s adventure in personal computing did, however, prevent its
established competitors from building their own pc empires and generated sufﬁcient revenues in the short term to support the research and
development necessary to dominate the mainframe business in the long
term. For Apple, the cloning issue proved instructive. Though it owed
its commercial success to VisiCalc, which was a result of its openness
to users’ innovations, Apple ultimately managed to avoid ibm’s fate by
refraining from absolute openness. While its platform was open to software that could make the computer more valuable to users, the secrets
of its hardware were jealously protected and manufacturers of clones
were sued.
The commoditization of ibm-compatible pc, though disastrous for
ibm, was an enormous boon to prospective computer users. The lowering price of computer hardware was compounded by continuous
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advances in technology. In 1965 Intel co-founder Gordon Moore had
observed that low-cost electronics had increased in complexity
at a rate of roughly a factor of two per year . . . Certainly over
the short term this rate can be expected to continue, if not to
increase.51
This understanding, known as Moore’s Law, suggested that computers would become increasingly common and ever smaller. Components in fact advanced at a rapid pace from the late 1960s. The
capacity of hard drives increased at 35 per cent per year between 1967
and 1995, and the speed of Intel’s microprocessors rose 20 per cent each
year from 1979 to 1994.52 To understand the pace of change, consider
William Gibson’s 1984 book, Neuromancer. The book is famed for
coining the term ‘cyberspace’,53 a ﬁctional computer environment in
which one could navigate ‘a graphic representation of data abstracted
from the banks of every computer in the human system’,54 a sort of
tangible Internet. Yet despite Gibson’s bold vision of the future his
expectation of future development of computing hardware was astonishingly limited when measured against what actually happened. For
example, the novel’s protagonist lives in a far-distant future where
technology has advanced almost beyond recognition. Yet he is betrayed
for the sake of memory chips totalling 3 megabytes of random-access
memory (ram). The person who stole the ram chips from his computer
is later killed for the same 3 mb of ram. In real life, contrary to Gibson’s
expectations, computers grew so powerful so quickly that less than a
decade after Neuromancer was published most new computers already
had more than 3 megabytes of ram installed in them.55 That Gibson
considered 3 mb a trove worth killing for in the bold future he conceived
shows the galloping pace of technological change. By 2010, even many
lightweight, portable computers were sold with a thousand times the
amount of ram than the characters in Neuromancer had killed and
died for.
In the 1960s an ibm computer had occupied a quarter of an acre of airconditioned ﬂoor space, required sixty operators to input instructions
and provide maintenance, and cost $9 million.56 From the early 1980s
the all-in-one pc began to create a new market of potential computer
buyers. ibm’s press release for its ﬁrst ever pc said the machine was
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intended to be used by ‘just about everyone’, including ‘the ﬁrst-time
or advanced user, whether a businessperson in need of accounting
help or a student preparing a term paper’.57 Another brochure advertised the machine’s ease of use, even by laypeople:
You don’t have to be a computer expert to learn how to use your
ibm Personal Computer. You – or any member of your family –
can do it with just a little time and practice.58
These were truly personal computers: all-in-one systems that
required little assembly, cost between 500 and 2,000 dollars and had all
the parts necessary to allow the user to operate them for whatever
purpose they intended. The old centripetal model of mainframe computing became a niche rather than the norm. On 5 February 1984 The
New York Times reported that:
The nation’s computer industry should pass a remarkable milestone this year: for the ﬁrst time, the value of desktop, personal
computers sold in the United States – computers that were almost
unheard of only eight years ago – will overtake sales of the large
‘mainframe’ machines that ﬁrst cast America as the leader in
computer technology.59
Only a quarter of a century later, in June 2008, Gartner reported that
the number of pcs in use had reached one billion worldwide.60 When
one considers that the global population of humans is approximately
6.7 billion, the pc has become pervasive to the degree that there is more
than one computer for every seven people on the planet. The power that
the hippies and the Homebrew enthusiasts had craved was now distributed in the hands of consumers. The networks would soon follow.
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<PHASE II>

EXPANSION

<5>

The Hoi Polloi Connect

The computer, long the preserve of large corporate headquarters and
elite government research facilities, was now within the grasp of
amateur enthusiasts operating from their bedrooms and garages. They
would be at the forefront of the next wave of innovation, one that
would transform human communications and commerce. Yet for the
revolution to begin, computer users at home had to be able to connect
their machines to the phone lines. This would be a challenge.
Since the late 1870s, the emerging telephone industry had rigorously
pursued a centripetal strategy. Anticipating the competition that would
greet the expiry of Bell’s second patent in 1894, Theodore Vail, the
company’s president, decided to maintain Bell’s technology lead. He
established an experimentation unit in 1879 to continue research and
develop new patents. He also bought options on patents where necessary, and thereby gained control over the loading coil that enabled
long-distance connections. By 1900, the Bell system controlled approximately 900 patents.1 In parallel with Bell’s technology race, it
embarked on a land grab across the us. In 1880 Vail established a
corporation to take control of every local company providing service
in towns and cities and the long-distance lines through which the
exchanges were connected, thereby giving Bell control of every aspect
of the telephone network across the United States.2 The company
sought investors and local partners while taking care to maintain
control over the emerging network. By 1910 Bell was in a position to buy
the long established telegraph monopoly, Western Union, which had
rejected the opportunity to buy Bell’s patents 35 years earlier.
To stave off the prospect of government intervention, the company
signed the ‘Kingsbury Commitment’ in 1913, committing it to make certain concessions, including divesting itself of Western Union, while at
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the same time securing its long-distance and urban monopolies.3
Finally, the Federal Communications Act of 1934 ofﬁcially enshrined
Bell’s monopoly, permitting new entrants to compete only if it were
judged by the government to be in the public interest. By 1939 one
observer could write that Bell was ‘the largest aggregation of capital ever
controlled by a single company in the history of private business
enterprise’.4 This was the Goliath that stood between home computer
owners and networking.
The telephone network opens, the grassroots networks form . . .

Bell operated a monopolistic, universal service. Its control extended
even to the very telephone sets in American homes and ofﬁces, which
were leased to, rather than owned by, its subscribers. at&t would not
permit subscribers to connect any device to its network other than the
speciﬁc telephone set it provided. The home user was prohibited from
attaching ‘foreign’ devices to the phone network. at&t had sold
modems, devices that provide an interface between digital computers
and the analogue phone system, since 1962. Yet in the absence of
competition from other manufacturers these were expensive, bulky,
slow devices, unsuited to the budgets or needs of the homebrew
generation. The prospects of amateur enthusiasts using their home
phone line to venture online appeared slim.
Then, in the late 1960s and ’70s, at&t’s rigidly centralized control
over the public telecommunications network began to break down. Two
landmark cases signalled the opening of the network to new, innovative uses. The ﬁrst case related to the ‘Hush-A-Phone’, a plastic mouthpiece that could be clipped on to the receiver of a telephone to block
the sound of a person’s voice from others nearby while amplifying it to
the receiver. at&t claimed that this innocuous device threatened to
damage its continental network. A sensible person might think this
heady stuff for a small plastic cup with a hole at both ends. Nonetheless, the fcc agreed with at&t’s argument. On appeal, however, the dc
Circuit Court of Appeals was less impressed and forced the fcc to
reverse its decision. The terms of the Court of Appeals’ decision highlight the outlandishness of at&t’s original claim:
To say that a telephone subscriber may produce the result in
question by cupping his hand and speaking into it, but may not
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do so by using a device which leaves his hand free to write or do
whatever else he wishes, is neither just nor reasonable.5
Yet while Hush-A-Phone eventually won the day the episode proved
that at&t would jealously guard its network against any innovations or
foreign attachments, no matter how trivial. Indeed the Hush-A-Phone
had made so small a commercial impact that at&t had not known of
its existence for over two decades, and apparently only became aware
of it when an at&t lawyer happened to spot it in a shop window.6
Innovators of all sizes beware. Such an environment was not fertile
ground for an Internet of modem-using homebrew geeks.
Deregulation of the network gathered momentum a decade later
when another innovative device and at&t’s heavy-handed response to
it further eroded the monopoly’s position. The ‘Carterfone’ was a radio
device that could be attached to a standard telephone set to extend the
network beyond the ﬁxed telephone lines. Its inventor, Thomas Carter,
had built it to allow him to make telephone calls while working on his
ranch. Having patented the device in 1959 he began to sell it to oil companies where the radio could allow workers to stay in contact while
operating across the vast oil ﬁelds.7 at&t argued, with justiﬁcation, that
the Carterfone violated fcc Tariff Number 132, which stated:
No equipment, apparatus, circuit or device not furnished by the
telephone company shall be attached to or connected with the
facilities furnished by the telephone company, whether physically,
by induction or otherwise.8
As a result, at&t warned its subscribers, they would be penalized if they
connected a Carterfone to their handsets. A legal battle ensued. Carter
ﬁled an antitrust case against at&t and the matter was ultimately
referred to the fcc. On 26 June 1968 the fcc found that the longstanding restriction on what equipment was permitted to be connected to the us telephone network
has been unreasonable, discriminatory, and unlawful in the
past, and that the provisions prohibiting the use of customerprovided interconnecting devices should accordingly be
stricken.9
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The legal battle to secure this judgement, however, had been long
and arduous. In the words of the fcc Commissioner who worded the
opinion, Thomas Carter was a ‘very stubborn Texas cowboy who was
willing to sell off his cattle ranches to help pay the lawyers to take on
at&t during a dozen years of litigation’.10 Nonetheless, the network was
opening to more innovative uses. Finally in 1975 the fcc adopted Part
68 of Title 47 of the Code of Federal Regulations, which allowed
consumers to attach whatever device to the network they wished, with
the proviso that the device should not damage the network.11 The network was now open to the homebrew generation.
Among their ranks was Ward Christensen, a young man so excited
by the prospect of ﬁnally being able to own one of the new 16-bit personal computers that he recalls having ‘pinups of 16-bitters on my
walls’ in the mid 1970s.12 When the ﬁrst modem for use with pcs was
released in 197713 Christensen wrote a program called xmodem to allow
his machine to communicate across the phone system via a modem.
Christensen released xmodem freely among his friends in the homebrew community and it was quickly adapted to work on other many
other types of pc that ran on different operating systems. Thus by the
end of 1977 the phone system was open, inexpensive computer and
modem equipment was commercially available and the software to
allow them to communicate was in circulation free of charge.
The following year Christensen and a friend named Randy Suess
invented a piece of software called the Computer Bulletin Board System (bbs).14 The hardware was relatively simple. Built from commonly
available parts, a circuit board would power up when the modem
received a phone call, and load the software for the bbs from a ﬂoppy
disk so that it could respond to users’ commands delivered over the
phone line. When the user hung up, the device shut itself down and
awaited the next call.15 Though simple, the bbs was a signiﬁcant
development. This remedial system of bulletin boards hosted on personal computers is the forerunner of contemporary web forums. The
bbs allowed amateurs to set up their own boards, offering ﬁles, news
and opinion to whomever cared to dial in. Since it could also store ﬁles
that had been uploaded to it by external users, it provided a means to
proliferate software, including pirated software. The new social
phenomenon captured the imagination of a new generation of pc
users. One married couple decided to start a bbs and become ‘sysops’,
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bbs System Operators, after watching the 1983 film WarGames in
which a high-school student breaks in to a us defence system using a
home modem. Through their bbs the couple ‘made many new friends.
We have callers from all over the country.’16 Yet for all this the bbs was
a very limited system that could not accommodate more than one user
at a time.
Yet from 1984 onwards a new system called FidoNet allowed bbss to
call each other and pass ﬁles and messages from board to board. It
turned isolated bbss into nodes in a global system. FidoNet’s creator,
Tom Jennings, was a punk activist with anarchist leanings who
eschewed employment at leading software ﬁrms in favour of the life of
an itinerant hacker.17 He saw FidoNet as ‘a non-commercial network of
computer hobbiests [sic] (‘hackers’, in the older, original meaning)
who want to play with, and ﬁnd uses for, packet switch networking’.18
bbs had started as a local phenomenon and users made local calls to
bbss in their area. By exchanging the ﬁles between distant and local
bbss, FidoNet extended the bbs into a regional and global phenomenon. In late 1985 a new feature called EchoMail was introduced to
FidoNet by Jess Rush, a sysop, which allowed users anywhere on the
FidoNet to broadcast messages to common discussion groups.19 Now,
ten years after the discussion lists on the arpanet, the public had a
means of participating in similar discussions across wide geographical
distances. The bbs brought a simple form of networking to a wide
community and caused an explosion in social computing. In 1987,
three years after Tom Jennings developed FidoNet, there were 6,000
bulletin boards in operation; three years later, 24,000; and by 1992
there were 45,000.20
The arpanet research community was aware of the homebrew and
bbs scene but had little interest in it. The focus within the arpa research
community was on large computers whereas the focus among bbs
users was on pcs.21 Yet the popularity of the bulletin boards was creating a population of modem-using pc owners who would be the ﬁrst to
adopt the Internet and the World Wide Web when they became available to consumers. Moreover, in some regions of the globe where
Internet is not widely adopted, the bbs mechanism of dialling up to
retrieve and set messages in a batch has continued to provide a means
of affordable connectivity.22
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Private networks of the jet age and the centrifugal trend within
businesses

While the us military was beginning to consider how to use networking in the 1960s, the private sector was beginning to provide commercial subscribers with access to centralized computing power. Perhaps the
most remarkable examples of private-sector networking arose from
another technology of the globalizing world – the jet engine. The jet age
of the mid- to late 1950s witnessed the arrival of a new generation of
aircraft propelled by jet engines. Airliners such as the de Havilland
Comet, Boeing 707 and Tu-104 carried more passengers further, quicker
and cheaper. As Popular Mechanics breathlessly informed readers, ‘New
and almost staggering speeds in transportation’ beckoned.23 In some
cases journey times were cut in half. Much of the world could now be
reached from any airport within a day. Destinations previously distant
became local. While the number of passengers ﬂying with the International Air Transport Association (iata) airlines had been 20.3 million in 1949, within six years it more than doubled to 51.7 million.24
Despite the growth in the number of reservations made for this glut of
passengers, many airlines still relied on a reservations system called sita
that dated from 1949. sita mainly used a system of manual transmission of perforated tape records. In 1962 a study found that details of a
single booking could take one and a half hours to be relayed via sita
from the desk of an agent meeting a customer to the national control
ofﬁce and back to the agent’s desk.25 In some European ofﬁces the delay
could be over twenty hours. In short, the logistics of the propeller age
could not accommodate the explosive growth in the number of passenger bookings of the jet age.
In 1963, a year after the review, sita convened a symposium at
which airlines, agents and technical experts met to discuss the problem.
By 1969 sita had developed what its history calls the world’s ﬁrst
worldwide packet-switching network dedicated to business trafﬁc.26 By
1971 the system provided interactive data exchange between terminals
at different ofﬁces. In parallel with sita’s network, American Airlines
had signed an agreement with ibm in 1957 to develop sabre, a computerized reservations system. ibm proposed a system based on its
experience with the sage air defence system. Development costs were
enormous. The ﬁrst experimental system went online in 1960, and
sabre was operational by 1965. The sabre system connected 1,500
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terminals across the United States and Canada to one central computer
site, and provided information on every American Airlines ﬂight for a
year in advance, including reservations, name of ticket holder, itinerary and contact details.27
It is important to differentiate these developments from those at
rand and arpa during the same period. While the arpanet attempted
to connect incompatible machines based at a diverse range of facilities
owed by different groups, commercial networks such as the sita and
sabre systems used standard equipment across their entire networks
and had the beneﬁt of a single, uniﬁed chain of responsibility. Or put
another way, arpanet was heterogeneous and the sita and sabre
airline reservations systems were not. Moreover their functions were
limited to commercial necessity whereas arpanet was a test bed for
networking research. Yet though they were not cradles of innovation,
commercial networks like the sita and sabre systems showed the
pace of advances in networking in the years after the sage air-defence
project.28 Indeed, Lawrence Roberts, the manager of the arpanet
project, left arpa to work on Telnet, a commercial packet-networking
service. What these private networks lacked was the openness and
centrifugal character that came to deﬁne the Internet. Private-sector
services would, however, begin to provide networking services to home
pc users with modems from the late 1970s onward, creating a population of home networkers who would be in the ﬁrst wave of users when
the Web became available in the early 1990s.
CompuServe, among the ﬁrst widely popular subscription services
used in the home, had initially begun to offer time-sharing services to
corporations in 1969 and to consumers from 1978. Its consumer business under the name MicroNet allowed pc users to dial in to access
CompuServe’s mainframe machines, which had previously been used
solely to provide services to corporate clients. Home users could now
store and run ﬁles on the mainframe and leave messages for other users,
similar to the bbs systems. Access to MicroNet was initially expensive
but as the mass market of home users began to eclipse the small market of corporate users CompuServe reoriented itself towards the home
user, dropping the name MicroNet for its consumer service in the
process. CompuServe was joined by competitors America OnLine
(aol) in 1989 and Prodigy in 1990, both of which offered their subscribers access to a corralled selection of content and messaging services, but not to the Internet at large. The growing popularity of the Web
<

71>

in the mid-1990s eventually forced these services to give their subscribers access to the entire network. Ultimately they became, in effect,
mere Internet Service Providers, offering a connection to the Web
rather than being valued as destinations in their own right. Remarkable
though the selection of content and programs that any one subscription service could offer had appeared in the late 1980s, it could not compete with the virtually unlimited array of content on the Web.
Computing within large organizations was a microcosm of the centrifugal trend in the wider world. Businesses were slow to grasp the importance of the computer. (With the exception of a single article on
‘Ofﬁce Robots’, which appeared in Fortune in 1952, the business press
would ignore computing until the mid-1960s.29) Nonetheless, from the
1950s internal power shifts within large organizations began to create
a new appetite for business computing in some circles. According to one
perspective, industrial computing in large organizations accelerated
between 1957 and 1963 because ﬁnancial executives valued the control
these new systems gave them over ﬁnancial records, not because the
machines reduced the operating costs of the organization.30 Through
the 1960s the centralizing nature of computerized data processing
enabled ﬁnancial executives to extend their inﬂuence within their
organizations. From the late 1960s executives of other departments at
last began to understand that their positions were threatened by the
ﬁnancial executives’ monopoly on computerized information across
their organizations.31 The power of a central mainframe computer
could be shared with these other executives and their departments, but
only through time-share systems they operated over slow telephone
lines. The competing departments therefore often began to outsource
their computing requirements to external suppliers, or, better yet, to buy
smaller computers of their own. In the years between 1975 and 1981
increasingly inexpensive computers became available to staff at everlower levels of responsibility within the organization, thereby eroding
the central control of the ﬁnancial executives.
The release of the VisiCalc spreadsheet for the Apple ii revealed
something previously unknown. Corporations that had previously
used external contractors such as Wang and ibm for word processing,
and Tymshare and ge Time-Sharing for ﬁnancial calculation, could
now give these tasks to their own employees to perform at their own
pcs.32 Throughout the 1980s the purchase of pcs at virtually every level
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of organization marked centrifugal shift from, in Paul Strassmann’s
words, ‘the dominance of computer experts to the defensive enthusiasm of ofﬁce workers’ who were eager to learn how to use the computers for themselves.33
With a pc appearing in every ofﬁce, organizations were moving from
one single mainframe to which all data was fed, to a network of many
pcs that everyone could use. Local Area Network (lan) allowed organizations and universities to network the new generation of pcs. At the
same time the tcp/ip protocols allowed lans to connect to each other,
and were freely available in the 1980s. Early in the decade a group at mit
developed tcp/ip for pcs running Microsoft’s dos operating system and
gave the source code away freely with the only stipulation that mit’s
authorship should be acknowledged.34 Thus by the mid-1980s it was
possible to buy equipment to connect small personal computers to the
Internet. The growth of lan at universities and other large organizations would produce an explosion of Internet connections. While a little
over 200 computers had been connected to the Internet in August 1981,
within two years that ﬁgure had more than doubled, and within four
years the number of connections had increased nine-fold.35
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Communities Based on Interest,
not Proximity

Individuals like to be networked. Since the beginning of human experience, the tyranny of geography dictated with whom one hunted,
warred against and procreated with. Hunter-gatherer bands were drawn
together by the pursuit of local resources. Tribal allegiances were tied
to kinship and common belief and all human relations were determined
by the narrow constraint of proximity. Though distances had contracted since cave dwellers ﬁrst rolled a tree trunk as a wheel, no
invention had yet liberated the social animal from the constraints of
geography. Neither rise of empires nor advances in communications or
lengthening of trade routes lifted the yoke of geography from human
relations. The journey time between New York and Boston had fallen
from 5,000 minutes by overnight express stagecoach to a mere 300 minutes by motorcar in the century and a half before 1950. This, however,
was only a slight loosening of proximity’s hold.1 Yet, in the years of the
mid-1950s to mid-1960s, a decade before networking took its ﬁrst
experimental steps, a careful observer could discern the ﬁrst signs that
humanity was about to liberate itself from the grip of geography. They
appeared in the form of a blind, ﬁve-year-old boy named Joe Engressia.
Killing geography

In 1957 Joe Engressia ﬁrst realized that he could control the phone
system and make long-distance phone calls at no cost by whistling a
speciﬁc pitch down the phone line. The at&t phone network used
twelve combinations of six audio tones as control signals. Engressia’s
whistles through the mouthpiece were interpreted as the phone company’s own control tones. Engressia was one of a scattered group of
technologically curious youngsters across the United States who spent
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their free time experimenting with controlling the phone system. These
kids called themselves ‘phone phreaks’. Many were blind and were to
some extent socially isolated among kids their own age. It was the
phreaks, however, who ﬁrst liberated themselves from reliance on their
proximate peers. Theirs would be a community drawn together by the
attraction of common interest rather than the strictures of geography.
In 1968 Engressia was caught by the phone company and disciplined by the University of South Florida where he was enrolled. The
ensuing media coverage made him a ﬁgurehead for isolated communities of phone phreaks sprinkled around the country. He started to
receive phone calls from phreaks across the us. Many of the kids who
phoned Engressia sought a wider community of kids like themselves,
lonely and isolated. Through the phone network they could meet other
similarly gifted and disadvantaged kids. An exposé in Esquire in 1971
cited one example: Ralph, a pale, overweight, pimply sixteen-year-old
boy who lived in a California suburb. His parents, according to the
reporter, did not understand what Ralph and his friends were doing
with the phone, or whether it was legal, but because he was blind they
were content that he had found a hobby that kept him busy.2 In fact
what Ralph was doing was entirely illegal. He and three other phreaks
were attempting to establish a permanently open line into which
phreaks across the nation could tap. Previously a permanently open
line, nicknamed the ‘2111 Conference’, had allowed isolated kids to join
a conversation with phone phreaks across the country.
The phreaking phenomenon had spread quickest among blind children. First, they were sensitive to sound and perhaps better suited to the
auditory aspect to learning the tones that operate the phone system.
Second, some blind kids went to winter and summer camps speciﬁcally
for blind children, from where the secret spread among their peers who
then returned to various scattered towns. Phreaking spread beyond the
blind community by way of John T. Draper, known by his nickname
‘Captain Crunch’. Crunch had learned from one of the blind young
phone phreaks that the toy plastic whistle given free with ‘Cap’n
Crunch’ breakfast cereal made the precise 2,600-cycle tone required to
seize control of the telephone network.3 He, along with members of the
mit hacker community and the Homebrew Club, spread phone phreaking beyond the blind community.
By the 1980s the community was so deﬁned and self aware that it had
established norms and conventions to which its members loosely
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adhered. One such convention, according to two phreaks called ‘Taran
King’ and ‘Knight Lightning’, was that ‘real phreaks can think up a
creative name’.4 As another guide said in a mock Ten Commandments
style,
Use not thine own name when speaking to other phreaks,
for that every third phreak is an fbi agent is well known . . .
Let not overly many people know that thy be a phreak,
as to do so is to use thine own self as a sacriﬁcial lamb.5
Since the criterion for admission to this community was the capacity
to phreak the phone system, all participants shared a common interest in learning more about the phone system. It was both the enabler
and focus of their community. Within the community those with the
most reﬁned mastery of the phone system enjoyed elevated prestige. A
medium that allowed this, even in so primitive a way as the phone
system did, was powerful. Yet something much more powerful than a
jerry-rigged phone system was coming.
In 1960, J.C.R. Licklider, the visionary behind networking, and Robert
Taylor, the manager at arpa who set the arpanet project in motion,
made a pretty far-fetched prediction. Startling, in fact. They predicted
that:
In a few years, men will be able to communicate more effectively
through a machine than face to face . . . We believe that we are
entering into a technological age, in which we will be able to
interact with the richness of living information – not merely in
the passive way that we have become accustomed to using books
and libraries, but as active participants in an ongoing process,
bringing something to it through our interaction with it, and not
simply receiving something from it by our connection to it.6
In an era when computers were simply giant data processors and users
were kept at a respectful remove by a bureaucratic priesthood of computer administrators, this was heady stuff indeed.
Yet even as Licklider and Taylor wrote the change was beginning to
occur. Cambridge Professor John Naughton recalls noticing the emergence of a sense of community among students using Cambridge’s
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time-share computer in the late 1950s. Because they could directly
operate the machine and were simultaneously connected to the same
computer from different terminals, the time-share students were able
to swap electronic messages and socialize in a manner inconceivable to
students toiling under the batch-process system. Naughton, meanwhile, was still using the old batch-processing system. He and his peers
‘didn’t even recognize each other except as members of the same queue’
for processing time.7 The ability to leave messages for others on the
same machine, even without networking, transformed the computer
from a processor of instructions into a communications device. Robert
Taylor at arpa had also observed that people using time-sharing at
research centres were forced to speak to one another and pondered,
‘couldn’t we do this across the country?’8 It was clear that interactive
and shared computer systems were more socially constructive then their
bureaucratic, centralized predecessors.
From the early 1960s, screen to screen messages became common on
time-share systems. In early 1971 an rfc was circulated that proposed
using the arpanet to swap messages between connected facilities.
This proposal seems not to have advanced beyond the assumptions of
the ink age, proposing a ‘mechanism to receive sequential ﬁles for
immediate or deferred printing’, rather than making the leap to sending a message composed on a screen at one facility to be read on a
screen at a different facility or even from teletype to teletype.9 Then, in
late 1971, human communications took their ﬁrst steps beyond the ink
age. At bbn an engineer named Ray Tomlinson was working on a
protocol for sending ﬁles across the network. He made a mental leap
and realized that the ﬁle transfer protocol he was working on, called
cpynet, could also carry messages as ﬁles across the network if he
incorporated it into an existing time-share message program called
sndmsg. The adjustments were ‘a no brainer’. Tomlinson sent the
world’s ﬁrst e-mails to his group announcing his discovery. If they
intended to use it, he told them, they should use an ‘@’ sign to designate
when the recipient was based at a different host computer elsewhere on
the network.10 Thereafter a series of programs reﬁned the e-mail idea
and implemented it on different computers. Messages could now be
sent from one screen on the East Coast of the United States to another
on the West Coast in no time at all. This, unsurprisingly, was a big deal.
E-mail consumed two-thirds of the bandwidth connecting
arpanet facilities almost as soon as it was invented. Leonard Kleinrock,
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who directed the arpanet Network Measurement Centre at Stanford
University, monitored the rise of e-mail ﬁrst hand:
The point at which it became abundantly clear to me that peopleto-people communication was the dominant form of trafﬁc
carried by the Internet was in mid-1972 shortly after email was
introduced to the internet . . . Email trafﬁc took over the trafﬁc
very quickly. Prior to that, the trafﬁc was mainly ﬁle transfers
and remote use of computers by researchers who logged on to
machines that could be accessed through the net.11
One of Tomlinson’s colleagues joked that he could not tell his boss
what he had done ‘because email wasn’t in our statement of work’.12
E-mail was a completely unplanned addition to the arpanet, and
came as a surprise to both arpa and bbn. As a bbn retrospective report
on the arpanet reﬂected in 1981, ‘the largest single surprise of the
arpanet program has been the incredible popularity and success of
network mail’.13
Within a few years of its invention, e-mail had evolved into more
than simply a medium for one to one correspondence. It became a
medium for group discussions. In 1975 an e-mail distributed among a
large community of recipients started the ﬁrst discussion group, ‘MsgGroup’. In one of the ﬁrst postings to the group Steven Walker suggested
a set of principles that have characterized much of Internet discussion
ever since:
I would encourage a forum-type setup if its not to difﬁcult to
setup, realizing that many (myself included) will have little time
to contribute. I worry that such arrangements tend to fragment
the overall group but maybe thats good if the fragments report in
now and then.14
So was born the discussion list, an ever-lengthening conversation with
many participants discussing topics of common interest. Science
ﬁction, a natural subject of interest for a community of computer
scientists, became a popular topic of arpanet chatter: a discussion list
called ‘sf-Lovers’, became the most popular list on arpanet. So popular in fact that the frequency and bulk of messages sent to the sfLovers discussion list consumed so much of the network’s bandwidth
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that managers at arpa had to shut the list down for a period of
months.15 Remarkably, considering that the network was funded by the
Department of Defense with the intention of sharing of expensive
computer resources for research, sf-Lovers’ moderator successfully
argued that the list was providing valuable experience dealing with large
lists and should be reinstated. Thus did a military-sponsored network
become a tool for informal human chatter.
E-mail stripped away the accumulated layers of formality that had
been observed in correspondence of the ink age:
one could write tersely and type imperfectly, even to an older
person in a superior position and even to a person one did not
know very well, and the recipient took no offense. The formality
and perfection that most people expect in a typed letter did not
become associated with network messages, probably because the
network was so much faster, so much more like the telephone.16
Strict hierarchies were ﬂattened, and the barriers between individuals at different levels of an organization’s hierarchy were minimized.
Staff at arpa now found that they could easily contact the Director,
Stephen Lukasik, by e-mail. Similarly, Lawrence Roberts used e-mail to
bypass principal investigators and communicate directly with contractors below them. As e-mail spread throughout facilities connected
to arpanet, the rapid-ﬁre e-mail exchanges between people at different levels of the academic hierarchy established new conventions of
expression. The smiley face [:-)], for example, made its debut in the
early 1980s. On discussion boards where academics sent each other
informal messages it was difﬁcult to delineate the humorous from the
serious. In September 1982 an e-mail discussion at Carnegie Mellon
produced a misunderstanding that arose from a warning that mercury
had been spilt in the facility.17 When some interpreted the warning as
a joke, Scott Fahlman suggested that in future a smiley :-) should be
used to denote intentional humour.
‘Familiarity’, as Aesop taught in his fables, ‘breeds contempt’. Many
years later in the early 1990s a young computer programmer named
Linus Torvalds would spar with a superior on a discussion group. The
exchange began when Alan Tanenbaum, a professor of computing
and operating systems expert, criticized an early version of Torvalds’s
new and groundbreaking operating system, Linux. By any orthodox
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reckoning, Tanenbaum was Goliath and Torvalds was David. Tanenbaum was a tenured professor, an acknowledged expert in operating
systems design, and the author of the very piece of software for which
the Usenet group was named. Yet Torvalds, a second-year undergraduate too shy to lift his hand in class and who had not known anything
about the operating system Unix until a year previously, felt comfortable aggressively retorting to Professor Tanenbaum’s challenge on the
‘minix’ discussion group. Tanenbaum posted a message under the
heading ‘Linux is obsolete’.18 The next day Torvalds posted a blistering
retort. He accused Tanenbaum of making ‘excuse[s] for the limitations
of minix’ and added ‘sorry, but you loose: I’ve got more excuses than
you have, and linux still beats the pants of minix in almost all areas’.19
Only online could Torvalds, a shy programming upstart, challenge a
professor of computing. Torvalds, certain in his improvements on the
Professor’s work, felt no need to observe his status in the academic
hierarchy.
Chatter changed the network and brought the true potential of
networking into focus for arpanet participants. The ﬁrst issue of
arpanet’s ofﬁcial newsletter included the observation that ‘with computer networks, the loneliness of research is supplanted by the richness
of shared research’.20 Lawrence Roberts who had cajoled arpa-funded
facilities to participate in the arpanet now found that ‘they started
raving about how they could now share research, and jointly publish
papers, and do other things that they could never do before’.21 bbn’s 1981
report describes the impact of the network on the computer research
community in the us:
It has become more convenient for geographically separated
groups to perform collaborative research and development. The
ability to easily send ﬁles of text between geographically remote
groups, the ability to communicate via messages quickly and easily, and the ability to collaboratively use powerful editing and document production facilities has changed signiﬁcantly the ‘feel’ of
collaborative research with remote groups.22
As the 1970s drew to a close a wider community of computer users
not connected to arpanet began to partake in the joys of networked
communication. In 1979 three graduate students developed a way to
transfer updates of message ﬁles between computers that ran the Unix
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operating system.23 Unix computers, which were widely used at us
university computer science departments, could dial each other using
a jerry-rigged modem, ﬁnd updated ﬁles and copy them. This system
was called ‘Usenet’ and allowed many users to subscribe and contribute to speciﬁc topics of discussion and upload or download new
contributions whenever they wished. Its creators believed the system
would be used by between ﬁfty and a hundred computers and would
receive one or two posts a day on the narrow subject of Unix computing.24 In reality Usenet proved to be enormously popular, drawing
together far-ﬂung individuals to discuss speciﬁc topics of interest.
Here was an entirely user-driven, ‘pull’ style of content delivery, as
opposed to the ‘pushed’ of the one-to-many broadcast and print media.
Its creators called it the ‘poor man’s arpanet’.25 Now both arpanet and
Usenet users had a medium through which they could ﬁnd others of
similar interests, much as the phone phreaks had done.
Though it revolved around science ﬁction storylines, the informal
chatter on trivial issues across the breadth of the arpanet was something momentous and novel. Never before had such a conversation
been possible between so many in which all were free to contribute. The
pinnacle of participatory democracy, the Athenian Ecclesia (Assembly),
had a quorum of 6,000 for certain decisions, and could accommodate
debate among a number of prominent speakers. However, poor Athenians were unable to attend without the loss of a day’s earnings. On the
online discussions on arpanet, and eventually Usenet and bbss, debate
was not limited to the articulate, prominent few, nor did one have to
be in physical attendance or observe hierarchical mores. Every participant in the online conversation could speak as well as listen. As the
Cluetrain Manifesto alerted readers in 1999, ‘the Internet is enabling conversations among human beings that were simply not possible in the
era of mass media’.26
Virtual but intimate

