Reframing Complexity

Perspectives from the North and South

pra, Alicia Jua o O,-Gnd van Uden




A Volume in
__Exploring Complexity

i

¥

Volume One
Reframing Complexity:
Perspectives from the North and South



Exploring Complexity: Volume One

Reframing Complexity:
Perspectives from the North and South

=
Edited by
Fritjof Capra, Alicia Juarrero, Pedro Sotolongo and
o Jacco van Uden
oSS )
fohs = /0FE INFORM/

-

ISCE

Publishing

395 Central Street
Mansheld, MA 02048



Would you like to support

i COMPLEXITY THEORY RESEARCH IN CUBA?
Please consider contributing to

Friends of Havana’s January Complexity Seminars

For more information, go to:
{ www.friendsofcomplexitytheoryincuba.org

Reframing Camplexity: Perspectives from the North and South
Exploring Complexity Book Series: Volume |1
Edited by: Pritjof Capra, Alicia Juarrero, Pedro Sotalongo and Jacco van Uden

Library of Congress Control Number; 2007920255

ISBN: 0-9766814-6-3
ISBN13: 978-0-9766814-6G-5

Copyright @ 2007 ISCE Publishing, 395 Central Strect, Mansfield, MA 02048, USA

All rights reserved. No part of this publication may be reproduced, stored
on a retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, microfilming, recording or otherwise, without written
permission from the publisher,

Printed in the United States of America

CONTENTS

Sources of Complexity:

Reframing Complexity: Perspectives from the North and South .......vii

Alicia Juarrero, Pedro Sotelongo, Jacco van Uden ¥ Fritjof Capra

Section 1

Complasny and Life o, S e e

Fritjof Capra

Ecology, a Dialog between the Quick and the Dead v

Raobert E. Ulanowicz

Complexity and Environmental Education ..o

Carlos [ Delgado Diaz

Key [ssues Regarding the Origin, Nature, and Evolution of
Complexity in Nature: Information as a Central Concept to

Understand Biological OrganiZation ..o

Alvare Morcno & Kepa Ruiz-Mirazo

Section 2
Philosophical. Epistemeological, and
Methodological Implicaticons

Why We Cannot Know Complex Things Completely ...

Paul Cilliers

From Paradigms to Figures of TROUSHL .o coovvvvvvrvvvss e sesss sssssssssssses

Demise Najmanovich

Complex Dynamical Systems and the Problem of Identity .........

Alicia Juarrero

Complexity, Society, and Everyday Life oo

Pedro Sotolongo

Secience and Information

27

47

39

81

91

i d L

118



Section 3
Organizational Implications

9. Emergence Happens! Misguided Paradigms Regarding
Organizational Change and the Rale of Complexity and Patterns
in the Change LandScape ... e sssssesmmsassmsssseessssereressamesssmsssoeeses
James Falconer

10, Modeling of Social Organizations; Necessity and Possibility ..........
Raimunde J. Franco Parellada

13, The New Complex Perspective in Economic Analysis and
Busingss Management . i sii b oo ieiessee oo
Ruth Mateos de Cabo, Elena Olmedo Ferndndez, &
Juan Manuel Valderas Jaramille

Bection 4
Global and Ethical Implicatians

12, Complexity, Ideclogy, and GOVEINANCE «.oooo.ovoeoooeees oo
Roger Strand

13. Globalization and the Complexity of Human Dignity wooeoovovn..,
Ken Cole

14, The Consolations of Uncertainty: Time, Change, and
Complexity wimi..

Carl A. Rubing

ABour the ContTiBuLOrS oo

133

151

. 169

195

219

Reframing Complesiiy Wil

R

Reframing Complexity:
Perspectives from the North and South

avana’s Instituto de Filosofia’s First Biennial

International Seminar on the Philosophical,

Epistemological and Methodological Implications of
Complexity Theory, held in January 2002 in Havana, Cuba’s
capital city, was aimed at familiarizing Cuban researchers
and professorsin a more direct way with some of the current
trends — and widespread scope — of the expanding field of
complexity thinking, affording them the possibility of
personal contacts with some of the people engaged in that
effort.

Although the organizers launched the call for papers barely six-
months before the seminar’s opening day, they could not have found
a more encouraging response: the seminar was attended by specialists
from fifteen countries, ranging from Chile to Australia along the West-
Eastaxis, and from Norway to South Africaalong the North-South one.
There were participants from developed and underdeveloped countries.
Of course, Cuban colleagues were amply represented.

Itis also fair to say that in spite of the September 11'"'s terrible trag-
edy, only a few months before the seminar, the presence of the ten US
delegates who did come to Havana, and who made a significant con-
tribution to the success of the seminar, was much appreciated. They
were publicly welcomed and applauded at the seminar’s opening. That
was, in fact, the first of a series of January gatherings, on even years,
that has now issued the call for paper for its fourth edition, each time
counting with an ever increasing number of foreign participants, which
have included relevant personalities in the complexity thinking area as
Fritjof Capra, Isabelle Stengers, Edgar Morin, Gregoire Nicolis and John
Cast, among others.

The first seminar opened with a two-hour Special Lecture on “Com-
plexity and Life” (Chapter 1) by Prof. Fritjof Capra - University of Cali-
fornia at Berkeley — who also presented the seminar with a copy of his
most recent book, The Hidden Connections, closely related to the topic
of his opening lecture. In his lecture Prof. Capra focused convincingly
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on how a complexity approach can help usattain a better understanding
of the unity of the dynamics of non-living and living phenomena. He
also stressed the central role played in living phenomena by epigenetic
nerworks of nonlinear biological interactions — cellular, tissue, organic,
organismic and ecological - thus challenging the ‘genetic determinism’
that is still widespread in many quarters.

The seminar also benefited from special lectures by Prof. Paul Cil-
liers (University of Stellenbosch, South Africa), who discussed issues
relating complexity and post-modernism, and by Prof. William Bechtel
(Washington University, St. Louis), who explored the topics of mecha-
nism, dynamics and cognition. Panels/round tables on ‘Complexity
and Subjectivity’, ‘Complexity and Society’ and 'Complexity, Ecology,
Environment’ were also held, with the participation in all cases of visi-
tors and Cuban specialists.

The ideas expressed at the seminar — and this came as no surprise
—made clear that current developments in complexity stem from cir-
cumstances linked to the profound change thatis taking place in human
practice, both inits material and in itsideal or spiritual dimensions. This
change, and its characterization, are having (and could not avoid having)
asignificant influence on contemporary philosophical thought.

Thus, Havana contributions by Capra (US), Delgado (Cuba), Ula-
nowicz (US), and Rubine (US) among others, focused on the mutual
implications of complexity and life. From an ontological perspective,
complexity thinking gives us a new understanding both of the origin
and of the nature of life itself as an emergent phenomenon with myriad
forms, dynamically constrained but neverthelessunpredictable. Froman
epistemological angle, complexity thinking clearly points to the limits
of our knowledge of the living. These two facts together should help us
become aware of the enormous responsibility we have taken on when
we try to develop such fields as biotechnology and genetic engineering.
They should be put to the service of life and not vice versa.

When we face our inherently limited epistemic possibilities with
regard to the emergence of new forms of the living with unforeseen
and unpredictable characteristics, we would do well to take into con-
sideration what Cilliers stressed: human knowledge, having limits, has
no bovders or frontiers. We should distinguish between the two. Our
world has borders that can be “approached from both sides,” while
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our knowledge of the world has limits which allow only “approaches
from one side.” Where the limits of our knowledge lie, there precisely
begins the domain of ethics. Any careless trespassing of those limits is
epistemically naive and worse, ethically wrong.

As Cilliers also stressed, this topic, concerning the relationship
berween our descriptions of the world and the world itself — the old
philosophical problem of the dialectical correlation between ‘the onto-
logical’ and the ‘epistemological’ - has nothing to do either with an “end
of science” or with the impossibility, or the undesirability, of building
models. Ithas to do only with the undeniable circumstance that we have
to deal with the world in real dime and with finite means.

Delgadeo also talked about limits — in this case about the cultural limits
of Western man and Western civilization. His topic was complexity and
environmental education, and he asked how deeply environmental edu-
cation must question the culrural foundations of Western man’s model
of the relations between himselfand nature. Delgadourped us toseek an
answer to those cultural limits along three directions: epistemological,
socio-political and educational.

Man’s current material damage to the environment is a consequence
of a predatory model of man’s relations to nature that stems from our
spiritual consideration about what that environment is, and what it
means to us, This model was framed by Western culture’s view of na-
ture as a dichotomous domination and opposition between an external
—natural —world and an internal - social - one. From this perspective we
could argue that the “environmental problem” is nota problem of man's
relation to his natural surroundings, but first and foremost a problem
of man’s relation to himself. It is not enough, then, to talk about - and
work on — environmentally ¢lean technologies, or to further enhance
our environmental education efforts, or even to better understand the
dynamics of natural processes from a complexity perspective. Fine ef-
forts as they are, they will fall short if at the same time we do not place
before us as the central problem the cultural limits of that predator-man
provoking the environmental damages.

Sotolongo (Cuba) explored how life is also threatened, not only
through environmental damage, but also through economic exclusion
and cultural impoverishment by the ongoing process of neoliberal
globalization. Not by globalizatien as such, which is irreversible and
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unaveidable, but by its present neo-liberal character, which is not in-
evitable and ought to be reversed towards a more solidarity-minded
type of globalization in which economic exclusion and cultural ho-
mogenization had no place. The complexity approach is instrumental
for understanding both current trends in neo-liberal globalization and
possible wavs of reversing it,

All these facts therefore point to the need to keep in mind:

» the fortuitous character of life;

= thelimits in our knowledge of the living and its forms;

+ the unpredictability of the emergence of new forms of life;

+ the precarious character of life under neo-liberal globalization.

All of which lead to an ethics of life, that is, of a concern for life, a
responsibility for life, and a defense of the sustainability of life. In
Delgado’s words: they lead to a “global bio-ethics”.

Furthermore, the fortuitous character of the origin of life mentioned
above, including our own origin, should not thrust us into despair,
urged Rubino, as he focused on the consolations (and the hopes) of
uncertainty. Although the longing for order, perfection and certainty
has deep roots in Western culture, a longing that goes hand in hand
with Western man’s desire for immortality, the acceptance of our hu-
man condition - of mutability, disorder, and “the end of certainty™ (as
Gould and Prigogine have shown us) - should prompt not despair but
an abiding confidence in the future and our place in it. We stand on the
threshold, as Prigogine says, of “a period of multiple experimentation, of
anincreased awareness of both the incertitude and the great possibilities
implied by our human condition.” We are embedded in nature, not set
apart from it, playing the role of spectators - and this should be a cause
for rejoicing, not of despair, Rubino noted.

Ulanowicz also examined the links between complexity and life.
He argued in favor of a so-called “ecological metaphysics,” that is, a
metaphysical middle ground, as he called it, that treats life’s originasan
ecosystem dynamic. This approach should prove more neutral towards
both the living (the quick) and the non-living (the dead) in terms of
funcrional correlations between dead and live components.
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Ulanowicz argued that if prior to the 17™ century life was seen as
ubiquitous and ascendant and death as exceptional (an ontology “of the
living”'}, and the origin of life was no problem, the origin of life became
aproblem after the Enlightenment. Life itselfbecame irreversible, con-
tingent, asymmetrical and death was now preeminent and inexorable
(the equivalent of an ontology ‘of the dead’). The proposed metaphysical
“middle ground” should restore the lost balance between the living and
the non-living. Instead of earlier metaphors such as those of the “dead
machine”, “stochastic units” or “living organisms,” we should turn to
a “ecosystem” metaphor, the combination of a living community of
organisms interacting with the non-living elements of their environ-
ment as a whole functional unit.

Other contributors to the seminar turned their attention to other
links between complexity and globalizadon, emphasizingits economic
mechanisms and significations (Cole, UK}, its networked character and
its emergent phenomena. Likewise, Falconer (Canada), and Mateos,
Valderas, et al. (Spain) focused on various aspects of a Complexity ap-
proach to management, business and economics, and examined topics
such ascooperating firms, small enterprises, change in organizationsand
the links between chaos and the economy. These efforts to understand
globalization, economics, management and business, as well as those
otherefforts interpreting physical, chemical and biological phenomena
from a complexity perspective - Moreno, et al. (Spain) in this last case
~shed light on the relevance of knowledge about the world that is cur-
rently being articulated around complexity thinking. This approach
moves us away from a focus on isolated objects and linear processes to
a focus on complex networks of distributed non-linearly interacting
COmMpOnents.

Indeed, complexity thinking is inherently linked to our experienc-
ing both what is relevant to the world that surrounds us, and in which
we are immersed, and what is relevant in our interactions in this world
as a very complex web of mutually linked networks of nonlinear, and
distributed, interactions of local and non-hierarchical components out
of which, in a non-predictive fashion, new patterns of complex order
spontaneously emerge,

This appreciation of a web-like world also leads us to acknowledge
the ontological creativity of the entire world —notexclusively of human
beings—asaworld of multiple possible alternatives always dynamically
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creating themselves along with the dynamical constraints that even-
tually favor some and disfavor other possible evolutionary alterna-
tives, This complex understanding of the creative nature of the world
emphasizes the emergent character of phenomena. The world and its
instances are never “ready and finished” and are not “waiting there for
us to explain them.”

The complexity approach, furthermore, legitimizes the ontological
role of instabilities, asymmetries, chance and disordered phenomena.
We learn that these processes show no entological disadvantage vis
a vis stabilities, symmetries, and causal and orderly phenomena. The
latter would not come to be without the former. This assertion, which
mythical and ancient knowledge mastered so longago, but was later lost
along the way, is returning to us again (walking backwards) along with
the complexity approach. At long last we have another chance, hope-
fully not the last one, to allow us to accept the world, the societies we
build and live in, and ourselves as unrepeatable human subjectivities,
as a world of heterogeneities. Let us understand that we should not try
to homogenize itartificially in our ideal of comprehending it.

Complexity thinking thus points to the fact that this creative world
has no privileged ontological level. As scientific data from mega and
ultra-micro dimensions of this world increasingly show, our world
“bites its tail” as a true cosmic Uroborus. In it, we always face - and are
ourselves part of — an ever changing multiplicity of mutually linked
entropic and synergic processes involving flows of mass, energy, infor-
mation and meaning with morphogenetic endogenous capacity.

This becomes a major methodological challenge for complexity stud-
ies: we should take into consideration not only the “focus level” we are
interested in characterizing, but also two other ontological levels’: that
of the interacting dynamical components (the “underlying level’) and
that of the environment (the ‘overlying level’). None of them has any
“ontological preeminence” over the other twos in fact, the focused level’
isalways “nested” or “embedded” between the ‘levels of the components
and the environment’. The emergent pattern of new complex order is
then the result of atleast four ‘inter-level’ interactions: environmental
constraints, compositional constraints, emergent constraints, and com-
ponent-environment affordances.
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Epistemological implications of complexity thinking werealsoamply
presentat the seminar. Thus Najmanovich (Argentina), Cilliers, Strand
(Norway), Mateos, Valderas, et al.,, and Delgado, among others, spoke
atlength about reframing our understanding of the cognitive processes
under the impact of complexity thinking.

Epistemologically, we have departed from the absolute and transcen-
dental subject of cognition so dear to modern philesophy, and have to
deal instead with an involved and specific (historically and socially)
subject of cognition. We must come to grips with a reflexive subjectiv-
ity that must give account of itself, its whereabouts, and its activity in
the cognitive process. After centuries of pretended uncontaminated
objectivism, this brings to the forefront the interpretative, or herme-
neutical, dimension of the cognitive enterprise and the intertwining of
values and knowledge.

Along with other contemporary lines of thought, the complexity ap-
proach allows us to view the characteristic objectivism of modernity as
analleged “non-narradve narrative” (in Derrida’s words), as a discourse
thatdeniesitselfasadiscourse, a speech without a speaker, and without
aspeaking modality. This alleged “pure truth of facts”, as Najmanovich
reminds us, is the “trick” of modernity’s objectivism, the founding
paradox of positivist philosophy and of “simplicity thinking.”

Theimmense success of modernity's philosophy, she stressed, proves
its power, not its truthfulness. Modernity’s emphasis on methodic
thinking served the needs of the time to change the criteria of what had
to be considered relevant and legitimate. In doing so Modernity shaped
the need for new ways of producing, circulating and legitimizing knowl-
edge. That methodological emphasis was the weapon of a new rising
ruling class against the speculative knowledge of traditional religious
authority. Today, several centuries later, that emphasis is an obstacle to
understanding complexity thinking. Complexity thinking involves a
radical transformation of the global system of production, circulation
and validation of knowledge.

The foregoing, however, does not mean the rejection of different
methodologies, procedures or technologies to obtain new knowledge.
It only emphasizes that method is not independent from — nor does it
precede — experience; and also that there are always many alternatives
to explore, think and make sense of in our interactions with others and
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with the world at large. These various possibilities arise from man’s
everyday life practices. As Strand expressed it: “through complexity
thinking we are developing a new understanding of the links between
knowledge and action.” Passion for knowledge cannot be excused nor
accepted if divorced from moral considerations. Modernity’s alleged
axiological neurtrality disguises its true value commitments with an in-
strumental rationality. Whether we like it or not, we cannotand should
not hold an unconditional love-cult and trust in science and in technol -
ogy any longer. We should consider their merits by judging science and
technology’s contributions to a sustainable future for humanity and its
natural environment

Complexity thinking, together with relativity theory and quantum
mechanics, phenomenology and cognitivism, constructivism, dialectics
and hermeneutics, has led us further to recognize the inseparability of
subject and object of cognition. Today we know that we must not only
construct explanations about our objects of cognition; we have also to
be able to comprehend the subject of cognition that explains them and
the conditions and circumstances from which s/he does it.

The importance of complexity thinking for the comprehension of
society and of its individual members was stressed by Juarrero (US) and
by several Cuban speakers (e.g., Sotolongo, Franco}, among others.

Sotolongo focused on how a complexity approach could shed new
light on the old, but nevertheless still unresolved, problem of the cor-
relation between the so-called ‘macro’ social and the so-called ‘micro’
social phenomena, He argued that both of these social dimensions — that
is, objective (‘macro’) social structures and individual ("micro’) social
subjectivities — emerge simultanecusly and in a parallel way from the
concomitant processes of social objectivation and social subjectivation
of various patterns of social collective practical interactions in everyday

life.

Each of these patterns of social interactions is no more — but no less
~ than characteristic regimes of collective practices (family practices,
educational practices, labor, religious, classist, gender, race and /or ethnic
practices, and so forth) that act as true dynamical social attractors for
those inveolved in them, through the tacit and thus prereflexive process
of building up mutual expectations about each other’s social behavior
in everyday life (a sort of proto-normative fiber of every society). The
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“social cement” that glues together these attractor patterns of everyday
life are those mutual tacit social expectations, and its “ingredients” are
our prereflexive “local” practices of power, of desire, of knowledge and
of discourse (“local” in the sense that they take place within the so-
called “situations of social interactions with co-presence” in which we
are constantly involved).

