1. Introduction
PSYCHOHISTORY - … Gaal Dornick, using non-mathematical concepts, has
defined psychohistory to be that branch of mathematics which deals with the
reactions of human conglomerates to fixed and social stimuli…
Isaac Asimov, Foundation1

Isaac Asimov is usually placed at or near the top of any listing of the most
important science fiction writers. His works have introduced a number of
concepts that have captivated the imagination of the public and, perhaps
more importantly, inspired scientists, to the extent that some of his ideas have
been the subject of academic consideration. The Three Laws of Robotics, for
example, introduced in his short story, Runaround, have informed research
and debate in the fields of artificial intelligence, robotics and information
technology.2 Psychohistory, another important concept explored in Asimov’s
novels, could be described as the scientific prediction of the behaviour of
large human conglomerates acting in large numbers. In his Foundation series,
Asimov recounts the way in which this mathematical modelling of a large
Galactic society is performed, and the problems that ultimately arise from
trusting such mechanisms. Psychohistory is based on three postulates:
1.
2.
3.

The population under study must be unaware that the predictions are
taking place.
The predictions must be conducted over periods of three consecutive
generations.
To ensure the accuracy of statistical probability, the population in
question must number in the billions.

One of the main plots in the Foundation novels is that a hidden cabal is
dedicated to making sure that history continues along the path predicted by
its inventor, mathematician Hari Seldon. Asimov seems to imply that the
predictive science of psychohistory is doomed to eventual failure because it
can only foresee large events, and it does not (and cannot) take into account
1.
2.

Asimov I, Foundation, London: Octopus Books (1983), p.17.
See for example: Clarke R, “Asimov’s Laws Of Robotics: Implications for Information
Technology” 26:12-27:1 IEEE Computer (1993-1994).
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the actions of remarkable individuals. He suggests that human and robotic
intervention is necessary for the accuracy of psychohistory, which can be
taken as a satisfying compromise between determinism and free will,
mechanism and individuality.
Despite this apparent indictment, the predictive capacity of psychohistory
remains a powerful ideal for some. Nobel Prize winning economist Paul
Krugman cites psychohistory as one of the reasons he studied economics:
Those who read [science fiction] may be aware of the classic Foundation trilogy
by Isaac Asimov. It is one of the few science fiction series that deals with social
scientists – the ‘psychohistorians’, who use their understanding of the mathematics
of society to save civilization as the Galactic Empire collapses. I loved
Foundation, and in my early teens my secret fantasy was to become a
psychohistorian. Unfortunately, there’s no such thing (yet). […] As for social
sciences other than economics, I am interested in their subjects but cannot get
excited about their methods – the power of economic models to show how
plausible assumptions yield surprising conclusions, to distil clear insights from
seemingly murky issues, has no counterpart yet in political science or sociology.
Someday there will exist a unified social science of the kind that Asimov
imagined, but for the time being economics is as close to psychohistory as you can
get.3

The present work does not assume to be a study in psychohistory. I am
using the concept to illustrate a vital concept that will be proposed
throughout the following pages. This book is concerned with a narrow and
specific area of legal study, that of Internet regulation. Psychohistory cannot
be written in this way, but the idea behind it remains. The underlying
assumption in this work is that there are analytical and descriptive tools that
are more comfortable in the realm of mathematics than in the social sciences.
Before describing the objective and reach of this work, I will try to explain
the background to the idea that one can bring both together.
A SHORT HISTORY OF PSYCHOHISTORY
One of the presuppositions of the study of human interaction is that human
behaviour is too complex and chaotic to allow anything even remotely like
psychohistory to take shape. This seemingly insurmountable stumbling block
is at the heart of the stark methodological division that exists between the
natural and social sciences, a split that has become an almost unshakeable
feature of modern academia, and that is played out on a daily basis in
university campuses around the world. It is perhaps important to point out
3.

Krugman P, Incidents from my Career, http://web.mit.edu/krugman/www/incidents.html.
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that although we have grown accustomed to the separation of the hard
sciences and social disciplines, this division is a relatively recent
development. While social sciences may be seen as the poor relative of
scientific endeavour, they have, over extended periods of time, aspired to
adopt methodological approaches used in the study of natural phenomena.4 It
was the work of authors such as Habermas, Bernstein and Marcuse that
defined and expanded the gap and promoted the idea that the social sciences
are an entirely separate set of disciplines, with their own methodology and
approach to empirical research.5 Since then, social science has become
involved in critical theory, and increasingly split from the ideals of what
Habermas calls materialistic science, becoming something else entirely.