Gunpowder, originally thought by the Chinese to be a dust to preserve
life, ended up having a radically different, quite opposite, application.
Powerful and disruptive technologies often have unforeseen consequences. It is remarkable to think that the arpanet, according to its
original objectives, was a failure. Yet it was. The purpose of the arpanet
had simply been, in the words of rca’s audit of 1972, to ensure that
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‘resources available to one member are equally available to other
members of the community without . . . regard to location’.27 Frank
Hart, the arpanet project manager at bbn, reﬂected in 1990 that that
objective had ‘never been fully accomplished’.28 Yet something grander,
more profound, had occurred.
As Licklider and Taylor predicted in 1968,
life will be happier for the on-line individual because the people
with whom one interacts most strongly will be selected more
by commonality of interests and goals than by accidents of
proximity.29
What Licklider and Roberts could not have foreseen was the level of
intimacy that online communities would elicit. The most important of
these, measured by its impact on online culture, was a subscriptionbased community called The Well. It began life in 1985 as the brainchild
of Stewart Brand and Larry Brilliant. Brand was a founder of the
inﬂuential Whole Earth Catalog and had assisted Douglas Engelbart in
his groundbreaking demonstration of the nls in 1968. He provided the
software and hardware to run the system. His partner, Larry Brilliant,
was concerned with using The Well as a social experiment, and was
charged with drawing the diverse array of people who were involved in
his Whole Earth Catalog as The Well’s initial participants. The idea was
to establish a communal space where subscribers could talk about
topics of common interest. The service was arranged into various
‘conferences’, where people with common interests could converse
using simple text. In mid-1987 the number of members of The Well had
reached 2,000. By the end of the year The Well had made its ﬁrst proﬁt.
It proved that people were willing to pay to socialize online. Moreover,
participants formed a close, intimate community despite the technical
limitations of the computers they used to connect.
In 1985, when The Well was established, pcs were very limited
machines with black and white displays. They had no built-in hard
drives. Mice were such a novelty that reviewers of the Apple Macintosh
in 1984 were amazed to ﬁnd one attached to the machine.30 The speeds
at which participants connected to The Well prohibited any picture or
video content. In 1985 the latest, most expensive modem was capable
of speeds of 9.6 Kbps and cost between $700 and $1,000.31 To put that
in perspective, the hardware built into the ﬁrst-generation iPhone was
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capable of connecting to the Internet at 3.6 Mbps, almost four hundred
times as fast as the fastest modem in 1985. Yet from such humble platforms could rich relationships be formed between members of online
communities. Stewart Brand believed that the ‘intensity and intimacy’
of online communication should have come as no surprise. A historical parallel, according to Brand, were ‘the correspondences and the
books of past intellectuals’.32 Other media such as broadcasting and
publishing precluded intimacy whereas ‘a letter has intimacy and
eloquence because it’s addressed to a known audience of people the
author respects, whose opinions he or she cares about’.
Life and death was shared in intimate detail online. The birth of the
ﬁrst baby of a Well member was celebrated in 1986; the ﬁrst marriage
between two members occurred in 1988; and the ﬁrst death of a member, Blair Newman, was mourned in 1990.33 By 1995, the community
had become so intimate that Tom Mandel, dying of cancer, bid his peers
on The Well farewell with a depth of emotion rarely expressed in
public:
I’m sad, terribly sad, I cannot tell you how sad and grief stricken I
am that I cannot stay to play and argue with you much longer. It
seems almost as if I am the one who will be left behind to grieve
for all of you dying . . .34
The strength of his prose proved that intimate online relationships
between users were possible even with remedial computers and slow
networks.
The intimacy of The Well was a sign of things to come, yet though
it is the most potent example of the intimacy of early communities it
is not a most perfect one. Due in part to the technological limitations
of its bbs system it was localized in San Francisco.35 Also, its members
were not anonymous and the service held events where they could meet
in person. Indeed, when San Francisco was struck by an earthquake in
October 1989 The Well was used by many as a way to communicate and
share information, and many of its members were devotees of the San
Francisco band The Grateful Dead. Yet, though it was vested in San
Francisco, The Well exhibited many of the characteristics that came to
typify the later anonymous, geographically distributed online communities that would follow in later years.
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Intimate, and powerful too

Attempting a calculation of something as vast yet ethereal as the value
of a network is as hopeless as wondering whether a million angels may
ﬁt upon a needle’s point. Yet the evolution of these calculations reveals
something of the evolving understanding of networks. In the era before
digital networks, David Sarnoff, the founder of nbc, stated that the
value of a broadcasting network was determined by the number of its
viewers. By virtue of the media with which it dealt, Sarnoff ’s Law
conformed to a limited, centripetal logic. It was a simple calculation of
one-to-many broadcast reach and was rendered obsolete by computer
networks. Somewhat more apt was the idea of ‘network effects’. In 1908
Theodore Vail, at&t’s president, had told shareholders that the value
of a telephone network ‘increases with the number of connections’:36
a telephone – without a connection at the other end of the line –
is not even a toy or a scientiﬁc instrument. It is one of the most
useless things in the world. Its value depends on the connection
with the other telephone – and increases with the number of
connections.
A network was not simply worth how many people it could reach
from a single point of broadcast, but how many users of the network
could be reached by other users on the same network.37
A more recent expression of this idea is Metcalfe’s Law,38 coined by
George Gilder in 1993 after Bob Metcalfe, the founder of 3Com and
inventor of Ethernet. Gilder, defending the model of dumb, unreliable
networks in the tcp/ip model versus a new generation of telecommunications-industry centralized, guaranteed reliable networks in the
model of x.25, spoke of the merits of the Ethernet model. He used a
graph that Metcalfe had apparently used in the 1980s to persuade customers to build sufﬁciently large local area networks (lan) ‘large
enough to exhibit network effects – networks larger than some “critical mass”’.39 Metcalfe suggested that computer networks had a greater
value than could be gauged by the standards of broadcast or telephone
networks. While an individual might only ever contact perhaps a hundred or so different people on a network of thousands, the value of the
network is measured by the potential to contact many more. Metcalfe’s
Law is a loose deﬁnition that states that the value of a telecommuni<
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cations network is proportional to the square of the number of users
of the system. Metcalfe told prospective purchasers of his lan equipment that the number of connections to a network could reach ‘a critical mass of creativity after which the beneﬁts of a network grow larger
than its costs’.40 This has broader implications when multiple networks are involved, as David Reed, one of the early contributors to the
tcp protocol, writes:
Because Metcalfe’s Law implies value grows faster than does the
(linear) number of a network’s access points, merely interconnecting two independent networks creates value that substantially
exceeds the original value of the unconnected networks.41
Metcalfe’s Law referred to networks in the early years of internetworking, when simple functions such as e-mail and ﬁle transfer
represented signiﬁcant new capacities for organizations. However, in
the years since Metcalfe’s Law additional services have become common
on the Internet. Discussion groups, social networking, chatrooms with
many participants all represent an additional layer of service. Thus there
should be an additional law to describe these new services on the
Internet ‘because it facilitates the formation of groups in a way that
Sarnoff and Metcalfe networks do not’.42 David Reed spent much of his
career working on networked group applications and has expanded
Metcalfe’s Law with the Group Forming Law, also known as Reed’s 3rd
Law. From Reed’s perspective ‘group forming is . . . the technical feature
that most distinguishes the Internet’s capabilities from all other communications media before it’.43 Reed’s 3rd Law observes that the value
of networks that allow their participants to form groups and collaborate on common goals scales in a far more dramatic way.44 Groupforming networks such as online communities and discussion groups,
argues Reed, scale not linearly, as Sarnoff ’s broadcast networks did, or
by the square number of the total number of participants as Metcalfe’s
Law suggests, but exponentially.
If you add up all the potential two-person groups, three-person
groups, and so on that those members could form, the number
of possible groups equals 2n. So the value of a gfn increases
exponentially, in proportion to 2n.45
<

85>

This is because ‘any system that lets users create and maintain
groups creates a set of group-forming options that increase exponentially with the number of potential members’.46 Thus where n equals the
number of participants in the network the value of a network conforming to Sarnoff ’s Law is simply n; yet the value of a network conforming to Metcalfe’s Law is n(n-1) or n2; and the value of a network
conforming to Reed’s 3rd Law is 2n. Furthermore, Reed says, ‘the exponential, 2n, is a sneaky function. Though it may be very small initially,
it grows much faster than n2, n3 or any other power law’.47
In 1962 Douglas Engelbart, the inventor of the mouse and much else
besides, had imagined a time when many people of different disciplines
could work on a common problem using many computers and shared
data.48 This became a reality from the mid-1980s onwards as pc owners
with modems began to dial in to communities of common interest and
give and seek advice from their peers. These were a new breed of
‘Netizens’:
There are people online who actively contribute towards the
development of the Net. These people understand the value of
collective work and the communal aspects of public communications. These are the people who discuss and debate topics in a
constructive manner, who e-mail answers to people and provide
help to new-comers, who maintain faq ﬁles and other public information repositories, who maintain mailing lists, and so on.
These are people who discuss the nature and role of this new
communications medium. These are the people who as citizens
of the Net, I realized were Netizens.49
The Netizens’ forebears were the original six members of Steve
Crocker’s rfcs mailing list who worked together on the arpanet’s
protocols, and the hackers and homebrew community who freely
shared information in the service of compulsive optimization of code
and hardware. By 1994 a Well regular, Howard Rheingold, described
Usenet newsgroups in terms that approximated Engelbart’s vision:
Newsgroups have constituted a worldwide, multimillion member,
collective thinktank, available twenty-four hours a day to answer
any question from the trivial to the scholarly. If you have a question about sports statistics, scientiﬁc knowledge, technical lore –
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anything – someone has the answer. This magical knowledgemultiplying quality comes from the voluntary effort of many
people who freely contribute expertise.50
The networks naturally lent themselves to the stimulation and
formation of communities. As one of the founding fathers told his
colleagues, ‘our best success was not computing, but hooking people
together’.51
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From Military Networks
to the Global Internet

The story of the Internet’s ﬁrst decades pivots around the difﬁculties of
a willing government to gift a revolutionary technology to a private
sector unwilling to accept it. Twenty-ﬁrst-century observers would be
bafﬂed by the inability of the telecommunications giant, at&t, to grasp
the potential of the Internet. at&t could have taken over control of
arpanet and gained a head start in the new digital dispensation. Yet on
two separate occasions it rejected the opportunity to develop the
Internet: ﬁrst, when rand had approached it with only a concept of
how digital packet networking could work in the 1960s; and second,
when arpa presented working proof of the arpanet in the mid-1970s.
It would scarcely seem possible knowing what is now known about the
Internet that a company could have rebuffed the opportunity to gain
an early mover advantage.
This, after all, was the company whose employees still revered
Alexander Graham Bell as both corporate founder and inventor of
the technology that created their industry. Having been gifted with
the early mover advantage once by its founder, at&t was blind to the
potential of the Internet, much as the telegraph giant Western
Union had been blind to the promise of the telephone when offered
Bell’s patent in the 1870s. When Alexander Graham Bell and his
financier, Gardiner Hubbard, offered to sell the patent for the telephone to Western Union in 1876, Western Union’s experts concluded
that:
Messer Hubbard and Bell want to install one of their ‘telephone
devices’ in every city. The idea is idiotic on the face of it. Furthermore, why would any person want to use this ungainly and
impractical device when he can send a messenger to the telegraph
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ofﬁce and have a clear written message sent to any large city in the
United States?1
Now almost exactly a century later, at&t’s astonishing lack of interest
in running the arpanet meant that arpa had to search for an alternative party to do so. Ironically, it turned to the Defense Communications Agency (dca), whose involvement had been regarded as the kiss
of death for packet networking only a decade before.
Military administration

dca had become convinced of the importance of packet-switched
digital networks in the interim, and concluded an agreement with
arpa in 1975 to take over day-to-day responsibility for the operation of
the arpanet for a period of three years. After this three-year period
arpa expected to have found a private sector company to assume
responsibility, yet in reality dca’s administration of arpanet would last
until 1983. Thus was the hand of military administration thrust into the
community of computer scientists – not a cold and steely mitt perhaps,
but certainly something different to the informal and often haphazard
procedures that had held sway under arpa.
In July 1980 Major Joseph Haughney, the manager that the Defence
Communications Agency had assigned to oversee the arpanet,
explained why controls would be tighter:
Now that the network has grown to over 66 nodes and an estimated four to ﬁve thousand users, ﬂexibility must be tempered
with management control to prevent waste and misuse . . . We just
want to ensure that we can verify proper resource utilization and
prevent unauthorized penetrations.2
dca attempted to prevent unauthorized access, limit leisurely use of
the network and control the sharing of ﬁles. At one point an exasperated dca ofﬁcer warned arpanet not to participate in a chain letter that
had been widely circulated across the network. This was a waste of network resources for which dca would hand out severe penalties ‘up to
and including the possibility of removing entire facilities from the net
if appropriate’.3 Sparks such as these were inevitable at the juncture of
cultures so different as the computer research community and the
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military. Nor were they without precedent. The Second World War
Army Air Force General ‘Hap’ Arnold, though himself a historic ﬁgure
in the development of us military research and development, referred
to the techies as ‘long-hair boys’.4 Had dca continued to administer the
arpanet for a period of decades, the culture of the Internet might have
been marked less by the long-haired eccentrics and more by hierarchical, disciplined military convention.
dca’s administration, however, proved to be temporary. In 1983 the
network was split into two. The military facilities that had been connected to arpanet were now segregated within a new, secure network
called milnet. arpanet and milnet were both connected through
gateway machines using tcp/ip, but these gateways could limit access
from arpanet to milnet if necessary. With the separate milnet pursuing rigorous operating procedures under dca’s watchful eye,
arpanet was free to continue as a research network where invention
trumped order. So much the better for the Internet.
The longer-term consequence of dca’s tenure as manager of the
arpanet was that the protocols that today knit together the Internet,
tcp/ip, were imposed as standard across the entire network. Most
facilities connected to the arpanet were reluctant to devote the effort
required to convert from the ﬁrst arpanet protocol, ncp, to the new
internetworking protocol, tcp/ip. They did not need to change from the
arpanet’s original ncp protocol because they were not networking
with other networks beyond the arpanet. Moreover, tcp/ip would be
difﬁcult to implement, as ncp had initially been, and would inevitably
undergo further adjustments as the technology matured. Despite this
reluctance events that were about to unfold within dca would see the
Agency make tcp/ip mandatory for all connected, entrenching the
internetworking protocol and establishing a basis for the later expansion of the Internet.
What follows, the reader is warned in advance, is a steady ﬂow of
acronyms. dca decided to develop a second generation of its ‘automatic
digital network’ (autodin), which had from 1966 provided communications with us military bases around the globe. autodin ii would
become dca’s military communications network while arpanet would
be maintained as a space separate for research and testing. tcp/ip
would connect the two networks through gateway machines. To allow
dca to use tcp/ip in this capacity, the Secretary of Defense made the
protocol a military standard in 1980. This meant that when the autodin
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ii project ran into serious difﬁculties the tcp/ip protocol was available
as an alternative option for wider use in military networking. In April
1982 Colonel Heidi Heiden, who had been appointed by the Assistant
Secretary of Defense for Communications for Command and Control
to report on the matter, recommended to a Department of Defense
review board that the proposed Defense Data Network (ddn) should
be based on the arpanet. tcp/ip became not only the bridge between
arpanet and autodin ii but the standard across both arpanet and
the new ddn. The military was adopting tcp/ip and stragglers would
be cut off.
Two months later a dca newsletter circulated on the arpanet
announcing the decision on the ddn and admonished the facilities that
had not yet ordered the equipment required to make the switch from
ncp to tcp/ip.5 In March 1981 Major Haughney had already announced
that the deadline for every node to cease using ncp was January 1983.6
After a number of setbacks the entire network adopted tcp/ip, the
internetworking rather than networking protocol, in June 1983. The
foundations for the Internet had been laid.
The next step

Much had changed in the two decades since arpa initiated the
arpanet. In the beginning, when Lawrence Roberts had met with the
principal investigators of the research centres funded by arpa in early
1967, few had been enthusiastic about networking. Yet arpa had forced
the project through and access to the arpanet proved to be of enormous value to the facilities that had the privilege of being connected.
Participation was open only to arpa contractors since the network was
intended to support us government work rather than to compete with
commercial offerings.7 While other networks existed, such as the
proprietary decnet and the physics research network mfenet, the
arpanet and its exclusivity created demand among America’s young
computer science departments. As the eighties dawned and arpanet’s
ﬁrst decade of operation began to draw to a close, those without access
jealously regarded their connected peers.
One of those who felt that demand most keenly was Lawrence
Landweber, a professor at the University of Wisconsin. Landweber
approached the National Science Foundation (nsf) with proposals for
a computer science network. His second proposal, in which arpa
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cooperated, was approved by the nsf in January 1981.8 nsf committed
to support the project for ﬁve years after which the network would need
to pay for itself. The new Computer Science Network (csnet) connected to arpanet using tcp/ip and was novel in a number of respects.
First, the central role played by nsf marked the beginning of a transition from military to civilian use of the Internet. Second, the network
was open to all computer researchers in the United States and eventually beyond. Annual fees ranged from $5,000 for university to $30,000
for industry facilities in contrast to the $90,000 price of a single imp (the
machine that each facility connected to arpanet was required to
install).9 csnet not only prompted an explosive growth in the number
of people with connections to the Internet but also proved that those
without arpa support were willing to pay for the service. Moreover,
csnet contributed to an open approach to Internet billing across networks. Robert Kahn at arpa made an agreement with Landweber that
csnet subscribers would not be charged for trafﬁc that crossed the
arpanet – an agreement, according to Landweber, that ‘broke new
ground with respect to the principle of access and openness’.10 Centres
with limited budgets could connect to csnet using a telephone dial-up
system called Phonenet.
The same year that Landweber’s proposal for csnet was accepted,
two academics from Yale and the City University of New York began to
develop an alternative network for academics in the humanities. Using
the remote spooling communications system (rscs) that the ibm
machines in their respective universities operated, the two established
a connection using a leased line and modems to pass messages back and
forth between their mainframe computers in May 1981. They named the
network ‘Because it’s there’ (bitnet), in reference to the ibm equipment
that was ubiquitous in academic facilities. After some development bitnet could run on some dec and Unix machines. Over a ten-year
period from 1982, it provided a cheap and efﬁcient means for academic
institutions around the world to connect to one another. By 1991,
shortly before its popularity declined, bitnet connected 1,400 organizations in 49 countries, including the earn European research network.11 A new system called ‘Listserv’ performed functions similar to the
message groups on the arpanet, circulating group e-mail discussions
to a list of discussion participants. The bitnet operated similarly to
Usenet using low-bandwidth leased telephone connections from one
node to another.12 In 1989 bitnet merged with csnet to create the
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Corporation for Research and Educational Networking (cren). From
1993, bitnet began to decline as superior alternatives became more
readily available.
Three years after its agreement to support csnet, in 1984, the
National Science Foundation initiated a programme supporting
supercomputing research at American universities. Research centres in
the same region would be linked by regional networks, connected in
turn to a high-speed national ‘backbone’ network. In addition, any university could connect to the new national high network, nsfnet. This
was an important choice on the part of nsf. Both nasa and the
Department of Energy would have preferred that nsfnet include only
government research centres.13 The new nsfnet essentially continued
the work of csnet in expanding connections among academic institutions. It also used tcp/ip, which meant that the internetworking
protocol would now be implemented on all connected machines,
whether mighty supercomputers or humble pcs.14
In 1987 the Michigan Educated Research Information Triad (merit),
a body with an acronym worthy of its intentions, was commissioned
to build nsfnet. The arpanet would act as a temporary backbone for
nsfnet trafﬁc while work was in progress. The merit nsfnet backbone
became operational on 24 July 1988. Its introduction enabled further
growth of Internet connections. At the end of 1987 over 28,000
machines were connected to the Internet. Two years later almost
160,000 were online.15 Trafﬁc on the backbone doubled every seven
months.16 Between 1989 and 1991 merit upgraded the backbone to
handle far higher data speeds, from 1.5 Mbps to 45 Mbps. J.C.R. Licklider had lamented that the arpanet project in the early 1970s had been
‘forced to taper off without really attacking the problems of use by nonprogrammers’.17 This was now being corrected. The massive expansion
of the community of users connected by nsfnet tested networking in
a new way, connecting a plethora of new systems and users of varying
degrees of expertise and experience. The internetworking protocol
was put through its paces. Gradually merit administrators ironed out
problems as they arose.
As nsfnet grew, another momentous event occurred. arpa’s mandate was to support new technologies and it was keen to unburden itself
of a network that started operation in 1969 and was now ‘slow and
expensive’.18 The arpanet was an order of magnitude slower than the
nsfnet backbone. It was decommissioned on 28 February 1990. So
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ended the military era of the Internet. In its place, a rapidly expanding
and increasingly reliable civilian network was growing. Across the us
and beyond, connections to nsfnet began to grow exponentially. In a
single year the number of connected machines doubled. By October
1990 almost a third of a million computers were connected. The next
year the ﬁgure doubled again. Just short of 620,000 computers were
online by October 1991. In October 1992 over one million computers
were connected. By October 1993 more than two million computers
were connected to the Internet.19 E-mail trafﬁc was gradually surpassed by new and more sophisticated information-ﬁnding services
such as Gopher, Archie and Veronica. The stage was now set for a
‘killer ap’ to use on this new Internet, something that people other than
specialist computer scientists could use, something revolutionary.
The end of the beginning

For a brief moment during the 2000 presidential election in the United
States the history of the Internet became an issue of much debate. Al
Gore, the Democratic Party’s candidate, came under attack because, it
was reported, he had claimed to have invented the Internet. According
to one estimate, more than 4,800 television, newspaper and magazine
items made reference to the purported claim during the campaign.20
In the 1980s Gore had been among a cohort of so-called ‘Atari
Democrats’, a group of Democratic Party politicians who believed that
computing held the prospect of future prosperity. Gore raised the idea
that the us, despite its early-mover advantage in networking, was
losing this edge as other countries developed their own national networks. In 1986 Gore, then in the Senate, sponsored a bill requiring the
Ofﬁce of Science and Technology Policy (ostp) to undertake a study of
the challenges and opportunities for networking and computing
research including supercomputers at university and federal research
centres. In response, Gordon Bell, one of the senior ﬁgures at dec,
chaired a committee on computing and digital infrastructure of the
Federal Coordinating Council on Science, Engineering and Technology.
The resulting report, released in November 1987, contained the main
features that would appear in the 1991 High Performance Computing
and Communication Act. These included the need to connect the networking efforts of nasa, Department of Energy, nsf and arpa; and to
establish a 1.5-Mbps network that would connect between two and three
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hundred us research institutions, and in the longer term, to develop a
3-gigabyte (Gbps) network within ﬁfteen years.21 The 1991 Act was
informally known as the Gore Act, and it set the conditions for the next
phase of the Internet.22
Nine years later, however, Gore’s work returned to haunt him. The
controversy during the 2000 presidential election arose from an interview that he participated in with the television programme, cnn Late
Edition, on 9 March 1999. Had any one of the writers of the almost
5,000 pieces on the incident consulted the transcript of Gore’s
statement they would perhaps have learned that he had never, in fact,
used the word ‘invent’ at all. The transcript reports that Gore said:
‘During my service in the United States Congress, I took the initiative
in creating the Internet.’23 Vint Cerf and Robert Kahn, two individuals
uniquely placed to comment on the matter, defended his record. Gore,
they said, ‘deserves significant credit . . . No other elected official, to
our knowledge, has made a greater contribution over a longer period
of time’.24
A global Internet

In 1851 the ﬁrst international submarine cable was laid across the English Channel, and the ﬁrst transatlantic transmission occurred seven
years later.25 The ﬁrst message transmitted along the Atlantic Ocean
ﬂoor, from Queen Victoria to President James Buchanan, read, ‘England
and America are united. Glory to God in the highest and on Earth,
peace, goodwill toward men.’ Though brief, the transmission took
thirty hours.26 (For reasons that Tom Standage relays with no small
humour, the transatlantic cable that had relayed the message had failed
within a month.)27
Far less ceremony attended the ﬁrst international connection of the
arpanet to the norsar seismic array near Oslo in 1973. The year
before, at the public demonstration of the arpanet at the Washington
Hilton Hotel in October 1972, a group of researchers had taken the ﬁrst
steps towards formal international cooperation on the Internet. They
formed the International Network Working Group (inwg), initially
comprising arpanet researchers, representatives from the National
Physics Laboratory (npl) in the uk, and from the French Cyclades
networking project. npl and arpa already had a history of cooperation
on networking. Donald Davies at npl had invented packet-switched
<

95>

networking at almost the same time as Paul Baran had at rand, and npl
contributed ideas to the arpanet project from the beginning. It had
been npl’s Roger Scantlebury, attending a conference at Gatlinburg in
1967, who introduced Lawrence Roberts to Paul Baran’s neglected work
on packet networking. In addition, the team at Stanford working on the
tcp protocol from the spring of 1973 included a member of the French
Cyclades network team. The new inwg agreed to operate by an informal agreement of standards and the ﬁrst draft of the tcp protocol
developed at Cerf ’s laboratory at Stanford was reviewed by the group
in September 1973. The inwg would go on to have regular meetings on
both sides of the Atlantic and grow from an initial group of 25 participants to include several hundred participants on the mailing list by
the 1990s.28
A number of other international cooperative bodies emerged. In 1981
the International Cooperation Board (icb) was established to coordinate work on satnet, arpa’s satellite network. The icb expanded into
a forum for nato members to cooperate on networking research. In
addition, International Academic Networkshop (ianw) meetings were
held annually from 1982 to 1989 and brought together researchers from
the us, Europe and eventually Asia-Paciﬁc countries. At the ianw
meeting at Princeton in November 1987 a new body was established
called the Coordinating Committee for Intercontinental Research Networks (ccirn). The ccirn involved Canada, the us, Europe, the Internet
Advisory Board (iab), icb and, from 1992, representatives of the AsiaPaciﬁc, Africa from 1995 and Latin America from 1997. ccirn produced
a further offshoot called the Intercontinental Engineering Planning
Group (iepg). A torrent of acronyms though all this is, it demonstrates the gathering pace of international cooperation on networking.29
Since the late 1960s, private proprietary networks such as the sita
airline reservation system had spanned the globe. Thereafter networks
using various protocols including bitnet, tcp/ip, x.25 and dec’s ‘decnet’ proprietary system proliferated. Many countries, including several
European countries, Canada, Brazil, Japan and Australia were developing internal networks, many of which used x.25. Much as arpanet
had, these networks tended to serve speciﬁc academic and research
purposes. Scientiﬁc collaborations required interconnectivity and
international trafﬁc. International connections evolved in the form of
networks like the High Energy Physics Network (hepnet), which used
dec’s decnet protocol; the European Research Network (earn), which
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used bitnet; and the nasa Science Internet (nsi), which used decnet
and tcp/ip.30 European networks also began to consolidate and internetwork under the coordination of various bodies (the Réseaux
Associés pour la Recherche Européenne (rare) coordinated the
development of x.25 networks and the Réseaux ip Européens (ripe)
coordinated tcp/ip). A European backbone project called ebone 92
began to build a nsfnet-style network to which other networks could
connect.31
E-mail connectivity across the Internet was the ﬁrst global, crossnetwork, cross-platform connectivity. In 1983 csnet began to provide
a gateway for e-mail from international afﬁliated networks to arpanet.
Thereafter e-mail gateways enabled networks of different protocols to
swap e-mail. Some nations with particularly limited connectivity were
able to use the remedial FidoNet service to collect e-mail from the
Internet.
By the 1990s networks of various types were beginning to proliferate,
and tcp/ip was increasingly playing a larger part in allowing them to
intercommunicate. What was emerging was a global Internet, a new
global commons. A natural question was, how would this be governed?
The norms of nerds