In turn, these local practices of power, desire, knowledge and dis-
course set themselves up against the background of four types of social
affordances, which characterize basic social asymmetries (power in-
ducing and /or power induced; desire inducing and/or desire induced;
knowledge inducing and/or knowledge induced; discourse inducing
and /or discourse induced) in the interactions of social individuals - as
the basic ontological component-level of society — with their specific
social environment. Each one of these basic social asymmetries is capable
of triggering social complexifying processes, and is linked “circularly”
with the others.

Franco (Cuba) stressed the importance for managers of social organi-
zations to cope with the need to provide both what he called a “control
zone” and a “creativity zone” within each organization (linked by what
he called a “filter area™) in order for it to be able not only to implement
forecasts, plans, tasks and objectives, but also to be creative, flexible,
democratic and to adapt to the inevitable presence of non-predictable
variations in the organization’s environment. Mateos, Valderas, et al.
emphasized the importance of organizational learning, creativity and
innovation for strategic management.

We were reminded by Cilliers, Juarrero, Najmanovich, Sotclongo,
and others thathuman subjectivities are neither independent wholes nor
ffee—ﬂoau'ng egos, and thatthey are notreducible to either mere subjec-
tive observations or decisions. On the contrary, subjectivity is a complex
Pl}enumen{m initself, and should be approached asaweb of interactions
mth other subjectivities and with the world at large. It is precisely from
this intersubjective web of interactions that rmeaning emerges asaresult
ofa process of interpretations. In other words, subjectivities are always
cunte_}:tua]jzed, situated and immersed in a process of intersubjective
constitution that extends from birth to death. Asis the rest of the world,
subjectivities are also never “completed” and "ready”.
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Juarrero focused on the problem of complex dynamics and identity.
As old as philosophy itself and invelving questions relating to the
dialectics of permanence in change, and “sameness” within difference,
this important problem is of concern to complex dynamical thinking.
As something changes, is it the same thing (as before)? — an ontological
question. By what criteria do we tell if itis or isn't? — an epistemological
question. Because complex dynamical systems are “structures of pro-
cess” existing in time, any attempt to formulate criteria for identifying
agiven dynamical system as the same oneasbefore, or as the same type
as another, becomes very difficult. For example, with international
corporations and web-based communities in effect decoupled from any
particular spatial location, what identifies such organizations and asso-
ciations as that corporation or community? The lesson of complexity’s
sensitive dependence on initial conditions is that there exist only par-
tcular, individual - and increasingly individualized - phenomena. But
these are processual individuals, notstatic, thing-like objects. Moreover,
they have the potential to qualitatively evolve, not just develop.

side from the ideas expressed at the seminar, some of which

have been outlined above, a remarkable human phenomenon

emerged in Havana. Very different people indeed, who had
come from near and far — Europeans, Latin-Americans, Asians,
Africans, and North Americans, including US citizens — and who had
never met before, gathered together in Cuba's capital in an amiable,
open and democratic manner, made new friends, and felt at home with
each other. This wonderful and emergent human atmosphere was
also a most remarkable result of the Havana seminar and has further
developed in the subsequent editions of the seminar.

In many ways, the seminar was also a huge success because, in addi-
tion to coming from very different geographical locations, participants
were also from a great number of disciplinesand backgrounds. Asaresult
the talks not only spanned the entire field of complexity studies, they
also carefully considered implications and applications of complexity
theory to fields other than their own.

In the field of organization studies and management res earch, com-
plexity theory has been in vogue for quite a while and many articles
have been dedicated to finding ways of ‘making this complexity thing
work for organizations.’ Atleasttwo interesting things can be said about
the way in which ideas and concepts from the field of complexity are
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brought to the field of organization studies.

One practice worth mentioning is thatstudents of organization who
have imported ideas and findings from complexity scientists have done
sovery selectively. For example, complexity concepts such as self-orga-
nization, edge-of-chaos, and fitness landscapes can already look back on
successful careers in the field of organizations. That is, for one reason
or the other, organization researchers felt that it made sense to intro-
duce these words into their discipline. At the same time, and again for
various reasons, other ideas and concepts from complexity discourse
- like gradients, situatedness, or multiplicity — have received little or no
attention in organization studies. So, students of organization have
not accepted the complexity sciences whole. Instead, some ideas were
embraced and others have largely been ignored.

What is also interesting to mention about the use of complexity
theory in organization studies is that, as is always the case when stu-
dents of organization ‘borrow’ insights from their disciplines, there is
confusion and disagreement as to what exactly complexity concepts
(are supposed to) mean in their new habitat. Pick up any two books on
complexity and organization and you will find two very different views
of what, for instance, "emergence’ means in an organizational setting.
Everything about complexity is open to many interpretations.

According to some authors, both these practices should be regretted.
Theirargumentis that you either accept everything tharthe complexiry
sciences have to say or you simply don’t accept them at all. And when
youdo embrace the complexity sciences, unless you are willing to work
with ‘unfounded’ and ‘faddish’ applications of complexity theory to
the field of organizarions studies, you must accept that the message of
complexity is to be interpreted in only one way.

_ Ourview is rather different. If we believe that complexity is a very
rich source to draw from, imposing strong limits on what the numerous
conceprs of complexity can mean smothers complexity’s great potential.
In the very same way that ‘once awkward-now indispensable’ business
£oncepts such as ‘strategy’, ‘culture’, or ‘mission’ were massaged in
_ﬂm_ier to make them of any use to organizations, complexity discourse
fannot be understood as something that ‘just is”. For concepts such as
: E;H?IEEDEE', ‘attractors’, ‘ﬁtn_ess !and.sca]:fes’ and ‘self-organization’ to
‘e useful to students of otganization, itisimportant that they are never
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quite fixed in their meaning. The notion of *strategy’, for example, re-
mains helpful to those who use it to make sense of organizations because
the question of what ‘strategy’ means is never answered once and for
all. People play with the concept of ‘strategy’, they turn it upside down,
they adjustit, undermine itagain, look atit from anew perspective,and
so on. And that is how ‘strategy’ is kept meaningful. Were the concept
not open to reinterpretation at some point it simply would have stopped
being of use,

The same applies to the concepts of complexity. Already, the mean-
ing of notions such as ‘emergence’, “attractors’, etc. have come to be
taken for granted to some degree. And while there is nothing wrong
with that in itself, it is important to bear in mind that it could very
well be warthwhile to put the many complexity concepts into a new
perspective. One particular way of doing just that — but not the only
one - is by presenting the views of complexity scholars from different
parts of the world, especially from its North and from its South. The
world — and complexity thinking — is not always the same from these
two world regions.

Another way to do it is by going back to what we might consider to
be the roots of complexity research. This has at least two advantages.
First, by going to the basement of the house that is complexity theory-
informed organization studies, we may come across concepts or ideas
that have not been picked up before but which seem worthy of explora-
tion now. The second benefit comes from re-reading the material that
led us to specificunderstandings of the concepts that we already use. By
going beyond the meanings of notions of complexity as they hardened
in organization studies, and by revisiting the ‘basics’ and exploring
some of the general philosophical implications of complexity, students
of organizations allow themselves to open things up, thereby freeing
themselves to look for possible new ways to apply complexity theory
in the field of organization studies.

Havana's complexity seminar allows us to march along both ways.
And thar is what the editors aim to achieve with this book.

The selection of the papers and the way they are structured in this
book reflects that ambition. The editors selected the fourteen submitted
papers they thought would be most appropriate and useful to readers.
The selected papers have been organized in four parts:

.l'-!.;gfinmn'ug Complexity Wi%
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. Sources of Complexity: Science and Information.

iI. Philosophical, Epistemological and Methodological implications.
[II. Organizational Implications.

V. Global and Ethical Implications.

The papers in Part | can be said to approach the phenomenon of
complexity atavery basiclevel. Here the issues being addressed revolve
around the very fundamental question of why the complexity sciences
are so important: What are the most fundamental lessons to be learned
from studying complex systems? Papers included in Part IT engage in
a broader, philosophical investigation of some of the most general on-
tological, epistemologicaland methodological implications of the com-
plexity approach, showing how very old questions are currently being
reformulated and/or reinterpreted in the light of complexity thinking.
Papers that appear in Part I1] address various important issues about
the links berween complexity and social, organizational, business and
management questions. Finally, Papers in Part [V return once again to
more global implications of Complexity thinking, this time dealing with
Ethical and Glabalization issues of contemporary world.

In a time all too often plagued by repeated misunderstandings be-
tween North and South, Complexity 2002 demonstrated how fruitful
and enriching the dialogue between the two hemispheres canbe. Each
of us lives in a complex personal and social world, and if complexity
thinking has anything to offer, it is a more nuanced appreciation of the
divergences and convergences of different perspectives.

 Wetheeditors invite you to participate in this invigorating and excit-
ingintellectual exchange between recognized scholars from the North
and South. Originally published in electronic format the essays herein
Appear now (updated and revised) for the first time in print, thanks to
the auspices of ISCE Publishing.

?ﬂﬂf?pkxiry 2008 willbe held in 15*-18% January, 2008. We heart-
¥ nvite you to join us at this upcoming, fourth Biennial Seminar on
the Philosophical, Epistemological and Methodological Implications of
-0mplexity Theory, in Havana, Cuba, and sponsored by the island’s
V:dCathedran of Complexity Studies, and the Camagiiey Center for

€icine and Complexity. For more information see www.complex-
“fuba.org,
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Intreoduction

y theme here is “Complexity and Life,” and I shall

present my thoughts to you in two parts. In the

first part, [ shall discuss the nature of biological life
and the relevance of complexity theory to understanding
living systems. In the second part, I shall review the recent
achievements, current status, and future promises of
complexity theory.

The Nature of Life

in our understanding of the nature of life (Capra, 2002). Over

the past ten years, molecular biologists have been engaged in
one of the most ambitious projects in modern science - the attempt to
identify and map the complete genetic sequence of the human species,
which contains tens of thousands of genes,

l et me begin by discussing some dramatic recent developments

As you know, the firststage of the Human Genome Project was suc-
cessfully completed about a year ago. The results of this tremendous
achievement, together with the successful mappings of other genomes,
have triggered a conceptual revolution in genetics thatis likely to radi-
cally change our understanding of life (Keller, 2000; Capra, 2002: 142).
To appreciate these changes, let me briefly review the history of the
modern scientific conceprt of life.

In 1944, the Austrian physicist Erwin Schrédinger wrote a short
book titled What is Life?, in which he advanced clear and compelling
hypotheses about the molecular structure of genes. This book stimu-
lated biologists to think about genetics in a novel way and opened a new
frontier of science, molecular biology.

During subsequent decades, this new field generated a series of trium-
phant discoveries, culminating in that of the DNA double helixand the
unraveling of the genetic code. For several decades after these discover-
ies, biologists believed that the “secret of life” lay in the sequences of
genetic elements along the DNA strands. [f we could only identify and
decode those sequences, so the thinking went, we would understand
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the genetic “programs” that determine all biological structures and
processes. This view of life, known as “genetic determinism,” is now

being seriously challenged.

The newly developed sophisticated techniques of DNA sequencing
_and of related genetic research increasingly show that the traditional
concept of a genetic program, and maybe even the concept of the gene
jtself, are in need of radical revision. And so more and more biologists
are looking fora different answer to Schrodinger’s old question, “What

s Life?”

The conceptual revolution that is now taking place in biology is a
profound shift of emphasis from the structure of genetic sequences to
 the organization of metabolic networks. It is a shift from reductionist
to systemic thinking. The issue, simply stated, is this: to understand
the nature of life, it is not enough to understand DNA, proteins, and
the other molecular structures that are the building blocks of living
_organisms, because these structures also exist in dead organisms, e.g.,
inadead piece of wood or bone.

The difference between a living organism and a dead organism lies
in the basic process of life — in what sages and poets throughout the
- ages have called the “breath oflife.” In modern scientific language, this
process of life is called “metabolism.” Itis the ceaseless flow of energy
and matter through a nerwork of chemical reactions, which enables a

 01ganism to continually generate, repair, and perpetuate itself
pra, 2002: 5).

"

Metabolism and the Epigenetic Network

he understanding of metabolism includes two basic aspects.
Oneis the continuous flow of energy and matter. Living svstems

are open systems. They continually take in food and produce
¢ In other words, a living system operates far from equilibrium.

f-;ﬂnt:inua]_l}r flows through it, and yet the system maintains a
Torm.

“S_t_laliZE this non-equilibrium state, think of avortex: awhirlpool
.tulh.fﬂriecxample. Water continually flows through the vortex,
aracteristic shape remains stable. Metaphorically, we can visu-
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alize a living organism as a whirlpool — that is, as a stable structure with
matter and energy continually Aowing through it.

The second aspect of metabolism is the metabolic network — a net-
work of chemical reactions that breaks down the food and uses the
nutrients to grow the organism'’s biological structures. One of the most
important insights of the new understanding of living systems is the
recognition that netwaorks are the basic pattern of life. Ecosystems are
understood in terms of food webs (networks of organisms); organisms
are networks of cells, organs, and organ systems; and cells are networks
of malecules. The network is a pattern that is common to all life. Wher-
ever we see life, we see networks.

The first key characteristic of these living networks is that they create
their own boundary. A cell, for example, is enclosed by the cell mem-
brane which discriminates between the system — the “self” as it were
— and its environment. The membrane is semi-permeable, keeping
certain substances out and letting others in, and in this way it regulates
the cell’s molecular composition and preserves its identity. These semi-
permeable membranes are a universal characteristic of cellular life.

The second key characteristic of living networks is that they are
self-generating. In a cell, all the biological structures — the proteins,
enzymes, the DNA, the cellmembrane, etc.—are continually produced,
repaired, and regenerated by the cellular network. Similarly, at the level
of amulticellular organism, the bodily cells are continually regenerated
and recycled by the organism’s metabolic nerwork.

When we try to describe the metabolic network of a cell in detail, we
see immediately that it is very complex, even for the simplest bacteria.
Most metabolic processes are catalyzed by enzymes and receive energy
through special phosphate molecules known as ATP. The enzymes
alone form an intricate network of catalytic reactions, and the ATP mol-
ecules form a corresponding energy network. Through the messenger
RNA, both of these networks are linked to the genome, which is itself
a complex interconnected web, in which genes directly and indirectly
regulate each other’s activity. In other words, the metabolic network
includes the generic level but extends to levels beyond the genes. Itis
therefore also known as the “epigenetic” network.
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Therecentadvances in genetics have shown that this epigeneticnet-
- work playsacritical role in all biological processes involving genes. The
fidelity of DNA replication, the rate of mutations, the transcription of
coding sequences, the selection of protein functions, and the patterns
of gene expression are all regulated by the epigenetic network in which
the genome is embedded. This network is highly nonlinear, containing
multiple feedback loops, sa that patterns of genetic activity continually
‘change in response to changing circumstances.

Let me now summarize my description of metabolism by identifying
four key characteristics of biological life (Capra, 2002: 13).

‘1. A living system is materially and energetically open — it needs to
- take in food and excrete waste to stay alive;

2. Itoperates far fromequilibrium - there is a continual flow of energy
and matter through the system;

‘3. Itis organizatonally closed — a metabolic network bounded by a
membrane;

4. Irisself-generating - each component helps to transform and replace
‘other components.

Nonlinearity

ese four characteristics all have one thing in common: they

are characteristcs of a system whose dynamics and pattern

- of organization are nonlinear. Non-equilibrium systems are

ear systems; networks are nonlinear patterns of organization.

where complexity theory comes in. It is so important for

erstanding living systems, because it is a nonlinear mathematical
Y. Indeed, its technical name is “nonlinear dynamics.”

ience, until recently, we always avoided the study of nonlinear
stems, because the mathemarical equations describing them are
cult to solve. Whenever nonlinear equations appeared, they
“linearized,” i.e., replaced by linear approximations,
cribing the phenomena in their full complexity, the equa-
classical science deal with small oscillations, shallow waves,

es of temperature, and so on, for which linear equations
Mulated. This became such a habit that most scientists and
me to believe that virtually all natural phenomena could be



B8 Mart It Sources of Comgplexity - Scicnce and Infurmation

A

described by linear equations.

The decisive change over the last three decades hasbeen to recognize
the importance of nonlinear phenomena, and to develop mathematical
technigues for solving nonlinear equations. The use of computers has
played a crucial role in this development. With the help of powerful,
high-speed computers, mathematicians are now able to solve complex
equations that had previously been intractable.

In doing so, they have devised a number of techniques, a new kind
of mathematical language that revealed very surprising patterns under-
neath the seemingly chaotic behavior of nonlinear systems, an underly-
ing order beneath the seeming chaos. Indeed, chaos theory, an important
branch of nonlinear dynamics, is really a theory of order, but of a new
kind of order that is revealed by this new mathematics.

Phase Space and Attractors

et me now review some of the main features of nonlinear

dynamics, the theory of complexity (Capra, 1996: 112). When

you solve a nonlinear equation with these new mathematical
techniques, the result is not a formula but a visual shape, a pattern
traced by the computer known as an “artractor.” The mathematics of
complexity is essentially a mathematics of patterns.

To illustrate this, let me show you a typical example, known as the
“chaotic pendulum,” which was studied first by the Japanese mathema-
tician Ueda in the late seventies. Itis a nonlinear electronic circuit with
an external drive, which is relatively simple but produces extraordinarily
complex behavior. Each swing of this chaotic oscillator is unique; the
system never repeats itself. However, in spite of the seemingly erra'::n;
motion, the attractor representing the system’s complex dynamics 15
simple and elegant. It is now known as the Ueda attractor (Figure 1).
As you can see, itgenerates patterns that almost repeat themselves, buE
not quite. This is a typical feature of the so-called “strange attractors
of chaotic systems.

Let’s take a closer look at this attracter. It is a pattern in two dimen-
sions, which are defined by the two variables needed to describe

pendulum — its position (or angle) and its velocity. These two variables.
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Figure 1 The Ueda Attractor

ne a mathematical space called “phase space.” Each point in the
determined by the values of the system’s two variables, which
n completely determine the state of the system.

In other words, each point in phase space represents the system in
ular state, As the pendulum moves, the point representing it
ta trajectory that represents the dynamics of the system. The
tor is the pattern of this trajectory in phase space. By the way, itis
‘attractor,” because it represents the system’s long-term dynam-
‘Anonlinear system will ty pically move differently in thebeginning,
ding on how you start it off, but then will settle down to a char-
long-term behavior, represented by an attractor. Metaphori-
peaking, the trajectory is “attracted” to this pattern whatever its

0

g point may have been.