Figure 1.1 Fields of science according to purity6
The critical theory that has characterised many social sciences since the
latter part of the 20th century can be seen as a reaction to the hierarchical and
structured view of the world that had dominated Western thought since the
Enlightenment. As a reaction to this materialist world, the social sciences
adopted a non-hierarchical and unstructured way of looking at reality.7 In
certain extreme versions of critical theory a form of relativism rules, in which
it is possible to deconstruct almost anything –including natural science– into
its cultural origins. This trend further reinforced the schism between the
natural and the social sciences, resulting in an acrimonious divorce and
eventually to the Sokal hoax. Physicist Alan Sokal published an article in the
prestigious social science journal Social Text, claiming to establish a critical
4.
5.
6.
7.

Bernstein RJ, The Restructuring of Social and Political Theory, Philadelphia: University of
Pennsylvania Press (1978), p.xvi.
Particularly relevant to this debate is: Habermas J, Knowledge and Human Interests, 2nd
[English] ed, London: Heinemann Educational (1978), Chapter 3.
Xkcd, Purity, http://xkcd.com/435/ (released under a Creative Commons licence).
Hart K, Postmodernism: A Beginner’s Guide, Oxford: Oneworld (2004).
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theory of quantum gravity,8 a spoof that served to polarise opinions in both
areas of study. On the one hand, some natural scientists could not disguise
their contempt and glee at the comeuppance of disciplines that some consider
little more than gibberish.9 The response of cultural theorists, on the other
hand, ranged from the meek recognition that something might be wrong, to a
barrage of invective directed at Sokal.10
An interesting introspection arose, however, out of the Sokal affair, and
there seems to be genuine willingness to try to get past the science wars.11
There is a legitimate argument to be made about the uselessness of furthering
the current state of affairs. Should science remain split between the
seemingly objective physical sciences and the presumably subjective social
sciences? Is there room for philosophers to have a say about natural
phenomena, and for mathematicians to comment on social issues? As has
been hinted at already, the scientific split is relatively recent, and there is
growing interest in reverting to a more interdisciplinary approach to the
relationship between the natural and social sciences. Philip Ball calls it the
physical modelling of human social systems,12 which can be described as the
use of methodological and empirical tools prevalent in the physical sciences
to describe social interaction. In other words, the science of psychohistory is
born.
The creation of a branch of study that employs tools used in the study of
mould, gases and sub-atomic particles, and applies them to complex human
behaviour, is the logical result of a line of thought that has been growing in
credence since the Enlightenment: that social sciences have the capacity for
more predictive precision, much like the so-called hard sciences of
chemistry, physics and biology. Such a powerful idea may seem counterintuitive to those in the academic world who have come to rely and thrive on
the clear separation of disciplines described above. The idea that societies
might respond along deterministic paths, and that their behaviour could be
charted by physics and mathematics contradicts the concepts of agency and
free will that have dominated much of philosophical thought in the last
centuries. This modern idea that human affairs are akin to the exact sciences
8.