On 12 February 1812 Lord Byron, perhaps the most outrageous and disreputable of the English poets, took the ﬂoor at the House of Lords to
make his maiden speech. A bill had recently been introduced that
would impose a death penalty to quell the Luddites, the textile artisans
who were rioting in opposition to the industrial revolution and wrecking mechanized looms.32 Byron made his maiden speech in defence of
the artisans and decried industrialization. It might seem odd then that
Byron’s daughter should be in the avant garde of the next wave of disruptive technologies – computing. Odder still, considering the stereotype of programmers: Byron himself was a promiscuous bisexual, the
most ﬂamboyant ﬁgure of the romantic movement, constantly in debt,
and ever surrounded in scandal. Yet his only legitimate daughter was
a mathematical genius and would be remembered as history’s ﬁrst
computer programmer.
Mathematics, it is fair to say, was not among the many passions that
convulsed Byron’s short life. In Don Juan, Byron’s famous long poem,
he used the character Donna Inez to portray the cold, mathematical
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bent of his wife, Anne Milbanke, which he had found so insufferable.
In his eyes her ‘favourite science was . . . mathematical; her thoughts
were theorems; she was a walking calculation’. When she legally separated from him, Milbanke privately cited a number of sins including
incest with his half-sister, Augusta Leigh, after whom Milbanke and
Byron’s daughter, Ada, had been named, and who, confusingly, it is
speculated may have borne him a third child. As he lay dying of a fever
in 1824, Byron’s letter to his separated wife rested, unsent and unﬁnished, upon his desk. He had written to thank her for sending him a
letter describing Ada, whom he did not know. His daughter, Byron had
read, was a budding mathematical genius.
Eleven years after the death of her father, Ada ﬁrst met Charles
Babbage, who between 1837 and 1871 worked on his ‘analytical engine’,
a hypothetical machine that could be used to perform various calculations and which anticipated features that would appear again in the
ﬁrst generation of computers a century later. An Italian mathematician,
General Menabrea, published a Sketch of the Analytical Engine Invented
by Charles Babbage, Esq. in 1842. Ada translated the text into English.
The notes she appended to her translation were longer than Menabrea’s
original text and included a detailed description of how an operator
could calculate the Bernoulli numbers, a sequence of numbers relevant
to number theory in mathematics. This description has been cited as
the world’s ﬁrst computer program, and Ada, daughter of the Luddites’
defender, as the world’s ﬁrst programmer.
There had always been something very different about programmers. In the 1960s, Richard Greenblatt, one of the mit hackers, had been
so consumed by late-night coding sessions that he regularly slept,
unwashed, on a camp bed at the laboratory.33 He was not unique.
Three decades later, Po Bronson described the twenty-something
millionaire founder of Yahoo!, David Filo, lying asleep under his desk
under his computer (until the accumulating junk forced him to lie elsewhere).34 The dot-com fairytale story of the late 1990s was different to
the norm: rags to riches certainly, but then to rags again by choice and
compulsion. Even the former hedge fund analyst and Amazon founder,
Jeff Bezos, spent his ﬁrst years at the company working at a desk made
out of a door with legs nailed to it, just as the initial bbn team had done
when they worked on the arpanet tender in 1968.35 bbn, previously an
acoustics consultancy with conservative employees, had become an
increasingly eccentric place when it entered into the computer business.
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Programmers observed no particular work hours, arrived in T-shirts
and fed on a diet of Coke and pizza. As one of the company’s founders
recalls, ‘dogs roamed the ofﬁces’.36 Similarly, the mit Whirlwind project
at Lincoln Lab, whose computers prompted the hacker golden era, was
home to more than a few eccentrics. Wesley Clark and Bill Fabian left
the Lincoln Laboratory for the most bizarre of reasons: they wanted to
bring a cat into the lab, which Lincoln would not allow. Rebelling
against the no-cats-in-the-laboratory policy, they left to go ‘somewhere where cats were tolerated’.37 The bbc’s obituary of Jon Postel, one
of the original network working group that developed the protocols for
the arpanet, and a key ﬁgure in Internet administration until his
death in 1998, recalled a day in the early 1970s when Postel was due to
work on some Air Force systems.38 Arriving on the tarmac with customary informality, Postel was informed by Air Force personnel that he
would not be permitted to board the plane until he had put on shoes.
These people, pioneers of the digital era, observed different norms.
As they remade the world in their image, established certainties would
be displaced. The Internet would be governed in a new, unorthodox
way. As Time reported, ‘the rules that govern behavior on the Net were
set by computer hackers who largely eschew formal rules’.39 Baran’s
distributed network idea in the early 1960s had naturally lent itself to
a less hierarchical, less centralized ethos. Similarly, the protocols of the
arpanet and then the Internet, and the manner in which they were
developed by the informal network working group, set an open, collaborative tone for the governance of the Internet and Internet standards generally. Following Steve Crocker’s ﬁrst request for comments
(rfc) document in April 1969, the purpose of the rfcs were further
elaborated in rfc 3: ‘we hope to promote the exchange and discussion
of considerably less than authoritative ideas.’ 40 rfc 3, foreshadowing the
idea of the ‘perpetual beta’ three decades later, established the principle
that no text should be considered authoritative, that there was no ﬁnal
edit. Also implicit was that authority was to be derived from merit
rather than ﬁxed hierarchy. A later elaboration of this principle was:
We reject kings, presidents and voting.
We believe in rough consensus and running code.41
Though it began as a mailing list for six people, the informal working group that had worked on the initial ncp protocols for the arpanet
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in 1969 evolved into formal groups. A heavily acronymed succession of
bodies took over the role of the graduate students’ informal networking group. In 1979 Vint Cerf, then program manager at arpa, set up the
Internet Conﬁguration Control Board (iccb), which drew together
arpanet researchers and arpa management to guide the strategic
development of the network and protocols, a process that had been
solely dominated by arpa up to that point.42 In January 1983 Cerf’s successor, Barry Leiner, reorganized the iccb as the Internet Activities
Board (iab).43 In 1989 the iab consolidated its growing number of technical task forces into two separate entities: the Internet Engineering Task
Force (ietf), which focused on short-term practical issues, and the
Internet Research Task force (irtf) that focused on long-term issues.
In 1992 the Internet Society was established to provide an organizational
umbrella for the ietf and the Internet Architecture Board, which provides broad oversight of the ietf and of standardization. Despite the
formal layers of boards and task forces, the openness and collaborative
spirit of the original six-person working group that exchanged the ﬁrst
rfcs in the late 1960s appears to have been maintained.44
Reﬂecting on the development of the ietf, where most of the important work on new Internet standards and engineering problems is
conducted, Steven Crocker believes that the process has remained open
despite growing in complexity since his ﬁrst rfc:
The ietf working groups are open to anyone, again without cost.
The physical meetings have a cost, but it’s not required that someone attend the physical meetings. Everything is available over the
net, and decisions are not ﬁrm until people on the net have had a
chance to weigh in.45
The ietf operates under Dave Clarke’s core rule of ‘rough consensus and running code’ rather than formal voting.46 It has no formal
members, no legal existence and its participants are volunteers. It does,
however, have a hierarchical structure, including a chairperson and
working groups whose own chairpersons have authority to govern the
work of their groups. Indeed, a working group chairperson can exclude
the inputs of disruptive participants, though no participant may be prohibited from reading or attending the working group discussion and
participants can appeal.47 In some cases closed design teams can work
on a particular aspect, but their work is subject to approval by the
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relevant working group of various interested parties. The ietf is ‘a large,
open community of network designers, operators, vendors, users, and
researchers’.48 Participation, despite the necessary development of a
structured process, remains open to all.
rfcs continue to be central in the development of new standards for
Internet technologies. ‘Any individual’, according to the rules set forth
in rfc 2418, can request a time slot to hold a preliminary brainstorming meeting about a new topic of interest to determine whether there
is sufﬁcient interest and expertise within the ietf to establish a working group on the topic.49 Should the group proceed to produce a document, known as an ‘internet draft’, it is reviewed by senior ﬁgures
within ietf called Area Directors. The Area Directors can send the draft
back to the working group for further work. The next stage is to
announce a ‘last call’ on the document, which gives all individuals
with an interest the opportunity to submit their input. The proposal is
then sent to the Internet Engineering Steering Group, made up of the
ietf chairperson and the Area Directors, for review. A last call for
comments is issued and then the proposal is ﬁnally published as an rfc
or sent back to the working group for further reﬁnement. Despite the
strictures of the process, ietf standards are de jure rather than de facto
in the spirit of the ‘running code’ maxim, and become true standards
only when they become widely used. Furthermore, the standards issued
as rfcs remain open to further reﬁnement in subsequent rfcs.
The iab, the ietf, the Internet Society, all the bodies developed from
the original group of graduate students who worked on the ncp in 1969,
were technological rather than political in nature. They were necessarily
international in outlook. To the extent that its governance was vested
in engineers, the standards of the Internet were international. However,
a lingering point of controversy surrounded one facet of Internet
governance – the United States’ continued control of the Internet’s
Domain Name System (dns). From the early period of the arpanet
and until his death in 1998, Jon Postel, one of the members of the
original Network Working Group and the editor of the group’s rfcs,
had volunteered to keep track of the numeric address codes of the
machines on the network. From 1983, he established the Internet
Assigned Numbers Authority (iana) at the University of South California to regulate the assignment of Internet addresses as the number
of connections started to increase. The same year the Domain Name
System was introduced to act as a phone directory for the increasing
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number of ip addresses and names of machines connected to the
Internet.50Anticipating the commercialization of the Internet, the nsf
issued a solicitation in 1992 for bidders to perform ‘network information service management’, which would include issuing urls of websites (i.e. the name rather than numeric ip of a website: www.yahoo.com
instead of its ip address 209.131.36.158). A company called Network
Solutions was selected to provide the domain name registration service contract from 1 January 1993 to 30 September 1998.51 It would work
with the Internet Assigned Numbers Authority (iana), and Jon Postel
remained in charge of issuing new top-level domain names (i.e. .com
and .biz). A review of Network Solutions’ operations in December
1994, immediately before the commercialization of the Internet in
January 1995, recommended to the nsf that fees be charged to registrants for the service.52 Nine months later, Network Solutions then
made their charging proposal. Network Solutions would have a
monopoly on domain name registration, and moreover would report
to no overseeing authority from 1998 onwards when its agreement
with nsf elapsed. This was an untenable situation. From October 1996
a network community-organized effort developed a new body called the
International Ad Hoc Committee (iahc) to consider a new approach
to top-level domain names (like .com, .uk, etc.). In February 1997 the
iahc reported with a range of proposals on top-level domain governance, including on the choice of registrars and measures to resolve
disputes over domain names. The iahc plan was endorsed by iana, the
Internet Society, the World Intellectual Property Organization, the
International Telecommunication Union and the International Trademark Association. Yet it faced considerable opposition. Vint Cerf recalls
that the international aspect of the iahc plan ‘ignited a ﬁrestorm
among some members of Congress (who somehow thought that the us
still “controlled” the Internet) and led to Ira Magaziner’s involvement’.53
Ira Magaziner was a senior advisor to President Clinton. In 1997,
prompted by Magaziner, the Clinton administration committed to
privatization in its ‘Framework for Global Electronic Commerce’. The
following year, in January 1998, the us Department of Commerce
proposed a new non-proﬁt corporation that would take over control
of the Domain Name System. The following June, it published a statement of policy that outlined the rationale for privatization:
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A private coordinating process is likely to be more ﬂexible than
government and to move rapidly enough to meet the changing
needs of the Internet and of Internet users. The private process
should, as far as possible, reﬂect the bottom-up governance that
has characterized development of the Internet to date.54
The following November, the new corporation, called the Internet
Corporation for Assigned Names and Numbers (icann), was established with the stipulation in its articles of incorporation that it ‘shall
operate for the beneﬁt of the Internet community as a whole’.55 The us
government had been speciﬁc about its wish to have the new corporation physically based in the us, but acknowledged the need for international consensus. icann signed a memorandum of understanding
with the us Department of Commerce to study future options for
dns management. The next month, in December 1998, icann signed
an agreement with the University of Southern California in which it
assumed the functions that had been fulﬁlled until the death of Jon
Postel, only two months before, by Postel and the iana.
Controversy, however, began to surround icann from mid-2005. In
late 2003, the us Department of Commerce agreed an extension of the
memorandum of understanding with icann until September 2006.
However, on 30 June 2005, the Department signalled a new direction:
The United States Government intends to preserve the security
and stability of the Internet’s Domain Name and Addressing System . . . and will therefore maintain its historical role in authorizing changes or modiﬁcations to the authoritative root zone ﬁle.56
The us intended to maintain nominal authority over icann. Two
years previously, in December 2003, the un held a World Summit on the
Information Society in Geneva where a working group on Internet
governance (wgig) was established. The wgig reported in July 2005 that
Internet governance should be the preserve of no single government
and mooted various mechanisms whereby icann would come under
the authority of an intergovernmental body. This was to be discussed
at the second World Summit on the Information Society, at Tunis in
November 2005. After a shift in the eu’s position on the question, the
us found itself isolated, as The New York Times reported: ‘A ﬁgurative
ocean separates the American position – that the Internet works ﬁne
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as it is – from most of the rest of the world.’57 The establishment of a
ﬁve-year Internet Governance Forum was agreed to debate the issue.
Then, with comparatively little ceremony, the us Department of
Commerce and icann signed a joint afﬁrmation on 30 September
2009 that replaced unilateral us oversight with intergovernmental
oversight by the Governmental Advisory Committee (gac). Eleven
years after its establishment icann had become independent.

<
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The Web!

cern is the European Organization for Nuclear Research and the
world’s largest particle physics laboratory. In the 1980s and early 1990s
it was home to a dizzying array of incompatible computers brought
by thousands of researchers travelling from different countries. It
represented all the diversity of the computing world within one selfcontained environment. A contractor named Tim Berners-Lee
developed a piece of software called ‘Enquire’ in the 1980s to map
relationships between the various people, programs and systems he
encountered there. Enquire marked the ﬁrst step in his invention of the
World Wide Web.
Arranging knowledge

Berners-Lee named the Enquire program after his favourite childhood
book, a Victorian text for children called Enquire Within Upon Everything. His early attempt to order information, though particular to data
at cern, recommenced the search for a new method of ordering and
exploiting information that had haunted Vannevar Bush at the close of
the Second World War half a century before. In the months before the
nuclear detonations at Hiroshima and Nagasaki, Bush, the us government’s Chief Scientiﬁc Advisor, was keen to remind his countrymen of
the promise rather than simply the peril and potency of science. He
wrote an article in The Atlantic:
The applications of science have . . . enabled [man] to throw
masses of people against one another with cruel weapons. They
may yet allow him truly to encompass the great record and to
grow in the wisdom of race experience.1
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He and visionaries such as Ted Nelson and Douglas Engelbart who
came after him both sought to develop tools that could allow human
beings to better cope with the weight of information bearing down
on them.
Bush’s solution was a device called the ‘Memex’, a hypothetical
mechanical apparatus that would, Bush hoped, provide speedy retrieval
and cross-referencing of information cards. A user researcher could
cross-reference items of information with other items of information
at the touch of a button to weave relationships between documents.
This ‘mesh of associative trails’ would mirror the leaping connections
that the brain makes to bind different bits of information together in
a usable context:
The human mind . . . operates by association. With one item in its
grasp, it snaps instantly to the next that is suggested by the association of thoughts, in accordance with some intricate web of trails
carried by the cells of the brain.2
The concept that Bush described in 1945 was wildly ambitious in the
age of paper and pen.
In 1960 an eccentric Harvard graduate student named Ted Nelson
invented ‘hypertext’,3 a system that did on computer what Bush’s
‘associative trails’ attempted mechanically. Phrases and words in a
hypertext document could be linked to additional information. A user,
reading a hypertext document on a computer screen, could click various links within documents to pursue particular veins of information.
Ted Nelson used hypertext as part of a wildly ambitious system called
Xanadu in which documents would have multiple versions that could
easily be compared and could be read out of sequence according to
reader’s line of interest rather than the printed ﬂow of text. The Xanadu
idea so was revolutionary that it took three decades before it began to
bear fruit.
Berners-Lee, conscious of the work of Bush and Nelson before him,
came to realize the potential of a system that would allow a loose
arrangement of ideas and data unconstrained by hierarchies or categorization. Enquire had merely been a tool that allowed Berners-Lee to
draw links between different data on his own machine, beyond which
it could not link.4 In 1990 he embarked on a new project that would give
researchers complete freedom in choosing what format their docu<
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ments took. It would be a world wide web (www) of information.
Irrespective of the type of data, its format or computing platform, any
data on the Web such as a text, image or movie ﬁle could be called up
from a web server by a simple uri (universal resource identiﬁer):
Its universality is essential: the fact that a hypertext link can point
to anything, be it personal, local or global, be it draft or highly
polished.5
He developed a hypertext language called html based on a preexisting language called sgml that was widely used on ibm machines at
cern, and started developing a client program, meaning a browser and
editor with which users could create and view html ﬁles, in October
1990. By December 1990 he had established a server to host html web
pages and a web browser to view web documents. The www, one of the
most important advances in human communications history, had
been invented. Surprisingly in retrospect, almost nobody cared.
A distinct lack of interest in the revolution

The early days of the www were marked by a distinct lack of interest.
Berners-Lee’s proposals for a web system at cern were twice shelved.6
As a result his work on the Web proceeded without formal approval and
he worked with the hazard of being ordered from above to cease.7 When
he did create the www system, people within cern were slow to use it.
Berners-Lee had developed the web client program on a ‘next’ computer, a cutting-edge workstation created by Steve Jobs of Apple fame.8
In the absence of web-client software for other types of computers, the
Web remained tethered to the next platform which, despite its qualities, would never become a mainstream device. An intern was drafted
in by Berners-Lee and Cailliau at cern to write a rudimentary browser
that could work on any system, even the old teletype display systems
that displayed one line of text at a time. When this simple line-mode
client was complete the www became viewable on every computer at
cern – though only one line at a time. Berners-Lee and Cailliau
convinced the manager of cern’s gargantuan telephone directory to
write the telephone directory for cern on the Web in html so that a
hard copy was no longer required for each of the ten thousand people
associated with cern.
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Then in May 1992 a student at Berkeley named Perry Pei Wei released
a browser for the www on Unix. This was a major step because Unix
was the operating system of choice within the computer science community. The program required prior instillation of Pei Wei’s own programming language called Viola before it could run, but it ﬁnally
allowed users of Unix machines to view the www not just in line-byline mode but in colour, with graphics, animations and the ability to
point and click on links in www pages using a mouse. Wei’s browser
was built primarily as a means to demonstrate his Viola programming
language and he had chosen to create a www browser because he saw
in the url addressing system of the www an elegance and ﬂexibility
that surpassed the web’s contemporary alternatives.9 The month after
Pei Wei’s browser was released a team of students at the Helsinki University of Technology completed another Unix www browser called
‘Erwise’. Berners-Lee travelled to Finland to try to convince the students
to develop their browser into a program that could not just view but
edit web pages too, but further development of Erwise was abandoned
upon the students’ graduation. Tony Johnson, a physicist at the Stanford National Accelerator Laboratory (slac), developed another Unix
browser called ‘Midas’. The same year the small team at cern produced
a basic browser for the Macintosh platform, called ‘Samba’. Thus by
the end of 1992 users on Macintosh, next and Unix systems could,
with some effort, view the Web with a degree of point and click functionality. Eventually, in March 1993, Tom Bruce at the Legal Information Institute at Cornell released a browser called ‘Cello’ for the pc. A
pc version had been a long time coming. Windows at that time had no
built-in support for the tcp/ip Internet protocols and was difﬁcult to
write web software for.10 It had taken over two years for early browsers
for all the major computing platforms to appear. Now in early 1993 the
stage was ﬁnally set for a dramatic uptake in www use.
In 1995 investors marvelled at the largest initial public offering (ipo)
in history when Netscape, a www browser company then less than two
years old, went public.11 This was remarkable, not only because of the
scale of the ipo, but because just a few years previously Berners-Lee had
had to beg uninterested students, companies and researchers to develop
web software. Earlier in the life of the www, in 1991, the cern duo discovered Grif, a company that had produced a sgml hypertext editor,
‘Grif’, which ran on Unix and pcs but had no Internet functionality. The
program could edit hypertext documents with graphics and different
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fonts. When Berners-Lee approached Grif and offered to give them his
software for free so that they could incorporate it with their own and
release a www browser/editor he was rebuffed. The company simply
did not see the value of the www. Grif later did produce a browser and
editor called Grif SymposiaPro but it was too late to seize a major share
of the market in the intense ‘browser war’ that followed the release of
Netscape and the Microsoft alternative, Internet Explorer. Grif, like the
Helsinki students who abandoned Erwise, believed that the web was a
curious but limited technology.
Only in 1992 did a new team whose members understood the
potential of the web begin to work on a new browser. A student and
staff member at the National Centre for Supercomputing Applications (ncsa) decided to develop a browser for Unix. What set their
effort apart was that the student, Marc Andreessen, was keen to attract
as many users as possible to his browser. He adopted what Tim O’Reilly
would later call ‘the perpetual beta’ approach, acting on feedback and
bug reports from users on Usenet news groups. The ﬁrst release of the
ncsa browser, called ‘Mosaic’, arrived in February 1993. In April 1994
Andreessen left the ncsa to set up Netscape with Jim Clark. Only sixteen months later Netscape’s historic ipo alerted Wall Street that something new and entirely unexpected was happening on the strange new
‘information superhighway’.
Death of a Gopher

www was not the only popular Internet service in the early 1990s. In
1994 ﬁle transfer protocol (ftp), Wide Area Information Servers (wais)
and Gopher were among those regularly used. All were eventually displaced or incorporated within www. The demise of Gopher, a quicker
but far more basic information service, is instructive. Though the
www had initially been neglected at cern, at least it had not been
strangled. Yet the team developing Gopher at the University of Minnesota worked against stiff internal opposition. Despite the widespread
success of the Gopher system, the ﬁrst Gopher Conference was held not
at the University of Minnesota where Yen’s team was based but at the
University of Michigan due to strife at Minnesota. A political struggle
raged within the university’s computer department during the 1980s
and early 1990s. On the one hand, the dominant, long-established
mainframe specialists resisted the transition to smaller, cheaper,
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personal computing. On the other, the microcomputer specialists
argued that users needed more control of their systems, that networks
were the future and that the university must devote resources to their
ﬁeld of work. This was a dispute between pioneers of the emerging centrifugal trend and the centripetal establishment. Professor Shih-Pau Yen,
who led the development of Gopher, was only able to maintain the
project by threatening to resign and by proving that the external sources
were paying its costs.12 Yen maintains that his team were so poorly
resourced that they used old computers with black and white displays
in the age of www with images, colour fonts and animations.
To raise funds for continued development, Yen’s team decided to
charge a fee for commercial use of its server software. Gopher would
continue to be free for the vast majority of users. The charge was interpreted as a betrayal by the wider community of Gopher users and contributors. The defensive tone of the Gopher team’s messages to the
online community shows the ﬁerce opposition they encountered. A
lengthy explanation of the rationale behind the fee concludes with the
line, ‘Please don’t abuse the Gopher Development team :-)’13 The
opposition was understandable, Yen concedes, because Gopher was the
basis of an ecosystem: though his team had produced the server,
Gopher client programs for each different computer platform required
the contributions of programmers among the user base.14 The charge
also gave commercial Gopher developers pause for thought. Those
thinking in the longer term were unwilling to continue working on a
platform for which they might some day be subject to fees. Gopher was
a victim of the centripetal establishment’s antipathy at the University
of Minnesota and of the convention growing among users that communal or co-developed software should be without cost.
cern learned from Gopher’s example. It ofﬁcially declared in April
1993 that the www software could be freely used by anybody.15 Previously, Berners-Lee’s request to freely release the intellectual property
rights to the www under a new form of licence known as ‘gnu’ had not
convinced his superiors. In 1993 Berners-Lee decided that some mechanism to maintaining the qualities of the Web was necessary. For the
ﬁrst few years of its existence the Web was ‘deﬁned by nothing more
than speciﬁcations stored on some disk sitting around somewhere at
cern’.16 Something more concrete was needed. When the early developers of www software met in early 1994 for a ‘www wizards’ workshop’, Berners-Lee proposed the idea of a consortium to oversee the
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future direction of the Web. The www Consortium, known as ‘w3c’,
was formed to promote interoperability and standardization of web
technologies.
Open-source: the hacker renaissance

At roughly the same time as the Web was gaining popularity a revolution was occurring within software development that would produce
the systems on which most websites would run, and would inﬂuence
a new approach to property that would make collaborative projects like
Wikipedia possible. At the centre of the revolution was Richard Stallman, one of the last hackers remaining at mit in the 1980s. Like all
revolutions, it started with a gripe. The facility where Stallman worked
had taken delivery of new computers whose manufacturers demanded
that their users sign non-disclosure agreements prohibiting them from
swapping code and building on each other’s work. From Stallman’s perspective:
This meant that the ﬁrst step in using a computer was to promise
not to help your neighbor. A cooperating community was forbidden. The rule made by the owners of proprietary software was,
‘If you share with your neighbor, you are a pirate. If you want any
changes, beg us to make them.’17
The proprietary control exercised by the manufacturers was a return
to the centripetal approach of the old mainframe companies. This was
precisely what the hackers had reacted against in the 1960s and ’70s. In
Stallman, known by his colleagues as ‘the Last Hacker’,18 was reﬁned the
hacker ethos that a program’s source code should be open to modiﬁcation. His anger about proprietary-controlled software would prompt
a hacker renaissance.
He viewed rigid ownership of software as ‘obstruction’ of the
hacker’s necessary labour 19 and in 1983 founded the free software
movement as ‘a movement for computer users’ freedom’.20 Stallman
resolved with the obstinacy of a purist to build a new operating system
that hackers could use as they saw ﬁt. He would base his design on Unix,
the operating system created in the early 1970s at Bell Labs by Ken
Thompson and Denis Ritchie. The terms of at&t’s regulated monopoly
prohibited it from entering the computer software market, and so Unix
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was made cheaply available to academic and research organizations.
Unix had become a popular focus for users to hack improvements.
Following at&t’s divestiture at the end of 1983, Unix was marketed
commercially.21 His would be a ‘Unix-like’ system, compatible, but not
the same. The acronym for his suite of software would be gnu, which
stands for ‘gnu’s Not Unix’. In September 1983 he began to seek collaborators to work on the project on Usenet groups:
I cannot in good conscience sign a nondisclosure agreement or
a software license agreement. So that I can continue to use computers without violating my principles, I have decided to put
together a sufﬁcient body of free software so that I will be able
to get along without any software that is not free. I’m looking
for people for whom knowing they are helping humanity is as
important as money.22
By the end of the 1980s Stallman and his collaborators had almost
completed an entire suite of gnu software. What remained to be
developed was the ‘kernel’, the most elemental part of an operating system that communicates on behalf of other software with the computer’s
hardware. Though incomplete, gnu set the stage for a remarkable
further development.
In 1990 a second-year undergraduate at the University of Helsinki
began working on a hobby project. His name was Linus Torvalds and
he was building small programs to learn about Unix and explore the
features of his new pc. He also wanted to be able to read e-mail news
groups more easily. By mid-1991 he realized that the development of a
full operating system was the logical next step to his endeavours. The
system he was developing was based on ‘Minix’, a variant of Unix
geared towards the educational market that was free to copy. Three
months later he had a usable kernel.23 In August 1991 he posted a
message to a Usenet group where discussion focused on Minix and
asked for feedback and contributions for his project to design a free
operating system.24
I’m doing a (free) operating system (just a hobby, won’t be big
and professional like gnu) for 386(486) at clones. This has been
brewing since april, and is starting to get ready. I’d like any feed<
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back on things people like/dislike in minix, as my os resembles it
somewhat (same physical layout of the ﬁle-system (due to practical reasons) among other things).25
A colleague of Torvalds who shared an ofﬁce with him at Helsinki
University recalls Torvalds’s excitement when a few dozen people
downloaded Linux in the ﬁrst few days after he made it available.26 With
such meagre expectations, Torvalds found himself only seven years later
in 1998 on the cover of Forbes.
In October 1991 Torvalds released Version 0.02, a working kernel.27
Because it was based on Minix, and thus compatible with Unix, Torvalds’s kernel was also compatible with the suite of programs developed
in Stallman’s gnu project from the mid 1980s. Collaborators began to
answer the call for assistance he had posted on Usenet. They included
people who had contributed code to the gnu project and to another
project called Berkeley Unix Distribution. Torvalds began to use the gpl
(gnu General Public License) created by Richard Stallman to license
release of Linux. The gpl, which ‘guarantee[s] your freedom to share
and change free software’,28 became a sort of ‘written constitution’ for
the Linux community.29 The Linux project began to grow in complexity. Version 0.001, released by Torvalds in 1991, had ten thousand lines
of code and a single user, Torvalds himself; version 0.99, released in 1993,
had 100,000 lines of code and was used by twenty thousand people.30
At this point Torvalds began to delegate code review to a core group of
ﬁve. In 1994 version 1.0 contained 170,000 lines of code and had 100,000
users. By 1998 the number of users had grown to 7.5 million, and
Linux, now at version 2.1.110, had 1.5 million lines of code contributed
and tested by approximately 10,000 programmers. One rough estimate
of the accumulated effort on Linux from 1991 to 2007 when counted as
hours of work done hit the $1 billion mark.31
This scale of collaboration was possible because of the Internet,
much as Licklider and Roberts had envisaged in 1968 when they mooted
that the ‘interconnect[ion of] separate communities’ would ‘make
available to all the members of all the communities the programs and
data resources of the entire super community’.32 The community that
emerged from the wide collaboration on Linux was a loosely governed
structure over which Torvalds watched as benevolent dictator and
moral authority. His lieutenants have ownership of parts of the project.
They are, he claims, selected by the community according to merit:
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The programmers are very good at selecting leaders. There’s no
process for making somebody a lieutenant. But somebody who
gets things done, shows good taste, and has good qualities –
people just start sending them suggestions and patches. I didn’t
design it this way. This happens because this is the way people
work. It’s very natural.33
He, however, maintains approval over ﬁnal decisions on major new
modiﬁcations to Linux and acts as a coordinator.
Alerting readers to the advent of open-source in 2003, Wired published a feature on the phenomenon that delivered the message in no
uncertain terms: ‘Open source is doing for mass innovation what the
assembly line did for mass production.’34 The involvement of such a
large community of developers in proposing, testing and reﬁning
contributions to Linux made the system adaptable but solid. As Eric
Raymond observed, the result of many eyeballs was to make complex
problems shallow:
Given a large enough beta-tester and co-developer base, almost
every problem will be characterized quickly and the ﬁx obvious
to someone. Or, less formally, ‘Given enough eyeballs, all bugs are
shallow.’ I dub this: ‘Linus’s Law’.35
Moreover, the centrifugal model of software development enabled
by the gpl licence meant that Linux could be modiﬁed to ﬁt different
requirements and variations have been written to operate on computers
of every conceivable type, from tiny electronic devices to massive
supercomputers. The combination of the Linux kernel, the gnu suite
and a graphical user interface adapted from a project called xfree86
proved so successful that the computer industry took notice. In the late
1990s, ﬁrms with an interest in establishing a competitor to Microsoft
in the operating system market began to support Linux.
Linux provided an example of the free software that Stallman had
described. From 1998 ibm began to support and invest in Linux. In the
same year Netscape, the most popular web browser, began an opensource project so that users could collaborate on improvements. From
mid-1995 the open-source model of collaborative, free and open software development was adopted for another important project. Building on nsca web server software, collaborators in the ‘Apache’ project
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created a free, open-source web server. Within a single year the Apache
web server became the dominant software keeping websites everywhere available on the Web, and remains so to the present day.36 The
Apache web server, combined with the Linux operating system and two
other open-source technologies, the mysql database and php web
application language, are one of the dominant forces on which content
on the www relies. Much of the Web, therefore, relies on open-source
software and the collaborative effort of thousands of volunteers.
Growth and order