Ifiﬁilnpnrtant torealize that this trajectory in phase spaceis not
fysical trajectory of the chaotic pendulum. It isavisual representa-
: ﬁ??’?n&ulum’s complex dynamics in an abstract mathematical
In th-ls case, the phase space has two dimensions, because the
determined by only twovariables. Formore complex systems,

S Epace will have more than two dimensions, one for each vari-
 system.
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Fractal Geometry

1en we magnify the picture of the Ueda attractor, we

discover a multi-layered substructure in which the same

patterns are repeated again and again. This property of
similar geometric patterns appearing repeatedly at different scales is
known as “self-similarity” and is the defining characteristic of fractal
geometry, which is another important branch of nonlinear dynamics.

Fracral geomerry was developed originally by Benoit Mandelbrot to
study the geometry of a wide variety of irregular natural phenomena,
and it was only later that its connection with chaos theory was discov-
ered. Since then it has become customary to define strange attractors
as trajectories that exhibit fractal geometry.

Over the past twenty years, scientists and mathematicians explored
a wide variety of complex systems. In case after case they would set
up nonlinear equations, and have computers trace out the solutions as
trajectories in phase space. To their great surprise, these researchers
discovered that there is a very limited number of different attractors.
Their shapes can be classified topologically, and the general dynamic
properties of a system can be deduced from the shape of its attractor.

Simplicity and Complexity

he exploration of nonlinear systems over the past decades has

had a profound impact on scienceasa whole, as it has forced us

to re-evaluate some very basic notions about the relationships
between a mathematical model and the phenomena it describes.
One of those notions concerns our understanding of simplicity and
complexity.

In the world of linear equations we thought we knew that sys-
tems described by simple equations behaved in simple ways, while thosé
described by complicated equations behaved in complicated ways. [nthe
nonlinear world —which includes most of the real world, as we begin to
discover - simple deterministic equations may produce an unsu spected
richness and variety of behavior. One of the most fascinating examples
is the now well-known Mandelbrot set (Figure 2), a fractal structure
that displays a richness defying the human imagination and yet can be
generated with a very simple iterative procedure.

Compiexity and Life
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On the other hand, complex and seemingly chaotic behavior can give
rise to ordered structures, to subtle and beautiful pacterns. Indeed, the
term “chaos” has acquired a new technical meaning. The behavior of
chaotic systems is not merely random, but shows a deeper level of pat-
terned order.

A central feature of nonlinear systems is the frequent occurrence of
self-reinforcing feedback processes. This has several surprising conse-
quences, In linear systems, small changes produce small effects, and
large effects are due either to large changes or to a sum of many small
changes. In nonlinear systems, by contrast, small changes may have
dramatic effects because they may be amplified by repeated feedback.

From Quantity to Quality

ecause of the possibility thar small differences may be amplified

by repeated feedback, nonlinear systems are extremely sensitive

to their initial conditions. Minute changes in the system’s
initial state will lead over time to large-scale consequences. In chaos
theory this is known as the “butterfly effect” because of the half-joking
assertion that a butterfly stirring the air today in Beijing can cause a
storm in New York next month.

The butterfly effect was discovered in the carly sixties by the meteo-
rologist Edward Lorenz, who designed a very simple model of weather
conditions consisting of three coupled nonlinear equations. He found
that the solutions to his equations were extremely sensitive to the initial
conditions. From virtually the same starting point, two trajectories
would develop in completely different ways, making any long-range
prediction impossible.

This discovery sent shock waves through the scientific community,
which was used to relying on deterministic equations for predicting
phenomena such as solar eclipses or the appearance of comets with great
precision over long spans of time. Itseemed inconceivable that strictly
deterministic equations of motion should lead to unpredictable results.
Yet, this was exactly what Lorenz had discovered.

Mathematically, this means that we can never predictat which point
in phase space the trajectory of a chaotic system will be at a certain time,
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aven though the system is governed by deterministic equations. The

intis that, in order to calculate the trajectory’s evolution, we always
need to round off the calculation after a certain number of decimal
places, even with the most powerful computers; and after a sufficient
number of iterations, or feedback loops, even the most minimal round-
offerrors will have added up to enough uncertainty to make predictions

impossible.

The impossibility of predicting at which point in phase space the
trajectory of a chaotic attractor will be at a certain time, does not mean
that chaos theory is not capable of any predictions. We can still make
very accurate predictions, but they concern the qualitative features of
the system’s behavior rather than the precise values of its variables ata

icular time. Nonlinear dynamics thus represents a shift from quan-
tity toquality. Whereas conventional mathematics deals with quantities
and formulas, complexity theory deals with quality and pattern.

_ Indeed, the analysis of nonlinear systems in terms of the topological
features of their attractors is known as “qualitative analysis.” A non-
ii“near system can have several attractors, and they may be of several
different types. All trajectories starting within a certain region of phase
space will lead sooner orlater to the same attractor. Thisregion iscalled
the “basin of attraction” of that attractor. Thus the phase space of a
nonlinear system is partiioned into several basins of attraction, each

embedding its separate attractor.

o The qualitative analysis of a dynamic system consists in identifying
system’s attractors and basins of attraction, and classifying them
i terms of their topological characteristics. The result is a dynarmical
icture of the system, called the “phase portrait.” The mathematical
_ forarllalyz.iug phase portraits are based on the pioneering work
: b}' Henri Poincaré at the beginning of the 20 century, and were
¥ developed and refined by the American topologist Stephen
ale in the early 1960s.

Bifurcations

male also discovered that in many nonlinear systems, small
b thEES C:f certain parameters may produce dramatic changes
i e basic cha.racteristics of the phase portrait. Attractors may
ar, or change into one another, or new attractors may suddenly
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appear. Such systems are said to be structurally unstable, and their
critical points of instability are called “bifurcation points.”

As there are only a small number of different types of artractors, so
too there are only a small number of different ty pes of bifurcation events,
and like the attractors the bifurcations can be classified topologically.
One of the first to do so was the French mathematician René Thom inthe
1970s, who used the term “catastrophes” instead of “bifurcations” and
identified seven elementary catastrophes. Today mathematicians know
about two dozen bifurcation types (such as saddle node, transcritical,
Hopf, and pitchfork bifurcations for example).

Mathematically, bifurcation points mark sudden changes in the
system's phase portrait. Physically, they correspond to points of in-
stability at which the system changes abruptly and new forms of order
suddenly appear. The discovery of thisspontaneous emergence of order
at critical points of instability is one of the mostimportant discoveries
of complexity theory.

Achievements and Status of Complexity
Theory

et me now turn to the achievements and current status of

complexity theory. We need to remember, first of all, that

complexity theory, or nonlinear dynamics, is not a scientific
theory, in the sense of an empirically based analysis of natural or social
phenomena. It is a mathematical theory, i.e., a body of mathematical
concepts and techniques for the description of nonlinear systems.
As we have seen, to describe nonlinear systems mathematically, and
to solve the corresponding equations, is radically different from the
conventional linear descriptions. The most important achievement of
nonlinear dynamics, in my view, is to provide the appropriate language
for dealing with nonlinear systems.

T have discussed some of the key concepts of thislanguage - chaos, at=
tractors, fractals, bifurcation diagrams, qualitative analysis, etc. Twenty=
five years ago, these concepts did not exist. Now we know what kinds
of questions to ask when we deal with nonlinear systems.

15

Complexity and Life

S

Having the appropriate mathematical language does not mean that
know how to construct a mathematical model in a particular case.
i’i}'u need to simplify ahighly complex system by choosing a few relevant
yariables, and then you need to setup the proper equations to intercon-
nect these variables; or you can try to build a computer simulation. This
is the interface between science and mathematics.

So, the creation of a new language is the overall achievement of non-
linear dynamics. Then there are partial achievements in various fields,
and among those [ shall concentrate on the life sciences, the understand-

ing of living systems.
Theory of Dissipative Structures

e Russian-born chemist and Nobel Laureate Illya Prigogine
was one of the first to use nonlinear dynamics to explore basic
properties of living systermns. What intrigued Prigogine most

was that living organisms are able to maintain their life processes
under conditions of non-equilibrium. During the 1960s, he became
ﬁﬁ!;inated by systems far from equilibrium and began a detailed
investigation to find out under exactly what condidons non-
equilibrium situations may be stable.

:T_h&mi:ial breakthrough occurred, when herealized that systems far
Tom equilibrium must be described by nonlinear equations. The clear
ognition of thislink between “far from equilibrium” and “nonlinear-
opened an avenue of research for Prigogine that would culminare
ade later in his theory of dissipative structures, formulated in the
age of nonlinear dynamics (Capra, 1996: 172).

NAs I.me_ntiuned before, a living organism is an open system that
tains itself in a state far from equilibrium, and yet is stable: the
overall structure is maintained in spite of an ongoing flow and
ange of components. Prigogine called the open systems described
theory “dissipative structures” to emphasize this close interplay
Nstructure on the one hand and flowand change (or dissipation)
other. The farther a dissipative structure is from equilibrium,
"ateris its complexity and the higher is the degree of nonlinearity
®Mathematical equations describing it.
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The dynamics of these dissipative structures specifically include the
spontaneous emergence of new forms of order. When the flow of energy
increases, the system may encounter a point of instability, or bifurcation
point, at which it can branch off into an entirely new state where new
structures and new forms of order may emerge.

This spontaneous emergence of order at critical points of instability,
often simply referred to as “emergence,” is one of the most important
concepts of the new understanding of life. Emergence is one of the
hallmarks of life. It has been recognized as the dynamic origin of de-
velopment, learning, and evolution. In other words, creativity - the
generation of new forms —is a key property of all living systems. And
since emergence is an integral part of the dynamics of open systems, this
means that open systems develop and evolve. Life constantly reaches
out into novelty.

The theory of dissipative structures explains not only the spontane-
ous emergence of order, butalso helps us to define complexity. Whereas
traditionally the study of complexity has been a study of complex strue-
tures, the focus is now shifting from the structures to the processes of
their emergence. For example, instead of defining the complexity of an
organism in terms of the number of its different cell ty pes, as biologists
often do, we can define it as the number of bifurcations the embryo
goes through in the organism’s development. Accordingly, the Brit-
ish biologist Brian Goodwin speaks of “morphological complexity™
(Goodwin, 1998).

Cell Development

etheoryofemergence, knowntomathematiciansas “bifurcation
theory,” has been studied extensively by mathematicians and
scientists, among them the American biologist Stuart Kauffman.
Kauffman used nonlinear dynamics to construct binary models of
genetic networks and was remarkably successful in predicting some
key features of cell differentiation (Kauffman, 1991: 194).

A binary network, also called “Boolean network,” consists of nodes
capable of two distinct values, conventionally labeled ONand OFF. The
nodes are coupled to one another in such a way that the value of each
node is determined by the prior values of neighboring nodes according

o snme “swirchine rale”
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when Kauffman studied genetic networks, he noticed thateach gene
in thegenome s directly regulated by only a few other genes, and healso
knew that genes are turned on and off in response to specific signals. In
otherwords, genes donotsimply act; they mustbe activated. Molecular
biologists speak of patterns of “gene expression.”

This gave Kauffman the idea of modeling genetic networks and
patterns of gene expression in terms of binary networks with certain
switching rules. The succession of ON-OFF states in these models is
associated with a trajectory in phase space and is classified in terms of
different types of attractors.

Extensive examination of a wide variety of complex binary networks
hasshown thatthey exhibit three broad regimes of behavior: an ordered
,rggune with frozen components (i.e., nodes that remain either ON ar
(OFF), achaoticregime with no frozen components (i.e., nodes swirching
back and forth between ON and OFF), and a boundary region between
order and chaos where frozen components just begin to change.

. Kauffman's central hypothesis is that living systems exist in that
jmrundaxy region near the so-called “edpe of chaos.” He believes that
natural selection may favor and sustain living systems at the edge of
ii_hil';_!:!_s, because these may be best able to coordinate complex and flex-
:1'131& behavior. To test his hypothesis, Kauffman applied his model to
ﬁf'IE_EﬂEﬁE networks in living organisms and was able to derive from it
several surprising and rather accurate predictions.

_ In terms of complexity theory, the development of an organism is
?acl:eriz.ed by a series of bifurcations, each corresponding to a new
ell type. Each cell type corresponds to a different pattern of gene ex-
lon, and hence to a different attractor. Now, the human genome
: between 30,000 and 100,000 genes. In a binary network of
Size, the possibilities of different patterns of gene expression are
enomical. However, Kauffman could show that at the edge of chaos
Dumber of attractors in such a network is approximately equal to

quare root of the number of its elements. Therefore, the human
cel k of genes should express itself in approximately 245 different
“SlLtypes. This number comes remarkably close to the 254 distinct cell
entified in humans'.

'It _has been suggested recently, however, that the square root
ship berween number of cell types and number of elements (i.e..
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Kauffman also tested his attractor model with predictions of the
number of cell types for various other species, and again the agreement
with the actual numbers observed was very good.

Another prediction of Kauffman's attractor model concerns the
stability of cell types. Since the frozen core of the binary network is
identical for all attractors, all cell types in an organism should express
mostly the same set of genes and should differ by the expressions of
only a small percentage of genes. This is indeed the case for all living
organisms.

In view of the fact that these binary models of genetic networks
are quite crude, and that Kauffman’s predictions are derived from the
models’ very general features, the agreement with the observed data
must be seen as a remarkable success of nonlinear dynamics.

The Origin of Biclogical Form

biology is the study of the origin of biological form, known

as morphology. This is a field of study that was very lively in
the 18 century, but then was eclipsed by the mechanistic approach to
biology, until it made a comeback very recently with the emphasis of
nonlinear dynamics on patterns and shapes.

g very rich and promising area for complexity theory in

A key insight of the new understanding of life has been that biologi-
cal forms are not determined by a “genetic blueprint,” butare emergent
properties of the entire epigenetic network of metabolic processes.

Tounderstand the emergence of biological form, we need to under-
stand not only the genetic structures and the cell’s biochemistry, but
also the complex dynamics that unfold when the epigenetic network
encounters the physical and chemical constraints of its environment.
In this encounter, the interactions between the organism’s physical and
chemical variablesare highly complexand can be represented in simphi-
fied models by nonlinear equations. The solutions of these equations.
represented by a limited number of attractors, correspond to the limited
number of possible biological forms.

CocVN) is the result of sampling bias and is not generally the case, Bilke and
Sjunnesson (2002) provide strong evidence that the number of cell types (of
limit cycles) grows linearly with the number of elements (N).
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This technique has been applied to a variety of biological forms,
from branching patterns of plants and the coloring of sea shells to the
nest building of termites. A good example is the work of Brian Good-
win (1994 77) who used nonlinear dynamics to model the stages of
development of asingle-celled Mediterranean alga, called Acetabularia,

which forms beautiful little “parasol” caps (see Figure 3).

Like the cells of plants and animals, the cell of this alga is shaped
_and sustained by its cytoskeleton, a complex and intricate structure of
protein filaments. The cytoskeleton is subject to various mechanical
stresses, and it turns out that a key influence on its mechanical state
—its rigidity or softness — is the calcium concentration in the cell. The
eytoskeleton is anchored to the cell wall, and its behavior under the
-mechanical stresses, therefore, gives rise to the alga’s biological form.

- Since the mechanical properties of the cytoskeleton at the molecu-
lar level are far too complex to be described mathematically, Goodwin
and his colleagues approximated them by a continuous field, known in
hysics as a stress-tensor field. They were then able to set up nonlinear
iluquanons thatinterrelate patterns of calcium concentration in thealga’s
cell fluid with the mechanical properties of the cell walls.

& 3 Computer simulations of algal structures, arising from the
between patterns of calcium concentration and mechanical
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These equations contained numerous parameters, such as the diffu-
sion constant for calcium, the resistance of the cytoskeleton to deforma-
tion, and so on. In nature, these quantities are determined genetically
and change from species to species, so that different species produce
different biological forms.

Goodwin and his colleagues proceeded to try out a variety of pa-
rameters in computer simulations to explore the types of form thata
developing alga could produce. They succeeded in simulating a whole
sequence of structures that appear in the alga’s development of its
characteristic stalk and parasol (see Figure 3). These forms emerged
as successive bifurcations of the artractors representing the interplay
between patterns of calcium and mechanical strain.

The lesson to be learned from these models of plant morphology is
that biological form emerges from the nonlinear dynamics of the organ-
ism’s epigenetic network as it interacts with the physical constraints of
its molecular structures. The genes do not provide a blueprint for bio-
logical forms. They provide the initial conditions that determine which
kind of dynamics - or, mathematically, which kind of attractors - will
appear in a given species. In this way genes stabilize the emergence of
biological form.

Developmental Stability

rom the origin of biological form, let me now move on to the

development ofan embryo (Capra, 2002: 152-153). Complexity

theory may shed new light on an intriguing property of biological
development that was discovered almost 2 hundred years ago by
the German embryologist Hans Driesch. With a series of careful
experiments on seaurchin eggs, Driesch showed that he could destroy
several cells in the very early stages of the embryo, and it would still
erow into a full, mature sea urchin. Similarly, more recent genetic
experiments have shown that “knocking out™ single gencs, even
when they were thought to be essential, had very little effect on the
functioning of the organism.

This very remarkable stability and robustmess of biological develop-
ment means that an embryo may start from different initial stages —for
example, if single genes or entire cells are destroyed accidentally - but
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will nevertheless reach the same mature form thatis characteristic of its
species. The question is, what keeps development on track?

There is an emerging consensus among genetic researchers that this
robustness indicates a redundancy in genetic and metabolic pathways.
It seems that cells maintain multiple pathways for the production of
essential cellular structures and the support of essential metabolic
processes. This redundancy ensures not only the remarkable stability
of biological development, butalso great flexibility and adaptability to
unexpected environmental changes. Genetic and metabolic redundancy
may be seen, perhaps, as the equivalent of biediversity in ecosystems. It
seerns that life has evolved ample diversity and redundancy at all levels
of complexity.

The observation of genetic redundancy is in stark contradiction to
genetic determinism, and in particular to the metaphor of the “selfish
gene” proposed by the British biclogist Richard Dawkins. Accordingto
Dawkins, genes behave as if they were selfish by constantly competing,
via the organisms they produce, to leave more copies of themselves.
From this reductionist perspective, the widespread existence of re-
dundant genes makes no evolutionary sense. From a systemic point of
view, by contrast, we recognize that natural selection operates not on
individual genes, but on the organism’s patterns of self-organization.
In other words, what is selected by nature is not the individual gene but
the endurance of the organism'’s life cycle.

Now, the existence of multiple pathwaysisan essential property of all
networks; it may even be seen as the defining characteristic of a network.
Itis therefore not surprising that complexity theory, which is eminently
suited to the analysis of networks, should contribute important insights
into the nature of developmental stability.