Sokal AD, “Transgressing the Boundaries: Toward a Transformative Hermeneutics of
Quantum Gravity”, 14:1-2 Social Text 217 (1996).
9. With varying degree of animosity. For some reactions, see: Koertge N, A House Built on
Sand: Exposing Postmodernist Myths About Science, Oxford: Oxford University Press
(1998).
10. See for example: Newman F, “One dogma of dialectical materialism”, 1 Annual Review of
Critical Psychology 83 (1999).
11. Two thoughtful pieces in the journal Physics Today can be highlighted as offering a balance
view of the affair: Gottfried K, “Opinion – Was Sokal’s Hoax Justified?”, 50:1 Physics
Today 5 (1997); and Beller M, “The Sokal Hoax: At Whom Are We Laughing?”, 51:9
Physics Today 7 (1998).
12. Ball P, “The Physical Modelling of Human Social Systems”, 1 Complexus 190 (2003).
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can, however, be traced back to the 17th century, when several philosophers
sought to address both natural and human philosophy. Gottfried Wilhelm
Leibniz is perhaps one of the best examples of a man who was comfortable
talking about the nature of matter13 and comparative history,14 and in whose
works one may find in the same paragraph mathematical equations and
musings about human freedom.15
One could argue that such overlap of magisteria was the logical result of
the nature of human progress at that time, as philosophers dealt
interchangeably with the natural world, theological discourse and social
phenomena. One could also say that the eventual schism between social and
physical sciences became necessary once the number of subjects of study
became too vast for any one person to handle, preventing furtherance of
knowledge in their field of study. The Renaissance Man has become a figure
of times past, and specialisation is the norm. I answer these hypothetical
objections with two questions. Were our predecessors wrong to try to look at
human endeavours with the same analytical tools that informed their
scientific thinking? Has this apparent divorce between mathematics and
society been for the best?
At a time when the secrets of the universe were being unlocked, and
during which nature displayed astonishing exactitude, it must have been
tempting to assume that the mysteries of the inner workings of society would
also eventually be uncovered to show similar clockwork precision.16
Seventeenth century philosopher Thomas Hobbes is often referred to as the
father of the mechanistic view of society.17 Although he is better known for
his political philosophy, Hobbes was clearly inspired by his mentor Francis
Bacon, the father of natural philosophy. In his works we encounter a strong
adherence to rationality and the stricture of social systems that is the
precursor of political thought in the following centuries. In the Leviathan, he
wrote:
To conclude, the light of humane minds is perspicuous words, but by exact
definitions first snuffed, and purged from ambiguity; reason is the pace; increase
of science, the way; and the benefit of mankind, the end. And, on the contrary,
metaphors, and senseless and ambiguous words are like ignes fatui; and reasoning
13. Leibniz GWF, Monadology and Other Philosophical Essays, Indianapolis, IN: BobbsMerrill Company (1965).
14. Perkins F, Leibniz and China: A Commerce of Light, Cambridge: Cambridge University
Press (2004).
15. Leibniz GWF, “Freedom and Possibility”, in Philosophical Essays, Indianapolis, IN:
Hackett Publishing (1989), pp.19–22.
16. Vinnicombe T, “Thomas Hobbes and the Displacement of Political Philosophy”, 32:8
International Journal of Social Economics 667 (2005), p.668.
17. For example, Ball P, Critical Mass: How One Thing Leads to Another, London: Arrow
Books (2004), pp.7–37.
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upon them is wandering amongst innumerable absurdities; and their end,
contention and sedition, or contempt.18

Although Hobbes predates the work of Isaac Newton, his words herald a
world in which it is the precision of science that presents us with the first
glimpse of the attainability of objective truth. It is the clockwork universe
unveiled by Newton that seems to have unleashed a new generation of
philosophers intent on marrying the Hobbesian ideals of society and the
exactitude of mathematics. Philip Ball comments that:
A political scientist taking a chronological approach would track the trajectory of
Hobbes’s thought via Locke to later thinkers that believed there could be a
‘calculus of society’. Along this path we would uncover Jeremy Bentham’s
utilitarianism in the late eighteenth century, an attempt to harmonize the
individual’s personal happiness with the interests of society. […] Bentham and the
Philosophical Radicals, who included John Stuart Mill, paved the way for the
socialism of Karl Marx.19

It is also in the 17th century that another vital relationship between
mathematics and social sciences starts to appear: that of finance and
economics. The foundations of a theory of supply and demand were, for
example, famously laid by John Locke in a letter to the Members of
Parliament in 1691.20 Similarly, an often overlooked fact is that a few years
later, in 1696, Sir Isaac Newton took on the role of Warden of the Mint, and
in 1699 became Master of the Mint. He is credited (or discredited depending
on your point of view) with having moved Britain from the silver to the gold
standard21 during this crucial period, thereby shaping an English monetary
policy that was to endure into the 20th century. It is no coincidence that these
two figures, more famous for their political and scientific works, were united
in their interest in monetary policy. After all, the mystery of the markets may
have seemed like just another area of potential discovery for the soundest
minds of the time.
Given this background, it should come as little surprise that Adam Smith,
the father of free market economics, was also a philosopher. Smith’s earlier
academic life was spent teaching logic and moral philosophy at Glasgow
University, and it was only later that he turned his attention to law and