On 25 July 1994 the front cover of Time magazine announced ‘the
strange new world of the Internet’. The Internet was of course only new
to those who had not known of it previously. What was new was the
www, which put a user-friendly face on the network. Also new was an
explosion in the number of connected networks, thanks to the initiatives of the National Science Foundation. Over the six years of the nsf
merit backbone the number of connected networks rose from 240 in
1988 to 32,400 in 1994. Between 150 and 300 networks joined the Internet each week.37 In 1992 trafﬁc on the network grew at 11 per cent each
month, and six thousand networks were connected, two-thirds of
them in the us.38 By October 1994 3.8 million computers were connected to the Internet. By July 1995 6.6 million were online. The www
increasingly became the focus of interest. One indicator of the growing fascination with the www are the data on the number of visitors to
Berners-Lee’s own cern server, info.cern.ch, where the www software
and information about web servers around the world were available: a
hundred hits in the summer of 1991, a thousand in the summer of 1992,
ten thousand in the summer of 1993. The rate doubled every three to four
months and increased tenfold annually.39 As Berners-Lee recalls, ‘in 1992
academia, and in 1993 industry, was taking notice’.40 In April 1995 the
Web became the dominant service on the Internet, surpassing even the
File Transfer Protocol (ftp) that was used to transfer large ﬁles.41 This
was phenomenal since the Web had become accessible on all the major computing platforms only two years before with the release of the
pc browser, Cello. Interest in the Web accelerated the growth of Internet connections. In July 1995 6.6 million computers were connected to
the Internet. That number doubled in one year to 12.8 million. By July
1997 19.6 million computers were connected to the Internet.42
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Users quickly found novel ways to use the Web. Among these was
the web cam. It had been invented at the University of Cambridge
Computer Laboratory as a matter of utmost practicality. The ﬁfteen
researchers working in the Lab’s Trojan Room placed a small camera
in the snack area of their building beside the communal coffee pot. The
researchers in the Trojan room kept a small black and white video display of the coffee pot permanently visible in a window on their screen
so that they could avoid making the trip to get coffee until somebody
else had gone to the trouble of reﬁlling the pot. The system, initially
operable on the local network, was extended to the Web in 1995. Web
cams quickly became common on the Web, providing a novel means
to view the mundane from across the globe. Web users could view trafﬁc congestion in foreign cities, with the image updated every minute
or so. More exciting in a voyeuristic sense was when a student at Dickinson College in the us named Jennifer Ringley began to provide
stream images from a camera in her dorm room in 1996. For the next
seven years millions of Internet users could observe her unscripted daily
existence at her site JenniCam.org. The heady combination of nail
painting, tending to pets and occasional nudity generated a mass
audience and appearances on primetime tv chat shows.
Though it may have seemed at the time as if the power to publish to the
www would revolutionize human communications, there was something necessarily limited about the ﬁrst wave of www websites. The
power to publish websites to a global audience was spoiled by the
rudimentary categorization and search technologies available at the
time. The ﬁrst generation of websites from the early 1990s to about 2002
shared a number of limitations. This was the ‘I go get Web’ where the
user sought Web gems among the deluge.43 Even before the invention
of the www it had become clear that tools would be needed to sift
through the mass of data available on the Internet. The ﬁrst search tool
was called ‘Archie’, released in 1990 by Alan Emtage, a graduate student
at McGill University. Archie allowed users to narrow down the scope
of their search for ﬁles to speciﬁc servers. It searched ftp servers,
indexed their contents and allowed users to search for speciﬁc ﬁles.
Archie was limited in that the user had to enter the precise ﬁlename of
a speciﬁc item rather than entering an approximate phrase. One had to
know what one sought in advance. Archie would then direct the user
to the appropriate ftp server, and the user would then have to manu<
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ally peruse the server’s folders to ﬁnd the ﬁle. The remarkable thing was
that, even to the creator of Archie, the ﬁrst tool in what would become
a multi billion-dollar industry that revolved around searching for
things on the Internet, the need for search services was not foreseen:
It was only after we made it known that we had the database and
got lots of requests to search it that we realized that there was a
need for this kind of service.44
In 1993 a search tool for the Gopher system called ‘Veronica’ brought
the user directly to the item on the relevant Gopher server, but still
searched only for items by precise title. Also in 1993 Matthew Gray at
mit developed ‘www Wanderer’, perhaps the ﬁrst ‘web crawler’.
Wanderer was an automated software known as a ‘bot’ that travelled
from website to website gathering data on the number of sites as it went.
In 1994 Brian Pinkerton was working on a browser for the next os and
released ‘WebCrawler’. Informed by his experience working on information management at next, Pinkerton made WebCrawler index all
text within the documents it found.45 The crawler and indexer were the
core components of a new generation of search engines that could
return relevant results without being given precise research requests.
Finally, the Web was coming to a point where the newcomer could ﬁnd
material with relative ease.
In the same year as WebCrawler appeared four other search engines
were established: AltaVista, Lycos, Excite and Yahoo! Yahoo!, one of
the most popular sites on the Web, began life under the surprisingly
unassuming name ‘Jerry and David’s Guide to the Web’. Procrastinating in the fourth year of their phd in 1993, Jerry Yang and David Filo
focused their attention on fantasy league baseball.46 Yang created a
crawler program that would seek out any available data on baseball
players from ftp and Gopher resources. Upon the release of Mosaic,
Yang spotted an opportunity for further diversion from his phd work
and started to browse the new www compulsively. He established a list
of the interesting sites as he browsed. They put the growing list on the
Web in 1994. Yahoo! had a friendly and easy approach totally at odds
with standard business practice. For example it included links to its
competitors’ sites to allow users to check for further results.47
AltaVista was initiated within dec which, though it had led the
microcomputer revolution, had failed to adjust to the pc era. Although
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AltaVista was one of the most popular destinations on the Web in
1996, dec was in its death throes. AltaVista, strangled of support, was
repeatedly sold to a succession of new owners.48 Ironically AltaVista’s
founder, Louis Monier, was an alumnus of Xerox parc, the scene of the
most egregious cases of an early technology innovator neglecting nextgeneration development from within its own ranks. Another entrant,
Lycos, was developed at the Carnegie Mellon University and supported
by arpa. It pioneered the examination of links between sites to gauge
their search relevance. Excite, like Yahoo!, was started by graduate
students at Stanford. It pioneered free e-mail and personalization,
allowing users to ﬁlter the content they wanted to see according to their
personal preferences. Web searching was blossoming into a vital business. From the late 1990s it would come of age in the form of Google.
An unassuming Sergey Brin wrote on his phd proﬁle page at Stanford in 1999:
Research on the web seems to be fashionable these days and I
guess I am no exception. Recently I have been working on the
Google search engine with Larry Page.49
The previous year he and his colleague Larry Page presented a paper
announcing their new search engine, Google. They argued in much the
same vein as Vannevar Bush had half a century previously that ‘the
number of documents in the indices has been increasing by many
orders of magnitude, but the user’s ability to look at documents has
not’.50 The duo had begun to work together in 1996 on an unexplored
element in the relationship between websites: back links. Though each
website contains code outlining its outgoing links to other sites, it was
not possible to know what other sites had incoming links back to it. By
developing ‘BackRub’, a system to determine the incoming ‘back links’
between sites, Brin and Page could determine which sites were most
cited by other sites. The most cited sites would be given higher ‘page
ranks’, appearing ﬁrst in the search results and their backrub would be
more important to other sites.
Google works because it relies on the millions of individuals posting websites to determine which other sites offer content of value.
Instead of relying on a group of editors or solely on the frequency
with which certain terms appear, Google ranks every web page
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using a breakthrough technique called PageRank™. PageRank
evaluates all of the sites linking to a web page and assigns them
a value, based in part on the sites linking to them. By analyzing
the full structure of the web, Google is able to determine which
sites have been ‘voted’ the best sources of information by those
most interested in the information they offer.51
The system not only judged the relevance of websites to search
queries on the basis of their own text but also on the basis of third-party
descriptions found beside the outgoing links of other sites.
The backrub system proved to be enormously effective, returning
more relevant results to search queries than any of its competitors. Thus
when Yahoo! offered to buy Google for $3 billion, Google rejected the
offer. Indeed such was Google’s popularity that in June 2006 the Oxford
English Dictionary added the word ‘google’ as a verb. The name Google,
which Page and Brin chose in 1997, was inspired by the mathematical
word ‘googol’, which denotes a massive number: one with a hundred
zeros. The enormity of the googol, according to Google, ‘reﬂects their
mission to organize a seemingly infinite amount of information on
the Web’.52
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A Platform for Trade and the
Pitfalls of the Dot-com

The ﬁrst item ever sold on eBay was a broken laser pointer. Startled that
someone had bid for the broken item eBay’s founder, Pierre Omidyar,
contacted the bidder to ask whether he understood that the laser
pointer for which he had bid $14.83 was in fact broken? The bidder
responded: ‘Yes, I’m a collector of broken laser pointers.’1 It was late
September 1995. Omidyar realized that he was onto something big.
By the end of the next year the value of all goods sold on eBay had
reached $7.2 million. eBay proved that the Internet was ‘a marketplace
so massive, and so diverse, that nothing is beyond commodiﬁcation’.2
It might have seemed as if the network had been designed for this
express purpose. In reality this was the opposite of the truth. The
Internet became a global marketplace without any explicit plan to
make it so. Indeed, until the very beginning of 1995 commercial activity on the Internet was expressly forbidden under the National Science
Foundation’s Acceptable Usage Policy.
Yet change had been in prospect from the beginning of the decade.
Indeed, from many decades before. In 1968 Paul Baran described a
system in which shoppers at home would be ‘electronically conveyed
through a huge general purpose store carrying almost every imaginable
product’.3 By the 1990s a wide variety of private, commercial and academic networks spanned the globe and much of the Internet was run or
had been built by the private sector. The nsfnet backbone, for example,
received less than a third of its funding from the nsf, and nsf-supported
regional networks received less than 50 per cent.4 Government contracts
granted to build and operate nsfnet and its regional networks had
stimulated expertise and competition within the private sector. Two
privately funded Internet carriers spun off from the government –
uunet and psi. Three commercial Internet Service Providers, psinet,
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Alternet and cerfnet, joined to form cix in 1991. Since tcp/ip had not
been designed to facilitate accountability and billing the three companies transported each other’s trafﬁc free of charge through a common
router. Thereafter cix attracted additional networks, within and beyond
the us. The private, commercial networks were proliferating.
There could perhaps have been no clearer sign that commerce was
about to hit the networks than the advent of the ﬁrst commercial
spam in April 1994. A married couple of lawyers, Carter & Siegel, sent
an advertisement for their advisory service on the us immigration green
card lottery to the hundred or so various alt.culture Usenet newsgroups, each of which catered to readers with an interest in a different
country. Next they hired a programmer who, in one night, coded a piece
of script that would automate the process of sending the ‘Green Card
Lottery’ notice spam to sixty thousand groups. The couple used the
script, and ninety minutes later millions of people across the globe received their ﬁrst spam.5
Thus by November 1990, when stakeholders met to discuss the
commercialization of the Internet, there had already been ‘regular
requests for access by commercial services’ to the nsfnet. The group
concluded that:
Offering the nsfnet backbone at no cost . . . inhibits private
investment in backbone networks [and] constrains the Market
for commercial tcp/ip services.6
In 1993 the nsf took steps to privatize the operation of the Internet.
nsf published a plan for the change in May 1993: isps would operate
their own networks and gateways would interconnect them. nsf’s own
networking activities would be limited to a high-speed research
network. By this time, in 1993, the Internet included ten thousand networks.7 In accordance with the plan, the prohibition on commercial
activity on the nsf backbone was rescinded on 1 January 1995. Finally,
on 30 April 1995, merit closed the nsfnet backbone. us-government
ownership of the Internet, which had applied since the ﬁrst two nodes
had communicated across arpanet in 1969, ended.
The irony for those who had argued during the Cold War that
defence research and development expenditure was ‘crowding out’ and
distorting the us economy was that government-funded research on
networking and computing during the Cold War ultimately planted the
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seeds for the e-economy after the Cold War. The Internet, funded by
government since the beginning, would produce a bear market such as
Wall Street had never seen.
dot Tulip

From 1634 to 1637 a wave of enthusiasm and investment swept the
Dutch Republic. The object of the investors’ interest was the tulip. In
Turkey, the tulip was becoming an important element of court culture,
to the extent that the Sultan of the Ottoman Empire appointed a Chief
Florist to his court.8 By the time tulip bulbs had made the long and
costly journey from Constantinople to Harlem they were more than
simply a decoration or gardener’s diversion. The tulip gave off a whiff
of the exotic East. It became the collector’s item of the Dutch urbane.
Extraordinary Popular Delusions and the Madness of Crowds, a book
written in the 1840s which was probably not entirely accurate, depicts
a pervading mania:
In 1634, the rage among the Dutch to possess [tulips] was so great
that the ordinary industry of the country was neglected, and the
population, even to its lowest dregs, embarked in the tulip trade.
As the mania increased, prices augmented, until, in the year 1635,
many persons were known to invest a fortune of 100,000 ﬂorins
in the purchase of forty roots.9
According to the same account, which may in this reference be
farther yet from accuracy,10 a single bulb of the rare Sempre Augustus
species of tulip was traded for enormous quantities of mixed goods
including two lasts of wheat (a last equals approximately 1,800 kg), four
lasts of rye, four fat oxen, eight fat swine, twelve fat sheep, two hogsheads of wine (approximately 380 litres), four tuns of beer (a tun is
over 750 litres), two tuns of butter, one thousand pounds of cheese, a
complete bed, a suit of clothes and, to top the collection off, a silver
drinking-cup. Another trade for a single bulb of the rare Viceroy
species, according to the same account, was 12 acres of building land.11
Apocryphal or not, these tall tales resonate with the 1996–2000 dotcom bubble. In March 2000, as the dot-com stocks began to look
increasingly vulnerable, Ron Baron, a prominent money manager,
apparently circulated copies of Extraordinary Popular Delusions and the
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Madness of Crowds among his employees.12 The Dow Jones database of
news articles returns 433 articles between 1999 and 2001 containing the
phrase ‘tulipmania’ or ‘tulip mania’.
The analogy was not yet evident in the mid-1990s. Optimism was
rampant. In 1995, Fortune told business readers, ‘Finally here’s something about the Net to pique your interest. Real money. Real fast.’ 13
Silicon Valley’s most famous venture capitalist, John Doerr, spoke of
‘the single greatest legal creation of wealth in the history of the planet’.14
The July 1997 cover of Wired announced that the combination of
technological advance and commercial opportunity had started a
revolution:
We are watching the beginnings of a global economic boom on
a scale never experienced before. We have entered a period of sustained growth that could eventually double the world’s economy
every dozen years and bring increasing prosperity for – quite
literally – billions of people on the planet. We are riding the early
waves of a 25-year run of a greatly expanding economy that will
do much to solve seemingly intractable problems like poverty and
to ease tensions throughout the world.15
Conventions governing business, growth and investment seemed to
have been turned on their heads. Starting with Netscape’s ipo in 1995,
dot-com stocks began a steep rise. At the end of 1996 the nasdaq index was at just over 1,291. By July 1998 it had climbed to 2,000 points.
The clamour for shares in dot-com ipos drove the nasdaq index ever
higher. In September 1999 va Linux Systems made its ipo. It offered its
shares at $30 per share and by the close of trading the same day they had
risen to $239.25 a share. This was a one-day leap of 698 per cent.16 On
11 March 1999 the nasdaq index rose above 3,000 points, and climbed
above 4,000 points on 29 December 1999. Finally, on 10 March 2000, the
nasdaq peaked. Its value was over 500 per cent of what it had been on
the day of the Netscape ipo ﬁve years previously, and it had risen 75 per
cent in the preceding four and a half months alone.17 To understand the
scale of the upset in the markets, consider Cisco Systems, a company
that builds networks and networking equipment. By 2000 it was ranked
the third most valuable company in the United States by market value,
having risen 689 places in the ten years since 1990. It was beaten to top
place only by the energy companies General Electric and Exxon.18
<

123>

The collapse, when it came, was rapid. In mid-2000 the bull market
collapsed and a bear market took over. Not only did the young dot-com
companies begin to fail, but established technology giants such as Intel
were forced to announce big layoffs. By November 2000, only nine
months after the nasdaq’s peak, cnn dubbed the collapse a ‘$1.7 trillion
lesson’.19 The lesson would get harsher yet. By March 2001 the nasdaq
had fallen from 5,000 to 2,000 points. By October 2002 its value was a
quarter of its March 2000 value, having fallen from $6.7 trillion to $1.6
trillion.20 What happened, and why, having experienced this, might any
sensible person be optimistic for the future?
The collapse had been foreseen by a shrewd few. In early December 1996
Alan Greenspan, the Chairman of the us Federal Reserve, attended a
dinner in his honour at the American Enterprise Institute. After the
guests had ﬁnished eating, Greenspan rose to make a long speech on the
challenge of central banking in a democratic society. In the last few
paragraphs of his speech Greenspan injected words of caution. He
accepted that sustained low inﬂation and lower risk premiums were
driving up stock prices. Yet at the same time he noted the growing distance between investors’ expected returns and how much those stocks
were actually earning. Greenspan asked:
How do we know when irrational exuberance has unduly escalated asset values, which then become subject to unexpected and
prolonged contractions as they have in Japan over the past
decade?21
Greenspan’s warning about irrational exuberance was forgotten as
stocks continued to soar. With spectacular ipos such as Netscape’s in
1995 being eclipsed by the seven-fold one-day leap during the va Linux
Systems ipo it was a reasonable bet that investor expectations had
grown far beyond probable returns. In early 2001, as the nasdaq
faltered, Warren Buffet made clear his belief that the exuberance had
been irrational:
Nothing sedates rationality like large doses of effortless money.
After a heady experience of that kind, normally sensible people
drift into behavior akin to that of Cinderella at the ball. They
know that overstaying the festivities – that is, continuing to
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speculate in companies that have gigantic valuations relative to
the cash they are likely to generate in the future – will eventually
bring on pumpkins and mice. But they nevertheless hate to miss
a single minute of what is one helluva party. Therefore, the giddy
participants all plan to leave just seconds before midnight. There’s
a problem, though: They are dancing in a room in which the
clocks have no hands.22
On the other hand, there was perhaps a kernel of rationality driving the dot-com ﬁasco, much as there had been some logic to the tulip
bubble. The most highly valued patterned tulips were necessarily rare.
They grew only from bulbs infected with the mosaic virus. The virus
caused their colourful, patterned petals but it also reduced their capacity
to reproduce. Thus the infected bulbs most in demand for their beauty
were also rarest because of their inability to reproduce.23 Moreover,
demand for the tulips extended beyond the Netherlands to cities like
Paris whose elite were enthusiastic consumers. The follies of the dotcom era too had mitigating factors. It was undeniable that those who
moved quickly with good ideas enjoyed spectacular success. Amazon
had beaten Barnes & Noble, the high street giant, by dominating the
Internet before Barnes & Noble awoke to its potential.
eBay provided the most dazzling example to investors trying to
adjust to the new balance between proﬁt and risk in the dot-com world.
eBay started life as ‘AuctionWeb’ on 4 September 1995. By the end of the
following year 41,000 users had traded $7.2 million worth of goods on
site. In 1997 (when the site was renamed eBay), 341,000 users traded
goods worth $95 million. By the end of 1998 eBay’s gross merchandise
volume had reached $740 million and registered users numbered 2.1
million. The ﬁgures continued to rise, reaching $2.8 billion and 10
million registered users by the end of 1999 and $5.4 billion and 22 million users by the end of 2000. In 2001, despite the dot-com collapse, $9.3
billion worth of goods were traded by 42 million registered users. This
mind-boggling growth continued thereafter: in 2002, $14.9 billion and
62 million users; in 2003, $23.8 billion and 95 million users; in 2004,
$34.3 billion and 135 million users; in 2005, $44.3 billion and 181 million
users; in 2006, $52.5 billion and 222 million users.24 By 2007 the total
value of sold items on eBay’s trading platforms was nearly $60 billion.
eBay users across the globe were trading more than $1,900 worth of
goods on the site every second.25 Anticipating statistics like these,
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investors were ready to bet signiﬁcant quantities of capital on ideas that
sounded less far-fetched than eBay had been.
As the dot-com boom gathered pace in the late 1990s, it became increasingly difﬁcult to spot and act on opportunities before competing
investors. Whereas in the pre-dot-com era a company required a minimum of four quarters of proﬁtability to attract funding, these rules
were forgotten in the dot-com frenzy. Some investors were newcomers
who had never known the rules to begin with: Goldie Hawn had
established her own start-up and an investment group called Champion
Ventures was established for retired athletes by former 49ers American
Football players. Investment decisions that normally would have taken
weeks or months were now taken in ever-shorter periods – in some
cases, over the course of a telephone call. The ceo of one start-up
recalls:
I made a call to a friend of mine, Ron Conway of Angel Investors,
and he jumped on it immediately. The next morning we had our
money – the $700,000 seed money.26
Word of mouth within Silicon Valley’s tightly knit ﬁnancing community began to carry the weight of authority. Prominent investors
who valued each other’s opinions or felt a duty to back each other’s
investments lent a momentum to individual decisions, good or bad. In
1999 venture capital investments reached their historic peak of $48.3
billion.27 Rationality, in Buffet’s words, had been given its sedative dose.
Much changed yet more the same

Rationality was under siege. The scale of the change promised by dotcom hype was difﬁcult to encompass. How much would the world
change as a result of the new and direct contact that sellers and buyers
across the globe could now enjoy? The publishing industry was one of
the ﬁrst to experience disintermediation. At the 1997 Book Expo America, Amazon employees had been greeted as heroes by independent
publishers who for decades had been in thrall to the distribution
giants.28 Examples like this proved that the Internet threatened established incumbents with oblivion and that small upstarts could ﬁnd
opportunities in the digital age. Just what these opportunities were,
however, was not clear in the mid-1990s.
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Chief among the reasons why so many stumbled in the dot-com
bubble was that the Internet was an entirely unknown quantity.
Investors had not yet discerned what the Internet had changed and
what it had not. In fact, a great many of them had fundamentally misunderstood the Internet. Even in 1996, many Internet users were so
inexperienced with browsing the Internet that they contacted Amazon’s
customer support to learn how to use the scroll bar on their web
browsers to scroll down to the bottom of the Amazon page.29 This was
no different for investors. Ron Conway, known as the ‘Godfather of
Silicon Valley’, was something of a Luddite. A writer who followed
him daily noted that an assistant was tasked with printing out his
e-mails and handing them to him on paper.30 The prevailing mantra
of the mid-1990s was ‘the ’Net changes everything’. This was no doubt
compelling to investors with little experience of the Internet. The Net
could change everything. Productivity would soar. Business would be
different. To some it seemed as if the laws of nature no longer mattered.
Physics, however, asserted itself with a vengeance.
Weight was still weight, and distance still distance. The Internet only
made an impact on digital communication, not physical delivery. As
Negroponte had said, the secret in the digital economy was to move
electrons, not atoms.31 Many of the dot-com companies failed because
they lost money in delivering physical items over long distances.
SwapIt.com, for example, operated on the premise that users would
post second-hand items to the company and receive credits with which
they could buy other users’ second-hand items from the site. The company had to do all the physical storing and sending.32 SwapIt, which
could have been a centrifugal user-to-user system in the vein of eBay,
relied instead on the old centralized model of a distribution to and from
a central depot.
One of the most damaging misjudgements of the Internet was that
it changed the conditions of business so completely that previous
experience was obsolete. Impetuous entrepreneurs relied on vision
over experience and attempted to develop entirely new businesses
from scratch in established sectors in which they had no experience.
This had worked for Amazon, but few others. A company called Webvan, for example, sought to revolutionize grocery retail. It was the
brainchild of Louis Border, the founder of the giant book chain Borders, who believed that new distribution methods and the Internet
could allow him to leverage operating margins of 12 per cent rather than
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the 4 per cent typical of normal supermarkets.33 Webvan hired George
Shaheen, previously ceo at Andersen Consulting, as its ceo. This duo
looked impressive to Wall Street: Borders had past success in book retail
and Shaheen had enormous credibility in the investment community.
Neither, it should be noted, had any experience whatsoever in groceries.
Together they attempted to rebuild groceries from the bottom up.
The strategy was simple: ‘get big fast’ (gbf) to secure the market before
competitors could stake their claim. If ‘the Net changes everything’ had
been the ﬁrst misleading maxim of the dot-com boom, ‘get big fast’ was
the second. In July 1999 Webvan ordered the construction of 26 massive distribution and delivery centres at a gargantuan cost of $1 billion.
Webvan already had vast distribution centres in operation. The new
centres would allow it to open into new regions across the us. As dotcom successes like Amazon had proved, staking an early claim on
virgin territory could yield spectacular results. They did so by investing vast amounts of investors’ capital and operated at a colossal loss.
Amazon continuously lost money from 1995 until, ﬁnally, it made its
ﬁrst proﬁt in the last quarter of 2001. It was a sign of the unusual times
that, despite losing money for four consecutive years, its founder, Jeff
Bezos, was named Time magazine’s Person of the Year in 1999. While
Amazon would eventually become proﬁtable, the rush to stake a claim
was a race to nowhere for many dot-coms. gbf strategies prompted
massive, unsustainable growth. Netscape, for example, expanded its
workforce from ﬁve programmers to two thousand in a single year.
Such rapid expansion made corporate culture impossible to inculcate
across the organization and made mistakes almost impossible to learn
from.34
In the case of Webvan, the gbf strategy was particularly risky. As a
New York Times journalist wrote:
Grocery stores already operate on razor-thin proﬁt margins without the added expense of delivery, and the perishable nature of
many foods does not make operating from a central location
feasible. By some estimates, an on-line grocer must do 10 times
the volume of a typical store to be successful.35
Foremost among Webvan’s difﬁculties was that it had to absorb an
estimated $10 to $15 for each delivery.36 One assessment even estimated that its losses on every order were over $130 when depreciation,
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marketing and other overheads were taken into account.37 Webvan’s
collapse was spectacular. From a huge market value of $7.9 billion following its ipo in November 1999, the company was forced to ﬁle for
bankruptcy and lay off two thousand employees by July 2001.
Yet while Webvan’s managers attempted to rebuild the grocery business from scratch with the get big fast mantra and a $1 billion infrastructure, an established high-street grocer was building a viable online
service. In 2001, the same year that Webvan folded, the established uk
retailer Tesco reported that its online grocery service, Tesco.com, now
reached 94 per cent of the uk population and had made sales of £146
million that year, a 76 per cent rise on the previous year. A small loss
of £3 million was discounted as the cost of new facilities.38 In contrast
with the get big fast from scratch approach that had utterly failed with
Webvan, Tesco had been making incremental changes and tests to
develop Internet retail since 1996.39 The Net, Tesco proved, did not
change everything, or at least did not do so overnight.
A number of high-proﬁle collapses were typiﬁed by brash, frivolous
spending of investors’ funds. Boo.com, a European fashion retailer, overspent on everything from executive luxuries to basic costs of operation.
That it collapsed said nothing about the new economy that was not
already known in conventional business. Other ﬁrms had simply miscalculated the fundamentals of proﬁt and loss. One oft-cited dot-com
failure was the company Pets.com. It launched in November 1998 and
was quickly followed by a number of high-proﬁle competitors:
Petstore.com in May 1999, Petopia.com in July 1999, Petsmart.com in
July 1999 and PetPlanet.com in September 1999.40 Internet users in dire
need of pet food would not be in want. None of these sites had a
proven business model. A core problem was that the item in which most
prospective customers might have an interest was pet food, which is
commonly available at physical outlets. There simply was no compelling
need for customers to shop on Pets.com or any other online pet store.
Delivering the product not only imposed additional costs on the company but imposed a time delay on the customer’s receipt of the goods.
Yet despite the overcrowded market and the shaky logic of its business
model, Pets.com raised $82.5 million in its ipo in February 2000, only
to cease trading nine months later. Pets.com, as with all the get big fast
dot-coms, spent massive amounts on advertising. As the post mortems
established, many of the companies that failed were the best known.
They had successfully built brands, but not businesses.41
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Even when a start-up had a sound idea and a viable business plan,
the adjustment, as businesses tried to calibrate their model to beneﬁt
from the Internet, led to many wrong turns. For a start, the consumer
network was in its infancy. An October 1996 survey by at&t showed that
67 per cent of sites were effectively off the Net for at least one hour per
day because of overload.42 Some faced technical problems that reﬂected
nothing about the Internet so much as the short-term teething problems of the new and rapidly developed systems to deliver services and
conduct commerce upon it. In 2000 Toys‘R’Us was ﬁned $1.5 million
for failing to live up to its promise to deliver orders made through its
site before Christmas.43 It subsequently abandoned its own system of
extensive servers and signed a ten-year deal with Amazon through
which Amazon would handle the Internet technicalities.
A canny investor recalling the early decades of the automobile
industry might have been better prepared for the bubble. Of the three
thousand automobile businesses established between 1900 and 1925,
only three survived into the modern era.44 The dot-com boom had provoked such a burst of entrepreneurial activity that in 1999 one in
twelve adult Americans surveyed apparently said they were developing
a new business.45 The candid assessment of one dot-com entrepreneur,
the founder of GovWorks.com, encapsulated many of the faults of the
failed start-ups. GovWorks moved too quickly with too little planning.46
It had promoted ‘unattainable ﬁnancial expectations which disappointed our investors and board members’. Pursuing gbf, it had marketed to ‘create brand instead of revenue’ and ‘marketed to investors,
Wall St and the press instead of the customer’. Believing that the Net had
changed everything, it ‘didn’t bring in experienced personnel and
advisors early enough, did not create sustainable organizational structures’.47 As Andrew Groove, Chairman of Intel, argued:
The Internet doesn’t change everything. It doesn’t change supply
and demand. It doesn’t magically allow you to build businesses
by turning investors’ money into operating expenses indeﬁnitely.
The money always runs out eventually – the Internet doesn’t
change that.48
The Internet had not changed everything, but it had changed much.
As the dust settled in the aftermath of the dot-com crash, it would
become clear what the Net’s true business potential was.
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Fredrick Taylor and post/pre industrial artisans