In the language of nonlinear dynamics, the process of biclogical de-
velopment is seen as a continuous unfolding of a nonlinear system as
the embryo forms out of an extended domain of cells. This “cell sheet”
has certain dynamical properties that give rise to a sequence of defor-
mations and foldings as the embryo emerges. The entire process can be
Tepresented mathemarically by a trajectory in phase space movinginside
a basin of attraction toward an attractor that deseribes the functioning
of the organism in its stable adult form.
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A characteristic property of complex nonlinear systems is that they
display a certain “structural stability.” A basin of attraction can be dis-
turbed or deformed without changing the system’sbasic characteristics.
In the case of a developing embryo this means that the initial conditions
of the process can be changed to some extent without seriously dis-
turbing development as a whole. Thus developmental stability, which
seems quite mysterious from the perspective of genetic determinism,
is recognized as 2 consequence of a very basic property of complex
nonlinear systems.

Origin of Life

y last example of applying complexity theory to problems

in biology is not about an actual achievement but about the

potential for a major breakthrough in solving an old scientific
puzzle - the question of the origin of life on Earth (Capra, 2002: 17).

Ever since Darwin, scientists have debated the likelihood of life
emerging from a primordial “chemical soup” that formed 4 billion years
ago when the planet cooled off and the primeval oceans expanded. The
idea that small molecules should assemble spontaneously into struc-
tures of ever-increasing complexity runs counter to all conventional
experience with simple chemical systems. Many scientists have there-
fore argued that the odds of such prebioric evolution are vanishingly
small; or, alternatively, that there must have been an extraordinary
triggering event, such as a seeding of the Earth with macromolecules
by meteorites.

Today, our starting position for resolving this puzele is radically dif-
ferent. Scientists working in this field have come to recognize that the
flaw of the conventional argument lies in the idea rhar life must have
emerged out of achemical soup through progressive increase of molecu-
lar complexity. The new thinking begins from the hypothesis thatvery
early on, before the increase of molecular complexity, certain molecules
assembled into primitive membranes that spontaneously formed closed
huhbles, and that the evolution of molecular complexity took place inside
these bubbles, rather than in a structureless chemical soup.

It turns out that small bubbles, known to chemists as vesicles, form
spontaneously when there is a mixture of oil and water, as we can eas-
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ily observe when we put oil and water together and shake the mixture.
Indeed, the Italian chemist Pier Luigi Luisi and his colleagues at the Swiss
Federal Institute of Technology have repeatedly prepared appropriate
“water-and-soap” environments in which vesicles with primitive mem-
branes, made of fatty substances known as lipids, formed spontanecusly
(Luisi, 1996).

The biologist Harold Morowitz has developed a detailed scenario
for prebiotic evolution along these lines (Morowitz, 1992). He points
out that the formation of membrane-bounded vesicles in the primeval
oceans created two different environments — an outside and an inside
—in which compositional differences could develop. The internal vol-
ume of a vesicle provides a closed micro-environmentin which direcred
chemical reactions can occur, which means that molecules that are nor-
mally rare may be formed in great quantities. These molecules include
in particular the building blocks of the membrane itself, which become
incorporated into the existing membrane, so that the whole membrane
area increases. At some point in this growth process the stabilizing
forces are no longer able to maintain the membrane’s integrity, and the
vesicle breaks up into two or more smaller bubbles.

These processes of growth and replication will occur only if thereisa
flow of energy and martter through the membrane. Morowitz describes
a plausible scenario of how this might have happened. The vesicle
membranes are semi-permeable, and thus various small molecules can
enter the bubbles or be incorporated into the membrane. Among those
will be so-called chromophores, molecules that absorb sunlight. Their
Presence creates electric potentials across the membrane, and thus the
vesicle becomesa device that converts lightenergy into electric potential
energy. Once this system of energy conversion is in place, it becomes

possible fora continuous flow of energy to drive the chemical processes
inside the vesicle.

Atthis point we see that two defining characteristics of cellular life are
manifest in rudimentary form in these primitive membrane-hounded
bubbles. The vesicles are open systems, subject to continual lows of
energy and matter, while their interiors are relatively closed spaces in
Which networks of chemical reactions are likely to develop. We can

Iecognize these two properties as the roots of living networks and their
dissipative structures.
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Now the stage is set for prebiotic evolution. In a large population of
vesicles there will be many differences in their chemical properties and
structural components. If these differences persist when the bubbles
divide, we can speak of “species” of vesicles, and since these species will
compete for energy and various molecules from their environment, a
kind of Darwinian dynamics of competition and natural selection will
take place, in which molecular accidents may be amplified and selected
for their “evolutionary™ advantages.

Thus we see thata variety of purely physical and chemical mecha-
nisms provides the membrane-bounded vesicles with the potential
to “evolve” through natural selection into complex, self-producing
structures without enzymes or genes in these early stages.

A dramatic increase in molecular complexity must have occurred
when catalysts, based on nitrogen, entered the system, because cata-
lysts create complex chemical networks by interlinking different reac-
tions. Once this happens, the entire nonlinear dynamics of nerworks,
including the spontaneous emergence of new forms of order, comes
into play.

The final step in the emergence of life was the evolution of proteins,
nucleic acids, and the genetic code. At present, the derails of this stage
are still quite mysterious. However, we need to remember that the
evolution of catalytic netwarks within the closed spaces of the proto-
cells created a new type of network chemistry that is still very pootly
understood. Thisiswhere complexity theory could lead to decisive new
insights. We can expect that the application of nonlinear dynamics to
these complex chemical networks will shed considerable light on the
last phase of prebiotic evolution.

Indeed, Morowitz points out that the analysis of the chemical path-
ways from small molecules to amino acids reveals an extraordinary
get of correlations that seem to suggest, as he puts it, a “deep network
logic” in the development of the genetic code. The future understand-
ing of this network logic may become ane of the greatest achievements
of complexity theory in biclogy.
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Coneclugion

his brings me to the conclusion of my talk. I have reviewed

some of the most important achievements of complexity theory

in the life sciences. At present, the mathematical language of
nonlinear dynamics is still very new, and many scientists are not
familiar with it. However, this is bound to change as we become more
and more aware of the importance of nonlinear phenomenaatall levels
of life. Whenever scientists engage seriously in modeling nonlinear
systems, especially in biology, complexity theory will be an essential
tool. Indeed, according to the neuroscientistand Nobel Laureate Gerald
Edelman, “The understanding of complexity is the central problem of
biology today” (Edelman, 1998). And the British mathematician lan
Stewart writes:

“I predict — and [ am by no means alone — that one of the most exciting
growth areas of twenty-first-century science will be biomathematics.
The next century will witness an explosion of new mathematical
concepts, of new kinds of mathematics, brought into being by the need to
understand the patterns of the living world” (Stewart, 1998: xii).
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Introduction

t a recent lecture hosted by the American Academy

for the Advancement of Science, John Haught

(2001a) outlined two extremes between which
philosophical opinions on the core issues of life and death
have shifted over the last three centuries. By hisaccount, life
wasregarded prior tothe Seventeenth Century asubiquitous
and ascendant. It was perceived to be everywhere, even
in what now is commonly regarded as purely physical
phenomena. The chief problem for pre-Enlightenment
philosophers, therefore, was to explain the exceptional
nature of death.

With the dawn of the Enlightenment, the pendulum swungradically
in the opposite direction. The preponderance of the universe is now
considered to consist of dead, quiescent matter that moves according
to deterministic and inexorable laws, which by their simple natures ap-
pear to leave no room for the irreversible, asymmetric and contingent
phenomena associated with living systems. Under the Enlightenment
vision, ontological priority is accorded to dead material, resulting in
what Paul Tillich has called “the ontology of death”. Haught (2001b)
adds that such ontology leads ultimately to a “cosmology of despair™.
Under such presuppositions, it should come as no surprise that one of
the most pressing scientific and philosophical questions of our day has
become the emergence of life — how could it possibly have arisen from
amongst such a dead universe?

When this shiftin assumptionsis regarded from a millennial perspec-
tive, the possibility that humanity has been entertaining (in sequence)
two unrealistic extremes cannot easily be dismissed. Might not there
exist an excluded metaphysical middle ground - one that is cen rered
more towards the interface between the quick and the dead? We note,
for example, that over the course of the Twentieth Century physicists
have been backeracking ever so slowly from the overzealous application
of Occam’s Razor that had culminated in the Newtonian metaphysics of
the early Nineteenth Century (Capra, 1975.) Biologists, however, have
been reluctant to follow suit (e.g,, Dennett, 1995.) I wish to suggest that
if we are to search for such a middle ground, there is no more appropri-
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ate concept with which to begin than with that of the ecosystem, which
Tansley (1935) defined as the combination of the living community of
organisms, acting with the non- living [dead] elements of their environ-
ment as a functional unit.

Our choice of ecology as a point of departure towards a revised per-
spective is reinforced, furthermore, by the feeling (widespread among
investigators in many fields) that there is something special about
ecology. Why else would so many diverse researchers wish to cloak
their own endeavors with the mantle of ecology? One encounters, for
example, books on “the ecology of computational systems™ (Huberman,
1988) or entire institutes devoted to the "ecological study of perception
and action” (Gibson, 1979.) I wish to suggest that this predilection on
the part of many to assume the guise of ecology for their work derives
at least in part from recognition that ecology spans the interface be-
rween the quick and the dead. In fact, the sub-discipline of ecosystems
research is often pursued under fundamental assumptions that depart

markedly from those that have channeled our worldview over the past
two centuries.

Before we try to formalize those ecological presuppositions, we first
need to review the basic postulates that guided science during its “clas-
sical” period early in the 19" Century, so that we may establish aset of
references against which to distinguish a new ecological vision.

According to Depew and Weber {1995), science during the 19%
Century was overwhelmingly Newtonian in scope. They identified four
postulates under which Newtonian investigations were pursued:

1. Newtonian systemsare causally closed. Only mechanical or material
causes are legitimate. Newtonian systems are dead.

2, T:IE!Wtonian systems are deterministic. Given precise initial condi-
tions, the furure (and past) states of a system can be specified with
arbitrary precision. Newtonian systems are driven wholly from the
outside. i

3. Newtonian systems are reversible. Laws governing behavior work
the same in both temporal directions.

5 o

?\Iewtunian systems are aternistic, They are strongly decomposable
into stable least units, which can be built up and taken apart again.
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After consulting with these authors, [ have added a fifth article of
faith (Ulanowicz, 1997), namely that:

5. Physical laws are universal. They apply everywhere, atall times and
overall scales.

Aslmentioned above, ecologists are hardly the firstto have distanced
themselves from some of these five postulates. Early in the 15th Cen-
tury, the notion of reversibility had been challenged by Sadi Carnot’s
thermodynamical elaboration of irreversibility and several decades later
by Darwin’s historical narrative. The development of relativity and
quantum theories early in the 20™ Century served to bring into ques-
tion the assumprions of universality and determinism, respectively. As
a result, almost no one today continues to adhere to all five postulates.
Most biologists (and even many ecologists) still cling, however, to the
remains of the Newtonian framework. Fortunately, not all do so.

In his historical analysis of ecosystems theory, Joel Hagan (1992)
identified three distinct metaphors by means of which ecologists haveat-
tempted to make sense of ecological phenomena. The most familiarand
widely-accepted metaphoris that of the ecosystem as a (dead) machine,
or clockwork, which, of course, runs according to the Newtonian sce-
nario. This tradition has been keptalive and well by the likes of George
Clarke (1954), Howard Odum (1960) and Thomas Schoener (1 986).
Interestingly, however, the mechanical metaphor was preceded in the
ecological arena by Frederic Clements’s (1916) suggestion that ecosys-
rems behave like (living) organisms. Clements credited Jan Smuts (1926)
as his inspiration, but ultimately he was following in the traditions of
Leibniz and Aristotle. The organicanalogy was advanced in subsequent
decadesby G. Evelyn Hutchinsonand Eugene Odum. Early on, however,
Henry Gleason (1917), a contemporary of Clements, countered the
latter’s notion of ecosystems as organisms with the idea that ecological

communities arise largely by chance and in the absence of any major

organizational influences. Such stochasticism was in the radition ?f
nominalism and prefigured deconstructivist postmodernism (H aught's
“cosmology of despair”.) It has found voice in contemporary ecology
through the writings of Daniel Simberloff (1980), Kristin Schrader- Fre-
chette (and McCoy, 1993) and Mark Sagoff (1997), all of whom deride
the mechanical and organic metaphors as unwarranted realism.
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Ecosystems and Contingency

ne of the key attributes of living systems is their tendency
to exhibit chance, unpredictable behaviors. It happens that
reconciling chance with deterministic mechanics is no easy
task, and the problem has challenged some of the best minds over the
pasttwo centuries. Because the various attempts at reconciliation were
so limited in scope, biology today remains somewhat “schizophrenic”
in nature, much like the polar attitudes as to whether the universe
is fundamentally living or dead cited above. Narrative is constantly
switching back and forth berween the realms of strict determinism and
- pure stochasticity, as if no middle ground existed. In referring to this
regrettable situation, Karl Popper (1990) remarked that it still remains
;E;r us to achieved a ruly “evolutionary theory of knowledge,” and we
“will not do so until we reconsider our fundamental attitudes toward
the nature of causality. True reconciliation, Popper suggested, can be
 effected only by an intermediate to stochasticity and determinism. He
'I:gmpusad,, therefore, a generalization of the Newtonian conception,
“force”. Forces, he posited, are idealizations that exist as such only in
g:;p&rfect isolation, like the cold, non-living environment of outer space.
I'_if{‘_ll;Eﬂbjective of experimentation is to approximate such isolation from
interfenng factors as best possible. In the real world, however, where
- components are loosely, but definitely coupled, one should speak
Izlft'admt of “propensities”. A propensity is the tendency for a certain
| €Vent to occur in a particular context. It is related to, but not identical
to, conditional probabilities.

L'l_etenninistic systems are characterized by certainty: If A, then B
- ~foexceptions! At the other extreme, stochastic events are completely
Independent of past or surrounding events. With propensities, how-
T, the frequency with which an event might occur can be influenced
| ﬁl‘u:l ‘li}.'b}rantecedent events (history) and contemporary surroundings
Wiciuding other propensities).

- Thm interconnectedness of propensities highlights an unsung as-

PECt of the ?n]e of contingency in systems development — namely, that
g _EE‘HCIE:’: are not always simple in nature. Chance events can pos-
13? distinct characteristics, making them rare, or possibly even
Moccurrence. The conventional wisdom, however, is to consider
“*EEevents asbeing almost point- like in extent and instantaneous in
Hon. In fact, we rarely ever think of chance events as anything but
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simple and generic. Thus, when Prigogine (and Stengers, 1984) writes
about macroscopic order appearing via microscopic fluctuations, it is
implicit that the latter are generic and structure-less. Perturbations,
however, happen to come in an infinite variety of forms, and any given
system may be very vulnerable to some categories of disturbance and
rather immune to others. For example, a given organism could be vul-
nerable to a particular bacterium burimmune to another virus. In short,
contingencies can be complex (Ulanowicz, 2001).

Even if disturbances should come in different flavors, a further im-
plicit assumption is that any individual type of disturbance will always
occur repeatedly. The repetition of phenomena is, afterall, the Baconian
cornerstone of normal science. Once one allows that contingencies may
be complex, however, one must face up to the possibility that some
contingencies might be unigue once and for all time. In fact, itis even
possible that our world might be absolutely rife with one- time events.
Such possibility follows as soon as one ceases to rega rd contingencies
merely as simple point- events, but rather as configurations or constel-
lations of both things and processes.

Because propensities always exist in a context (in accordance with
the ecological vision), and because that context usually is not simple,
it becomes necessary to consider the reality and nature of complex
contingencies, To capture the effects of chance, it won't suffice simply
to modulate the parameters of a mechanical model with generic noise
(cf. Patten, 1999). In a complex world unique events are occurring
continually. Perhaps fortunately, the overwhelming majority of unique
events happen and then pass from the scene withoutleavinga trace. Oc-
casionally, however, a singular contingency can interactwith a durable
system in such a way that the system readjusts inan irreversible way to
the disturbance. The system then carries the memory of that contin-
gency as part of its history. No amount of waiting is likely to resultin
an uncontrived repetition of what has transpired.

The efficacy of Popper’s concept of propensity is that the rubric
applies equally well to law-like behavior, generic chance and unique
contingencies. We note for reference below that the concept of devel-
opment generally involves proceeding from less- constr ained to more
constrained circumstances. We now ask the questions, “What lies
behind the phenomena we call growth and development?” and “How
can one quantifv the effects of this agency?”
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Autocatalysis and Organic Systems

clue to one agency behind growth and development appears as

soon as one considers what happens when propensides actin

close proximity to one another. Any one process will eitherabet
(+), diminish (-) or notaffect (0) another. Similarly, the second process
can have any of the same effects upon the first. Out of the nine possible
combinationsforreciprocalinteraction, itturnsoutthatoneinteraction,
namely mutualism (+,+), has very different properties from all the rest.
Investigators such as Manfred Eigen (197 1), Hermann Haken (1938),
Umberto Maturano (and Varela, 1980), Stuart Kauffman (1995) and
Donald DeAngelis (1986) all have contributed to a prowing consensus
that some form of positive feedback is responsible for mast of the order
we perceive in organic systems. | now wish to focus attention upen
a particular form of positive feedback, autocatalysis. Autocatalysis is
that form of positive feedback wherein the effect of each and every
link in the feedback loop remains positive. In words more germane to
the theme of this essay, one could say that the action of each and every
element in the cycle quickens' the activity of the next member. In the
framework of the Newtonian assumptions (as autocatalysis is usually
viewed in chemistry) such feedback appears merely as a partcular
type of (dead) mechanism. As soon as one admits some form of
indeterminacy, however, several highly non- mechanical attributes
characteristic of living systems suddenly emerge.

To be precise about what form of autocatalysis Tam referring, I direct
t}_le reader’s attention to the three- component interaction depicted in
Figure 1. We assume that the action of process A has a propensity to
augment a second process B. I wish to emphasize the use of the word

Propensity” to mean that the response of B to A is not wholly obliga-
tory. That is, A and B are not tightly and mechanically linked. Rather,
when process A increases in magnitude, most (but not all) of the time,
Balsowill increase. B tends to accelerate C in similar fashion, and Chas

€ same effect upon A. Chance is an important element in this form
of feedbacl.

My f_avorite ecological example of autocatalysis is the community
at builds around the aquatic macrophyte, Utricularia (Ulanowicz,

E?Eﬂ_mmers of the genus Utricularia are carnivorous plants.