18. Hobbes T, Leviathan, New York: Barnes & Noble Publishing (2004), p.30.
19. Ball, supra note 17, p.34.
20. Locke J, “Some Considerations of the Consequences of the Lowering of Interest and the
Raising the Value of Money”, in Medema SG and Samuels WJ (eds), The History of
Economic Thought: A Reader, London: Routledge (2003), pp.57–77.
21. For more about this, see: Findlay-Shirras G and Craig JH, “Sir Isaac Newton and the
Currency”, 55:218 The Economic Journal, (1945), pp.217–241.
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economics. He is perhaps the best representative of the line of thinkers that
believed in hidden forces behind social phenomena. In both The Theory of
Moral Sentiments,23 and The Wealth of Nations,24 Smith introduces the idea
that market actors, while pursuing self-interest, are guided by an invisible
hand that acts to the benefit of society. While much ink has been spent on
discussing the precise meaning of Smith’s invisible hand,25 it is clear that
Smith believed that human endeavours were controlled by hidden currents,
expressing what was perhaps a precursor to the ideas of complexity and
emergence that will be subject of this book.
At the other side of the political spectrum, philosopher and social scientist
Friedrich Engels also dedicated considerable time to discussion of the natural
sciences. In Herr Eugen Dühring’s Revolution in Science and in his
unfinished work, Dialectics of Nature, Engels proposes ways in which
socialist dialectics could be applied to the latest developments in science and
mathematics. Simply put, dialectics is a way of looking at history and society
as opposition, negation and transformation in smooth and constant
fluctuation. Engels believed that natural scientists could learn from the
methodology contained in dialectics by forgetting their own preconceptions.
He wrote:
Nature is the proof of dialectics, and it must be said for modern science that it has
furnished this proof with very rich materials increasing daily, and thus has shown
that, in the last resort, nature works dialectically and not metaphysically. But the
naturalists who have learned to think dialectically are few and far between, and
this conflict of the results of discovery with preconceived modes of thinking
explains the endless confusion now reigning in theoretical natural science, the
despair of teachers as well as learners, of authors and readers alike.26

Karl Marx was heavily inspired by Engels, yet he goes further in his ideas
about history. In truly psychohistorian fashion, Marx believed that not only
was history shaped by Engels’ dialectics, but that history could be read
scientifically and that economic laws drove all markets, be they labour or
commodities.27 Those who could understand these laws could therefore
foresee the result of future social conflicts.
22. Buchan J, The Authentic Adam Smith: His Life and Ideas, New York: W.W. Norton (2006).
23. Smith A, The Theory of Moral Sentiments, New York: A.M. Kelley (1966), IV.I.10.
24. Smith A et al, An Inquiry into the Nature and Causes of the Wealth of Nations, Indianapolis,
IN: Liberty Press (1981), IV.2.9.
25. For example, see: Minowitz P, “Adam Smith’s Invisible Hands” 1:3 Economy Journal
Watch 381 (2004).
26. Engels F and Dühring EK, Anti-Dühring: Herr Eugen Dühring’s Revolution in Science,
London: Progress Publishers, (1954), p.4.
27. Particularly in: Marx K, Wage Labour and Capital, Whitefish, MT: Kessinger Publishing,
(2004), pp.32–36.
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These are just some illustrations of the strong philosophical tendency to
borrow the language and methods of so-called hard sciences for use in the
charting of social phenomena. There is an abundance of other scholars,
scientists and thinkers who may be cited for their adoption of physical
modelling,28 but it is not the objective of this work to provide a
comprehensive examination of them.
Despite the eventual divorce of the natural and the social described above,
some of these ideas survived (and thrived) in the 20th century. The torchbearer of interdisciplinary studies since the writings of Adam Smith has been
economics, and in that discipline, one of the foremost examples of the
attempt to understand human behaviour through the language of mathematics
can be found in the discipline of game theory. Put simply, game theory is a
systematised way of ascribing mathematical reasoning to decisions involving
other players, and therefore trying to analyse strategic situations in order to
attribute potential outcomes to each decision.29
While economics and game theory are indicative of the possibility of
social mathematical modelling, it is perhaps the very existence of these
disciplines that is to blame for the prevalence of the science wars. There is
something distasteful about reducing human decisions to basic binary choices
between favourable and unfavourable outcomes, as though human beings
were machines with little rational choice in these decisions. Implicit in the
physical modelling of social interactions described since the time of Hobbes
lies the presumption that humans make predictable choices, that society is to
an extent deterministic, and that history is nothing more than a collection of
dialectic points and counterpoints. Looking at the science in this way, there is
little wonder that some in the social sciences have rebelled against such a
reductionist view of human beings. In the words of documentary maker
Adam Curtis, game theory and other similar mathematical explanations of
social phenomena offers us a “simplistic view of human beings as selfseeking, almost robotic creatures”.30