Despite the carnage of 2000 and 2001, many dot-com start-ups survived. More in fact than might have been supposed: the number of
companies folding in ﬁve years or less was no greater during the dotcom period than it had been during speculative bubbles driven by the
advent of canals and railways.49 Hasty investors had borne the ﬁnancial brunt of change and the dot-com hype had laid solid foundations
for real growth. Among the public, understanding of e-commerce
began to permeate. Whereas in 1995 few had ever heard of e-commerce,
by 1997 Amazon had a customer database of over one million names,
addresses and credit cards.50 With experience came trust: credit cards,
the lifeblood of online sales, were more readily submitted to websites
by customers who previously might have been reticent to entrust their
details to companies with which they had never physically interacted.
In the years after the dot-com bust the proportion of us retail conducted over the Internet continued to grow steadily, from just over half
a per cent in 2000 to 3.4 per cent in 2008.51 As the dust cleared, fundamental lessons were revealed about the Internet and the nature of
enterprises that would prosper on it. Some market conditions had
indeed changed, and changed dramatically. Geography and people
were behaving differently in the emerging digital environment. So
were smart organizations.
The tailored suit has a long history. The coat, waistcoat and breeches
gradually became the gentleman’s mainstay from the English Restoration in the 1660s, when elaborate dress fell out of favour at European
courts. Embroidery and silk died out from the middle of the eighteenth
century. Wool became the norm, particularly in circles with a democratic axe to grind. Benjamin Franklin made a splash at the French
court by turning up in the sombre suit of a Quaker and, more rustic
still, he wore his own hair rather than a wig.52 In the wake of the
French Revolution, even the nobility lost its enthusiasm for aristocratic
dress. By this time the plain linen three-piece suit already marked the
height of gentlemen’s fashion in England. The gentleman’s suit proved
remarkably enduring and remained the mainstay of leading gentlemen
from Charles ii’s reign in the seventeenth century to James Bond and
Gordon Gekko in the late twentieth. Then, in 1996, Marc Andreessen,
founder of Netscape, the company that had made the biggest ipo in
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history the year before, appeared on the cover of Time magazine sitting
on a throne. He wore a polo shirt and jeans and wore no socks or shoes.
With the arrival of these strange, young leaders of the new digital
industry, three centuries of the suit were forgotten. Google went as far
as to include the maxim ‘You can be serious without a suit’ in their
corporate philosophy.53 Alan Levenson, the photographer who shot
Andreessen for the cover of Business Week in 1998, recalled that the dotcom executives were not quite like artists or musicians, but they were
‘more loose than other business people’.54 Business culture, as Andreessen’s bare feet told Time readers in 1996, was about to change.
The Internet had changed the nature of companies within as much
as it had changed marketplace conditions without. Traditional hierarchical organizations, the logic went, were in deep trouble. At the heart
of the new thinking lay a fundamental irony: the new model of management was in some respects a return to the pre-industrial artisan
system, a return to the days before Frederick Taylor. Taylor, the father
of management consulting, created a new, scientiﬁc approach to management in the early 1900s. In his book, The Principles of Scientiﬁc
Management, he argued that apprenticeships and the irregular wordof-mouth process by which workmen in the pre-industrial age learned
their trades created an unmanageable workforce of artisans. Managers, incapable of understanding the full breadth of individual skills
within their workforce, were forced to rely on the initiative and experience of the workers.55 Managers were forced to use special incentives such as improved conditions to gain their workers’ goodwill. The
answer, Taylor suggested, was the standardization and centralization of
the accumulated lore that had been passed down from generations of
apprentice workmen. Best practice studies could codify all workers’
knowledge into standardized procedures. Personal initiative would
then become immaterial and the artisan workforce would simply
become directed labour. White-collar managers, now fully versed in the
procedures for every task, would instruct and supervise the workforce
in every speciﬁc task.56 Taylor’s model, though it set the stage for management and specialization, had become outmoded by the 1970s as
lower levels of management and units within organizations were given
increasing levels of responsibility. Only during the ‘new economy’ did
initiative within organizations revert back to the level of the individual.
Workers at the beginning of the new century would be artisans again,
as they had been at the beginning of the last one, albeit digital ones.
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The dot-coms like Amazon, where the old hierarchies were less
pronounced, were widely thought to represent a new paradigm suited
to the new, fast economy. The disjointed, varied wisdom of employees
was no longer a threat to management. The lowest atomic unit of
effective creativity within an organization became the individual
employee, not the unit, or the division. Companies would prosper or
fail on the strength of their employees’ initiative and how well superiors could leverage the wisdom of their workforce.57 The system of
incentives that Taylor had railed against was back too. During the dotcom boom workers were offered stock options as incentives at levels so
unprecedented that the Federal Reserve could not account for them in
its tax intake.58
The empowerment of digital artisans owed much to the collaborative, irreverent hacker ethos that had evolved at mit’s rle laboratory in
the 1960s and ’70s in which people at the bottom of the hierarchy could
contribute at the highest level. The mit hackers were driven by the compulsion to better understand and optimize software and computers. In
the service of their compulsion, conventions of property, privacy and
hierarchy were immaterial. The hackers violently reacted against any
hint of bureaucratic intervention or central control. The idea that
such a hacker workforce could be managed in any rigid sense was
untenable. Some of this approach transferred to the private sector by
way of the Digital Equipment Corporation, which spun off from the
mit Lincoln Laboratory in 1957. Employees at dec were given leeway
to ‘do the right thing’ and pursue approaches as they saw ﬁt, even if their
managers disagreed.59
This bottom-up approach to management was codiﬁed at Google
where the ‘70–20–10’ rule encouraged workers to expand their roles
and liberated them from the narrow constraints of speciﬁc duties.
Employees would spend 70 per cent of their time working on the task
at hand, 20 per cent on exploring new related ideas, and 10 per cent on
ideas bordering on the crazy.
Like the hackers, the businesses of the ‘new economy’ embraced an
open approach to inputs and organization. This new approach was
what management gurus Tapscott and Caston had called ‘open
networked organization’ in the early 1990s, and what one Harvard
Business School professor more vaguely called ‘permeability’ almost
a decade later.60 The example of the open-source movement in the
1990s and of Wikipedia in the 2000s had provided working proof
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that useful ideas and collaboration could come from virtually any
source.
Perhaps the most dramatic example of the dramatic shift towards the
open, collaborative approach within organizations that had previously
been bastions of closed hierarchies is that which occurred within the
us intelligence community from 2005 onwards. The 9/11 Commission
reported that insufﬁcient information sharing had contributed to
national vulnerability. In 2005 the chief technology ofﬁcer for the
Central Intelligence Agency’s Centre for Mission Innovation, D. Calvin
Andrus, wrote an inﬂuential paper titled ‘The Wiki and the Blog:
Toward a Complex Adaptive Intelligence Community’ in which he made
the case that a Wiki system shared between the various intelligence
agencies would solve the problems facing the intelligence community:
Once the Intelligence Community has a robust and mature Wiki
and Blog knowledge sharing web space, the nature of Intelligence
will change forever. This is precisely the prescription we are looking for.61
By 2009, when Time magazine covered ‘Intellipedia’, the product of
Andrus’s concept, it had ‘grown to a 900,000-page magnum opus of
espionage, handling some 100,000 user accounts and 5,000 page edits
a day’.62
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<PHASE III>

THE EMERGING ENVIRONMENT

<10>

Web 2.0 and the Return
to the Oral Tradition

In keeping with much of the Internet’s most popular terminology,
the term Web 2.0 gives a nod to technical nerd-speak. The ‘2.0’ evokes
the programmer’s convention of appending version numbers after the
title of a piece of software to distinguish it from previous releases of
the same package. Coined by Dale Dougherty in 2004, it signalled that
the Web had entered a new phase. Release 1.0 had been revolutionary
but limited. Most web-browsing software only allowed users to view
what others had put on the Web. In many cases the early sites themselves were simply another way to broadcast information to an audience rather than a revolutionary mechanism through which audience
members could talk back to the content producer and to each other. Ted
Nelson, the creator of hypertext, had criticized www as just ‘another
imitation of paper’.1 The developers of the ﬁrst browsers were totally
oblivious to the beneﬁts of extending their browser software into
editors, programs that could let any person create their own www
documents. Robert Cailliau, who worked with Berners-Lee on the
www at cern, recalls that ‘it was impossible to convince the programmers that the Web as a medium needed a different tool for creation of
content, with different paradigms and different handles’.2 The two-way
potential of the www was not clear to individuals whose thinking had
been shaped by explicitly one-way communications such as television
and radio. Web 2.0 would correct this. The Web would become more
than an imitation of paper. Yet in the aftermath of the dot-com collapse,
a degree of suspicion, even cynicism, was understandable and probably
necessary. Web 2.0, however, was the real deal. Release ‘2.0’ would be
revolutionary.
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Saint Jerome and the perpetual beta

The dramatic growth of sites such as Wikipedia shows the increasing
dominance that users rather than professional content producers have
over the medium. From just under twenty thousand articles in January 2002, the English language version of Wikipedia grew to over 2.5
million by January 2009.3 Virtually every single entry was created,
edited, shortened or lengthened by people on the Internet who were not
Wikipedia staff. Users, random and anonymous, are in control of the
text. The result is that information is becoming increasingly plastic
and malleable. In 1994, anticipating Web 2.0 by ten years, John Perry
Barlow wrote ‘information is an activity, not a noun’. ‘As in an oral
tradition’, Barlow wrote, ‘digitized information has no “final cut”.’4
The interplay of ideas among people on Internet forums, the constant
re-editing of Wikipedia entries and comments by visitors responding
to blog postings all show the new plasticity of information. This is
particularly so in controversial matters. Wikipedia proves the point. The
Wikipedia article on George W. Bush has been edited 40,723 times as
of 15 June 2009.5 Heated editorial battles have centred around his idiosyncratic pronunciation of the word nuclear, his National Guard service and whether it is appropriate to categorize him under the heading
‘alcoholic’.6 The Wikipedia entry on George W. Bush may in fact be one
of the most edited pieces of text ever distributed in human history.
The dawning era of plastic information has a surprising historical
precedent. In ad 382 Pope Damascus commissioned Jerome to compile
a bible that came to be known as the ‘Vulgate’ edition.7 For centuries
the Vulgate was the mainstay of the Roman Church. In 1546, almost
1,200 years after Jerome was commissioned to write it, his Vulgate was
acknowledged as the only true bible of the Church. The Council of
Trent decreed ‘that no one is to dare, or presume to reject [Jerome’s Vulgate edition] under any pretext whatever’.8 In other words, the full
weight of Rome was behind this particular version of text, and none but
the bravest should consider deviating from it. Yet in the absence of the
right technology it was impossible to relay accurate information across
Christendom for a millennium by relying on manual transcription.
Even a text of the Bible’s importance, whose content underpinned the
faith of a continent and was maintained by a centralized church and a
cohort of highly disciplined monks, suffered the toll of generations of
human error. Before the invention of the printing press the reproduc<
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tion of information was unreliable and embellishments standard. Thus,
even as the Council of Trent made its decree, the scholar Erasmus complained that there were as many different versions of Jerome’s Vulgate
as there were copies of the Bible.9 Only the arrival of the printing
press with movable type and printer’s ink from the 1440s could allow
faithful reproduction of the text. Gutenberg’s press introduced a period
of immutable information that extended into the twentieth century.
Technologies such as commercial broadcast radio from the 1920s and
television from the 1930s onwards merely continued the status quo of
immutable information that Gutenberg had established.
The Internet, however, is different to the printing press, and to radio
and television. At its very essence, the technology driving the Internet
was designed to be open to further adaptation by users. Even the protocols that govern the communications of machines and networks
were designed to be plastic and malleable. According to Steve Crocker:
The architecture is open. We very deliberately viewed the protocols as a beginning, not an end, and we designed them fully
expecting that others would create additional protocols, and
that they could do so without having to go through an approval
process.10
Web 2.0 takes this approach to its logical conclusion: information
and content on the Internet are plastic and mutable, open-ended and
inﬁnitely adaptable by users. Perhaps plastic information is in fact a
return to normality. The era of immutable information from Gutenberg’s press to the tv set may have been the anomaly in the broad span
of human existence. Elaborating on the concept of Web 2.0 in 2004, Tim
O’Reilly outlined a new approach to software development that exempliﬁed the plasticity of information.11 The audience he was speaking to
was familiar with the conventional software development cycle of progressive versions, from the earliest pre-alpha to the penultimate beta
version that is released for testing before the ﬁnal release candidate. Yet
now, O’Reilly said, software should never progress beyond the penultimate beta stage. Instead it should constantly incorporate ideas and
reﬁnements from the global community of Internet users. Thanks to
Web 2.0 there could be no ﬁnal cut, no deﬁnitive version. The input of
the empowered online audience of users would enrich those products
that remained ﬂexible. Software, and much else besides, would remain
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in ‘perpetual beta’, like Jerome’s Vulgate before it. Software, media
and information would all be to some degree under the sway of the
audience.
There had been false dawns of audience empowerment in the past. In
the late 1960s and during the 1970s, cable tv appeared to promise a new
era of media less ﬁxed to the mainstream and in which there would be
more outlets for expression from different voices. J.C.R. Licklider
coined the term ‘narrowcasting’ in 1967 12 to deﬁne a future type of
broadcast that appeals not to mass audiences but to individual viewers.
In 1968, two major reports – a study commissioned by the Mayor of
New York and one undertaken by Under Secretary of State Eugene
Rostow for the President – both reported myriad opportunities and
beneﬁts from the extension of cable. The fcc in 1968 was infected
with the same enthusiasm. It believed that the deployment of co-axial
tv cable could allow many, many things, including ‘special communications . . . to reach particular neighborhoods or ethnic groups . . . the
provision of a low cost outlet for political candidates, advertising,
amateur expression’.13 In short, cable appeared to offer a more centrifugal form of television.
It delivered only partially. From the 1940s onwards a plurality of local
television had sprung up in rural parts of America where community
antenna television connected to cable allowed entrepreneurs to start up
small broadcasters. Yet from the late 1960s a handful of larger television
companies began to buy up the small fry and dominate the medium.
Perhaps, unsurprisingly, jaded observers in the mid-1990s greeted the
hype surrounding the www with a degree of cynicism.14 Yet the Web
revolution was real. Media was now changing. There was tangible proof.
The online audience is less content than the tv audience was simply
to be a passive spectator of entertainment created by media professionals, or information delivered from hierarchical structures such as
governments or newspapers. Throughout 2006 the number of people
in the us who visited websites that relied on users to upload the bulk
of their content, such as YouTube, Wikipedia or Facebook, had grown
by 100 per cent.15 At the same time the number of new Internet subscribers had grown by only 2 per cent. A Pew survey reported at the end
of 2007 that 64 per cent of online teens in the us had created and
uploaded photos, artwork or videos to the Internet.16 Of the ﬁfty most
popular websites in the world at the beginning of 2009, 24 were user
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driven.17 Of the remaining 26, sixteen were merely portal or search sites
that link to other sites, and only ten are what could be considered oneto-many, non-user-driven sites such as cnn.com or Microsoft.com.
The viewing public, who had been passive recipients of television and
radio broadcast for most of the twentieth century, were transforming
themselves into the masters of content. On the Web the user was
now king.
User-driven nerd norms

Among the ﬁrst popular user-driven websites was the classiﬁed advertisements site Craigslist.com, established in 1995. It evolved from an
e-mail newsletter that Craig Newmark regularly circulated among
friends with notices of events in San Francisco. The e-mail then became
a website where anyone could post items of interest such as upcoming
events, personals ads or items for sale. The website grew and grew. It
attracts more than 20 billion page views per month18 and is among the
top ﬁfty most viewed websites in the world. According to one reckoning, it attracts more visits than either eBay or Amazon.com, which have
sixteen thousand and twenty thousand employees respectively.19 Its
users self-publish more than 50 million new local classiﬁed ads in 550
cities in more than ﬁfty countries for everything from events to secondhand cars to dating each month.20 Yet for all its scale, the site required
no venture capital, has no advertising budget and has a staff of only
thirty. What is the secret of Craigslist’s success?
Underlying its success are two characteristics that perfectly ﬁt the
digital culture. First, it is user driven at a deep level. Users of Craigslist
do more than simply contribute ads. To some extent they have control
of the site on matters both small and large. Small matters include
policing the site’s content. If, for example, enough users ﬂag a notice
they believe should be removed, it is automatically dropped. Users
also have a say in issues of strategic importance. Whether Craigslist
expands into a new city, for example, depends on how many requests
it receives to do so. Moreover, with no advertising, the rate of growth
in activity in the new city is as fast as the users in that city want it to be.
The second characteristic is the site’s adherence to what its founder
calls ‘nerd values’. The site is wary of commercialization. Its sole revenue
stream is that it charges fees for job ads in ten cities, for brokered apartment listings in New York City, and, where legally required, for listings
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related to prostitution. Newmark is cautious about commercialization
and expansion:
People are really good at telling whether you’re doing so through
an honest intent of connecting with the community, of trying to
connect with other people, or whether you’re just trying to make
a lot of money right away.21
As Jim Buckmaster, Craigslist ceo, said in an interview:
Companies looking to maximize revenue need to throw as many
revenue-generating opportunities at users as they will tolerate.
We have absolutely no interest in doing that, which I think has
been instrumental to the success of craigslist.22
This is the lesson that Carter & Siegel, the ﬁrst commercial spammers, learned in 1994.23 They had broken elementary rules of Internet
conduct. Within days the couple were receiving death threats.24 They
remained oblivious, as they later wrote:
Those who buy into the myth that Cyberspace is a real place also
believe that this illusory locale houses a community, with a set of
laws, rules, and ethics all its own. Unfortunately, the perceived
behavior codes of Cyberspace are often in conﬂict with [real
world] laws.25
(As it turned out, real world rules had been broken somewhere. Carter
was disbarred by the Supreme Court of Tennessee in 1997 for the
spamming and other misconduct.)
‘Nerd Values’ are immune to a rigid deﬁnition. Trust is the key. As
Kevin Kelly, the founding editor of Wired, observed, the value of physical goods inevitably diminished as industrialization had made them
ever easier to reproduce. In the digital economy it would be things other
than the physical that would be of value:
Those things that cannot be copied will become the true currency,
the true sources of wealth. What cannot be copied? Trust. Authenticity. Immediacy. Presence. Experience. Relationships.26
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Newmark’s nerd values and the degree of user control on Craigslist
enabled it to become a community of users who trust the service.
Larry Brilliant, one of the founders of The Well, remarked on Craigslist’s ‘authentic’ feel.27 This may be because Newmark views the site as
a public service, as ‘a commons in the sense that we’re providing a public service’.28 As more users start to use the site regularly, they begin to
beneﬁt from network effects or what might better be called community
beneﬁts: more users put up ads and notices, more users check ads and
notices, more people maintain the relevance of the site by removing
spam, which generates more expectation of ﬁnding useful results, and
thereby attracts new users and more regularity among existing users,
which in turn produces more varied, more granular and competitive
options among the listings, which attracts more users. Nerd values give
Craigslist, which has no advertising budget, what the gbf dot-coms
could not buy: a community of regular users built around the site.
Central to this are the community beneﬁts accrued within Craigslist
from the input of individual users and the community of their peers.
The peer-driven Internet

When he established Philosophical Transactions in 1665, Henry Oldenburg not only founded the world’s ﬁrst academic journal but also
created the process of peer-review to maintain the standard of its
articles. Authors who wanted to publish in his journal would have to
run the gauntlet of a review by other academics at the Royal Society.
According to a more recent formulation, peer-review is ‘a critical,
judicious evaluation performed by one’s equals’.29 In practice, peerreview gives academics the power to approve or reject new developments in their respective areas30 and, it seems fair to say, belongs to the
world of academic nitpicking. Yet peer-review also describes the open,
democratic process by which information on the Internet is ﬁltered by
its readers. Our peers inﬂuence the review and reception of information and media content on the Internet, whether feedback on an eBay
seller or a positive comment on the blog of a presidential candidate.
If commerce had become a conversation, it had become a busy one.
As of 31 March 2008 eBay members worldwide have left more than 7
billion feedback comments for one another regarding their eBay transactions.31 On an Internet where the Internet user is increasingly the
creator or critic of content, word-of-mouth peer recommendation has
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a greater authority than normal one-to-many advertising. For YouTube,
peer-review was an important contributor to its growth. Only after its
introduction of comments and peer rating of videos did the site begin
to attract large numbers of visitors. Yet peer-review presented a challenge to other enterprises. Amazon took a signiﬁcant risk when it
decided to allow users to write negative reviews under books on its site.
Conventional practice would have been to put an indiscriminately
positive spin on all items. As Jeff Bezos told Business Week, allowing
peer-review seemed counter-intuitive to some:
When we ﬁrst did it, we got letters from publishers saying, ‘Maybe
you don’t understand your business. You make money when you
sell things.’ Our point of view is . . . negative reviews are helpful in
making purchase decisions. So it’s a very customer-centric point
of view. Negative reviews will be helpful for customers, and that
will ultimately sell more products than if you tried to cherry-pick
the reviews.32
By allowing users to write negative reviews, Amazon effectively put
the fortunes of each retail item in its customers’ hands. To at least a
small extent, this was handing over the proﬁtability of the company. The
leap of faith paid off. Amazon became not just a place to buy things but
to ﬁnd them reviewed by impartial critics as well.
Across the Internet, word of mouth among users became the force
that began to sift the good from the dross from the early 2000s, much
as peer-review had done in academic circles since the mid-1660s. Kevin
Kelly lamented that:
As the Web expands in scope to include everything, the best gets
overwhelmed . . . I want someone I trust to say to me: ‘I’ve seen all
the stuff, and I’ve used most of it, and this is the one you want.’
I don’t usually ﬁnd that on the Web. First, trust is in short supply,
and second, comparative evaluation is in short supply.33
Word of mouth became a collaborative sifting and categorization,
a ‘folksonomy’ in other words.34 As Nicholas Negroponte and Pattie
Maes wrote in 1996, ‘the noise of the Net is its beauty, and navigating
this noise will become easier and easier because of electronic word of
mouth’.35 In 2003 Joshua Schracter founded ‘Del.icio.us’, a directory of
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bits and pieces of Web content that users had tagged with reference
phrases to denote that it was of interest for one reason or another.
Essentially, tagging became not only a way of categorizing content on
the Internet, but also a way of maintaining a personal library of bookmarked content and of ﬁnding like-minded people’s tagged content.
Del.icio.us displayed details of users who created each tag, and allowed
other users to look at collections of tagged content in their libraries. All
Web content could thus be rated by ‘social bookmarking’, according to
how many users thought it was worth tagging, and could be categorized
according to what tags were used. The user, therefore, is not only a
creator of content but also an arbiter of what content is viewed by
their peers.
Some advertisers, acknowledging the pivotal role of peer-review
and user commendation, have begun to court inﬂuential bloggers to
draw attention to their products. This is peer-to-peer, ‘conversational’
marketing. In 2007 the television series Battlestar Galactica sought to
promote itself among its target market of science ﬁction enthusiasts and
ran a press tour unlike any other, inviting prominent bloggers rather
than print journalists to the studio for a tour of the sets and interviews
with the cast. Similarly, Panasonic paid the expenses of a handful of
bloggers to attend the annual Computer Electronics Show in Las Vegas
in 2009 at which is was demonstrating new products in.36 Panasonic,
while unable to moderate or inﬂuence what the bloggers would write
about its products, was nonetheless assured of online coverage. According to one conversational marketing ﬁrm, this is called a ‘sponsored
conversation’:
A sponsored conversation is a social media marketing technique
in which brands provide ﬁnancial or material compensation to
bloggers in exchange for posting social media content about a
product, service or website on their blog.37
It is interesting to consider that when combined with Google AdWords, a service that allows any individual to sell advertising space on
their site through Google, the Internet now allows any individual in
theory to make money based purely on how much other Internet users
enjoy their content.
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Collaboration, social networking and media

The elements of Web 2.0 (the perpetual beta, the increasing dominance
of user-generated content, peer-review by other users) had empowered
the individual computer user in a way that even the 1970s hippy groups
could not have imagined as they railed against the ibm style of centralized, bureaucratic computing. The individual Internet user had
become the atomic unit of creativity on the Internet. Yet something
further was in prospect from 2001 onwards. The user had been empowered and now that empowerment would be built into something
broader: mass-collaboration between users.
In 2004 an entrepreneur named Jimmy Wales wrote, ‘Imagine a
world in which every single person on the planet is given free access to
the sum of all human knowledge. That’s what we’re doing.’38 Half a century earlier, in 1945, the economist Friedrich Hayek had mulled over the
problem of relying on imperfect knowledge to perform economic
planning for a society. The conundrum was that the breadth of a society’s
knowledge was so vast and so fragmented among its disparate
holders that no single mind could consider it.39 A society was
incapable of marshalling all the knowledge of its citizens by conventional means:
We cannot expect that this problem will be solved by ﬁrst communicating all this knowledge to a central board which, after
integrating all knowledge, issues its orders. We must solve it by
some form of decentralisation.40
Hayek was writing in defence of market capitalism as the best available solution since its pricing mechanism was effective in gathering
information about scarcity from diverse sources across a society. Any
more sophisticated method was not possible. In 1999, inspired by
Hayek’s article, Jimmy Wales decided to start a free, collaborative
encyclopaedia. He had gleaned from Eric Raymond’s study of Linux in
‘the cathedral and the bazaar’ that mass collaboration could work.41
Within the Linux community, Linus’s Law stipulated that more eyeballs
produce fewer bugs. This could also apply, Wales believed, to an encyclopaedia of human knowledge:
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The fact that it [Wikipedia] is open to everyone that makes a lot
of these articles pretty good, and ever-improving, as we review
and build on each other’s work.42
Here was a price mechanism along the lines Hayek had discussed that
worked not only for market information but for all kinds of information.
Yet before establishing Wikipedia, Wales had made a ﬁrst attempt
called ‘Nupedia’ in 2000 that failed. Rather than relying on the efforts
of the community of unknown Internet users, Nupedia had an offputting twelve-step procedure through which articles had to pass
before appearing to the public, which included being vetted by a panel
of experts.43 This process was too arduous to attract widespread participation and Nupedia had few contributors and fewer articles. However, in January 2001, its editor, Larry Sanger, learned about a system
called WikiWikiWeb that allowed Internet users to discuss documents
and edit them collaboratively. Eight days later, on 10 January 2001,
Wikipedia went online. It was intended only to feed draft articles to
Nupedia, which would then process them according to its twelve-step
procedure. Yet Wikipedia quickly overshadowed its parent encyclopaedia. Within ﬁfteen days of its establishment it had 270 articles, and
by the end of its ﬁrst month it had 617.44 By 1 January 2002, just under
a year after its establishment, Wikipedia contained 19,700 articles.
This new site embodied the centrifugal imperative that had driven
the hacker and gnu movement. As its policy and guidelines page
announced:
Wikipedia lacks an editor-in-chief or a central, top-down mechanism whereby progress on the encyclopedia is monitored and
approved. Instead, active participants monitor the recent changes
page and make copyedits and corrections to the content and format problems they see. So the participants are both writers and
editors.45
The WikiWikiWeb on which Wikipedia was built was developed in
1994 by Ward Cunningham, who had been inspired by the early 1980s
Apple ‘hypercard’ program, a system of hypertext/hypermedia that
predated the Web. Larry Sanger observed that the Wiki system promoted an open, decentralized approach to information:
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wiki software does encourage . . . extreme openness and decentralization: openness, since . . . page changes are logged and
publicly viewable, and . . . pages may be further changed by anyone; de-centralization, because in order for work to be done, there
is no need for a person or body to assign work, but rather, work
can proceed as and when people want to do it. Wiki software also
discourages (or at least does not facilitate) the exercise of authority, since work proceeds at will on any page, and on any large,
active wiki it would be too much work for any single overseer or
limited group of overseers to keep up. These all became features
of Wikipedia.46
Previous instances of collaboration such as the development of the
arpanet and Internet protocols and the development of the gnu and
Linux software had required specialist knowledge. Wikipedia allows any
individual within society to contribute to a common repository of
knowledge. Their peers would then judge whether to alter and reﬁne
the entry.
There was some degree of governance in the Wiki system. Echoing
the tone of the rfcs, Wikipedia initially featured a page called ‘Rules To
Consider’ that proposed loose guidelines. These were enforced to the
extent that users added their names behind them in support.47 The ﬁrst
rule listed was ‘Ignore all the rules’, which underlined that the rules were
ﬂexible guidelines. Yet an increased degree of governance was required
as Wikipedia became more popular. From October 2001, administrators were appointed from among the user community to act against
abuse of the system. In 2004 the ‘3r’ rule was introduced under which
three reversions of the same material by the same user in one day
would automatically block the user from accessing the site for a day.
Articles that promoted a particularly large ﬂood of edits could also be
temporarily locked to allow heated arguments about their content to
cool down before editing resumed. This feather-touch regulation of the
site, however, kept control in the hands of its users. Peer-power rather
than Nupedia’s panel of experts would be the arbiter of quality, for
better or worse. The results, uneven and spectacular, began to make
Hayek’s big idea more feasible.
In the early 2000s social networks emerged as the most popular products of Web 2.0. This had been foreseen. At the beginning of the Web
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1.0 years, and despite the hype then gathering around Mosaic, the ﬁrst
commercially successful web browser, its creator, Marc Andreessen,
knew that web browsing alone was not the main event of the www. He
predicted a decade before the social networking boom that ‘the applications that are going to be successful over the next ﬁve to ten years are
the ones that link people’.48 A remarkable statement perhaps, from the
man who brought Web 1.0 to the masses, but it should have come as no
surprise. The long-term trend in the development of networking had
been that it facilitated the establishment of communities. In the 1970s
arpanet administrators had been shocked by the popularity of e-mail
and discussion lists. In the 1980s much of home-computer networking
had revolved around online communities such as The Well and the
bbss. With the invention of the www it was perhaps only a matter of
time before a new wave of online communities evolved to exploit it.
Thus in January 1997 a young entrepreneur named Andrew Weinreich established the ﬁrst social network. It was called sixdegrees.com,
and it allowed users to build a personal network of their friends by
entering the e-mail addresses of people they knew. Each person’s network would grow as new users added the e-mail addresses of yet more
users. Yet though this was the model on which social networks would
continue to be based years later, something was missing. Sixdegrees was
virtually text only and lacked the streams of photographs that users
uploaded of their friends, and which would drive later social networks.49 Social networking came into its own half a decade later
when cheap digital cameras and faster Internet connections became
available to consumers. In contrast the early sixdegrees.com was
virtually text only. This was a problem so acute that the board members of sixdegrees.com considered hiring a hundred interns to manually digitize photographs submitted in hard copy to display on users’
accounts.50 This, among other problems, was fatal. Yet though sixdegrees ceased operations at the end of 2001, it was a sign of things
to come.
In March 2003 Friendster went online, heralding a new wave of social
networks. It featured photos and attracted a large following. It was
founded by Jonathan Abrams, who had previously founded Hotlinks,
one of the ﬁrst social bookmarking sites. By June, Friendster had
835,000 members, rising to two million only two months later.51 Despite
its initial popularity, Friendster was hampered by boardroom difﬁculties and intractable engineering problems. Friendster was quickly
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surpassed by MySpace, a competitor that was set up later in 2003 to
follow Friendster’s example. MySpace’s growth was yet more dramatic:
its millionth user proﬁle was created in 2006, and attracted in the
region of sixty million visitors per month by September 2008.52
As Andreessen predicted, linking people was the new focus of the
Web. In late 2003, venture capital investment in social networking sites
including Friendster signalled a resurgence of conﬁdence in the Web in
the wake of the dot-com collapse. Rupert Murdoch, who had been
chastened when News Corp’s New Media Division folded in 2001,
nonetheless bought MySpace in 2005 for $580 million. Social networks, the money believed, were the way of the future.
From 2004 onwards, reﬁned web technologies allowed users to produce
and distribute not only text and photos but video too. Underlying the
more complex Web 2.0 websites was an array of technologies known as
ajax (ajax stands for ‘Asynchronous JavaScript and xml’).53 ajax
allowed users to do far more than simply read websites. In effect, it
extended websites into usable programs, turning the Web into a computing platform and transforming website readers into producers of
content ranging from text to video. Social networking sites using ajax
were able to evolve into platforms where friends could play games
against each other online. Also from the same period, faster ‘broadband’
Internet connections were replacing the far slower telephone line ‘dialup’ connections. In tandem, digital cameras, experimental since the
early 1970s, had become widespread consumer items. Internet users
began to create and watch amateur videos with gusto, and broadband
connections to the Internet allowed them to upload them. Foremost
among the new venues for user-created videos was the site ‘YouTube’,
which launched its beta version to the public in May 2005. By mid-2007,
YouTube users were uploading six hours of video every minute.54 By
mid-2009 they were uploading twenty hours of video every minute.
Every video could be copied, rated and tagged by their peers. On the
Internet, the user was king, and the selection and promotion of content was peer-driven. The impact that this would have as culture and
news moved beyond tv and print media and gravitated towards the
Internet would be profound. It would in fact change the landscape of
human media and culture.
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New Audiences, the Fourth Wall
and Extruded Media