! : Q“ffk_fﬂ vi. 1. To make alive: 2. To make more rapid. | Websters New
egiate Dictionary. G.&C. Merriam Co.: Springfield Massachusetts, 1981.1



. 3 i Ecolugy: A Dinlogue Between the Guick dud the Dend 35
34 Part [+ Saurces of Complexity - Seisnee ard Informition

—

+4 A

- + Figure 3 (a) Original configuration. (b) Competition between component
C B and a new component D, which is either more sensitive to catalysis by
5 A or a better catalyst of C. (¢) Bis replaced by D, and the loop section A-
Figure 1 Schematic of ah yputherfcaf 3-component autocatalytic B-C by that of F-D-E.
Cy{: (-

field Utricularia plants always support a film of algal growth known as
periphyton (Figure 2b). This periphyton in turn serves as food for any
number of species of small zooplankton. The catalytic cycle is completed
when the Utricularia captures and absorbs many of the zooplankton.

Autocatalysis among propensities gives rise to at least eight system
attributes, which, taken as a whole, comprise a distinetly non-mechani-
cal dynamic. We begin by noting that by our definition autocatalysis is
explicitly growth- enhancing, or quickening. Furthermore, autocatalysis
exists as a formal structure of kinetic elements. More interestingly,
however, autocatalysis is capable of exerting selection pressure upon its
ever- changing constituents. To see this, let us suppose that some small
change occurs spontaneously in process B. If that change either makes
B more sensitive to A or a more effective catalyst of C, then the change

‘will receive enhanced stimulus from A. Conversely, if the change in B
either makes it less sensitive to the effects of A or a weaker catalyst of
C, then that change will likely receive diminished support from A, We

{a) ]

ketch of cal ‘leaf” of Utricularia floridana with note that such selection works on the processes or mechanisms as well

Figure 2 (a) Skelch of a typical ieal d : B e ? : ‘

de?:;f of th(rz E]ncerior of a utricle containing a captured invertebrate; (b) 1 I;LE:;::F{; ;?eir‘; s::;l:rne; Sfeanéi:e i;feetff:fn r;_ t::: flzi?:;i t.:»; Eiﬂaetg
] icofth lutic loop in the Utricularia system. Macrophyte holly

Schematic of the autocatalytic loop : b o

provides necessary surface upon which periphyton (stippled Iarea} can
grow. Zooplankton consumes periphyton, and is itself trapped in bladder

' ' Itshould be noted in particular thatany change in Bis likely to involve
and absorbed in turn by the Utricularia.

d change in the amounts of material and energy that flow to sustain B.

Scattered among its feather- like stems and leaves are small bladdewr‘s, :‘;T:Hceaas a ‘;‘:c:mllar}r of selection pr]e;I ssure, we recognize the ter}dencﬁ’
called utricles (Figure 2a). Each utricle hasa few hair- like triggers atits . ﬂ:‘arr and support chapges that bring ever more resources into B.
rerminal end, which, whentouched by a feeding zooplankter, opens l:-hE v S circumstance pertains to all the other members of the feec!back
end of the bladder and the animal is sucked into theutricle by a negative p as well, any autocatalytic cycle becomes the center of a centripetal

osmotic pressure that the plant had maintained inside the bladder. Inthe Vortex, pulling as many of the needed resources as possible into its do-
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enlarged system boundary

original system boundary

Figure 4 Two hierarchical views of an autocatalytic loop. ?'he original
perspective (solid line) includes only part of the Eﬂaﬁ?.‘whxch therefore
appears to_function quite mechanically. A broader vision encompasses
the entire loop, and with it several non-mechanical attributes.

main. Inits centripetality the system is notacting passively atthe behest
ofits environment. It is exhibiting active agency upon those non-living
(and living) surroundings.

It follows that, whenever two or more autocatalytic loops draw
from the same pool of resources, autocatalysis will induce com petition,
In particular, we notice that whenever two loops partlal.ly overlap, the
outcome could be the exclusion of one of the loops. In Figure 3, for ex-
ample, element D is assumed to appear spontaneously in conjunction
with A and C. If D is more sensitive to A and/or a better catalyst of C,
then thereis a likelihood that the ensuing dynamics will so favor D over
B, that B will either fade into the background or disappear altogether.
That s, selection pressure and centripetality can guide the _rep];tcemcnt
of elements. Of course, if B can be replaced by D, there remains no reasoit
why C cannot be replaced by E or A by F, so thatthecycle A, B, C cc‘:ul.d
eve‘ntually transform into F, D, E. One concludes thatthe characteristic
lifetime of the autocatalytic form usually persists beyond those of most
of its constituents.

Autocatalytic selection pressure and the competition it Engend?ﬁ
define a preferred direction for the system — that of evermore effective
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aurocatalysis. In the terminology of physics, autocatalysis is symmetry-
breaking. One should not confuse this rudimentary directionality with
full-blown teleology. It is not necessary, for example, that there exista

-ordained endpoint towards which the system strives. The direction
of the system at any one instant is defined by its state at that time, and
the state changes as the system develops.

Taken together, selection pressure, centripetality and a longer char-
acteristic lifetime all speak to the existence of a degree of autonomy of
the larger structure from its constituents. Again, attempts at reducing
the workings of the system to the properties of its composite elements
will remain futile over the long run. In particular, attempts to reduce
living behaviors wholly to the agencies of non-living components are
likewise inappropriate.

In epistemological terms, the dynamics T have just described can
be considered emergent. In Figure 4, if one should consider only those
elements in the lower right- hand corner (as enclosed by the solid line),
then one can identify an inital cause and a final effect. If, however, one
expands the scope of observation to include a full autecatalytic cycle of
processes (as enclosed by the dotted line), then the system properties
I have just described appear to emerge spontaneously. Furthermore,
should any restructuring of the system follow from the action of aunique
aleatoric event, that new configuration could be said to have emerged
(ontologically) in a wholly natural way.

It is important to note that the selection pressure that arises from
autocatalysis acts from higher scales downwards. Top-down influence
is familiar to ecologists in the context of traphic interactions, but the
Newtonian metaphysic allows only influences originating at lower
realms of time and space to exert their effects at larger and longer scales.
Priorto Newton, however, the prevailing view on natural causalities had
been formulated by Aristotle, who explicitly recognized the existence
of downward causation (Ulanowicz, 2001 )

T_hE Achilles heel of Newtonian-like dynamics is that they can-
not in general accommodate true chance or indeterminacy (whence
the schizophrenia” in contemporary biology.) Should a truly chance

=Vent happen at any level of a strictly mechanical hierarchy, all order at

igher levels would be doomed eventually to unravel. By contrast, an
1stotelian hierarchy of causalities, is far more accommodating (and
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Figure 5 Schematic representation of the major effects that autocatalysis
exerts upon a system. (a) Original systen conflguration with numerous
equiponderant interactions. (b) Same system after autocatalysis has
pruned some interactions, strengthened others, and increased the averall
level of system activily (indicated by the thickening of the arrows.)

Corresponding matrices of tepological connections indicated to the
right.

organic.) Any spentaneous efficient agency atany hierarchical level is
subject to selection pressures from formal autocatalytic configurations
sbove. These configurations in turn experience selection from still larger
constellations, etc. One may conclude, thereby, that the influence of
most irregularities remains circumscribed. Unless the larger structure
is particularly vulnerable to a certain type of perturbation (and this
happens relatively rarely), the effects of most perturbations are quickly
dampened.

The Excluded Organic Middle Ground

apper has suggested that we should no longer be satisfied
with the prevailing image of rigid mechanisms set opposite to
complete disorder, if for no other reason than that the dichotomy
leaves no room in between for the process of life. He, therefore, urges
us to consider a middle ground, wherein propensities interacting
with each other are behind the emergence of non-rigid structures that
nonetheless retain their coherence over time, i.e. he describes a world
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Figure 6 (a) The most equivocal distribution of 96 unilts of transfer among

foursystem components; (b) A more constrained distribution of the same
total flow. (c) The maximally constrained pattern of 96 units of transfer
invelving all four components. )

rife with the potential for life. The major problem with earlier organic
metaphors has been that their proponents, such as Fredric Clements
(1916), cast them in rigid, non-living mechanical terms, We turn
our attention, therefore, to agencies that potentially could give rise to

organic-like, non-rigid structures, and our focus returns onee again to
autocatalysis.

: Dut o_f our considerations on autocatalysis we abstract two major
i::ggsnt;i 1tts actmns::l F:«u tocatalysis serves to in‘crease the activities of all
ik thatliints, ail:lf itprunes tl'{e .netwprk of interactions so that those
L ost e ectu:rely participate in autocatalysis become domi-

- Schematically this transition is depicted in Figure 5. The upper
e erepresentsa hypothetical, inchoate 4-component network before

catalysis has developed, and the lower one, the same system after

du i ; i
u t:}fatal?ms has matured. The magnitudes of the flows are represented
e thicknesses of the arrows.

c':'here is not 5ufﬁlcient space to present in full detail how the two
ts of autocatalysis can be quantified. We have room only to sketch
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out qualitatively the major points. We begin by choosing as the facter
that best gauges the extent of system activity the simple sum of the
magnitudes of all the system processes, or what has been called else-
where the “total system throughput” (Finn, 1976). Growth thereby
becomes an increase in the total system throughput, much as economic
growth is reckoned by any increase in avery similar measure, the Gross
Domestic Product.

Asfor the “pruning”, or the intensive (scale-independent) develop-
ment effecred by autocatalysis, it is the manifestation of progressive
constraints that appear in the system to guide flows along those links that
most effectively contribute to autocatalysis itself. We can never know
all these constraints in complete detail. Such ignorance, however, does
not preclude us from being able to measure their effects. (If this sounds
strange to some readers, they should recall that in thermodynamies one
measures the macroscopic properties of matter in complete abstraction
from the molecular details that bring about those attributes.) The mea-
sure we use to gauge the “pruning” is taken from information theory
and is called the “average mutual information” (Ulanowicz, 1980).

To give the reader an idea of what the average mutual information
(AMI) represents, we consider a quantum of medium leaving a system
compartment. If there are few constraints upon where next that quan-
tum might flow, the contribution to the average constraint will be smnall.
Conversely, if many constraints exist that serve to “channel” or direct
the quantum to only one or a very few other compartments, then the
contribution to the average constraint will be proportionately large. The
average mutual information (or more accurately the average constraint)
will behave as shown by the three hy pothetical configurations in Figure
6. In configuration (a) where medium from any one compartment will
next flow is maximally indeterminate. Constraints are completely miss=
ing, so that theaverage constraint isidentically zero. The po ssibilitiesin
network (b) are somewhat more constrained. Flow exitingany compart=
ment can proceed to only two other compartments, and the AMI1 rises
accordingly, Finally, flow in schema (c) is maximally constrained, and
the AMI assumes its maximal value for a network of dimension 4.

Because autoeatalysis is a unitary process that exhibits both of the
extensive and intensive factors just discussed, we can incorporate these
two factors of growth and development into a single index by multiply-
ing them together to define a measure called the system ascendencl
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(Ulanowicz, 1980). In his seminal paper, “The strategy of ecosystem
development”, Eugene Odum (1969) identified 24 attributes that char-
acterize more mature ecosystems. These can be grouped into categories
labeled species richness, dietary specificity, recyclingand containment.
All other things being equal, a rise in any of these four attributes also
gerves to augment the ascendency. It follows as a phenomenological
p;inciplc that “in the absence of major perturbations, ecasystems have a
propensity to increasein ascendency.” Increasing ascendency isa quan-
titative way of expressing the tendency for those system elements that
are in catalytic communication to reinforce each other to the exclusion
of non- participating members (i.e., quickening).

~ 1should hasten to emphasize in the strongest terms possible that
increasing ascendency is only half the story. Ascendency accounts for
how efficiently and coherently the system constraints serve to process
medium. Again using information theory, one can compute as well an
index called the system overhead that is complementary to the ascen-
dency (Ulanowicz & Norden, 1990). Overhead (called the “conditional
entropy” in information theory) quantifies the degrees of freedom, inef-
ficienciesand incoherencies presentin the system. Although these latter
properties may encumber overall system performance at processing
medium, they become absolutely essential to system survival whenever
:_the system incurs a novel perturbation. Atsuch time, the overhead be-
comes the repertoire from which the system can draw to adapt to the
new circumstances. Without sufficient overhead, a system is unable to
create an effective response to the exigencies of its environment.

~ Itcan be demonstrated analytically that the sum of the ascendency
and the overhead is proportional to the variety of processes extant in
fﬁ_‘l& system. This sum is referred to elsewhere as the system capac-
1ty (Ulanowicz & Norden, 1990). That ascendency and overhead are
E?ﬂ!i‘-‘lementa ry indicates a fundamental tension berween the two at-
ﬁbﬂt&s When environmental conditions are not too rigorous (as one
Might find in a tropical rain forest, for example), then the tendency
“OT dscendency to increase will occur at the expense of overhead. The
ﬁ?nﬁﬂurations we observe in nature, therefore, appear to be the results
Pf_-.twu antagonistic tendencies (ascendency vs. overhead). Whereas
1€ tendency for ascendency to rise describes the process of develop-
t (or quickening), it is constantly being opposed by the opposite
Necessary) tendency (increasing overhead) towards disorder and
herence (death). It is by analogy to this fundamental tension that
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one may speak of an ecosystem being the result ofa “dialogue” between
the quick (ascendency) and the dead (overhead).

An Expanded Metaphysic

et us now take stock of the ecological worldview and how it
deviates from the conventional assumptions that characterize
Newtonian thought. Far more than calling only one or two of
the Enlightenment postulates into question, the emerging ecological
framewotk differs from the classical assumptions on each and every

point:

1. Ecosystems are not causally closed. They appear to be open to the
influence of non-mechanical agency. Spontaneous events may oc-
cur at any level of the hierarchy at any time, but their domains of
influence remain circumscribed by top-down selection processes.
Chance does not necessarily unravel a system.

2. Ecosystems are not deterministic (dead) machines. They are con-
tingent in nature. Biotic actions resemble propensities more than
mechanical forces.

3. The realm of ecology is granular, rather than universal. Models of
events at any one scale can explain matters at another scale only in
inverse proportion to the remoteness between them.

4. Ecosystems, like other biotic systems, are not reversible, but his-
torical. Trregularities often take the form of discontinuities, which
degrade predictability into the future and obscure hindcasting. The
effects of past discontinuities are often retained (as memories) inthe

material and kinetic forms that result from adaptation. Time takes

a preferred direction in ecosystems — that of increasing ascendency
(quickening.)

S, Ecosystemsare noteasily decomposed; they are organicin composi-
tion and behavior. Propensities never exist in isolation from other
propensities, and communication between them fosters clusters
of mutually reinforcing propensities to grow successively more
interdependent.

The ecological worldview is not entirely subversive, however. By fol-
lowing Popper’s evolutionary leads we have retained some connections
with the orthodoxand the classical. Because propensities are generaliza-
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tions of Newtonian forces, it can be shown how the principle of increas-
ing ascendency resembles a generalization of Newtonian law upwards
into the ma::.msmpic realm, in a way that resembles how Schrédinger’s
wave equation was an extension of Newton's second law downuwards
into the netherworld of quantum phenomena (Ulanowicz, 1999).

Life and Death Redux

n closing we return to the fundamental issues of life and death with

which we began this essay. In antiquity it was always assumed in

one form or another that life preceded the appearance of matter
{and death). This belief was displaced by the Enlightenment message
that the unchanging {(dead) material world (and its artendant eternal
laws) preceded any living forms. Physicists and cosmologists, however,
have begun to draw a far more dynamical view of the processes
that brought our universe into existence. After the initial Big Bang,
subtle asymmetries led to the emergence of various enduring forms
out of the initial homogeneous substrate, and with them arose the
accompanying laws of interaction that are known to us today. Through
fva{ious feedbacks these forms of matter and their interactions became
‘qQuite precise and stable, and the physical world as we now know it
-eventually took shape.

~ What s notable about this recent cosmological narrative is that the
same sorts of processes appeared to be at work during the evolution of
fﬂ-le carly universe that we have invoked as being active in the develop-
‘ment of contemporary ecosystems. Not only do the processes of de-
:’i_"?]l:l.pl_nent appear to antedate the appearance of matter as we know it,
tllt isalso r_h.-::.ught by many that ecosystemic feedbacks were already
;It Qﬁ ace to famhtat_e the_appearan-:e of the first identifiable organisms
\Ydum, 19;7 1). This revised nested sequencing provides an interesting
%‘:nlilttﬂpnmt to the di}emmas posed by the mediaeval and Enlighten-
o _lmextremes, In T.hElF places we suggest a phased emergence of one
e frc:m_ the preceding, all under the modulating influence of the
i S‘E:Iecltwn processes. That is, we entertain the sequence {physical
. ogical {ontogenetic}}) (Salthe, 1993), where each interior realm

: fas frurfn th_e preceding one according to the same developmental
0, Wh.tc_h imparts ever-higher definition (increasing ascendency)
'€ successive forms. In this elaboration of forms, some vague pre-
S of the subsequent stage possibly exist within the antecedent
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realm (ibid). Whenever such predecessors emerge, however, it must
be borne in mind that natural creation always requires the intervention
of at least some contingencies (overhead) (Norton & Ulanowicz, 1992).
Furthermore, itis entirely conceivable that such antecedents cannot be
identified for each and every example of emergent phenomena. In such
cases the resulting forms emerge primarily via the influence of unique
chance events.

We thus come to appreciate how the yawning disparity between
dead matter and living forms can be bridged simply by shifting our fo-
cus toward the developmental processes that preceded and gave rise to
both. In this framework the appearance of life was no more exceptional
than was the appearance of matter. The facts that matter became more
highly defined before lifeappeared and thatall natural life forms require
2 material substrate do not imply a superior position for matter in any
ontological hierarchy. Hierarchies are predicated upon modalities that
ate selected by those whobuild them. Most hierarchies are ordered along
time and/or space, but one could as well choose organization to define
ordinality within a hierarchy (Ulanowicz, 2001.) In such an ordering,
a2 howling dog would occupy a higher position than the moon at which
it is baying, despite the fact that the moon so vastly exceeds the animal
in spatial and temporal extents.

The very practice of ecology forces us to treat the living and the
mechanical more evenhandedly, and by paying close attention to the
ongoing “conversation” between the quick and the dead, ecology ap-
pears to serve as a very effective interlocutor.
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y titling this article “Complexity and Environmental

Education” 1 want to call the reader’s attention to

the implications of the change of scientific paradigm
for the analysis of a specific problem, environmental
education, from the perspective of my own philosophical
specialization.

Beginning in the second half of the twentieth century, a change
has been occurring in the logic of scientific explanation of different
branches of knowledge. This change has arits center the substitution of
the simplifying paradigm inherited from modern classical science with
another that takes into account the multiple interactions that occur in
the processes studied. We have begun to understand the world in terms
of dynamic systems, where the interactions between the constituents
of the systems and their environment are as important as the analysis
of those same components. The world has begun to cease beinga group
ofisolated objects and is being presented to the mind and to knowledge
as a reality of interactions, emergences, and becoming.