OBJECTIVES
Despite objections to the idea that human affairs can be the subject of
statistical predictive analysis, this book follows a line of thought similar to
28. For a more detailed history of the physical modelling of social sciences, see Ball, supra note
17, chapters 1–4.
29. Davis MD, Game Theory: A Nontechnical Introduction, Rev. ed, London: Dover
Publications, Constable (1997), pp.3–9.
30. Curtis A, The Trap – What Happened to our Dream of Freedom, BBC (2007), Episode 3,
0:17.
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that which inspired some of the philosophers and scientists mentioned above.
It is one of the starting premises of the present work that several social
phenomena follow certain predictable patterns that can be quantified and
accurately described using mathematical tools. If such assumption is
warranted, as I believe that it is, then such predictive and descriptive tools
could be very useful to the law in its efforts to regulate human affairs in a
much more efficient manner. This book, then, starts with a general statement:
that regulators should try, wherever possible, to use the physical
methodological tools presently available in order to draft better legislation.
While such an assertion may be applied to the law in general, this work will
concentrate on the much narrower area of Internet regulation and the science
of complex networks.
The Internet is the subject of this book not only because it is my main area
of research, but also because –without over-emphasising the importance of
the Internet to everyday life31– one cannot deny that the growth and
popularisation of the global communications network has had a tremendous
impact on the way in which we interact with one another. The Internet is,
however, just one of many interactive networks. One way of looking at the
complex and chaotic nature of society is to see it as a collection of different
nodes of interaction. Humans are constantly surrounded by networks: the
social network, the financial network, the transport network, the
telecommunications network and even the network of our own bodies.
Understanding how these systems operate and interact with one another has
been the realm of physicists, economists, biologists and mathematicians.
Until recently, the study of networks has been mainly theoretical and
academic, because it is difficult to gather data about large and complex
systems that is sufficiently reliable to support proper empirical application. In
recent years, though, the Internet has given researchers the opportunity to
study and test the mathematical descriptions of these vast complex systems.
The growth rate and structure of cyberspace has allowed researchers to map
and test several previously unproven theories about how links and hubs
within networks interact with one another. The Web now provides the means
with which to test the organisational structures, architecture and growth of
networks, and even permits some limited prediction about their behaviour,
strengths and vulnerabilities.
The main objective of this book is first and foremost to serve as an
introduction to the wider legal audience to some of the theories of complexity
and networks. The second objective is more ambitious. By looking at the
application of complexity theory and network science in various areas of

31. What I call the “Internet has Changed Everything” fallacy.
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Internet regulation, it is hoped that there will be enough evidence to postulate
a theory of Internet regulation based on network science.
To achieve these two goals, Chapter 2 will look in detail at the science of
complex networks to set the stage for the legal and regulatory arguments to
follow. With the increase in reliability of the descriptive (and sometimes
predictive) nature of network science, a logical next step for legal scholars is
to look at the legal implications of the characteristics of networks. Chapter 3
highlights the efforts of academics and practitioners who have started to find
potential uses for network science tools. Chapter 4 takes this idea further, and
explores how network theory can shape Internet regulation.
The following chapters will analyse the potential for application of the
tools described in the previous chapters, applying complexity theory to
specific areas of study related to Internet Law. Chapter 5 deals with the
subject of copyright in the digital world. Chapter 6 explores the issue of peerproduction and user-generated content using network science as an analytical
framework. Chapter 7 finishes the evidence section of the work by studying
the impact of network architecture in the field of cybercrime, and asks
whether the existing architecture hinders or assists efforts to tackle those
problems.
It is clear that these are very disparate areas of study. It is not the intention
of this book to be overreaching in its scope, although I am mindful that it
covers a lot of ground and attempts to study and describe some disciplines
that fall outside of my intellectual comfort zone. While the focus of the work
is the Internet, its applications may extend beyond mere electronic bits.
Without trying to be over-ambitious, it is my strong belief that legal
scholarship has been neglectful in that it has been slow to respond to the
wealth of research into complexity. That is not to say that there has been no
legal research on the topic, but it would seem that lawyers, legislators and
policy-makers are reluctant to consider technical solutions to legal problems.
It is hoped then that this work will serve as a stepping stone that will lead to
new interest in some of the theories that I describe.

SOME NOTES ON METHODOLOGY
As stated, this book has one overriding purpose, and that is to serve as an
introduction to legal audiences to some of the topics explored by complexity
theory and network science. I am painfully aware that this implies a need to
explain concepts of physics and mathematics to audiences who may have no
training in either. When writing A Brief History of Time, Stephen Hawking
remarked that an editor had warned him that the inclusion of any equation
would potentially halve the number of readers. Following that advice, this

Andrés Guadamuz - 9781781004500
Downloaded from PubFactory at 01/08/2023 12:21:32PM
via free access

Introduction

11

book will attempt to use non-mathematical explanations of the many
concepts involved. This compromise is an attempt to inspire the legal reader
to consider research that would otherwise be ignored because of the maths.
The source material has in all cases been carefully cited to enable interested
readers to access the original, replete with accompanying equations.
As the work purports to explain interdisciplinary studies, I am also
conscious that in some instances I may have failed to convey the theories
adequately. In those circumstances, the fault is solely mine.
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