Disruptive distribution

Since Edison’s ﬁrst recording of ‘Mary had a little lamb’ on a tinfoil
cylinder phonograph in 1877, the recording industry has undergone
successive crises of technical transition: ﬁrst from cylinder to disc,
then from acoustic to electric recording, to magnetic tape, to cassette,
to 5-inch compact disc in 1982, and to mp3 in 1992. The expansion of
Internet access among pc users from the mid-1990s may have produced
the most seismic shifts yet.
In 1996 the song ‘Until it sleeps’ by Metallica became the ﬁrst track
to be illegally copied from cd and made available on the Internet as a
compressed mp3 ﬁle. A pirate nicknamed ‘NetFrack’ was responsible.1
He announced the mp3 revolution in music piracy to Afﬁnity, an
underground electronic magazine:
I’ve thought of the idea of somehow pirating, music . . . The
problem in the past . . . was [hard disk] space . . . We eliminated
the size constraints. We use a new format to compress our music.
The mp3 format.2
mp3 music compression, NetFrack announced, could turn a 50mb
copy of song from a +cd into a 3 or 4mb ﬁle, and turn hours per download into minutes. By 2008, according to the International Federation
of the Phonographic Industry, 95 per cent of all music downloaded on
the Internet would be illegal.3
Before sound compression was invented, sound waves generated by
human speech were generally relayed along telephone cable as analogue
waves and degraded in quality the further they travelled. Recorded
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sound could be digitized using pulse-code modulation (pcm), which
records a digital copy of the analogue signal by taking samples of it at
regular intervals that can then be reproduced indeﬁnitely and perfectly.
However, the problem was that digitization requires the transfer of so
much data that standard telephone lines could not carry it. In the
1970s a researcher at Erlangen–Nuremberg University in Germany
named Dieter Seitzer had begun researching the problem of relaying
digitized speech across standard phone lines. Yet even as he and his
students worked a new generation of isdn lines and ﬁbre-optic cabling
was introduced that was sufﬁcient to carry digitized speech. Seitzer
turned his attention to the transmission of high-quality music, which
remained beyond the new system’s capacity to transmit.
One of his students, Karlheinz Brandenburg, approached the problem using psychoacoustics, the same discipline that had ﬁrst introduced
Licklider and bbn to computer networking. Modern microphones are
capable of picking up a range of frequencies far beyond the human ear’s
threshold of audibility. Humans hear sound between 20 Hz and 20,000
Hz and are incapable of deciphering sounds masked by other sounds
occurring at the same time, or, depending on the sound, immediately
after.4 Brandenburg realized surplus sound beyond the threshold of
audibility could be excluded from recordings to produce high-quality
recording using less data. In 1987 Eureka, an intergovernmental European research fund, supported further development of digital sound
encoding at Erlangen–Nuremberg University, now partnered and lead
by the Fraunhofer Institute for Integrated Circuits. In 1989 Brandenburg
submitted his phd thesis on ‘optimum coding in the frequency (ocf)
domain’, which contributed to an encoding system that could allow the
transmission of music in real time at reasonable quality over telephone lines. The Moving Picture Experts Group (mpeg), a part of the
International Standards Organization (iso), adopted a reﬁned version
of the ocf system under the none-too-catchy name ‘iso mpeg Layer 3’
in December 1991. mpeg 3 was initially used to relay sound footage
between tv and radio facilities. By 1995, however, pcs were becoming
fast enough to decode mpeg 3 ﬁles. An internal staff poll at Fraunhofer
decided on a new type of ﬁle for the pc that would use mpeg 3. They
called it ‘mp3’.5 To demonstrate mp3 to pc users, Fraunhofer released a
demonstration program called ‘WinPlay3’ which, as a sign of things to
come, was promptly illegally copied by a student in Australia.6 The
doors to Internet music piracy were cast open.
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Within two years the combination of more powerful pcs, free mp3
software and faster Internet speeds made music piracy a widespread
phenomenon. By May 1997 a usa Today headline announced that
‘sound advances open doors to bootleggers’.7 In March 1998 a Korean
firm released the first portable mp3 player, the ‘MPMan F10’, which
had a capacity of 32mb, sufﬁcient for only eight or nine tracks. Then in
September 1998 Diamond Multimedia released the ﬁrst popular mp3
device, ‘The Rio’. Diamond sweetened the deal for consumers by working with a new website called mp3.com which agreed to provide music
to Rio owners. Immediately, the Recording Industry Association of
America (riaa) launched an injunction against the manufacture of the
Rio on the grounds that the device violated the us Home Recordings
Act. After extensive legal action it was determined at the us Court of
Appeals in 1999 that the Rio was legal.8 Now mp3 would become a consumer format.
As the riaa v Diamond case was drawing to a close an undergraduate at Northeastern University named Shawn Fanning was busy
developing software to simplify the process of acquiring illegal mp3s.
Fanning, whose online nickname ‘Napster’ later became famous, was
perfecting a new type of ‘peer-to-peer’ (p2p) software.9 It was also
called Napster, and it allowed Internet users to ﬁnd and copy music
easily. Napster was a decentralized system by which Napster users
could search and download from each other’s collections. Not only
would Napster allow one to ﬁnd music far more easily than illegal music
sites that were constantly being shut down, it also included discussion
tools to let users participate in online communities based on shared
music tastes.10 Napster quickly gained popularity on us university
campuses where high-speed connections fuelled an explosion in music
piracy. By the end of 1999 the riaa had sued Napster and on 13 April
2000 the band Metallica, whose track had been the ﬁrst ever mp3 pirated
by NetFrack in 1996, also sued Napster, along with several universities
whose networks had been used for downloading. In February 2001 the
Napster service was forced to shut down after a year of legal battles. By
this time the genie was out of the bottle.
mp3 was proliferating across the Internet and former Napster users
had a choice of new services to choose from. In October 2001, the year
Napster was shut down, Apple computer launched its ﬁrst ‘iPod’ mp3
player. The 5gb iPod had well over a thousand times the capacity of the
ﬁrst mp3 player three years before, allowing listeners to carry ‘1,000
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songs in your pocket’.11 Former users of Napster drifted off to a range
of successor services. Many adopted a new technology called ‘BitTorrent’, a reﬁned peer-to-peer system used among the Linux community
from 2001 to transfer large programs.12 By simultaneously downloading different parts of the ﬁle from many users, BitTorrent dramatically
sped up the rate of transfer while lowering the load on individual
users’ connections. Like the segmented data packets invented by Paul
Baran and Donald Davies at the dawn of digital networking in the
1960s, the BitTorrent method of segmenting large downloads into
chunks from different users was very efﬁcient. The more popular a
given ﬁle became the more people could ‘seed’ parts of it and the faster
it could be downloaded by a ‘leecher’.
As more Internet users began to connect using ‘broadband’ speeds,
television programmes and popular ﬁlms became standard fodder for
pirates using BitTorrent. Now not only the music industry but ﬁlm and
tv were grievously threatened by the Internet. NetFrack, who had
hailed the advent of 4mb music ﬁle in 1996, could now pirate an entire
movie, a thousand times larger, less than a decade later. The ﬁlm and
music industry watched aghast as entire movies began to circulate
around the Internet in advance of their commercial release.
Choice and availability, assertive audiences and extruded content

Digital distribution, legal or illegal, gave audiences two revolutionary
things that broadcast and physical retail distribution had not: choice
and availability. Since audio content is far less data-intensive than
video it was the music industry that ﬁrst experienced the consequences
of the Internet. The difference is sales ﬁgures for the top ten albums in
the us in 1999 and 2008 show the emerging media trends. Between 1999
and 2008 sales of the top ten albums fell from over $54.6 million to $18.7
million.13
2008 marked a peak of four consecutive years of growth in us
digital music sales: $1.5 billion in 2008, up from $1.4 billion in 2007,
$1.2 billion in 2006 and $1 billion in 2005.14 In 2008 the international
digital music business grew by roughly a quarter, to a value of $3.7
billion.15 By 2008 the proportion of music purchased through digital
channels had reached 20 per cent of total sales.16 In April 2008 Apple
announced that the ‘iTunes Store’, its online digital music outlet, had
become the largest music retailer in the us, surpassing Walmart, the
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dominant physical retail chain.17 As album sales declined, music labels
began to sell to niche markets and musicians started licensing their
music in advertising, ﬁlm and computer games.18 Yet aside from
diversiﬁcation in distribution, music’s move to digital had a deeper
impact.
While album sales have contracted, consumer choice has expanded.
In 2008 the us consumer purchased 1.1 billion individual digital tracks
but only 66 million albums.19 Online sales of individual music tracks
grew by 27 per cent over the previous year.20 The move to more music
but fewer albums is due to the new choice and availability afforded by
digital distribution. Before the Internet and the mp3 the distribution of
music on physical media made albums far more economic to sell since
an album of twelve tracks on a compact disc costs the same to distribute as only one track on the same disc. It was in the recording industry’s interest to sell albums irrespective of whether every song on the
album was of interest to the consumer. In much the same vein, consumers had to develop all 24 photos on a role of ﬁlm in order to get a
few good shots, and encyclopaedia publishers sold multiple volumes
to a readership that in many cases wanted only speciﬁc items of trivia
on demand.21 In physical retail one often had to buy the dross to get
the gem.
Aside from allowing the consumer to select the gem in isolation,
digital consumption has broader, more profound cultural consequences.
In the past tv and radio pushed content to the audience according to a
best guess of what would appeal to the most people in order to generate
the best advertising revenues. Physical retailers sought to satisfy the
most possible mainstream consumers with the limited quantity of
stock that they could physically store. In effect the pre-Internet
constraints of push-broadcast and physical retail have reinforced the
mainstream, the common cultural and commercial denominator.
Because these constraints are far weaker on the Internet the mainstream
will become far less important in the coming decades.
In 1968 Paul Baran, the inventor of the distributed packet-switch
communications on which the Internet is based, foresaw a new era of
consumers in the year 2000. He wrote of a new system of ‘pull’ advertising replacing the old model of ‘push’ advertising that had been
‘designed for mass media, selling a few mass produced products’.22
Indeed only ten years after 2000 the choice available to digital consumers is far greater than Baran could have envisaged. Digital audiences
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with BitTorrent, iTunes, YouTube and many other channels at their disposal can pull whatever content they wish from wherever they choose
and access it according to their own schedules. The move from push
broadcast to pull download signals the end of conventional ‘prime time’
scheduling. If viewers can download and watch a given episode of a
given tv series at will on their pc there is little prospect that they will
wait until an appointed hour determined by a tv channel scheduler to
do so on their tv. Nor will they necessarily have to sit through advertisement breaks to do so. They may also be less inclined to queue at a
cinema box ofﬁce to watch a ﬁlm that they can download at home. In
short, the audience member is becoming master of their own schedule.
Dramatic though this seems, this change has been building momentum for at least a decade and a half. Writing in the first ever edition of
Wired in 1993, Nicholas Negroponte predicted a future when ‘prime
time is my time’:
The six-o’clock news can be not only delivered when you want it,
but it also can be edited for you and randomly accessed by you. If
the viewer wants an old Humphrey Bogart movie at 8:17 p.m., the
telephone company will provide . . .23
Indeed, as early as 1983 Home Box Ofﬁce executives considered, but
did not pursue, providing stripped-down pcs to customers as set-top
boxes to revolutionize pay-per-view tv.24 The idea was that the home
audience could choose what to watch from a wide selection, and could
control when they would watch it. Earlier yet, in 1970, a former fcc
commissioner, Nicolas Johnson, argued in his book How To Talk Back
to Your Television that cable tv was the best hope of ending ‘the tyranny
of banal mass-audience programming’.25 The cable revolution, for
reasons that Johnson well understood, never happened and the mainstream stayed mainstream. Yet the choice and availability imagined
by the visionaries of the abortive cable revolution may now, it seems,
ﬁnally be realized. Niche tastes could be digitally served in a way they
had never been physically. The ﬁrst sign came from Amazon, and it had
a rather surprising title.
In July 1995 the book Fluid Concepts & Creative Analogies: Computer
Models of the Fundamental Mechanisms of Thought became the ﬁrst item
ever sold on Amazon.com.26 Neither a catchy title nor a book aimed at
a mainstream market, it reflected Amazon’s focus on a ‘the hard middle’.
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This is the term coined by Jeff Bezos, Amazon’s founder, for the market of low-cost, low-margin items that appeal only to a small niche.
Much as retail stores stock mainstream, popular items due to the physical constraint of shelf capacity and rental cost, cinemas show only ﬁlms
for which there was a guaranteed local audience.27 According to the
20:80 rule, 20 per cent of products make up 80 per cent of sales. This
is yet another application of the ‘Pareto principle’, a vague but universal rule of thumb among economists that 20 per cent of factors produce
80 per cent of results. Yet on the Internet these physical constraints do
not apply. In the sale of digital music on public jukeboxes, where distribution costs are very low, the 20:80 ratio ﬂips to 98:2, with only 2 per
cent of tracks not being played at least once a quarter.28 As Chris
Anderson recognized when he coined the phrase ‘the long tail’, unlimited choice is expanding demand.29 While the most popular tracks
remain popular, the ‘long tail’ of less popular tracks also appeals to certain niche audiences. With physical storage no longer a constraint, the
long tail can be extended by stocking more and more unpopular tracks
to appeal to yet more niche tastes. When iTunes launched in 2003 it had
a target of selling one million songs in the ﬁrst six months. By January
2005 it was selling a million songs every day.30
As Bezos told an interviewer, it would be uneconomic to ﬁnd ‘the
right 15,000 people’ to buy an archaic title if Amazon were a physical
bookshop. Yet such tiles now constitute the bulk of Amazon’s sales.31
The Internet had created a new and previously inaccessible market on
the margins of the mainstream. Much as communities could, since the
days of sf-Lovers on the arpanet, draw together by common interest
rather than proximity, consumers of common taste, no matter how
niche, can now cluster around a preferred product. Producers of niche
content can at last ﬁnd viable markets.
User-driven content, and adaptation or criticism of professional media,
is shattering the theatrical fourth wall. Yet not only are Internet users
using Web 2.0 tools to ﬁlter professional media into personalized
packages, they are also beginning to interact with professional media
producers and articulate their preferences. Niche audiences with an
interest in speciﬁc types of content are likely by virtue of their pronounced tastes to be sophisticated viewers. The more fractured an
audience is, presumably the more informed a given audience segment
is about a particular genre or topic. A tv viewer with a taste for black
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and white cowboy tv series from the 1950s, for example, presumably
has a deeper knowledge of this particular kind of content than the
average viewer has of mainstream content. The more niche a type of
content is the more specialized its audience. Moreover, the more niche
an item of content is, the narrower its audience base and thus the more
sensitive its producers may be to its audience’s preferences. Where
audiences are particularly fragmented, an increasingly assertive and
discriminating niche audience will exert such force on media that it
becomes malleable in the same manner as information in the era of the
‘perpetual beta’. Assertive audiences will not only pull content, they will
shape it. Niche content will be extruded through the die of audience
preferences.
As with the sf-Lovers discussion list on arpanet decades before, it
was science ﬁction that showed how networks could be used in 2005:
in this year one of the producers of the science ﬁction series Battlestar
Galactica (2003–9) began a dialogue with his audience. The producer,
Ron D. Moore, began to produce online commentaries on each episode
in which he candidly explained narrative choices and production difﬁculties. This was part of an effort to court the online community, and
interaction between the series creators and audience became regular
and practical. By delving into the detail of plot and production issues
Moore was educating his audience to become more sophisticated
viewers. In return, fans regularly engaged with the producers through
websites and blogs, suggesting directions in plot or ideas to develop.
This two-way dynamic, where the content producer courts an audience
and the audience contributes to the content, may result in increasingly
sophisticated and ﬁnely tuned extruded content in the future.
The coming global media boom

The conditions for an unprecedented global media boom in the next
decade are coming into alignment. First, devices and media that had
previously been separate are now part of the great technological convergence of formats and platforms. The mobile phone is an immediate example. The ﬁrst hand-held mobile phones were released in the us
in 1983. These devices, such as the Motorola Dynatac 8000x, were limited to making and receiving phone calls. Though mobile telephones
capable of displaying video and images were prototyped by various
companies in the 1990s, none could connect to the Internet until the
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Sharp j-sh04 was released in Japan in 2001. Now standard mobile
phones can handle e-mail, display satellite maps, play music and create
and display video. Moreover, a second trend is creating the conditions
for a global digital media boom. The global population of Internet users
is growing, as is the bandwidth to deliver converged content to them.
The global explosion of high bandwidth connections will create a truly
global and massive market for digital media content, whether niche or
mainstream.
Which media best prospers in this boom will be determined by
adherence to one or more of two cardinal characteristics that have
deﬁned much of the Internet’s development since the early 1970s: the
empowerment of users with a high degree of control or authority; and
the enabling of users to develop human relationships with other users
and participate in communities. A prime example of the second is a
computer game called World of Warcraft. Since its release in 2005 this
game has built a steadily increasing following of loyal subscribers. 11.5
million people across the globe were paid subscribers as of December
2008. The subscription cost is not negligible: subscribers in the eu pay
approximately €131.88 per year32 and incur additional charges for services within the game such as the transfer of their personalized avatar
from one continent in the game to another and for altering the character’s appearance. All these costs are additional to the price of the software and update packages required to run and expand the game, the
latest of which sold 2.8 million copies worldwide on the very ﬁrst day
of its release in November 2008.33 These are colossal ﬁgures for a new
market that simply did not exist before the Internet. The secret of the
game’s enormous success is that players make a personal investment to
small communities of other players whom they meet through the
game. Players form guilds to go on combat raids or quests together.
Strong communal bonds develop between guild members. They also
become attached to their own virtual avatar, which they groom and upgrade as the game proceeds. The secret of World of Warcraft’s success
capitalizes on the characteristics of the Internet – subscription, personalization and shared experience. Players build up their reputations
slowly over many months, upgrading their characters and developing
extensive social networks. In addition, a limited degree of customization is permitted by players of the game itself.
If World of Warcraft is an exemplar of the new era, the media of the
coming boom may appear alien to those familiar with conventional
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media. Assertive audiences will use and extrude media rather than
watch it. To understand the nature of the coming global media boom,
reﬂect on the birth of break beat hip-hop music. In the early 1970s a
high-rise apartment building on 1520 Sedgwick Avenue in New York’s
Bronx became the birthplace of a new culture, and a new style of
editing and adapting music. Clive Campbell, aka ‘Kool dj Herc’, a
Jamaican-born resident, began playing records at events in and around
the building. dj Herc began to edit music on the go. He used a dual
turntable system common to disco music, switching between two
records of the same track to isolate and loop the instrumental percussive sections of funk music records to emphasize and repeat rhythmic
beats. He and other Bronx djs further developed the Jamaican practice
of toasting, or speaking over the record. This new way of remixing
records at all-night parties in the basketball and tennis courts of Bronx
neighbourhoods in the early 1970s marked the birth of hip-hop. It was
also an early example of popular user-driven innovation. The funk
music that hip-hop re-edited was itself a fusion of rhythm and blues,
soul and jazz. The hip-hop djs who adapted this into something new,
though performers themselves, were at a remove from the original
creation of the music. Rather than musicians in the traditional sense,
they were a new type of empowered user. The turntables of the
Bronx, like the hackers, the homebrew clubs and the perpetual beta
of Web 2.0, are an instance of an enabling technology and the human
impulse to adapt and hack. The media that prospers in the digital age
will be highly participatory. If, for example, the old quiz show format
of the 1950s features in the coming years it will do so invigorated by
the user-empowered culture born of the hip-hop scene that emerged
in the Bronx in the early 1970s, and by the technology of Web 2.0 and
the perpetual beta. In short, popular culture may become a game in
which all listeners become participants and all viewers become
designers.
The record industry can leverage the value in its back catalogue to
transition to the digital era. Even though individual consumers no
longer need to pay for music, which they can illegally download, the
digital revolution has done nothing to negate the enormous cultural
and monetary value that the recording industry holds in its back
catalogues. The maturing computer game industry, for example, is
still required to pay for the right to use the record industry’s content.
It also happens to be perfectly placed to sell music to the very people
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that the recording industry is now unable to sell to directly, though in
the form of a participatory experience. For example, the computer
games Guitar Hero and Rock Band, in which the users participate to a
limited degree in the performance, generated $1.6 billion in 2008
alone.34 Computer games increasingly use a subscription based model
that is immune to piracy, providing access to online communities and
experiences. High street retail may be dead, but what can now be sold
is the right to use, re-edit and perform popular music online. To enter
the digital era the record industry should position itself for mergers or
acquisitions with the computer game industry.
The daily me and the fourth estate

At the end of 2000 Amazon began to show a personalized welcome page
that recommended books to each visitor based on that person’s previous purchases. The technology to do this had been in development even
before the commercialization of the Internet. In the early and mid1990s, Pattie Maes’s team at mit developed ‘agent’ programs that could
predict from a user’s habits and preferences what actions the user was
likely to take based on records of similar users’ preferences.35 This collaborative ﬁltering, which could for example give a user suggestions
about music they might like based on the tastes of other users with similar tastes, was rightly hailed as one of the most promising technologies
of the mid-1990s.36 This and other web technologies such as ‘really
simple syndication’ (rss), bookmarking of websites, and e-mail updates
etc., all allow individuals to feast on a tailored media menu that
Negroponte called ‘the Daily me’.
Thus not only can audiences pull news and entertainment media
from various sources according to their whim; individual audience
members can specify the kind of content that most interests them and
wait for the content to come to them. With such technologies available
to help a user explore their own tastes, audience members with niche
tastes are no longer slaves to the tastes of the masses. This, it might be
expected, could have wider social consequences.
Not least among them was the decline of the mainstream print
newspapers and magazines. Much as sales of the top ten albums had
suffered over the same period and niche individual tracks had found
a new market online, so articles rather than entire newspapers were
being digested in titbits from diverse sources. For those who bought the
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newspaper only for the sports report, the sports section could now be
had without the expense of the full paper. Newspaper and magazine
circulation dwindled as news and opinion became freely available on
the Internet. In May 2009 the Newspaper Association of America issued
ﬁgures revealing a 29.7 per cent decline in newspapers’ print advertising revenues in the ﬁrst four months of the year.37 This, presumably, was
partly due to an economic crisis affecting the economy at large, and
newspapers’ online advertising revenue also declined, though by only
13.4 per cent. Yet ﬁgures for the ﬁrst quarter of the previous year point
to a trend: print advertising declined 14.38 per cent in 2008 even as
newspapers’ online advertising rose by 7.20 per cent. Longer-term data
from 1940 to 2008 highlights a rise and fall in newspaper circulation that
correlates with Internet expansion.38 Newspaper circulation had grown
steadily from the 1940s, reaching over 62 million readers per year in 1989
and remaining in this bracket until 1995. Thereafter, a gradual decline
began that coincided with the commercialization of the Internet and
dramatic growth in the number of connected computers, from only 3.4
million in late 1994 to 12.8 million by mid-1996.39 Between 1995 and
2003, us newspaper circulation fell from 62 million to 58.5 million. The
decline gathered pace from 2004 onwards, reaching a low of 49 million
in 2008 – a return to the circulation ﬁgures of 1966.
Yet there was more to the decline of the newspaper than the ascent
of the Internet. As David Simon, a veteran of the Baltimore Sun and
writer of The Wire, writes, many newspapers had failed to maintain
high-quality depth of coverage.
At the moment when the Internet was about to arrive, most big-city
newspapers, having survived the arrival of television and conﬁdent in
their advertising base, were neither hungry, nor worried, nor ambitious.
They were merely assets to their newspaper chains. In place of comprehensive, complex and idiosyncratic coverage, readers of even the
most serious newspapers were offered celebrity and scandal, humour
and light provocation – the very currency of the Internet itself.40
Perhaps in this perfect storm it is little wonder that by 2005 the
majority of us home broadband users relied on Internet sources as their
primary news source.41
In April 2005, Rupert Murdoch told the American Society of Newspaper Editors:

<

162 >

I’m a digital immigrant. I wasn’t weaned on the web . . . Instead,
I grew up in a highly centralized world where news and information were tightly controlled by a few editors, who deemed to tell
us what we could and should know. My two young daughters, on
the other hand, will be digital natives.42
Thus, as Yochai Benkler writes, a nine-year-old girl doing a Google
search for Barbie will ﬁnd not only the product itself but also a range
of anti-Barbie websites. Thus ‘the contested nature of the doll becomes
publicly and everywhere apparent, liberated from the conﬁnes of
feminist-criticism symposia and undergraduate courses’.43 Yet according to an alternative view, the future of the ‘digital natives’ will be a
poorer one, because the decline of common news sources and liberation from mainstream media is itself a threat to the shared culture and
information that binds a democratic society together. Cass Sunstein
warns that the ‘daily me’ phenomenon could produce a public ignorant
of politics, ghettoized by ethnicity and moving towards political
extremism.44 The decline of the newspaper may result in a dearth of
in-depth reporting and legislative scrutiny and its replacement by a ‘new
media world will be one of tunnel vision and self-selected expertise’.45
Instead of the lowest common denominator media of the pre-Internet
era, future generations could glut on content that caters to the lowest
particularist denominator within speciﬁc and increasingly polarized
groups. Essentially, what Sunstein argues is that the centrifugal trend
that empowers the individual may at the same time be harmful to
society at large.
This may be mitigated to some degree by the rise of citizen journalism online, which is beginning to create a useful but uneven system
of informal news reporting straight from the blogger’s own camera.46
At the same time, the serious investigative newspapers may ﬁnd that
they may have to adopt the model of a non-proﬁt trust, seeking endowments for providing a necessary public good in a similar manner to
Britain’s Guardian newspaper, or a university.47 The trust model, provided it is combined with high-quality coverage that is worth paying for,
could be the salvation of the Fourth Estate. The Internet, far from being
the killer of the newspaper, could be its redemption. There may be space
for both the in-depth newspaper and the blogger-citizen journalist.
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Two-way Politics

In 1998 Jesse Ventura, a Navy seal-turned-wrestler-turned-actorturned-politician, deﬁed every calculable set of odds to become
Governor of Minnesota. He was an independent. He had a single staff
member and no organized network of volunteers. As his campaign
manager recalls, ‘when Ventura announced his intention to run, there
was not a single precinct worker in place’.1 Moreover, his budget was
puny, at just over half a million dollars. Yet Ventura beat established
candidates from the Democratic and Republican parties who had
spent millions on their campaigns. The secret of his success was the
Internet.
Digital soap box

The Ventura campaign relied on a loose community of supporters to
take the initiative and organize local rallies across the state. The candidate’s website, JesseNet, provided a campaign plan and supporters
took it upon themselves to act on their own initiative. Ventura’s threeday ‘Drive to Victory’ tour of Minnesota just before voters went to the
polls was coordinated online. The campaign ‘distribute[d] the local rally
plans to people we never met before but counted on to carry them out’.2
The centre was weak, but the periphery strong. Connecting the two was
the Internet, the campaign’s ‘nervous system’.3 Not only were the
volunteers organizing, but they were spending too. Between 30 and 40
per cent of Ventura’s funding was generated through the campaign’s
website in small donations.4 At a more superﬁcial level, people who had
attended rallies could visit Ventura’s site and see pictures of themselves
with the candidate when they got home. As The Minnesota Star Tribune put it, ‘in effect, the Web site became a $600 alternative to a trad<
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itional party apparatus’.5 This was new, and profoundly different to
mainstream campaigning.
Even at this early stage in the Web’s development it had a discernable impact on Ventura’s electoral fortunes. He was supported by a pronounced youth vote. Almost half (46 per cent) of voters aged between
eighteen and 29 cast ballots for him.6 This may have been in part due
to the candidate’s colourful persona. Ventura was, after all, the only
former pro-wrestler running for governor that year. Yet the youth vote
also reﬂected a segment of the constituency who were early adopters of
the Internet. ‘Could Jesse have won four years ago?’ Phil Madsen,
Ventura’s campaign manager, wondered. ‘No . . . We would not have had
the online constituency we do now.’ 7 Ventura’s victory stunned the
Democratic and Republican Parties, alerting them to the prospect that
loosely organized grassroots movements connected to each other and
to a candidate online could challenge and beat long-established party
electoral machines. As more voters went online, the Ventura victory
indicated, us politics could become less predictable.
As Ventura told The New York Times, e-mail would help him once
elected: ‘If I need to put any word out – boom! We can put the word out
to 5,000 people in minutes.’8 This, however, was only half the picture.
The value of his extensive e-mail list was, as Sarnoff the radio tycoon
would have realized, as a broadcast mechanism. Yet Phil Madsen had
a deeper intuition about the potential of the Internet. It was ‘not about
technology. It’s about relationships’.9 Madsen emphasized the importance of conversational rather than one-to-many conversation over
Jesse Net:
We give people real information there. We’re not giving them a
line of crap. We’re not giving them scripts . . . We use our e-mail
list back and forth with our supporters to maintain a very real
relationship with the governor’.10
The Ventura website was a crude mechanism for what this book calls
‘two-way politics’. Two-way politics refers to a dynamic in which the
political representative or candidate is informed and responds to the
electorate, and the voter has a high degree of participation in the representative’s decision making or the candidate’s campaign.
Ventura had successfully used e-mail and a web page to win the
governorship of a comparatively small state. Five years later, in 2003, a
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campaign to elect another unusual candidate would test more advanced
tools for online participation and push the Internet ﬁrmly into the
mainstream of American political life.
‘Open-source’ campaigns