That paradigm shift has important consequences for our vision of
the world, for knowledge, and forits social status, Independently of the
deep changes occurring in special areas of science, changes in our very
understanding of knowledge itself, its production, and its social reach
are extremely important.

Astheuse of the term complexity is still diffuse, I will begin clarify-
ing my interpretation of it, When I speak of complexity I distinguish,
following Maldonado (1999), three main approaches:

1. Complexity as science (the study of nonlinear dynamics in various
specific systems):

2. Complexity as method of thought (the proposal of amethod that over
comes the dichotomies present in traditional epistemology and that
consists basically in learning to think relationally);

3. Complexity as worldview (the arficulation of a new understanding
of both the world and knowledge, an articulation that overcomes
reductionism and takes advantage of holistic considerations emerg-
ing from systemic thinking).
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These three approaches are complementary and intertwined de-
spite the fact that, because it constitutes the scientific substrate for any
methodological and worldview articulations and thus is at the heart
of any paradigm shift, research into nonlinear dynamics is the basis of
the other two. However, as a philosopher and researcher in the field of
environmental studies, | am specially interested in the worldview scope
of the new ideas.

From modernity to today we can distinguish three ideals of rational-
ity that have been present in the production of scientific knowledge.
First, classic scientific rationality, characterized by the absolute opposi-
tion between the subject and object of cognition and by the elaboration
of aworldview constituted by objects separated in space and time, This
worldview prevailed until the beginning of the twentieth century,
when relativistic and quantum-mechanical thinking broke for the first
rime with the antinomic opposition between the subject and object
of cognition by taking into account observation conditions and the
observer’s intervention as constitutive elements of cognitive reality.
The breakthrough caused by this second ideal of scientific rationality,
however, was not total. Essential elements of classical thinking and
worldview remained, particularly the notion of simplicity as an attribute
of reality. [t was only beginning in the 1960s that, thanks to advances
in cybernetics and electronic mathematical calculators, and the so-
called scientific—technical revolution, important unresolved scientific
and practical problems - the problem of the environment in particular
— triggered research into what we today gather under the common de-
nominator of complexity.

I should mention that changes in ways of scientifically approaching
the research object were not always accompanied by corresponding
changes in the field of philosophical epistemology. Classical epistemol -
ogy —with its exact differentiation of truth and error, of what is objec-
tive and subjective, of the subject and object of cognition — persisted in
various forms until well into the second half of the twentieth century.
This way of thinking finds its last representative in Karl Popper.

Breakthrough ideas occurred in both the dialectical tradition and the
historical school of epistemology, both of which recognized the need
to acknowledge the subject of cognition as contextualized, historically
as well as culturally. However, these more advanced epistemological
proposals were still not able to overcome the earlier and dichotomous
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canons of classical epistemology. For this reason, complexity thinking
was initially considered by many philosophers to be a scientific theory
important only for its contentand by its research objects, and not forits
particular cognitive nature nor its original way of formulating problems
of cognition. From this scientific theory, however, there has emergedan
epistemological reflection of philosophical and worldview significance,
linked to scientific debates around implications of the new concepts for
issues pertaining to scientific responsibility, the scope of knowledge, and
its objectivity. (Among the participants in these debates we highlight
relevant scientists such as F. Capra, H. von Foerster, M. Gell-Mann, |.
Lovelock, H. Maturana, 1. Prigogine, R. Thom, and F. Varela).

Even if we do not pretend to be exhaustive, it is nevertheless impor-
tant that we attempt to answer the question: What is the worldview
scope of the new theories, of the new emergent thinking? I will sum-
marize it in four aspects:

1. Humankind’s history and the history of knowledge, which seemed
until very recently Parmenidean, have begun to turn inecreasingly
Heraclitean.

2. The world is not zero-sum. Emergence is an essential characteristic
of the new paradigm.

3. Complexity is not unique. Multiple complexities do exist.

4. The new scientific rationality has outlined in a radical and new way
the problems of the artificiality of man’s world and of his knowledge;
of the value of knowledge, of its proper status, and the correlation
among subject, subjectivity, and objective knowledge.

These aspects have special importance for reframing our understand-
ing of the world, in particular the view that more or less reducesittoa
specific eroup of simple and discontinuous entities.

Oft-repeated and always disturbing questions such as “Whatis the
world?” and “What relationship do the world and human knowledge
have to each other?” have been restated and they are being given new
ANSWeTrs.

The nature of those answers is central to our understanding of the
environmental problem and to outlining a direction for the environ-
mental education of people living in contemporary socleties. [tis even
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more significant if we consider that the environmental problem, seen
from a historical perspective, is one of the sources of the emergent
complexity paradigm.

[tis important to distinguish the epistemological level of complexity
from the ontological one. If from an epistemological perspective the
problem of complexity is about the knowledge of reality, in the ontologi-
cal perspective we have before us the problem of the nature of reality.
Both problems form an indissoluble unit, since the subject and object of
cognition are functional epistemological categories. Complexity think-
ing, especially some of its most disturbing ideas such as autopoiesis,
has forced us to restate the philosophical problems of the artificiality of
man's world, the identification of being, and knowledge asaunique pro-
cess. The dialectical thesis affirming that “there is no object of cognition
withoutasubject of cognition™ has now been deepened in the direction
of the subject of cognition. “Cognition implies a subject that knows,
and it doesn’t have sense or value outside of this” (Le Moigne); or, as
von Foerster (1998) has outlined, “an epistemology that takes account
of itself,” that is responsible to the interior of the subject of cognition,
suddenly becomes necessary. (See also Maldonado, 1999.)

“The subject of cognition huilds a knowledge of reality that is no other
than that of his/her own experience of that reality, so what is necessary
to know is the subject of cognition, enriched by the knowledge that has
forged and his/her capacity to construct or to reconstruct reality” (von
Foerster, 1998).

It is not, therefore, a solely external affair, that of knowledge of an
external reality, nature, environment, world. It is simultaneously an
internal one.

This is a radical outline of the problem of the relationship between
knowledge and value and one that we ought to consider. Knowledge
is such in so far as the subject of cognition attributes some value to it.
Thusreality is constructed through activity, where the subject of cogni-
tion constructs his or her experience of that reality through symbolic
representations (outlines, letters, phonemes, etc.). In Bachelard's terms,
“Nothing is given, everything is built”; or, if we prefer Machado's
poetry, “Walker, there is no road, the road is made through walking”
(Maldonado, 1999).
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From the seventeenth to twentieth centuries we have moved in
philosophical epistemology from the notion of an absolute and tran-
scendental subject of cognition separated from the object of cognition,
roward the idea of a relative (historical and social) and specific subject
of cognition. Now we have begun to talk about the necessity of under-
standing the subject of cognition as a reflexive entity that accounts for
itself, That means that there is no unsurpassable barrierbetween knowl-
edge and value; that knowledge is not only a value in itself, but rather
it acquires sense as knowledge by being a value. 1 understand that this
is an extremely delicate matter, because it affects almost all traditional
notions of the objectivity of knowledge. What is important is not to
substitute the unsurpassable barrier that separated the objective from
the subjective by a bridge of absolute subjectivism. What we need is to
understand the artificial, constructed nature of the pro ducts of human
activity (in this case, of that supreme productwe call knowledge, which
is now seen to be historic-social).

Our knowledge of the world is a construc ted value that allows us to
create a representation of that world, but it is not the world in itself. It
is a human product that has its origins in human subjectivity. Modern
thought excluded subjectivity and built an objectivity based on the
exclusion of the subject of cognition. Thus, it endowed knowledge
with extraordinary attributes of power and obligation. For too long we
thought that the world was just as our knowledge — historically and
culturally limited - affirmed that it was. What we now need is to con-
sider the presence of subjectivity in all knowledge. However, this has
an extremely important philosophical consequence: If man's world is
n artificial world, constructed from knowledge, and if that knowledge
is a result of the integration of the subject of cognition and the object of
cognition in cognitive acts (which gain significance for that subject of
cognition from the involved values), then it is not possible to affirman
objective cognitive relationship that excludes the subject of cognition
and transcends it.

1f we examine some of the definitions of theen vironmental problem,
we will see that these epistemological debates are not fruitless. One of
the most frequent definitions of the environmental problem considersit
a problem of the relationship between society and nature. Thisisavery
common definition that takes into consideration the damage that man’s
actions cause to the natural systems of the environment. However, it
i« anfhcient to ask ourselves “Has the environmental problem always
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existed?” to become convinced thatiris nota problem of the relationship
bel_:ween ‘society” and “nature,” but rather a problem of the relation-
shlp bemfeen a certain historical type of society and its environment
This precision is not trivial atall, because fora long time in the socialis;
world it was thought that the environmental problem was the exclusive
problem of capitalistsociety. The fact is that both opposed political sys-
tems of the twentieth century, capitalism and socialism, have harnied
theatmosphere equally. So this has introduced an import.a nt correction

in the 'hlstﬂl‘iliill type of society considered, western society. But what
really is western society?

Western society is a diverse and integral cultural and social phe-
nomenon. It has become the predominant society in the contemporar
?.‘Jﬂrld, based on two kinds of influence, material and spiritual Materhyl
1nﬂu:9nr:e is associated with the political and economic reIutiﬂrnships i;f
do?-r{mance and colonization imposed on the world with modernit
Spiritual influence has to do with the generalization of a certain viei;
of theworld, the extension of an instrumental relationship with nature
and_ a unified vision of the natural world (as opposed to a view of the
social world with man as its central dominant entity).

If we look carefully, however, the environmental problem cannot be
deﬁ. ned, asis often suggested, eitheras that of the relationship berween
society and the environment, or as that of the relationship of a certain
type of society with its environment. It never occurs to me to think
that man doesn’t damage the natural environment; there is sufficient
ELn?f of that at each stage of modern life. But material damage to the
nhmmnr‘mm is a consequence of our spiritual consideration of what

at environment is and of what it means to those of us immersed in
western cu.lture. The environmental problem is not the problem of
Ez’s reiatfc’m'hl, P wi.th hi§ environment; it is above all the problem of
s relationship with himself. [f we are not able to understand that

cultural dimension of implici AT ;
plicit subjectivity, :
10 understand this problem, jectivity, we will hardly be able truly

) di]zll-;i ix:nil ?1 ;gl'siuon;};:p of cognitive dominance and exclusion, from
e m11 ia o t1 e world that dwac_les itintoanatural and exter-
S know;ndem:h and properly socl_al part, and from a notion of
B edge ‘at] forces a subordination of obedience that the
e amateria model of predat-:-ary relations within the envi-

ent became —and stillbecomes — possible. Althoughitisimportant
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from the practical point of view to control predatory practices in their
wilder and more destructive forms, it is extremely important from the
educational point of view to pay attention to the epistemological and
cognitive foundations of those instrumental predatory models. Our
idea of the world must be revised and, with it, the absolute dichotomy
berween nature and society as opposed ends.

Man and the natural environment, and society and the natural envi-
ronment, constitute an integral unit. We do not have here a relationship
between external entities. Rather, we have a problem internal to man’s
world. It is the cultural world of a historical ty pe of man that has caused
this problem and that reproduces it every day. Itis of no value to try to
endow man with positive knowledge of the dynamics of nature, as there
is no value in the breakthroughs that our models of productive interac-
tion with nature cause if we don’t rake into consideration as a central
matter the cultural limits of that provocative subject of environmental
damage.

In my opinion, environmental education must be thought ofas over-
coming cultural limits and should be directed specifically to consider-
ation of the cultural ways in which we perpetuate the dichotomous and
reductionistidea about nature asan external environment. This cultural
mindset persists in western society, adopting proper “faces” in various
disciplines, especially in economics, politics, and ideology.

Without a doubt, the environmental problem is a social problem ofa
cognitive nature, economically, politically, and ideologically. Overcom-
ing a problem like this cannot be thought of simply as a change of atti-
tudes, as an inculcation of ideas, of conceptual clarifications, orasei ther
aforging of abilities ora modification of sensibilities, although all these
aspects must be included in the total process. The predominant focus
today in environmental education makes it clear that the environmental
problem has sources within the cognitive and social order that must be
revealed. Educational tasks should be directed toward overcoming these
deeper obstacles. Otherwise we won't be able to achieve the necessary
human change.

In short, at the foundation of the environmental problem there are
some epistemological presuppositions that we still acritically assume
as if they were unchangeable truths. They deeply condition material
predatory attitudes in our spiritual constitution and can be summarized
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as follows:

1. The absolute delimitation of the subject and object of cognition
that is a legacy of modernity and conditions humankind’s social
perception of the relationship with the environment as one of
opposed ends in an absolute way. This opposition led to the
articulation of a simplified idea of the natural world as an opposed,
passive, and simple entity, easy for man to understand and
reproduce. This model’s conceptual simplification has prevented
man from capturing the wealth of natural interactions, and has
facilitated his evaluative impoverishment by viewing nature
only from the angle of some of the human interactions with it,
particularly as an economic resource;

2. The epistemological justification of scientific truth and science as
exact and objective knowledge maintained since the seventeenth
century and based on the exclusion of subjectivity and of the
subject’s absolute opposition to the object of cognition. Thus,
man was considered to possess knowledge able to guarantee him
domination over natural processes, an idea that is at the foundation
of depredatory technologies of the natural environment. That
is, the destruction and material impoverishment of the natural
environment by man have as their epistemological antecedent
serving as their base the destruction of natural integrity and its
impoverishment in scientific theories (Capra, 1996). The idea of

man'’s domain over nature is based on this impoverishment of the
world;

3. Overcoming the impoverishment of the world by the subject
of cognition demands recognition of the participative character
of reality. Man’s world is an artificial one in which nature is
incorporated. Consideration of the participative character of
reality allows us to understand what is human and what is natural
as a totality and to consider overcoming the problem of the
environmentas “humankind’s problem™;

Recognizing the participative character of reality, integrated by
the subject and the object of cognition, indicates that knowledge
is value and its objectivity includes the evaluative moment.
Science and morals are indissoluble parts of the objectivity of
human knowledge in the participative reality in which they are
integrated. The reality of the evaluative dimension in knowledge
is not an external attribute coming from society and from social
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requirements. It emanates from the bases of science and forms part
of knowledge as a social construction. Values are constitutive of
activity and therefore of the structure of science and its product;
scientific knowledge is not an absolute and superior value, but is
nonetheless a value and as such must be subjected to social and
cultural scrutiny;

5. Man's understanding of the artificiality of his relationship with
the world is a decisive step in overcoming objectivism in scientific
approaches, which has led from an epistemological point of view
to environmental damage. This understanding can serve as a basis
for overcorning the strongest cultural barriers that environmental
education encounters in western civilization, These are:

a. theidea of the absolute legitimacy of knowledge;

b. its pretended independence with regard to human values,
and:

c. the legitimacy of objective knowledge to guarantee man’s
supposed domination over nature.

Each of these five erroneous epistemological notions has had its spe-
cific manifestations and its own impact on economic theory, politics,
and ideology. Among these, as a synthesis we can mention:

» The excessive dimensioning of economic value in political econo-
mies of all types, and consequently in contemporary man’s way of
thinking. The environmental problem cannot be solved without
changing the patterns of economic construction and development
that have followed industrialization in the nineteenth century.
Environmental damage manifests itself in social and economic
environments as the realization of the idea of man’s domination
over nature and also over other social environments that should be
assimilated and thus disappear;

 The extension of the ideas of domination and exclusion to politics
has become the general ideclogical, political, and spiritual instru-
mentation of dominance of some people by others. Cultural intol-
erance to the diversity of human environments is a specific social
manifestation of the environmental damage caused historically by
man to himself. This intolerance has included political subordination
and the implementation of economic systems that harm human di-
versity. Theimpoverishment of the natural and social environment
has been the final result of this tendency;
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* The dominantideain ideology that a unique or preferable model of
development exists that all societies should adopt, an idea that has
led to spiritual jusrification of the extermination of some people by
others. According to this logic there are people and ways of human
development that should not exist.

Environmental education mustinclude a deep change in the intetior
world of the subjects of cognition and a modification of their material
relationship with other forms of life and natural processes. The educa-
tional task is dual: It demands a change of mentality and a transforma-
tion of ways of living.

It is not enough to modernize environmental education 50 as to
actualize us with regard to ecology or alert us to predatory technalo-
gies. Environmental education must provide man with an integrative
theoretical framework that allows the subjects of cognition to orient
themselves within a complex system of cognitive, economic, political,
and ideological interactions. Western man’s biggest impoverishment
is an evaluative one. In the course of the development of western cul-
ture, historical man haslost the capacity to produce multiple evaluative
judgments; evaluation hasbeen divided into several compartments that
make us see only the economic side of things, or the human side, ot
the natural side, or the social one, or the political one, and so on. Eco-

nomically understood value frequently subordinates the other values
in human evaluations,

Environmental education must be formulated as an education in
values that contributes to restoring the evaluative integrity that western
man has lost. Thisincludes integral consideration of the natural and hu-
man environment, and reconsideration of the predominant cognitive
relationships that stem from modernity up to the twentieth century.
It includes the rebuilding of morals within the system of knowledge,
and the overcoming of modernity’s schematicism about the subject
and the object of cognition as absolutely opposed ends of knowledge.
Itincludes education about a new worldview based on the construction
of a different model of cultural man.

The final result of this transformation must be the intellectual
transition from historical man to ecological man. The essential task of
environmental education is the reconstruction of the human integrity
lost in the process of historical man's formation.
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The recovery of that lost integrity (to do which we need to overcome
the dichotomies between society and nature, man and environment)
will be possible only by means of a cognitive and material effort. The
first intellectual step can be made by an educational effort that reestab-
lishes the evaluative integrity that historical man haslostin the process
of his social and economic homogenization. This will be followed by
the active and transforming recovery of social and economic diversity
by ecological man.
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Introduction

uman beings are used to building, maintaining,

destroying or managing highly complex systems.

The development of language, technologies,
weapons, laws, social structures, etc. has made it possible.
This could lead someone to think that the generation and
preservation of complexityisnotabigissue; thatcomplexity,
somehow, comes for granted. However, whenever we try
to make complexity develop in a scenario where there is
no human presence, nor possible intervention of other
living organisms, things become much harder. Yet most
of us are convinced that there had to be a time when
matter ‘itself’ progressively turned into more and more
elaborate forms of organization, eventually into some sort
of biological organization, initiating a process of evolution
out of which humankind (only very recently) arose. Thus,
it seems necessary to understand the spontaneous origins
of complexity in nature if we really want to grasp its actual
meaning and its relevance as a scientific concept.

Some important steps have already been taken in that direction.
During the last fifteen years we have witnessed the development of
the “science of complexity” (Waldrop, 1992; Lewin, 1992), even if
quite diverse conceptions of complexity were put forward in the litera-
ture, and nowadays there is still no clear consensus on how to define
the term. A widespread view considers complexity as a phenomenon
universally present wherever densely interconnected sets or networks
of elements are established (Weaver, 1948; Simon, 1969; Kauffman,
1993; Horgan, 1995). According to this view, the study of complexity
would basically consist in understanding and specifying the conditions
undet which certain sets of components cross a critical threshold of
interconnections, triggering the emergence of new global properties in
the system. So complexity, or complex behavior, would be associated
to critical transition processes, which occur somewhere “at the edge of
chaos” (Langton, 1990) and in such a broad variety of systems (physical,
chemical, biological, ecological, neural, social, computational...) thatit
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can certainly be regarded as a universal type of phenomenon.

Nevertheless, this generic way of conceiving complexity misses a
very important point: itdoes not address the problem of how complexly
organized systems can be preserved and, furthermore, how their level
of complexity can increase indefinitely in time. In other words, it fo-
cuses on identifying which are the most basic spontaneous processes
of generation of complexity (at different phenomenological levels),
disregarding what could cause the long-term maintenance or the evo-
lutionary growth of that complexity. Even the term “complex adaptive
system”, so common in the field, is typically used to refer to the natural
tendency of these self-organizing critical phenomena o stay in thatarea
“in-between orderand chaos™ (as asort of dynamic attractor boundary).
So complex behavioris portrayed as aubiquitous phenomenon in nature
even if, rather interestingly, most complex systems that surround us
today are the result of previous forms of complex systems, which long
ago developed the capacity to endure and evolve through time.

The fundamental problem to be tackled in the following pages is,
precisely, how this special type of complexity (open-ended evolution-
ary complexity) can originate and be characterized in general terms.
Qur approach will be based on a conception of complexity as a system
property, as embedded in a real dynamic organization; a property that
cannot be completely grasped in strict formal terms, but must be ex-
plained rather in terms of the causal roles that components and processes
—or relations among components —play in the actual organization. Asa
result, we will have to search into the origins of minimal self-organizing
and self-maintaining systems that develop mechanisms to self-produce
and self-reproduce reliably. In particular, we will have to focus on how
the issue of generating complexity becomes entangled with the issue of
preserving it, in an ever more efficient way. This is quite tricky because,
as the level of complexity in the system increases, its preservation,
in principle, also becomes harder and harder. Apart from inescapable
thermodynamic reasons, our experience in the design of artificial /in
vitro systems confirms the latter: as the amount of different compo-
nents or the number of steps to build each component goes up, so does
the brictleness of the system. The question is, then: what would be the
minimal set of material mechanisms necessary and sufficient to allow

the appearance and maintenance of progressively more complex forms
of organization?
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Biological and human organizations (like social systems) consti-
tute the only type of system we know that can generate and increase
complexity indefinitely. In the course of biological evolution there has
been a non-stop generation of new forms of metabelic organization,
of increasingly complex internal re-structuring processes (e.g., those
leading to the appearance of eukaryotes, multicellular organisms, etc.)
and of very diverse types of adaptive behavior (some of which gave rise
to cognitive capacities — through the development of a nervous system).
At the level of human organizations, cultural evolution has also shown
a constant yield of new and ever more complex arrangements of social
communities and institutions. Despite the many —and important—dif-
ferences between all these various systems,/phenomena, there isa basic
organizational principle common to all of them, as we will try to explain
below. In essence, this principle involves the idea of a dynamic decou-
pling within the system that, depending on the particular case,/transi-
tion, requires a specific set of self-constraining mechanisms. Here we
will focus on the minimal or mast elementary form of this decoupling,
so our analysis will be carried out in the context of the transition from
physico-chemical self-organizing phenomena to new and progressively
more complex proto-biological systems.

Producing and Preserving Complexity:
Two Deeply Interrelated Problems

he central question to be posed here is, therefore, what kind

of system - and under what conditions - achieves a ie?el

of complexity that allows it to keep growing in complexity
indefinitely (according to McMullin (2000), that was also the main
problem von Neumann (1966) was trying to tackle witlh his s:.elf-
reproducing automara’), Our purpose is to formulate this question
in basic and universal terms, in the sense that we will search for the
most fundamental or elementary set of mechanisms through which a
generic type of material organization can give rise to an upen—en_ded
evolutionary process. As we already mentioned in the introduction,
this issue shows two main sides: first, specifying how itis passiblv.f: o
establish a continuous, unlimited process of production of complexity,
and, second, finding out the way in which that r.:ompleﬂty_(or part
of it) becomes capable of ensuring its long-term preservation. It 15
convenient to distinguish these two aspects of the problem, even if
they will turn out to be deeply interrelated.
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Most typical self-organizing phenomena generate some dynamic
complexity but are not so good at preserving it (without external aid,
we mean): for instance, a hurricane consists in a spontaneous dissipa-
tive pattern that fades away when the specific boundary conditions
that produced and maintained it disappear. In contrast, self-assem-
bling processes that lead to equilibrium patterns are often capable to
preserve their complexity, bur the potential for subsequent increase of
this complexity rurns out to be rather trivial: for example, certain grow-
ing crystals show a high degree of reliability in keeping their complex
structural designs, butare strongly limited in the production of further
complexity. The purpose of this article is to focus on systems that can
create by themselves ever new forms of complexity as well as preserve
them reliably.

On those lines, it is important to recall that the production of
complexity by any physical system requires material and /or ener-
getic resources. This might be different for systems that tend towards
thermodynamie equilibrium, but — as we just mentioned above — the
complexity that such systems can develop is very low. A frozen pattern,
however elaborate it may be, only constitutes an inert sign of the actual
dynamic phenomenon that brought it about. So, even if conservative
structures may hold a fair degree of complexity, this is just in a formal
sense, because that complexity hardly generates causal differences in
the future behavior of the system. As a result, we will be interested in
processes with potential to produce operational, functional complexity
(i.e., not only structural but also organizational complexity). Acknowl-
edging that this kind of dynamic complexity can only take place in far-
from-equilibrium conditions, where non-linear, long-range correlations
between different processes are established, we are forced to deal with

(thermodynamically) open systems, in continuous interaction with
their environment.

Indeed, this is the case of “dissipative structures” (Nicolis &
Prigogine, 1977), where complex patterns of spatial /temporal order are
Produced quite spontaneously. Long-range connections/interactions
among the basic components/processes of the system (plus the constant
flow of matter/energy through it) are responsible for the appearance
and maintenance of those patterns. However, in these phenomena the
Production of complexity is still severely limited, Physico-chemical
self-organizing processes depend too much (or too critically) on external
boundary conditions. Without any control over the material-energetic
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resources necessary to create complexity, when the latter disappear, or
vary significantly, the processes decay (as in the case of the hurricane
that we mentioned before).

So how does a dissipative, self-organizing system become more
robustand capable of acquiring or managing by itself the material-ener-
getic resources needed for its longer-term maintenance? A fundamental
requirement is that the self-maintenance of the system becomes, in
Bickhard's terms {1993), a recursive kind of self-maintenance. That is
to say, the self-organizing system should have some capacity to change
the processes and boundary conditions that are responsible for its own
maintenance, i.e., it should have the possibility to restructure or rede-
fine itself, to a certain extent —in order to overcome perturbations that
threaten its persistence. Now, thisis only possible if the dissipative orga-
nization of the system develops a remarkable degree of plasticity, which
implies that the type of system to investigate must be chemical.

Physical systems (or “motion dynamics”, in general) do not have the
possibility to create a wide enough variety of self-constraining (and at
the same time self-enabling) mechanisms to allow for that plasticity.
In contrast, the chemical domain provides systems with a very flexible
and multiform type of organization, based on processes of continuous
transformation of molecules, which give rise to new molecules and new
transformation processes, and so on. In the context of chemical reaction
networks, many of the components being produced act as new local
and selective constraints, which have an effect on other processes of
production and, ultimately, on the global maintenance of the network.

So even the distinction between components of the system and rules

of interaction between those components is difficult to draw.

From a thermodynamic perspective, far from equilibrium chemical
systems constitute a special type of dynamic systems, in which the

construction of new molecular variety through dissipative processes

creates new (Semi-)conservative constraints (molecular shapes) which,
in turn, can modify the properties of the organization as a whole and,
thus, get engaged in a sort of recursive/cyclic dynamics. In this way
such systems can give rise to accumnulative construction, a process
interactive feedback between the organization and the assembly 'i_'f
increasingly diverse/complex components, which exploits the combi=
natorial character of chemical interactions.
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Therefore, the jump from physics to chemistry seems necessary for
material systems to have arreach a diverse enough spectrum of dynamie,
constructive and emergent behavior. This opens up the space of possi-
bilities to be explored by a system, since the variety of new molecular
combinations and transformation processes is, in principle, unlimited.
However, in order to realize this potential chemical systems must find
concrete mechanisms to ensure the robust production of complexity,
along with some preliminary capacity to preserve it. In sum, recursive
self-maintenance requires chemistry, but a functional type of chemistry,
in the sense that the components of the system must contribute to its
global maintenance, by modulating self-production processes as well
as gaining some control on the boundary conditions that allow their
far-from-equilibrium dynamics. We will address this point specifically
in the next section.

Autonomy: The First Step to Solve the
Problem

Ithough it is, in principle, possible for a chemical system to
incorporate a growing number and diversity of components
4L (together with an also growing number of reaction pathways
among them), in practice this is not so easy to achieve, because it
tends to make the whole system more and more fragile. So the only
Way to maintain an increasingly complex organization is that the self-
OIganizing system recruits new chemical structures and processes that
contribute to its global maintenance, i.e,, to the active reconstruction
of the necessary conditions for its persistence as such a system.
'.I']{en‘afnre, the chances for any significant increase in complexity in
Primitive self-maintaining chemical organizations depend on their
tigme ofinternal plasticity, together with the progressive take-over of
., external conditions required for their viability. Now, this requires
it the dissipative organization of the system develop functional-
—Meostatic mechanisms' that provide: (i) capacity to select among
i t:ir.ra Thus, the first step that may be taken so as to tackle our central problem
_Pves the introduction of the concept of ‘functionality’: that is. consideration of
:l:usai role that the components of a system may have in its maintenance as a
iz t;mf, ﬂ:ereb}_'. in their own maintenance as components. This, in fact, is the
e lea underlying Rosen’s conception of com plexity, for instance. He defines
: :mll? €% system as that in which (the presence and activity of) cach component
be explained but resorting to the internal efficient causal interaction in

S¥stem {Rp.wn 1991}. This is an important concept because of Lwo different
1152 on the one hand, because it directly connects the degree of complexity of
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1 range of possible eigen-behaviors those that will reinforce their
production activity in response to perturbations; and (ii} capacity to
define (or, at least, channel) by themselves the mode of interaction

with their environment.

When the maintenance of a system is more a consequence of its own
organizational dynamics than of the structure and conditions of its ex-
ternal environment it can be considered autonomous. A fundamental
step in the evolution towards autonomy was theappearance of systems
whose productive activity included the construction of a selective and
functionally active membrane. Such a deep structural and organiza-
trional change allows the components of the system to carry outreaction
processes in much more favorable and stable conditions (regulation
of concentrations, selection of particular types of components, etc.),
making possible the generation and maintenance of systems with an
obviously higher level of complexity. In fact, at this stage the (internal)
organization will appear much more integrated and complex with re-
spect to its environment than in previous phases (either in a scenario
of primitive autocatalytic netwaorks without a global boundary or in the
case of compartments that are still not functionally integrated with the
reaction nerwork).

Self-encapsulation will sharply differentiate the organization of the
system (the set of relations that constitute it as a distinct unity) from
the environment (with which different types of interaction, anyway,
must be kept), Thanks to it, a distinctive inner medium progressively
develops: a space where not just concentrations, but also components
will become increasingly different from those of the “external " medium.
However, the most important point here is that the boundary is a result
of the productive organization and activity of the system (since itisan
integral and integrated part of the proto-metabolic network, not amere
“wall” whose properties are externally defined). This entanglement be-
tween the physical border and the recursive processes of production of
components constituring the system as an auLoNGMOUS unit, is basically
the idea of an autopoietic system, as itwas put forward by Maturana and
Varela (1973) more than 30 years ago.

the systemn with the problem of its maintenance or preservation, and, on the other
hand. because it also connects it with the problem of the ‘identity’ and the clear-cul
Aicbiaetiom hatumen arctem [onerational unith and environment.

And rohys; process o
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Despite its importance, the idea of auropoiesis was formulated in a
tooabstract way (Ruiz-Mirazo & Moreno, 2004). If we take into account
the thermodynamic requirements, an autopoietic system should also
manage autonomously the flows of matter and energy necessary forits
maintenance, and this has important structural and organizational im-
plications. To be autonomous, a primitive self-maintaining system needs
to get some control on the boundary conditions that make it viable. i.e
itneeds to constrain the flows of energy (and matter) soas toens un; t‘h;
physical realization of the processes that constirute it as a proto-meta-
bolic system. In other words, the constructive logic (the recursivity of
the relations among the components of the system) should be entangled
with the energeticlogic of the system (Moreno & Ruiz-Mirazo 1 939)
Thisimplies th_atthe membrane is notonly a physical border prn;tecti‘n g
the system against perturbations and ensuring adequate concentration
levels, butalsoa key ingredientin the organization because it articulates

the interaction with the environmentand channels ene rgy resources for
the maintenance of the system.

This thermodynamic view of autonomy goes beyond the idea of
logical closure found in the theory of autopoiesis and reveals specific
fEHtI:IIES of the system that are crucial for its realistic implemenfation
For instance, that the boundary - or interface with the environmentl
= hasr to be a semi-permeable structure where coupling mechanisms
{particularly energetic transduction and active transport mechanisms)
.HE aqchgrred. In this way, as a far from equilibrium organization, the
z?nsrtlt&ll:w’: processes of an au tc:nl:.:imous system—therecursive network
mﬁ oduction of components - is essentially entangled with a set of
ﬁzorgiﬁz Il.lmceis% with the environ ment. Somewhere else (Ruiz-Mi-
iﬁtruduced 3;13, 998&12{][}0, 2004 Ru}z—Mirazu. etal.,, 2004) we have
e more urough’ll}r described such forms of organization

omous systems” (BAS)

T :
he Long-Term Maintenance of Autonomous
Systems

] ; cf;ii';i?;::ls?n ;f systems with an autonomous machinery
. and re-construct) all their material components

&s a good part of the problem of establishing a continuous
f production of complexity. By means of a

NCHo : v
! nal self{onstrucnng organization (autonomous and at the
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same time necessarily open and interactive) it is possible to create
ever new components and ever new relations among themn, some of
which will certainly involve an increase in complexity. However, this
solves neither the problem of preserving the complexity that emerges
in the process, nor the problem of how this complexity could grow
indefinitely.

Of course, the productive and reproductive dynamics of an autono-
mous (proto-metabolic) network would contribute to maintaining the
structural and organizational complexity achieved by the system, asaco-
hesive set of components—and aggregates of components —operationally
interconnected. But this still rudimentary functional dynamics cannot
ensure that the components (together with their way of organization)
remain unaltered for much longer than their typical lifetimes (or the
ty pical lifetime of the whole organization), and the system faces a serious
bottleneck: as complexity rises, its preservation becomes more and more
difficult. Therefore, basic autoniomous systems have to develop specific
mechanisms to stabilize and retain the structural and organizational
complexity they create. Only once they become capable of preserving
that complexity with a fairly high degree of reliability can they begin
unfolding new, subsequent levels of complexity and, furthermore, set
up the first pillars to ensure their long-term maintenance as an emergent
kind of natural system.

This constitutes a narrow evolutionary bottleneck because basicau-
LOTIOMOUS SYSLEMS CANNOL Overcome a certain threshold of complexity
unless they solve two interrelated problems: the synthesis of highly
efficient catalysts and their reliable conservation. The first problem
requires capacity to generate big molecular components, keeping a
specific order in a long chain of building blocks. Specificity in the se-
quence of building blocks is important because it determines the shape
(global structure) of the catalyst, which in turn determines its catalytic
function. So the system has to explore different (equally improbable)
combinations of building blocks that put together different functional
macromolecules and, once the most suitable ones are found, it should
be able to keep them unaltered. Otherwise the specific organization of
the system would getlost very soon, in very few generation steps. NOW,
the way to retain these new functional components (more and more
fragile as their size and complexity increases) is to establish some sort
of “template” or “blueprint” copying device: i.e., some lacal and robust
material mechanism which ensures the exact - oralmost exact— renewal
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of such complex components.

The preservation of increasingly complex patterns through a tem-
plate mechanism requires a very special ty pe of component. This must
consist of a chain ofinterchangeable discrete units, which form a specific
one-dimensional (1D) sequence, and whose global three-dimensional
(3D) shapeallows the recurrent copying — by chemical complementarity
_ of complete equivalent sequences. Only in this way can the system
‘achieve a highly reliable way of synthesizing specific molecular chains
and, thereby, of maintaining the functional properties associated to
those chains. In fact, not until autonomous systems started producing
~complex molecular aggregates capable of fixing and transmitting their
basicsequence (and thereby, their structural and functional properties)
‘would it be significant to introduce concepts like “memory” or “hered-
ity ” in the description of the system (Pattee, 1967).

Thus, we are not talking here about simple template components,
like the ones present in the growth of a crystal, for instance. Rather,
;about modular templares (Maynard Smith & Szathmary, 1995), which
l;‘:'n'_!_ethe type of molecular structures that may act as real material records
‘of an autonomous organization. That is to say, polymers that fulfil the
'fﬁllﬂwmgmo conditions: (i) first, their building blocks or basic subunits
f;f_l:mmt_be big enough to have three molecular groups, needed toestablish
::!?mfilﬁ‘erentbnnds thatwill allow their actual constitution as amodular
<chainand the linkage with other basic subunits in the process of produc-
?’tﬁg 4 copy or complementary chain; and (ii) second, the 3D structure
‘that these components fold into must not be altered significantly as a
Tesult of particular changes in the sequence of subunits (since this will
mitt:imaten t}}eu capacity to replicate by template), which implies
E es assc:-r:}ated tothe differentsequences of subunits mustbe,
Ehergetically speaking, almost equivalent or guasi-degenerate.