In 2003 Howard Dean, the Governor of Vermont, a small and politically
insigniﬁcant state in the us, began his campaign for the presidency of
America. His campaign would transform American politics. An audit
of Dean’s political assets in January 2003 would not have been promising: his campaign funds were just over a tenth of a million dollars;
his supporters numbered fewer than ﬁve hundred people; and he had
only seven people working on his campaign. Moreover, he had entered
the race very late, and was politically to the left of his party’s centre at a
time when this was a high-risk position. Sensible pundits rated his chances
of winning his party’s nomination to run for the presidency as nil.
With odds so slim, Dean’s team decided ‘that we were an insurgent.
We had to run a totally different, decentralized campaign to get any oxygen’.11 By virtue of its conventional weakness, like the Ventura campaign,
the Dean campaign was suited to the Net. For Ventura and Dean the Net
was not simply another medium in a well-oiled public-relations
strategy but a lifeline to distant pockets of supporters. The key to this
strategy was to embrace the centrifugal power of the Internet.
Dean himself was uncomfortable with new technology. He preferred not to use mobile phones, had only recently converted to e-mail
and was one of the few candidates who travelled without a computer.12
His ofﬁce stored records of his supporters on scraps of paper stored in
shoeboxes. In short, Dean was a Luddite.13 Yet he was also politically
outspoken in a manner that garnered an early Internet following.
Dean’s strong position against the Iraq War had begun to attract
attention from pockets of the public curious about his alternative
approach to politics. Self-organizing supporters of Dean began spontaneously to gather through the site MeetUp.com for meetings in
support of him. Dean’s campaign manager, Joe Trippi, had been an
advisor to Progeny Linux Systems in 2001 and understood the principles
of the free software movement and open-source development. He
recognized an opportunity in the growing support base on MeetUp.
com. MeetUp.com enabled the Dean campaign to draw together a
community of individuals and groups using their own initiative to
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further his campaign. It also provided an infrastructure with which a
large number of supporters could make very small ﬁnancial donations.
The Dean campaign relied on online supporters to ‘use the online
community, to organize in their ofﬂine community’.14
Before the MeetUp.com revelation, the campaign had made an
initial foray on to the Internet with a hurriedly constructed blog called
‘Call to Action’. It was a simple one-to-many website that broadcast the
candidates’ message rather than listening to users’ responses, much as
every modern presidential campaign had ever done. Trippi believed that
the campaign needed a blog ‘where people could comment, where
there was interaction, and where we were building a community’.15 Once
the campaign had established a new blog, ‘Blog for America’, on which
users could freely comment, ideas and comments began to stream in
from Internet users across the country. Lawrence Lessig, observing
the Dean campaign gathering pace, noted that a successful blog ‘is a tool
for building community. The trick is to turn the audience into the
speaker’. The secret is that ‘by getting the audience to type, candidates
get the audience committed’.16
Trippi observed a parallel between orthodox politics, which he saw
as a ﬂawed system ‘closed to everyone except the few that aim to keep
control’, and closed software design.17 Working on Linux gave him
‘insight as to what open-source politics would be like and how the same
principles could be applied’. He began to apply the centripetal logic of
the Linux community to political campaigning. Rather than rigorously
controlling the campaign message from the campaign headquarters, as
campaigns customarily do in order to enforce a consistent political message, the Dean campaign would invite input from outside the formal
structures of the campaign. Trippi told his team to stop policing Dean’s
blogs for negative comments, much as Amazon had made the leap to
allow users to write negative reviews of products advertised on the site.
He believed that ‘we need the blogger community regardless of a blog’s
support, opposition, or neutrality’.18 He believed that the most successful blogs ‘have about them the unruly whiff of rebellion’.19
Indeed, so unruly was the atmosphere surrounding the campaign
that David ‘Doc’ Searls, recalling his visit to the Dean campaign’s headquarters, wrote that ‘what I saw was the equivalent for politics of the
Tech Model Railroad Club [the early Hackers’ stomping ground at
mit] or the Home Brew Computer Club’.20 The Dean campaign had
learned – to the candidate’s extraordinary beneﬁt – that the trend of the
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times would favour whomever opted for mass-participation in political dialogue, even going to the lengths of allowing opponents to post
critical comments to one’s own website. As Trippi told Lawrence Lessig
during the election:
In terms of the control thing: that’s one of the reasons I don’t
think the other campaigns are having any success on the Internet.
This is my 7th presidential campaign. In all of them, everything I
ever learned was that you’re supposed to have strong community
control military command over everything in the organization.
You give commands to your state directors who give it to the
county directors who order the precinct captains around. I’ve
worked with enough tech involving the Net to know that you
will absolutely suffocate anything that you’re trying to do on the
Internet by trying to command and control it. It’s hard to let go,
but you know, we’ve decided that’s what we were going to do.21
The resulting dynamo of online involvement in the campaign made
a previously penniless contender the major spender in the contest.
This centrifugal approach broke every rule of presidential campaigning. The Dean campaign was not only open to comment but
invited the online world into its private counsels. It shared intimate
decisions with supporters that would usually be reserved for backroom
meetings. The controversial matter of whether Dean would break with
the standard Democratic Party practice of limiting himself to federal
matching funds or would for the ﬁrst time compete with a Republican
candidate on an equal footing was opened to a decision by online supporters rather than being taken in private by the campaign itself.
Previous attempts to harness a large constituency of small donors
had failed. Governor Jerry Brown, who made a bid for the presidency
in 1992, had attempted to win the election without taking large donations that could indebt him to lobbyists seeking undue inﬂuence. He
announced that he would only accept donations from individuals, and
none over $100. His campaign set up a toll-free phone number through
which people could contribute. His focus was to distribute power
among a broad base of citizens rather than a select few large donors.
Though he raised $5 million in small donations and rose from being an
also-ran to become Bill Clinton’s main competitor in the last stages of
the Democratic primary, Brown’s initiative was hampered by the
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absence of the Internet, without which his campaign did not have an
infrastructure capable of harnessing the level of broad participation and
fund-raising across society required to credibly challenge conventional
candidates supported by large donations.22
The Dean campaign sought to revitalize the Jerry Brown approach.
Instead of toll-free phone lines it now had the Web at its disposal. Dean
courted the grass-roots small contributor and criticized the status quo
of lobbying and large donations. Trippi viewed the Internet as the
means to
get people to participate in their democracy again. If people did
that, and if thousands of them take small actions a few hours of
their time, a few dollars out of their wallet there’s a real chance
that when a candidacy like ours wins the White House, the
people will actually own their government again.23
Conventionally, political campaigns revolve around a candidate’s
ability to secure large donations from a select group of people, which
are then spent on short tv ads to propagate the candidate’s sound bites
and criticize other candidates. The Internet, however, enables the
sourcing of larger numbers of small donations from the general public, and facilitates deeper political debate than could fit in a thirtysecond tv ad. The Net could, it was hoped, make politics more responsive and less superﬁcial.
As the campaign built momentum, Dean’s team broke with convention by announcing their funding targets from late June 2003
onwards. Campaigns are generally loath to release their funding targets
for fear of pundits making noise over a failure to achieve them. As a
totem of the funding target, the campaign posted a baseball bat in the
corner of the ‘Dean for America’ website with an initial target of $4.5
million before the end of June. The bat became a meme, reproduced on
sites across the Internet as Dean supporters took up the fund-raising
cause. Not only was the target surpassed, but in one single day – 30
June – Dean contributors donated $828,000 online. This enormous
sum was roughly a sixth of what John Kerry and John Edwards, the
Democratic Party frontrunners, had raised in three months.24 Howard
Dean, thanks to the Internet, was a political asterisk no more.
In late July 2003 the media reported that Dick Cheney, the Vice President and a prime target of the Dean supporters’ vitriol, was planning
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to host a $2,000-a-plate lunch for a select group of rich supporters to
raise $250,000. Beating this became a challenge on the Dean blog, and
in the weekend before Cheney’s lunch, 9,601 donors contributed
$508,540.31 in small donations.25 Their average contribution was $52.97
versus the $2,000 Cheney donors. The message was that the average
American could beat the elite by acting together on the Internet.
As its focus on the Internet continued to pay dividends, the Dean
campaign became increasingly centrifugal, relying ever less on directives from headquarters and more on the initiative of supporters at the
periphery. When Dean went on a speaking tour in August 2003, a
suggestion was received through the campaign’s blog that if he were
successful in meeting the fund-raising target set for August, he should
hold aloft a red baseball bat at the last speech of his tour as a sign to the
online community. Trippi knew the gesture ‘would mean very little to
the reporters and pundits, but those thousands of our [online] supporters would know the signiﬁcance’.26 The baseball bat was Dean’s
fund-raising meme and by walking on stage and holding it aloft he
proved that a crude but powerful two-way dynamic was in operation.
As Trippi put it, ‘someone could . . . suggest it on the internet and then,
forty-ﬁve minutes later, see us do it’.27 Crude the two-way dynamic may
have been but it was real in a way that could not have been possible in
the tv age.
Ultimately the Dean campaign failed to win the nomination, and he
came in third place behind Kerry and Edwards. Yet this was remarkable
for a candidate initially dismissed by sensible pundits as ‘a candidate
without money, campaign staff, or national following’.28 Another
political journalist recalled that when Dean started, ‘his most wildly
optimistic fantasies’ were to raise $10 million in campaign ﬁnances.29
This he had surpassed in six months. By the end of the ﬁrst year of his
campaign, he had raised more money than any Democrat in history,
beating the record that Bill Clinton had set while still president.30 His
impact was so profound that the Democratic Party moved from its
cautious stance on the Iraq War and other issues toward Dean’s assertive
position, and he was made Chairman of the Democratic Party.
Yet the Internet was not the panacea for all weak political campaigns.
As with the dot-com bubble, there were false dawns for those who ventured recklessly. For those who believed in wake of the Ventura campaign in 1998 and the Dean campaign in 2004 that the Internet was
changing politics irrevocably, the case of Andrew Rasiej was instructive.
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Following his failed campaign for the Public Advocate Ofﬁce of New
York, his campaign manager Micah Sifry wrote a post mortem note in
late 2005.31 The crux of the campaign plan had been to develop the campaign’s blog as the hub for interesting community conversations. This
would require daily posting, and ‘constant attention to the feedback
rolling in’. It would be important to ‘show the network that it exists’
for much the same reason as Dean had appeared on stage with the red
baseball bat. Yet, in the wake of the Dean success, Rasiej’s campaign
‘overestimated how much the Internet could compensate for our
weaknesses’.32 From the beginning, the campaign faced a number of
difﬁculties. It had started late and the candidate was unknown. Most
importantly, New York City did not yet have a political blogging culture. The campaign results were sobering. Although 90 per cent of the
campaign’s funds were raised online, more than half may have been a
result of someone involved in the campaign having made personal contact with the donor by phone in the ﬁrst place.33 Yet despite the limitations of online politics, it was clear that something had indeed
changed. Writing in 2004, Joe Trippi predicted that ‘the 2008 election
will be the ﬁrst national contest waged and won primarily over the
Internet’.34
In early 2007, Marc Andreessen, the founder of Netscape, was visited by
a young senator named Barack Obama for an hour and a half. The
senator was about to begin his campaign for the Democratic Party’s
nomination for the presidential election. The World Wide Web had
existed for less than sixteen years and the senator believed that now was
the time when it would play an important role in his race for the
White House. Andreessen recalls the meeting:
In particular, the Senator was personally interested in the rise of
social networking, Facebook, YouTube, and user-generated content, and casually but persistently grilled us on what we thought
the next generation of social media would be and how social networking might affect politics – with no staff present, no prepared
materials, no notes. He already knew a fair amount about the
topic but was very curious to actually learn more.35
Not only was this candidate personally web-savvy, he also had at his
disposal veterans of the Dean campaign. Former Dean campaign staff
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members founded Blue State Digital, the consultancy that created
my.BarackObama.com. This site not only announced campaign events,
but it provided a platform for supporters to advertise events that they
had organized themselves in their local neighbourhoods. According it
the site’s designer, ‘the ﬁrst priority was to make it easy for somebody
coming onto the website to host a house party’.36 This was centrifugal
force in action taken to the next level.
The strategy paid off. In late 2007 Barack Obama began to raise more
funds than his competitor, Hillary Clinton. Figures for March 2008, for
example, show that his campaign raised over $40 million from over
442,000 donors (compared to Hillary Clinton’s $20 million).37 218,000
of Obama’s donors in March were ﬁrst-time donors in a presidential
campaign, and they donated less than $100 each on average.38 In April
2008 it was announced that 40 per cent of the funds donated to the
Obama campaign for the Democratic nomination were contributed in
sums of $200 or less. Judging by disclosed ﬁgures the total contributions
to Obama’s nomination and presidential campaign amounted to
$336,314,554 from 313,585 donors.39 This means the average aggregate
donation, including multiple small donations at different times during
the campaign from the same individuals, was $1,072.48. The small
donor had played a very signiﬁcant role in the election of Barack
Obama. Indeed, after his election his transition team received a further
$4.5 million in donations at an average of $75 per donation.40 These
ﬁgures represent a paradigm shift in dollar terms. Four years earlier,
during the 2004 Democratic nomination, Zephyr Teachout, a senior
ﬁgure in Dean’s online campaign, had talked of a process of ‘redemocratization’.41 The Internet was making the ﬁnancing of elections ‘the
province of the many, not of the few’.42
Reﬂecting on Barack Obama’s victory in 2008, Joe Trippi wrote an
article titled ‘From Linux to Obama’ in which he reﬂected that
bottom-up transformation has completely changed the way elections operate – from recruiting new supporters, to raising money,
to pushing new ideas (and rejecting bad ones). And it changed
how communities form and ordinary citizens communicate
across the board – from political organizing to parenting advice.43
Dollar by dollar, electoral power is shifting from large donors to
individual voters.
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‘Network governance’: a new way for humans to organize
their affairs

The world is not short of utopians at moments of technological change.
Some years after their defeat in New York, Sifry and Rasiej wrote an
article entitled ‘Politics 2.0’ in which they set out the potential of the
Internet for political change. Their tone, though leavened by the experience of Rasiej’s 2005 defeat, remained optimistic:
Over time, online strategies that shift power to networks of ordinary citizens may well lead to a new generation of voters more
engaged in the political process. That, in turn, could make politicians more accountable, creating a virtuous circle where elected
ofﬁcials who are more open and supportive of lateral constituent
interaction, and less top-down, are rewarded with greater voter
trust and support.44
This is a utopian future of mass participation, with more transparency, more political accountability, in which every person an activist
and every activist at least partially informed. Yet a similar political transformation had been promised four decades before. In the late 1960s and
through the 1970s, many within the us media and policy community
believed that cable could not only bring more television channels to
American homes but that a newly wired nation would enable Americans to participate in political life in a new way. History, however,
passed differently.45 Yet, while the utopians of the 1960s and ’70s were
disappointed, the utopians of the digital era might not be. Ralph Lee
Smith, who wrote ‘The Wired Nation’, the seminal article predicting the
transformative impact of cable in 1970,46 recently reﬂected that the
Internet was transformative in a way that cable had not been:
There is no doubt that the Internet delivered on two of the promises that cable ultimately could not deliver, namely, full two-way
communications and on-demand access to information.47
As the campaigns of Ventura, Dean, Obama and others have
proven, the Internet is transforming elections. It may also become an
organizing force in society and mark a new chapter in the history of
humanity’s search for a better means of organizing its affairs. For
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context, consider the long-term development of human political
organization. Up to about ten thousand years ago, small groups of
hunter-gatherers organized themselves in ‘band’ societies in most parts
of the world.48 These were groups of a few dozen individuals who
hunted together, owned common lands and made decisions collectively. According to anthropological convention, there were no formal
leaders.49 In the early Neolithic period from about 9500 bc, cultivation and then animal husbandry began to enable larger groups to
settle at permanent sites.50 Tribal communities emerged, and with
them more complicated social structures based on kinship.51 Decision-making became a centralized activity and society was organized
in a stratiﬁed manner. Eventually, tribal communities grew to the order
of thousands of individuals. Chiefdoms and bureaucracy emerged.
The organization of society moved from an equalitarian, collective
model to a top-down model of hierarchy and centralization. As tribes
grew and coalesced to the order of tens of thousands of citizens, the
city-state and systems of civilization emerged. Social stratiﬁcation
became less dependent on kinship and there was an increase in the
specialization of labour. Taxation provided for public architecture,
bureaucracy, and law.
By the end of the twentieth century, when the Web was invented, the
democratic states had developed a system of ‘representative democracy’
in which citizens enjoy the right to elect governments but for the most
part play only a minor role in law making. Now, a decade into the
twenty-ﬁrst century, two-way communications appear to offer ‘network
governance’. While the Obama election showed the power of the
Internet as a form of new soapbox, the Internet is changing more than
electoral politics. It has begun to change how societies organize themselves and make policy. Whereas representative democracy puts the
citizen at a remove from decision-making, new tools emerging on the
Internet promise to allow more direct, participatory democracy. After
a ten-thousand-year hiatus, some of the consensus decision-making
features of the early band societies may be about to make a comeback
in democratic states. The Internet may enable a new approach to consensus decision-making.
George Gallup, one of the pioneers of public-opinion polling from
the mid-1930s, believed that polling gave the average citizen ‘a chance
to be heard’.52
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Through nearly ﬁve decades of polling, we have found the people
to be extraordinarily sound, especially on issues that come within
the scope of the typical person’s experience. Often the people are
actually ahead of their elected leaders in accepting innovations
and radical changes.53
Or, as Kevin Kelly wrote in 1998, ‘The surest way to smartness is
through massive dumbness.’54 This can be applied in two areas: public
opinion and scrutiny of law-making. In the broadest, crudest sense, the
Google zeitgeist and other data on popular web searches gives an
insight into the climate of opinion. The Web 2.0 folksonomy of highly
rated blog posts and sites also gives a sense of which ideas resonate most
with Internet users. Yet more advanced forms of networked opinion
polling may be in prospect. Already, as of June 2009, 52 million homes
across the world are equipped with a sophisticated polling system of
which Gallup, who died in 1984, could only have dreamed.55 This is a
computer game console called the Nintendo Wii. On Valentine’s Day
2007, Nintendo released a new application called ‘Everybody Votes’ for
the Wii that allows six users per machine to participate in local, regional
and worldwide polls over the Internet.56 The ﬁrst poll was held in
Japan and asked, ‘Which do you like, udon or soba?’57 When the results
were displayed on the screen, there were clear divides between different parts of Japan. Owners of another popular computer games console, the Xbox 360, took part in an early poll in advance of the 2008 us
presidential election. The results, though perhaps skewed by the prevalence of younger respondents, predicted the actual outcome of the
election.58 Although most polls on entertainment consoles are of a trivial nature, the presence of so many of these consumer items attached
to family television sets around the world suggests a future in which
regular, granular polling will be commonplace.
Polling, however, is a necessarily limited pursuit. A deeper change in
how society runs its affairs could be possible with the advent of
collective policy scrutiny. Frederick Hayek’s 1945 article ‘The Use of
Knowledge in Society’ reasoned that it was impossible to harness the
knowledge of all a society’s participants to inform perfect decisionmaking by government. Yet both Wikipedia and Linux prove that it is
possible for large collaborative projects to harness the knowledge of
many individuals to produce complex results. Even as early as the
1980s the Usenet newsgroups had begun to fulﬁl the functions of a
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‘worldwide, multimillion member, collective thinktank . . . to answer
any question from the trivial to the scholarly’.59 The combination of
increasingly sophisticated mass-collaborative projects and easy-to-use
polling tools that an owner of a computer game console can use at
home suggests that a new model of political participation is in view.
Some proactive citizens may, for example, scrutinize or comment on
draft legislation, while others may vote on amendments online.
In 1980 J.C.R. Licklider, one of the pivotal ﬁgures behind the arpa’s
networking and interactive computing work from the 1960s, foresaw a
new form of ‘interactive politics’ in which the citizens would be better
informed and would have access to candidates’ voting records and
other data.60 Citizens poring over legislation online are increasingly
capable of providing oversight of the motives of their political representatives. A number of new web services enable citizens to sift through
data on donations to determine where undue inﬂuence may have
corrupted the law-making process. In the us a new group of citizen
watchdogs have begun using new web tools to examine policy making.61
A body called the Centre for Responsive Politics operates the site
OpenSecrets.org on which data is available on political representatives’
voting records and on the sources of the donations they have received.
Earmarkwatch.org invites visitors to create an account and use its
database of ‘earmarked’ funds allocated by members of Congress for
speciﬁc projects that are ‘to meet pressing needs or pass out political
favors’.62
Another site called GovTrack.us provides a tool where bills of pending legislation can be studied and easily compared with new drafts as
the legislation proceeds through the law-making process. Visitors can
track the progress of legislation in which they have an interest. There
are limits to this approach, as the founder of GovTrack readily admits:
The goal has changed a lot over the years. Certainly when it
began the idea was direct accountability. Citizens could see the
bills being voted on, see if they agree with the votes, and then go
to the polls better informed. But I now think that was short
sighted. Or wishful thinking. It sounds cynical, but it’s really just
practical – the world is complicated and for good reason we elect
representatives to make decisions so we don’t have to read 500
page bills.63
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However, when one reﬂects on the level of complexity in the millions
of lines of code in the Linux operating system, the prospect of sophisticated collaborative analysis of new legislation seems at least possible.
As Eric Raymond terms it in the world of Linux development, ‘many
eyeballs tame complexity’.64
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Promise and Peril

To the reader of the Internet’s history much must appear obvious that
was opaque to its participants. The young graduate students working
on the protocols through which networked computers would communicate could not have known that they were writing the constitution
of a new world. Nor could Ray Tomlinson, who invented e-mail without his superiors’ approval in the early 1970s, have realized that he was
building a tool through which political outsiders could become
governors. Indeed Ventura himself, that inimitable bodybuilderaction-hero-politician, could not have known that his Internet
campaign for the governorship of Minnesota was the ﬁrst step toward
the ﬁrst African American’s entry to the White House on a tide of small
donations contributed by newly enfranchised Internet activists. The
centrifugal trend tying these events together is evident only in hindsight. The future of the Internet and its impact on business, government
and society remains oblique. Peering through the veil with an ear
cocked to history one may offer a few predictions, and what is certain
is that seismic shifts await as the Internet enters its second decade of
popular existence.
Globalization, grids and platforms

As the new century approached in the late 1990s, the reach and inﬂuence of large multinational corporations aroused suspicions that choice
was being choked out of markets, that undue political inﬂuence was
being bought and that produce was being sourced from corners of the
globe where working standards and prices were low. This at least is what
the shattered remains of various Starbucks and gap outlets indicated
after a succession of huge protests at international meetings of the wto
<

178 >

in Seattle in 1999, the g8 in Genoa in 2001, and at various other meetings since. A diverse array of left-leaning groups regarded globalization,
or perhaps more accurately the preponderance of capitalism in the
aftermath of the Soviet collapse and the evolving and uneven framework of international trade, with growing suspicion. The collapse of
the Berlin Wall had not suddenly salved the woes of the world’s poor.
Anti-globalist protestors tended to view Western corporate icons such
as Starbucks and gap as the sole benefactors of globalization. Yet true
globalization matured in parallel with the Internet. Even as the antiglobalization protestors planned the routes of their marches and communicated their manifestos in the late 1990s, they did so over the
newly popular Internet. With the passing of a decade, what it meant to
be globalized was different by the late 2000s to ten years before. In the
new mould, the individual, not the multinational, is the primary agent.
As the 2000s draw to a close, the age of the micro-entrepreneurs is
dawning. As Steve Jobs observed in 1996, the Web is ‘an incredible
democratizer’:
A small company can look as large as a big company and be as
accessible . . . on the Web. Big companies spend hundreds of
millions of dollars building their distribution channels. And the
Web is going to completely neutralize that advantage.1
By connecting prospective providers and customers directly, it neutralizes the advantage of large companies who have built expensive distribution channels. The Web gives any individual at any location direct
access to remote niche markets. The small trader in low-cost economies
can now reach buyers in high-cost markets. In 2009, for example, I
ordered a memory card for a camera on eBay from a small trader in
China. Some weeks later the item and this accompanying note arrived
in my postbox at Cambridge, having travelled over 9,500 kilometres:
Greeting!!
Wish you be happy when opening the parcel.
China is far away; many thanks to allow us more considerable
shipping time.
We check and test it very well before shipping. If any damage
during the transport which is out of our control, pls tell us and we
will help you to solve it. Thanks.
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Please value our services ﬁve stars by Detailed Seller Ratings.
Our hard work needs your encouragement. We also value you a
nice feedback!
Do not hesitate to contact us if any question or problem, give
us a chance to help you solve any problem! Thanks : )2
The conditions are set for a new era of entrepreneurial activity in
which tiny creative operations can produce innovations and sell services and products. Globalization in the digital age will feature Starbucks
and gap, but it will also feature a multitude of tiny, niche operations
such as the cottage industry producer of Ireland’s traditional Aran
woollen sweater sold through eBay, or debut albums of a music band
recorded in a Californian garage and sold over iTunes.
The dice were further loaded in favour of micro-entrepreneurs with the
rise of ‘cloud computing’. Sun Microsystems’ marketing mantra, ‘The
network is the computer’, may have struck many as odd when it was
coined in 1994. Eric Schmidt, now Google’s ceo and then Sun’s chief
technologist, told Fortune magazine in 1995: ‘We always knew that
microcomputers made the most sense not in isolation but when they
were linked in networks’.3 This is the technical irony of the Internet: pcs
liberated users from the old bureaucratic approach of mainframe
industrial-style computing, yet increased connectivity allowed mainframes, now reborn as data centres, to reassume their old roles as hubs
of processing power and data storage. However, though the mainframe has a key role in the new grid computing platforms, the old
bureaucratic, centralized model of mainframe computing is gone. In its
stead arose a communal grid of computing power.
In 2000 Leo Beranek, one of the founders of the ﬁrm that built the
imps for the initial arpanet, predicted:
In the next stage of progress, operating systems, word processing,
and the like will be centralized on large servers. Homes and
ofﬁces will have little hardware being a printer and a ﬂat
screen . . .4
The change Beranek described had in fact already begun. In the late
1990s an entrepreneur called Marc Benioff began to investigate a new
form of software that would be delivered over the Internet. He was
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interested in the market for software that companies used to keep
track of their customers and products. His idea was simple, but revolutionary:
If we hosted it ourselves and used the Internet as a delivery platform, customers wouldn’t have to shut down their operations as
their programs were installed. The software would be on a Web
site that they could access from any device anywhere in the world,
24/7. This model made software similar to a utility, akin to paying
a monthly electric bill.5
In 1999 he founded a company called Salesforce.com that began to
offer services delivered directly to subscribers’ computers from the
Salesforce.com’s own servers rather than selling the software physically
and requiring clients to implement it on their own servers. This ‘software as a service’ model and the subsequent rise of cloud computing,
in which remote data centres deliver computing power and services
across the network, had a historical parallel from the 1910 to 1930s
during which Samuel Insull’s ‘power pool’, a growing utility network of
electrical grids, allowed businesses in the us to abandon their own
private generators and plug into the emerging national grid.6
Cloud computing has expanded to include simple applications such
as document editing and e-mail and complex applications such as
video editing. Remote data centre capacity, ready-made platforms for
distribution, cheap tools of production, all reduce the expense of starting from scratch. An example is the popular social network site Facebook, on which users can now create and sell simple services. Provided
the educational and infrastructural requirements are in place, more and
more micro-entrepreneurs, relying on fewer resources and acting at a
younger age, will introduce commercially viable innovations and
content to the global market. A new generation of what might be
called ‘micropreneurs’ can establish cottage industries that engage in a
global market of niche demands. Moreover, from 2008 a new generation of very cheap pcs, costing as little as $300 or less, ﬂooded the
market.
This is an opportunity not just for individuals, but for governments too. This is not to accept that the world, with all its divisions and
varied levels of prosperity, is ‘ﬂat’,7 to use Thomas Friedman’s phrase,
or to reject that it is irreparably spiky, to use Richard Florida’s.8 Rather,
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those smart nations who seize on the opportunity to take advantage of
the new dispensation can position themselves to create a national
commercial renaissance in which every citizen can be engaged through
a laptop. This would be ‘Total Commerce’, a phrase intentionally evocative of the total wars of the last century in which industrial states
harnessed their entire citizenry in the war effort. To achieve this,
governments must inculcate digital instincts through far-sighted
educational reform, promoting revolutionary talent early in life and
producing a generation capable of competing with their global peers.
Digital instincts are a foundation of basic digital skills in young children that allow them to adapt easily to new technologies as they emerge.
This is no longer the preserve of rich countries. Countries slow to
beneﬁt from the industrial age may have better fortunes in the digital
era. First-generation computer users in the bric countries (Brazil,
Russia, India, China), for example, will be able to compete on an equal
footing with their peers in the us, Canada, the eu, Australia and Japan.
Control in a centrifugal world

In the twenty-seventh century bc, according to legend, the princess Xi
Ling-Shi of the Chou Dynasty discovered the secret of the silkworm.
From the day that a worm fell into the princess’s tea and revealed the
secret of its thread, China enjoyed a three-thousand-year monopoly on
sericulture, the cultivation of the worm, until the third century bc.
Persian industrial espionage eventually facilitated the smuggling of
silkworms to Persia in ad 410. A century later the Emperor Justinian in
Rome took action against Persia’s stranglehold on silk production. In
the ad 530s he dispatched two Nestorian monks with his blessing who
smuggled silkworm eggs from China.9 Not that Rome herself was
beyond monopoly: the traders of the Empire ventured far beyond her
borders, penetrating barbarian lands and selling all manner of goods
to strange peoples far and wide. One of the items they carried was wine.
The precious vine, however, remained at home. Indeed, in the ﬁrst
century bc, ﬁve centuries before Justinian’s action against Persia’s
sericulture monopoly, the Roman senate had prohibited viticulture in
the Empire’s provinces10 and a further decree in ad 91 by Domition
prohibited viticulture to non-Romans. By retaining her monopoly on
wine production at home, Rome guaranteed a market for Roman produce abroad. Only in the late second century did Emperor Probus lift
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the prohibition on viticulture in the provinces.11 China, content to
trade silk but not the worm, and Rome, happy to sell wine but not the
vine, knew as empires do the value of control over the platform of a
valuable commodity’s production and consumption. What is new in the
digital age is the centrifugal and open imperatives of the Internet.
How these two forces act on each other is the question on which the
future of digital business hinges.
Balance the desire and beneﬁt of maintaining control over their platforms and the countervailing pressure of the Internet’s centrifugal
push toward openness will determine which digital companies prosper
and which will fail in the coming decade. Perhaps the closest parallel
in history is the choice of the British parliament in the 1840s to embrace
something approaching free trade, casting off protective tariffs in the
hope of furthering domestic prosperity through more trade. Google’s
Android platform, only recently appearing on mobile phones and
small computers, embraces an entirely open platform in the Linux
mould. Google anticipates that proﬁts will come not from any one
device or application but from wider use of the Internet at large.
Platform owners such as Facebook, Apple, Nokia, Microsoft and
Nintendo, however, all face the difﬁcult question of how to establish the
most vibrant platform while maintaining sufﬁcient control to proﬁt by
it. A guiding principle is that computers and devices with the best
selection of software applications available to them are most attractive
to consumers, and therefore attract yet more developers to create
further software applications for them.
Apple’s iPhone, with which mobile phones operating Google
Android compete, provides a useful example of the difﬁcult question
of control. Apple Inc.’s corporate history makes it acutely aware of the
importance of its devices not just as products in themselves but as platforms for software. In the mid- to late 1990s, following the release of
Windows 95, pc sales rose to almost 100 million units per annum, while
Apple sales fell from 4.5 million in 1995 to 2.7 million in 1998.12 Even
though Apple could avail of economies of scale to produce high-quality
machines in production, the number of Apple computer users was
dwindling to the point where it became less economic for software
developers to continue writing applications for Apple computers.
Instead, software developers could simply migrate to the more popular
platform of pcs running Microsoft Windows.13 The release of the
iPhone in 2007, and the subsequent introduction of a program to
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attract software developers to write applications (called ‘apps’) for it in
early 2008, gave Apple an opportunity to build a more sustainable
platform. In July 2009 Apple announced that users had downloaded 1.5
billion pieces of software for their iPhones from its App Store, and over
65,000 pieces of software created by over 100,000 software developers
are available to download as of mid-2009.14 These apps, for example,
enable an iPhone to check the weather, ﬁnd local radio stations, reserve
a place at the golf course and show where the bad trafﬁc is on the way.
The more devices that are sold, the more widely purchased and used
apps are likely to be, which attracts more developers to write apps for
the device, which makes the device more useful, which ﬁnally results in
more devices being sold. The platform functions like an ecology in
which the platform owner, software developer and user all play a part.
However, a teething problem in the App Store’s early days illustrates
the delicacy of the control issue. When Apple ﬁrst distributed the software development kit (sdk) to allow programmers to write apps for the
iPhone in 2008, a controversy emerged over the legal conditions that
Apple attached. Programmers who used the sdk had ﬁrst to agree to a
non-disclosure agreement (nda) preventing them from discussing the
sdk with anyone else. On the one hand, this prevented them from
revealing the features of the iPhone to competitors, yet on the other it
prevented software developers from tapping into the knowledge and
expertise of their peers. As one iPhone programmer blogged, ‘Anything
that I’ve been able to do on computer has been because somebody else
has laid the foundation . . . none of us is as smart as all of us.’15 The
alternative, without peer collaboration, is that each developer is unable
to exploit the knowledge of the community, and must operate in isolation. The community of iPhone developers rebelled. One developer,
Justin Williams, created the website ‘www.fuckingnda.com’ to provide
a clearinghouse for the battery of complaints that programmers were
making about the nda on twitter and other forums. The site got over
ﬁfteen thousand unique hits in the ﬁrst day.16
There was no way to share best practices, discuss bugs and other
issues that developers run into during the daily workﬂow. It was a
frustrating experience that I think hindered the quality of iPhone
software.17
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Realizing the threat to its platform, Apple changed its position in
October 2008.
The Craigslist approach of democratizing the platform and allowing users to vote on strategic decisions may prevent a business from
enjoying a massive burst of growth, but it also forestalls user rebellions.
Other platforms, perhaps most particularly those that depend on userdriven content for their success, face difﬁculties as they consider how
to monetize their service. Facebook, for example, has encountered
repeated user revolts in its efforts to leverage users’ personal data in new
advertising ventures. As Paul Baran warned in 1965, ‘there is a widespread belief that somehow the communications network used will
possess a God-given sanctuary to privacy, but “it ain’t necessarily so
. . .”’18 Social networks like Facebook and its competitors face the
grievous prospect that users might begin en masse to demand the
ability, for example, to transfer all their photographs, messages and contacts to a competitor social network. If a social network were to attempt
to assert control or ownership over these data, the trust and community components of their platform would be mortally wounded. Yet
without doing so, the prospect of massive monetization that would
justify the enormous valuations of such businesses will be difﬁcult to
realize. Even when the stakes are high, control is an elusive element on
the Internet.
The ultimate platform, if it could be controlled, would be the network
itself. The telephone operators had already made abortive attempts to
develop centrally controlled networks from the mid-1970s (using x.25).
The contest between the Vailian imperative to control from the centre
and the centrifugal trend of Internet development is not yet concluded. A new debate on ‘network neutrality’ began in the us in the late
1990s. The prospect of vertical integration of cable companies and
isps hinted at a future in which the Internet would go the way of the
cable network in the 1970s. In December 1999, law professors Lemley
and Lessig made the case to the Federal Communications Commission
that a merger between at&t and cable company providing local access
in various us regions, MediaOne, should be prevented:
The architecture thus represents a signiﬁcant change from the
existing End-to-End design for a crucial segment of the residential Internet market. Further, there is in principle no limit to what
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at&t could bundle into its control of the network. As isps expand
beyond the functions they have traditionally performed, at&t
may be in a position to foreclose all competition in an increasing
range of services provided over broadband lines.19
The complaint of network-neutrality advocates was that a company
in control of the ‘last mile’ connection between a subscriber’s modem
and the network switch that connects that modem to the Internet
should be prevented from using this control to force the subscriber to
use other services such as an online video rental service. Similarly in
2005 Internet service providers proposed tiered access whereby they
would provide preferential access to services from their partners, and
reduce speeds of access to services and content from their competitors.20 As Tim Wu said in testimony before a us congressional committee on the matter in 2006, Americans would be shocked ‘if the
electric company one day announced that refrigerators made by
General Electric would henceforth not work quite as well as those
made by Samsung’.21 The result, the net neutrality advocates argue,
would be an injury to competition, and to what Jonathan Zittrain
calls the Internet’s ‘generative’22 character that enables its users to
innovate spontaneously.
The emerging debate on network neutrality is focused on the new,
mobile battleground, and on users’ ability to use voice over Internet
protocol (voip) on mobile devices. voip allows users to make telephone
calls either freely or at very cheap rates by sending telephone audio data
as standard Internet data packets. This, understandably, threatens
mobile telephone companies whose revenues depend on tariffs on
standard mobile phone calls. However, since mobile phone networks
typically bundle devices with access, they can restrict which devices can
be used on their networks, and how. Thus in 2009 the voice over
Internet protocol company Skype was forced to remove its ability to
transmit voip over telephone from its app before Apple would permit
it to appear in the iPhone App Store in the us. Skype on the iPhone
could only be accessed over wireless lan networks where it does not
compete with the 3g-telephone tariff service provided by at&t in the
us. A similar pattern had emerged in the early history of radio, the most
dramatic example being the Nazi ‘peoples’ radio’ the Volksempfänger,
which was designed as a discriminating technology that made it difﬁcult to receive broadcasts not transmitted by German stations.23 If
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they are to respect the model of the ‘common carrier’, in which ports,
postal services and wired Internet networks handle goods from all
comers without discrimination, mobile Internet devices, like radios
before them, should not discriminate between particular types of
sources of content or equipment.
On mobile networks, network neutrality remains a burning question.24 This is not the only prospect of a change to the network: even
if isps should not threaten the neutrality of the network, other parties
may. For security and society, the state may stake a claim.
Digital subversion and the ink state

In 1933 Hitler announced to the German people that the government
‘will embark on a systematic campaign to restore the nation’s moral and
material health’.25 Germany was to undergo what Hitler called ‘political decontamination’. This was a project suited for the age of ink and
industry when an all-powerful dictator could control ﬁlm, print and
radio. Thus, on 10 May 1933, standing before the German State Opera
House on Berlin’s Opernplatz, Joseph Goebbels proclaimed the end of
the Jewish intellectual tradition, a consigning of everything unGerman
to the ﬁre. Thousands of books by Jewish writers burned on the square
before him as he spoke. Across Germany, the pyres lit the night.
The Nazi pyres represented the supremacy of the state over the
printed word at its most robust, most draconian. Yet no pyre, nor
ﬂames across an entire state could burn away digital text hosted on
multiple Internet servers. In the digital era, materials proscribed by one
state can ﬁnd refuge in another. However, states can attempt to prevent
their citizens from accessing proscribed content even if they are
powerless to destroy it at the source. Yet though the state at its most
draconian was master of ink, online text now trumps the state. As Paul
Baran noted in 1964, packet networks with distributed communications
would avoid the administrative censorship found in previous military
communications systems by virtue of focusing on ‘user-to-user rather
than emphasis on centre-to-centre operation’.26 Distributed packetswitched networks have a propensity against control, against hierarchy.
Thus, for example, a Cambridge University researcher revealed vulnerabilities in the Chinese Internet censorship system, the so-called
great ﬁrewall of China.27 Moreover, the economic bounties of the Net
force governments to step softly. Where once a Chinese Internet user
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had to ﬁll a customs declaration to send an e-mail,28 the risk that
inadvertent blocking of content could hinder commercial life is now
considered too great for almost any state to accept. Draconian censorship, where one proposes to beneﬁt economically from the Internet, is
virtually impossible.29
Perhaps ﬁrst to learn this was the government of Mexico following
the armed uprising by the Zapatista National Liberation Army (ezln)
in January 1994. The ezln took over a number of towns and a city in
Chiapas, southern Mexico. The government responded with force.
The rebels withdrew into the jungle, where they were pursued by tanks
and attacked with air strikes until 12 January, when the government
declared a ceaseﬁre and called for negotiation.30 A year later, in February 1995, the government again ceased a new military operation in
which it had again had the upper hand. Both the army and ezln were
surprised by the government’s restraint.31 The answer to the puzzle was
that while the ezln was losing the physical war, it was winning a media
war against the Mexican government, largely fought online.
The Mexican government was increasingly concerned about the
involvement of activists, ngos and media, and the resulting attention
that the ezln was gaining Latin America and beyond. The rebels and
ngos sympathetic to them were able to bypass the unsympathetic
mainstream Mexican media and feed information directly to foreign
media outlets by fax and e-mail. Foreign coverage eventually forced the
reluctant Mexican media to cover the ezln. Thus in April 1995 the
Foreign Minister of Mexico, Jose Angel Gurría, said:
There has not been a shot ﬁred in the last ﬁfteen months . . . The
shots lasted ten days, and ever since the war has been a war of ink,
of written word, a war on the Internet.32
The spokesman for the rebels, Subcomandante Marcos, responded:
one space . . . so new that no one thought a guerrilla could turn to
it, is the information superhighway, the Internet. It was territory
not occupied by anybody.33
The Mexican state had not yet adjusted to the emerging media
environment. The ezln had.
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In May 2007 three men appeared at Woolwich Crown Court in London
accused of inciting terrorism using Internet chatrooms, videos and
forums. On day two of the trial the proceedings were interrupted by the
presiding judge, Mr Justice Peter Openshaw. He paused the trial to note,
‘The trouble is I don’t understand the language. I don’t really understand
what a website is.’34 Among the suspects was Younis Tsouli, a nineteenyear-old hacker who lived in his parents’ basement and had the look of one
who rarely exposed himself to sunlight. His Internet name was ‘Irhabi
007’ (terrorist 007) and he was a media baron of militant Islamism.
Tsouli was not recruited, nor was he connected by family or friends
to militant circles. He took the initiative and announced his talents on
militant web forums from where his abilities were recognized and he
gained credibility and an increasing degree of responsibility. Following
the London bombings in 2005, police and security agencies became
increasingly concerned about the prospect of isolated, curious teens like
Tsouli ‘self radicalizing’ in support of militant Islamism and undertaking terrorist operations against their peers in European cities. Selfradicalization of isolated individuals into amorphous, underground
communities is, however, nothing new.
Over a decade previously, in November 1994, Wired published a
feature on a phenomenon almost exactly the same occurring within
another, very different, community:
Just 10 years ago, most queer teens hid behind a self-imposed
don’t-ask-don’t-tell policy until they shipped out to Oberlin or
San Francisco, but the Net has given even closeted kids a place to
conspire . . . aol’s [America Online] gay and lesbian forum
enables him to follow dispatches from queer activists worldwide,
hone his writing, ﬂirt, try on disposable identities, and battle
bigots – all from his home screen.35
But for its dramatically different subject group Wired’s feature
could easily be rewritten to describe al-Qaeda sympathizers in post-11
September western Europe. In both cases the Internet allows a connection to an amorphous community to discuss matters regarded in
wider society as subversive, to ﬁnd mentors, seek out justiﬁcation and
learn methods and mores relevant to their chosen lifestyles.
An underground digital culture gave Tsouli his status, nickname
and identity, the norms he observed online, a willingness to use his
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initiative, to think differently and practically like a hacker, and a
meritocracy in which to operate. Like the phone phreakers from the
1950s onwards, Irhabi 007 found online a community of common
interest in which he could invest himself, and through which he could
gain respect for his talents. In the words of ‘The Mentor’, a young network hacker writing in 1986 following his arrest, the ﬂoating world of
the bulletin board and the hacker fraternity was irresistible:
then it happened . . . a door opened to a world . . . rushing
through the phone line like heroin through an addict’s veins, an
electronic pulse is sent out, a refuge from the day-to-day incompetencies is sought . . . a board is found.36
‘The Mentor’ was the handle of 21-year-old Loyd Blankenship, who
also went by the name of ‘the Neuromancer’, and who was a member
of hacking groups including ‘the Legion of Doom’, ‘the PhoneLine
Phantoms’, ‘the Racketeers’ and ‘Extasyy Elite’. The Mentor was part of
‘the Scene’, the loose culture of software and phone pirates directly
descended from the phone phreaks and elements of the hacker culture.
Like the young, blind phone phreaks and homosexuals who connected
with their respective amorphous communities of interest, The Mentor
found through the bbss a community where he could ﬁt in. In his
Manifesto, he described his feeling when he encountered the online
world:
This is where I belong. I know everyone here . . . even if I’ve never
met them, never talked to them, may never hear from them again
. . . I know you all.37
Within the Scene, different groups competed for prestige by racing
to release new ‘warez’ (Scene slang for pirated software).38
To be part of an elite network, particularly a conspiratorial one,
might be a large part of a person’s social existence. For Joe Engressia,
the blind phreaker who had discovered how to control the phone network as a young boy, this was so central to his being that he adopted
his hacker nickname, ‘Joybubbles’, as his legal name by deed poll in 1991.
Engressia’s obituary in The New York Times described how ‘every night
he sits like a sightless spider in his little apartment receiving messages
from every tendril of its web’.39 The image of Engressia as a spider at the
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centre of a web linking the various isolated individuals within a broad,
amorphous community is uncannily like Irhabi 007 who was jailed in
the uk in July 2007 for disseminating violent radical material and acting as an online matchmaker, connecting prospective militants with
missions in al-Qaeda theatres.
Since the days of the mit hackers and the Homebrew scene there had
been something implicitly subversive about the emerging digital culture. Part of the hackers’ cultural inheritance from the Tech Model
Railroad Club at mit was the mentality behind the club’s ‘midnight
requisitions committee’. The hackers, some of whom became certiﬁed
locksmiths for the purpose, made keys for every repository of equipment they might need in mit. They then stole as required. At the
Homebrew Club in the 1970s, the hacker ethos of openness and sharing was mixed with a disregard for property on the part of many
attendees. Thus in 1976 a young Bill Gates wrote to the Homebrew
community urging it to crack down on illegal copying of his software.40
In Engressia, the phone phreaker who called himself Joybubbles, in
Loyd Blankenship, the hacker who called himself The Mentor, and in
Younis Tsouli, the militant media baron who called himself ‘Irhabi 007’,
are common characteristics of the new subversive medium: amenability to amorphous communities of interest, resilience and inbuilt
resistance to censorship, and the ‘perpetual beta’ proclivity of digital
natives to question authority.
In a momentous announcement on 12 January 2010 David Drummond, Google’s Chief Legal Ofﬁcer, disclosed the search company’s
‘new approach’ to China:
We have decided we are no longer willing to continue censoring
our results on Google.cn, and so over the next few weeks we will
be discussing with the Chinese government the basis on which we
could operate an unﬁltered search engine within the law, if at all.
We recognize that this may well mean having to shut down
Google.cn, and potentially our ofﬁces in China.41
Ostensibly the reason for Google’s change of posture was a battery of
hacking attacks on Google’s infrastructure to steal information from it
and from human rights activists, and also attacks on the infrastructure
of at least twenty other companies. Yet beyond this speciﬁc incident
something deeper and more profound is in play. A clash of two new and
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distinct models of capitalism is underway between China’s authoritarian capitalism driven by that country’s need to maintain political
stability while sustaining economic growth, and Google’s principled
capitalism grounded in the oddball values and nerd norms of engineers
and programmers.42
China is resource hungry, cash rich, and rights oblivious. Its model
of ‘authoritarian capitalism’ relies on the government’s ability to deliver
8 per cent growth in gdp per year, thereby providing employment and
rising living standards, and staving off wide-scale unrest.43 Herein lies
the irony of Google’s clash with the Chinese government: while Google
and China represent two opposed models of capitalism, each is the
product of a culture entirely at odds with capitalism in the ﬁrst place:
authoritarian capitalism on the one hand, and nerd norms on the other.
Number six among Google’s ten corporate principles is ‘You can
make money without doing evil’.44 Consider the potentially massive
scale of Google’s sacriﬁce to uphold this principle. In the short term,
Google already faces signiﬁcant competition within China from the
search engine Baidu, which holds over half of the market. Should
Google quit China then Baidu will almost certainly proﬁt, and could
pose a strategic threat to Google’s business beyond China in the coming decades. The market agreed with this assessment, boosting Baidu’s
share price by almost 14 per cent on the day after Google made its
announcement.
In the medium and longer term China represents a market of
strategic opportunity. Between 2008 and 2009 alone, according to the
Chinese Academy of Sciences, 90 million additional Chinese connected to the Internet. From 30 June 2008 the reported number of
Chinese Internet users ﬁnally eclipsed the number of users in the
United States.45 Yet even fewer than a third of the total Chinese population is online and the potential for growth is immense. China is now
and will remain for the foreseeable future the home to the largest
population of Internet users on the planet. It will become a truly
massive market for Internet business of all hues in the coming decade.
Neglecting such a market of which it currently has at least a quarter
share could be massively damaging for Google.
While Western nations with high Internet penetration currently
dominate Google’s revenues this may not be the case in the future.
Though Google’s share of the Chinese search engine market (conservatively estimated as at least a 25 per cent share) apparently represented
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less than 5 per cent of the company’s current global revenue, the spread
in Internet use from the late 2009 ﬁgure of 29 per cent of the population46 to the entire Chinese population could increase the value of the
Chinese Internet search market threefold. Had Google maintained – or
expanded on – its quarter share as the market grew overall then China
could represent 15 per cent or more of its current global revenues. This
ﬁgure might have been considerably higher as if proﬁts from advertising services in China rose in line with China’s target 8 per cent annual
growth in gdp. For Google’s shareholders the prospect of a withdrawal
from a potential market of 1.3 billion users might seem a terrible cost
to uphold the company’s principles.
Yet Google is acting as a principled capitalist. Its ‘do the right thing’
mantra has roots as deep as the Internet. When Google entered the
Chinese search market in January 2006 it courted widespread controversy by adhering to the Chinese Government’s legal requirement to
censor its search results. It did so; according to the company this was
in effect breaching its core principles, but it did so ‘in the belief that the
beneﬁts of increased access to information for people in China and a
more open Internet outweighed our discomfort in agreeing to censor
some results’.47 The reason for Google’s discomfort then and for its
decision to face down the Chinese Government now is that it espouses
corporate principles that are more than just window dressing. Rather,
they are deeply rooted in the foundations from which the Internet, and
Google, sprang. It remains to be seen whether this nerd norm capitalism extends beyond Google, and examples such as Craigslist, to a
wider section of corporate life.
In the coming years the world may be divided between those who
Google and those who do not. On 22 January 2010, just ten days after
Google’s announcement, the us Secretary of State, Hillary Clinton,
made a major speech on Internet freedom. Channeling President
Kennedy’s ghost she dipped into the rhetoric of the Cold War, evoking
the Berlin Wall and announcing that the United States stands for ‘a
single Internet where all of humanity has equal access to knowledge and
ideas’.48 Yet those portions of the globe that adhere to an authoritarian
capitalism, presumably including China and a number of commodity
rich African trading partners, may direct their growing population of
Internet users toward Baidu and other services willing to adhere to the
conditions of state control. At the same time the free Google of the rest
of the world may become what American blue jeans and rock and roll
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were to generations of Communist Bloc teens during the Cold War: an
icon of liberty.
As governments adjust to the new balance of power between the
state and subversives, tough measures such as attempts at Internet
censorship or user registration schemes threaten to alter the nature of
the medium. It would be as well to recognize that the Internet is a new
global commons with an uncertain future.
iWar and the new privateers

On 27 April 2007 a blizzard of distributed denial of service attacks hit
important websites in Estonia and continued until at least as late as midJune. Targets included the website of the president, parliament, ministries, political parties, major news outlets and Estonia’s two dominant
banks, which were rendered incapable of interacting with customers.
For Estonia, the Web represented independence and opportunity. In
the aftermath of the Soviet collapse, forward-looking Estonians started
to ponder how they could rapidly modernize their economy. ‘We had
nothing,’ recalls Toomas Ilves, now the President of the Republic of
Estonia.49 Estonia’s telephone interchanges dated from the 1930s. Its
steel and concrete infrastructure would lack for years. To Ilves and the
cohort of Internet revolutionaries in the early 1990s, the Internet promised the young nation an opportunity to make the leap of ﬁfty years. He
had been inﬂuenced by Jeremy Rifkins’s 1995 book, The End of Work,
which lamented that computers would put Americans out of work. For
Estonia, however, the lesson was the reverse: a small country with a
comparatively tiny workforce could use technology to liberate people
from unnecessary jobs. The Estonian government provided matching
funding for schools that established Internet connections, established
online tax returns, and banks adopted online banking to reduce costs.
By 2000, the Internet was part of Estonia’s national image, and Internet
access was made a constitutional right of citizens. As well as disrupting state, bank and media services over a prolonged period, the attacks
on prominent websites and services were emotionally sensitive.
Denial of service (dos) attacks have existed in various forms since
at least as early as the ‘Morris Worm’ in 1988. A dos attempts to overwhelm a computer or networking system by bombarding it with a high
volume of information requests. If successful, the attack renders the
targeted system unable to respond to legitimate requests, which could
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include providing access to a particular website. A distributed denial of
service (ddos) attack operates on the same principle, but multiplies its
impact by directing a ‘botnet’ of networked computers that have been
remotely hijacked to bombard the target system with many requests at
the same time. Botnets can be controlled by a single individual.
This form of conﬂict is different to what militaries refer to as ‘cyberwar’. The attacks on Estonia targeted the consumer rather than military
or critical infrastructures such as water, power or air trafﬁc control systems. Moreover, the attacks were undertaken by individual ‘hacktivists’
united by their shared umbrage at a speciﬁc political event. ‘iWar’ is a
useful shorthand for what would otherwise be confused with cyberwar.
iWar can be waged by nations, corporations, communities, or by any
reasonably tech-savvy individual. This is a fundamental shift in the balance of offensive capability, empowering individuals with the power to
threaten the activities of governments and large corporations. Yet as a
corollary, almost anybody can be harmed as a result of an iWar attack.
For example, this could include migratory workers who use online
services to remit money to their families in poverty-stricken regions as
much as transnational corporations that migrate their daily operations
to virtualized Internet services reliant on data centres.
A number of factors make a conﬂagration of iWar a grave concern
in the near future. Early gunpowder weaponry enabled the levying of
armies of unprecedented size. Matchlock troops could be trained in a
matter of weeks, compared to the lifetime of training required to produce effective longbow men. Like the matchlock musketeer, the iWar
attacker is equipped with cheap, powerful technology that requires little
training. Offensive action can be conducted by an unprecedented number
of amateurs whose sole qualiﬁcation is their connection to the Internet.
iWar, perhaps for the ﬁrst time, is liberated from the expense and
effort that traditionally inhibits offensive action against geographically
distant targets. Conventional destruction of targets by kinetic means is
enormously expensive and comparatively slow. A single b-2 ‘Spirit’
stealth bomber, which costs us$2.1 billion to develop and build, must
ﬂy from Whiteman Air Force base in Missouri in order to drop ordinance on a target in Afghanistan. iWar, though it delivers far less
offensive impact, can inﬂict damage from any point on the globe at a
target anywhere on the globe at virtually no cost.
For the same reason, iWar will proliferate quickly across the globe.
It is not limited by the geographical constraints that impeded the
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spread of earlier military innovations. The proliferation of gunpowder
in Europe puts this in perspective: appearing in China in the seventh
or eighth century, gunpowder ﬁnally made its European debut as late
as 1314, ﬁrst in Flanders, then in England seven years later, and in
France ﬁve years after that. In contrast, new tools and know-how
necessary to wage iWar proliferate easily across the Internet. During the
Estonian attacks, ‘dummies’ guides’ to ddos attacks were distributed
through Internet forums to allow more people to participate in the
attacks.
More alarmingly still, the dearth of arrests or formal accusations by
the Estonian government illustrate that iWar can be waged anonymously and is difﬁcult to punish. iWar is deniable. It remains unclear
whether Estonia was the victim of a ‘cyber riot’ in which like-minded
‘hacktivists’ orchestrated the attacks without authorization from the
Kremlin, or whether the attacks were orchestrated with ofﬁcial sanction.
Even if ofﬁcial culpability could be proven, it is unclear how one state
should respond to an iWar attack by another. A criminal investigation
would be no less problematic. If digital forensic investigation could
trace a malicious botnet to a single computer controlling a ddos attack,
it is unlikely that effective action could be taken to prosecute. The
culpable computer might be in another jurisdiction from which
cooperation would not be forthcoming. If cooperation were forthcoming, the culpable computer might have been operated from an
Internet cafe or at another anonymous public connectivity site, making it impossible to determine who among the many transient users was
involved in a ddos attack that typically lasts only a short period of time.
The potency of this form of warfare will grow as the economies,
governments and communities of the world embrace the Internet to
interact and deliver services. In Estonia, for example, there are almost
800,000 Internet bank clients in a population of almost 1.3 million
people, and 95 per cent of banking operations are conducted electronically.
This should not be seen as a technical problem for it security experts
alone but as a broad challenge of what is known as ‘the commons’. The
Internet is a common resource of humanity, much like the atmosphere
that surrounds Earth. Successive technological developments, from
animal husbandry, which enabled the use of common grazing lands, to
maritime navigation, which opened new trade and communications
routes on the high seas, have forced human society to consider how it
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governs shared common resources. Unilateral initiatives will not be
effective against iWar because iWar, like piracy before it, is a global
phenomenon, and the Internet is a common recourse like the high seas.
The Internet, like the high seas before it, transcends national boundaries and comes under the jurisdiction of no particular state. Pompeii’s
campaign to eradicate piracy in 67 bc was effective because the writ of
Roman law was enforceable throughout the Mediterranean waters.
Today, no single state has such power over the Internet. The question
is not how a particular type of ddos attack can be averted on a particular network, but how humanity will choose to govern the Internet.
J.C.R. Licklider foresaw that ‘if networks are going to be to the
future what the high seas were to the past, then their control is going
to be the focus of international competition’.50 Two examples of
approaches to global commons should provide faint solace salted with
caution. The example of the Law of the Sea might illuminate the path
ahead for policymakers. Here is an example of an international body
of law established on the foundations of informal customary laws,
which evolved to protect universal access to the high seas. Since the
opportunities for trade and communications provided by the high
seas were commonly accepted as invaluable by all nations, informal
customary laws gradually evolved to protect access to the sea for these
purposes. The unlawfulness of piracy, which injures trade and maritime
communications, became a universally accepted norm. The question
remains whether a similar legal framework will evolve to protect access
to the Internet in the long term.
Yet, even if an international framework does eventually arise to
protect the Internet, the history of piracy suggests that this could take
some time. State-sanctioned privateering was only ﬁnally outlawed in
1856 under the ‘Paris Declaration in respect of maritime law’, many
decades after an international consensus against piracy had emerged.
Painful progress on climate change should give pause for thought. If
governments are only now reaching a fragile consensus on this, the
most visible challenge of the commons, the development of robust new
international norms of behaviour on the Internet could be decades
away. Humanity faces the risk of ruining the Internet even before it
becomes a mature technology, before its beneﬁt as a global commons
can be fully realized. Humanity needs to consider how it will deal with
the new commons. It must weigh the prospect of failure.
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Glossary

ajax
aol
arpa
arpanet
autodin
bbn
bbs
bitnet
brics
ccirn
ccitt
cern
cren
csnet
dca
ddn
ddos
dec
decnet
dns
dos
earn
ezln
fcc
ftp
gbf
gnu
gpl
gui
hepnet
html
iab
iahc
iana
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Asynchronous JavaScript and xml
America OnLine
Advance Research Projects Agency
arpa’s land packet network
dca’s automatic digital network
Bolt, Bernaek and Newman
Computer Bulletin Board System
‘Because its there’ network
Brazil, Russia, India, China
Coordinating Committee for Intercontinental Research Networks
Consultative Committee on International Telegraphy and Telephony
Conseil Européen pour la Recherche Nucléaire
Corporation for Research and Educational Networking
Computer Science Network
Defense Communications Agency
Defense Data Network
distributed denial of service
Digital Equipment Corporation
Digital Equipment Corporation’s proprietary network system
Domain Name System
Denial of service
European Research Network
Zapatista National Liberation Army
Federal Communications Commission
ﬁle transfer protocol
‘get big fast’, one of the mantras of the dot-com boom
‘gnu’s not Unix’, free software movement acronym
gnu General Public License
graphical user interface
High Energy Physics Network
Hypertext Markup Language
Internet Activities Board
International Ad Hoc Committee
Internet Assigned Numbers Authority

ianw
iata
icann
icb
icbm
iccb
ieft
iepg
imps
inwg
ip
ipo
ipto
irtf
isdn
iso
itu
lan
mad
merit
mit
mp3
mpeg
nasa
ncsa
nls
npl
nsf
nsfnet
nsi
ocf
ostp
p2p
pcm
pcs
ppts
prnet
pup
ram
rand
rare
rfcs
riaa
ripe
rle
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International Academic Networkshop
International Air Transport Association
Internet Corporation for Assigned Names and Numbers
International Cooperation Board
intercontinental ballistic missile
Internet Conﬁguration Control Board
Internet Engineering Task Force
Intercontinental Engineering Planning Group
Interface Message Processors
International Network Working Group
Internet Protocol
initial public offering
Information Processing Techniques Ofﬁce
Internet Research Task force
Integrated Services Digital Network
International Standards Organization
International Telecommunications Union
Local Area Networking
mutually assured destruction
Michigan Educated Research Information Triad
Massachusetts Institute of Technology
International Standards Organization Moving Picture Experts Group
Layer 3
Moving Picture Experts Group
National Aeronautics and Space Administration
National Centre for Supercomputing Applications
Douglas Englebart’s ‘oN-Line System’
uk National Physics Laboratory
National Science Foundation
National Science Foundation Network
nasa Science Internet
‘optimum coding in the frequency’
us President’s Ofﬁce of Science and Technology Policy
peer-to-peer
pulse-code modulation
personal computers
governmental ministries of posts, telegraph, and telephone
arpa’s radio packet network
parc Universal Packet
Random Access Memory
The rand Corporation, a think tank whose acronym stands for
research and development
Réseaux Associés pour la Recherche Européenne
Request for Comments
Recording Industry Association of America
Réseaux ip Européens
mit Research Laboratory of Electronics

rscs
rss
sage
satnet
sdk
sgml
sita
slac
sri
tcp
tcp/ip
tmrc
ucl
uri
voip
wais
wgig
wipo
www
x.25
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remote spooling communications system that ibm machines used
to communicate
really simple syndication
the United States’ Semi-Automatic Ground Environment defense
anti air system
arpa’s satellite packet network
software development kit
Standard Generalized Markup Language
Société Internationale de Télécommunications Aéronautiques
Stanford National Accelerator Laboratory
Stanford Research Institute
Transmission Control Protocol
The Internet suite built around the tcp and ip protocols
mit’s Tech Model Railroad Club
University College London
Universal Resource Identiﬁer
voice over Internet protocol
Wide Area Information Servers
Working Group on Internet Governance
World Intellectual Property Organization
World Wide Web
an International Telecommunications Union networking standard
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