Ata first sta i i
ge, possibl let ;
a0 “RNA world” tP y a single type of complex polymer (consider

Bk, ypeof Siﬁnillriﬂjl could have realized (even if it was in
= 2now, frustrated or limited way - see below) both template and
4: ) Bctasks. Later, however, the system is forced to develop two very
___renttypesof polymer and two different - though complementary
: nfi:tfopemuon, bringing about a more intricate situation. The
o o :::1 l:l;e ma‘fﬁnal basmluf a t_ruly efficient modular template has
pro rom the catalytic units controlling /regulating precisely
Processes that make up the complex network of production of com-
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ponents (i.e., the metabolism thatactually cnns_.tit_t:tte_s the system). This
incompatibility has to do with the stfuctural limitations of any system
based on a single type of polymer (like those systems put forward l_}:.r
Benner, 1999). Indeed, the capacity to store and Iephca!:e se ql_lent:._al
complexity increases as the capacity to express sequential variety in
3D variety — diversity of shapes — decreases (see Moreno & Fernindee,
1990). The latter is the key to the dynamic/functional urgamzerttlun of
the system, since the fine tuning of chemical rates depends crucially on
the stereo- and substrate-specific features of the molecules involved.
Therefore, it becomes necessary to convert the sequential complexiry
present in the chain of subunits making up the template-components
into another kind of subunits or building blocks, apt to integrate chains
whose 3D structure expresses their sequential differences.

All this amounts to say that a new kind of autonomous, self-con-
structing, organization should develop, based on two types of modular
(macro-molecular) components, which are made up with different
molecular subunits. In that scenario the connection or interrelation
between 1D stable sequences and 3D functional configurations cannot
bearticulated by direct molecular recognition mechanisms, founded on
the physico-chemical affinities between the subunits of those different
components (for instance, through a base-pairing mechanism). So how
can this be achieved?

The solution is to set up an indirect, mediated relationship in which
the records instruct the synthesis of the functional components; and
these, in turn, control and catalytically regulate all the processes in
which the records are involved (replication, translation, reparation, etc.),
even if they do not take part directly in the creation and alteration of
those records. The key lies, therefore, in the establishment of a certain
circularity (causal correlation) between the two operational modes so
that the system can “self-interpret” the sequences of the records. Pat-
tee (1977, 1982) carries out a thorough and insightful analysis of this
kind of material organization where there already exist two different
levels of operation: one involved in the system’s fundamental produc-
tive-metabolic processes (i.e., “dynamic”, “rate-dependent” pmcessES}'-
and the other, partly decoupled from all that muddle of chemical reac-
tions, putting together a group of special processes and components
(“rate-independent” processes), with particular rules of composition
and functioning.
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This decoupling turns out to be fundamental from the organizational
point of view, sinceitallows the recruitment for /by single autonomous
systems of the results (end-products: selected patterns) of a slow, much
more encompassing process of natural selection taking place outside
these autonomous systems. The changes that occur at the level of the
records are largely independent of (decoupled from) the dynamical
processes of the system that these components instruct. In particular,
the instructive content of the records must be determined by an evo-
lutionary process in which the whole population and its environment
are involved, not just by the metabolic dynamics of each autonomous
system. And precisely when the system incorporates and integrates
inert records as fundamental components in its operational organiza-
tion, components whose linear-sequence configuration is not directly
linked to the dynamic processes of metabalism, it becomes possible that
those sequences start playing a causal “top-down” role in the control
of the synthesis of new, specific and increasingly complex functional
components.

In this way, through the emergence of a new type of metabolic or-
ganization (that we could call “instructed - or genetically instructed
~metabolism”), autonomous systems can successful and consistently
combine the individual dimension of their activity (related to the self-
tonstruction/self-maintenance of each system) with a progressively
moreimportant collective dimension (related to their long-term main-
tenance and evolution as a whole population).

Linking the Individual and Collective
Spheres: The Origins of Information

e most natural and convenient way to understand this new
ordering in the system (as Pattee 1977, 1982 also claimed)

_ 1s through the idea of information, meaning by information a
fausal mechanism which operates infusing or propagating forms and
Whose final effect is to re-structure selectively the organization of a
Material system (Moreno, 1998). We should highlight here that the

‘fausal implications of the term “form” go beyond the intrinsic way of

Matter to self-constrain and re-structure itself, like in the case of those

Stable patterns self-maintained by means of a selective action on the

fOnstituents of the lower level (Van Gulick, 1 993).
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What is most relevant about the causal action of information is: (i)
that those forms are explicit, in the sense that they consist of discrete
units realized on a material basis (or material carrier) that ranscend
the individual system where they operate; and (ii) the fact that there
is no direct — material - causal link between those structures carrying
the information and the structures whose configuration is selectively
modified by the former. Information, thus, is a special type of formal
causation, in the sense that it infuses or propagates structures (and, in-
directly, organizadons), butin away thatis dynamically decoupled from
the systemn which it constrains. Ttis an explicit, rate-independent, formal
causation, not a mere self-constraining rate-dependent mechanism
based on a dissipative kind of organization. Accordingly, we can say that
information is founded on material structures thar allow compeositional
or syntactic-like processes, processes which are dynamically decoupled
from the level of the system where the information operates.

Quite clearly, the concept of information (understood as above)
serves adequately to characterize the type of metabolic organization
described in last section. The sequential pattern of discrete units mal-
ing up the records, in so far as it acts as an instruction to specify the
sequence of subunits that will constitute the functional-catalytic com-
ponents, appears as a purely formal constraine, for there is no direct
causal relation between the materiality of one and the other kind of
subunits/components. What is crucial in that causal relation is form
itself. Moreover, itis a type of form that, due to the nature of its material
basis, stays decoupled from the metabolic dynamics of the (individual}
system where it causally operates; in fact, it does not really originate in
that system, nor does it normally disappear with it.

From a more specific and thorough analysis, letus point out the main
reasons why itis suitable to apply the concept of information to explain
this type of (genetically) instructed autonomous organization:

1. Thesystemiscomposed of discrete, digitalizable structures — thatwe
are calling here “records” - whose accessible states are highly degen-
erate (i.e., all possible sequences or linear-configurations have similar
energy levels, are more or less equally likely) and, consequently,
they have a high degree of compositionality (capacity for multiple
processes of free combination with other similar scructures). This
is also reflected in the fact that sequential changes do not convey
alteration of the 3D structure of the molecular carrier.

The Muintenance sl Open-Ended Growth of Complesity in Nature 73

M

2. Theorganization of the system as a whole creates (and depends on)
anarbitrary, non-inherent (but stable) relation between the sequence
of the records and the functional components whose synthesis isin-
structed by them. Accordingly, there exists an indirect link (a trans-
lation code) between a given form - the 1D sequence of the records
—and the dynamical processes controlled by the complex functional
component—by means of its 3D configuration/stereospecific prop-
ertes — whose construction is instructed by the former.

3. These 1D sequences behave as “formal-syntactic” structures be-
cause they achieve a high degree of decoupling from the intrinsic
dynamicsand physico-energetic conditions towhich their particular
material basis is subject (i.e., they establish their own rates and their
own processing rules, and remain at an inerr, passive, referential
state). Hence, there is a dynamical decoupling between two kinds
of (complementary) processes in the system: those that concern the
formal structure of the records, which appear as rate independent,
and those that concern its causal effects (its expression), which ap-
pear as rate dependent,

Ultimarely, this decoupling is the expression of a radical insertion
of autonomous systems into a historical-collective network (an eco-
system) where the “slow” processes of creation and modification of
in formational patterns take place, and where an additional circular rela-
tion of cause and effect is established between the individual metabolic
otganizations and the eco-evolutionary global organization, The origin
cff information (of genetic information) takes place precisely when the
link between both unfolding dimensions is established.

Therefore, the generation of an informational machinery seems
critical for the increase in complexity of primitive types of autono-
ous systems, toward novel systems whose more complex attributes
will be developed through the operation of records. Provided that the
S€quences responsible for the production of functional components
become explicit, and that their specific “form” is generated in the course
C_'f Processes which are independent of the internal dynamics of the
System where they operate (processes that involve many generations
of such systems and, thus, take place at a different spatial-temporal
scale), we can safely state that the construction of new, increasingly
€omplex systems turns out to be fully open-ended. It is not until then
that autonomous systems can put in practice a radically different way
to change and innovate, in which the variations of the records (i.e., the
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mutations, the new combinations of sequences, etc.) take place free
of functional-ontogenic constraints. Consequently, the evolutionary
process that these systems begin may be regarded as the laboratory
where new informational sequences are built up, out of which natura]
selection will only pick or retain those whose expression gives rise 1o
viable and adaptive organisms.

Conclueion: Information as a Universal
Requisite for Open-Ended Evolution

he great relevance of information in increasing the complexity

of pre-biological systems lies in the fact that it constitutes anew

and very powerful organizational mechanism, which allows
for new causal connections between domains that are not necessarily
linked by physico-chemical laws. Although we can already identify
in self-organizing and primitive autonomous systems some kind of
“recursivity” through which it is possible to establish such physically
“non-inherent” causalconnections, withouttheadventofinformational
records these emergent causal connections are fully dependent on the
actual dynamic organization to which they contribute to maintain. As
we have said throughout this article, in those conditions the growth
in complexity of the system comes together with a growth in fragility,
which implies a serious evolutionary bottleneck.

In contrast, the appearance of information brings forward a radically
new level of organization: it makes possible that a great deal of causal
specifications be assigned to some inert components, decoupled from
the dynamical organization of the system, As a result, those specifica-
tions will be —ina first approximation —independent of the dynamicand
energetic conditions implied by their material expression. And itis pre-
cisely their decoupling from the dynamics of the system what endows
those components with compesitional properties. Thus, it becomes
evident that underneath the re-structuring capacity of informational
causation is found a mechanism of dynamic decoupling.

As we have seen, this mechanism operates for the first time in the
re-organization of the processes of self-maintenance/self-production
in prebiotic metabelisms, in which some genetic components start toact
as dynamically inert material instructions for the synthesis of specific
functional-catalytic components. This is the origin of life understood as

™
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an evolutionary aperture, as the opening opportunity for autonomous
systems to increase indefinitely in complexity.

In the course of biological evolution, this organizational mechanism
has been subsequently applied to allow and articulate different major
transitions. In particular, we can see that it must be also operating at the
origins of cognition, at that stage when some mulri-cellular organisms
(those whose way oflife was based on movement) developed new forms
of complex behavior by means of decoupling their adaptive-interactive
strategies from their actual metabolism (giving rise, later, to the whole
complexity of the cognitive phenomenon: Moreno, etal., 1997; Moreno
& Lasa, 2003). More recently (always relatively speaking), we can also
find other — perhaps more intuitive or clearer — examples in the evolu-
ron of human organizations. For instance, the invention of written
language constituted a mechanism thatallowed a greatincrease of social
organizations thanks to the decoupling of the way of storing information
from the bio-neuronal processes running in each human being: or, in
a somewhat different context and with different implications, the de-
velopment of mathematics was made possible thanks to the creation of
formallangua ges, through which certain operations/calculations could
be carried out decoupled from all empirical connotations.

. In conclusion, the principle of dynamic decoupling within a complex
integrated system probably constitutes the most effective way to re-
organize the system, allowing the growth of its complexity at the same
time as keeping the level of robustness required for its maintenance,
reproduction and evolution. Without this fundamental mechanism of
re-organization, there would be no solution to the problem of increasing
fragllity associated to the growth of complexity. Given that the physico-
chemical world is inherently variable and, thus, a continuous source of
Perturbations, natural systems would not be able to overcomea primary
(PIE-biological} threshold of complexity, necessary to start an open-
ended evolutionary pathway. Furthermore, without this mechanism,
complex systems would not be capable to carry out other transitions

'.that involve a radically new way of organizing their constituent and
Witeractive processes.
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Introduction

espite wonderful advances in the mathematics and

science of complexity, despite clever modeling

techniques, despite fantastic computing machines,
and above all, despite being a little fashionable, I wish to
argue that complexity theory will not lead toa grand science
that will solve many of those difficult outstanding problems
of science and philosophy. Rather, T wish to argue that the
study of the characteristics of complex dynamic systems are
showing us exactly why limited knowledge is unavoidable
— or, to be more precise, why knowledge has to be limited.
The study of complexity, in other words, is not going to
introduce us into a brave new world in which we will be
able to control our destiny, it confronts us with the limits of
human understanding.

Before this position is elaborated, it should be made clear what is not
being claimed. In the first place, the argument has nothing to do with
the dispute about the so-called “end of science™ . No claim is made that
science cannot progress further, or that we have already discovered
most of the fundamental scientific theories, and that new science will
only be derivative. Thisis a hubristic position that glorifies the present.
Nor is it claimed that fundamental advances will not be made in those
sciences (like the human sciences) normally perceived as too complex.
This is a defeatist position, often triggered by an over-evaluation of
so-called “hard scientific” results or methods. There is no reason not
to believe that there is much to be learned. The argument is just that,
as far as complex systems are concerned, our knowledge will always be
contextually and historically framed.

It is also not claimed that there is something wrong with modelling
complex systems. Computational and mathematical models of different
kinds are doing wonderful things, and new avenues should be pursued
all the time. However, we should be careful about the claims made about
the “knowledge” we gain from many of these models. The models are
often as complex as that being modelled, and thus just as difficult to

1 See a.0. Horgan (1996), Lindley (1993) and Durlaut (1357},
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understand. In order to gain "knowledge” from complex models, they
have to be interpreted, and these interpretations will always involve a
reduction in complexity. Thus the main argument is not that there is
something metaphysically unknowable about complex systems, but
rather that we cannot “know" a system in all its complexity despite the
fact that we may be able to model its behavior on a computer®. We are
rerurned to the old philosophical problem concerning the relationship
hetween our descriptions of the world and the world itself,

Ontology vs. Epistemology

e traditional way of dealing with this problem is to distinguish
between epistemological and ontological issues. Epistemology
_ has to do with the way in which we understand and describe
the world, and ontology with the way the world is. One can
therefore talk of epistemological complexity (how complex are our
descriptions?) and ontological complexity (how complex are things
really in themselves?). Using this distinction, one could deal with the
problem of our knowledge of the world in the following way: The
world itself is not complex, it just is. There is nothing mysrical about
complex systems. It is just that we cannot keep track of all the millions
of non-linear interactions when we have to deseribe it. Complexity is
therefore only an epistemalogical matter. This is how Mclntyre (1 998:
28) describes this position:

“[Complex systems, like human systems| are not complex ‘as such’ but
only complex as described and defined by a given level of inguiry. What
15 the nature of our interest in human behavior? What sort of questions
do we ask about it? That is what will determine the level of complexity
that we are dealing with when we seek to understand certain Seatures
Ef human interaction. For the subject matter of social science is not a

nﬂtum_! kind” just sitting out there waiting for us to discoverit. A subject
Tnm_ter is created only when we begin to ask questions about features of
l"eﬂf.!ry that are puzzling us. Thus, on this interpretation, complexityy s
derivative rather than inherent.”

-_-___———__
2 This allowance that good models of complex systems may exist is a
gnnen?us one. Most models of complex systems are used to display general complex
Shavior, not to model specific, empirical complex systems. This state of affairs may
Femain so, again not for metaphysical reasons, but because the behavior of complex
‘Models will be as unpredictable as that of the systems they model.
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This argument has the advantage that it demystifies complexity
somewhat. For example, we do not have to let go of causality in order
to acknowledge complexity. The world is not dependant on our de-
scriptions. Mclntyre, however, uses the ontological\epistemological
distinction to make another point, namely that this would mean “thar
there is no ‘fundamental’ limit to our understanding of ‘complex” sys-

tems” (28).

Once one accepts that complex systems are only complex “as de-
scribed”, thereis always the possibility that some alternative description
- some “re-description” - of the system will yield regularities that will
be simpler and can be handled by science... The job of science, then, is'
to search for those descriptions of the phenomena that will unlock the
regularities that are behind the surface noise of complexity. (29)

This argument is in general a useful one, but on certain points
somewhat problematic. At heartitisan instrumentalist position, made
explicit by the claim that “in attempting to understand reality, we have
many descriptive tools at our disposal... There may be one world, but
there are an infinite number of alternative ways of describing it” (29).
Despite his attempts to deny it (“nature rules out infinitely many de-
scriptions that are inconsistent with it”), this position will have serious
difficulties in defending itself against the accusation of relativism.

These difficulties are the result, | would argue, of a too simplified, or
perhaps even contradictory understanding of the relationship between
our description of the world and the world itself. On the one hand Me-
Intyre separates the twa quite clearly, accusing others (e.g., Havek) of
failing to distinguish “sharply” between ontology and epistemology
(28), butarthe same time it wants to affirm that science is abour reality-
This is to have your cake and eat it. In the end such a sharp distinction
between epistemological and ontological issues cannot be maintained-
Even if we acknowledge that our descriptions of the world are not pet=
fect, we would like to maintain that they are not merely instruments,
but that they enhance our knowledge of the world as it is. There is 2
complex dialectical relationship between the world and our descrip-
rions. When we try to understand the world we are always dealin gwith
ontological and epistemological issues simultaneously. To maintain

clear distinction between the two leads to an essentialist metaphysics

which should be resisted.
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What is Knowledge?

it is argued that epistemology and ontology cannot be kept apart
 systematically, what becomes of the notion “knowledge”? This
L is one of the words that have become commodified in our times.
Ve talk of a “knowledge industry” and of “knowledge management”,
ese terms create the impression that knowledge is somethin gwecan
in, independently of the subject which has the knowledge. In this
knowledge is reified, turned into somerhing that “exists”, that can
e put on a disk or a website. Of course there are many things we can
on a disk, but perhaps one should reserve the terms “data” or even
ation” for this. The term “knowledge”, I suggest, should be
ed for information that is situated historically and contexrually
by a knowing subject. Knowledge is that which has meaning, it is the
tof a process of interpretation®. ,

- Thereis nothing new aboutlinking knowledge and the knowing sub-
. It may also look as if it reinstates an independent epistemological
I—!uwever, from the perspective of complexity theory, these issues
little different. In the first place, the subjectis notan ind ependent
le-,_ nota free-floating ego which makes “subjective” observations
decisions. It is a complex thing in itself, constituted through the
of relationships with others and the world. The subject itself can

fore only be understood as something contextualized through
ough?.

Fﬁﬂwndl?r. complexity theory also helps us to understand the pro-

_which things and concepts acquire meaning differently. | argue

etail els‘ewhere (Cilliers, 1998: 58-88) that we cannot maintain a

= Entau-::nn_al theory of meaning. Meaning is notsomething complete
il'lstriac.t. ]lnkﬁ.‘{.i to I:he sign which represents it, but is the result of

Mic Interaction berween all the meanineful co i

tem (37-47), itselfa complex process. & e

IfFJI{Amng is relational, not representational, there are potentially

ite amount of relationships at stake each time the meaning of
ey E is generated. Cr::mplex systems ate open systems, interac-
i ke place across their boundaries. But if an infinite number of
_'4ctons have to be considered, the production of meaning will be

See also Cilliers (2000).
See Cillicrs and De Villiers {2000,
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indefinitely postponed. This, we know, is not the case. Meaningis gener-
ated in real time. How is this possible? Because meaning is constituted
in a specific context where some components are included and otherg
not. It would not be possible to have any real meaning if the number of
relationships is not limited. In other words, for meaning or knowledge
to existatall, there have to be limits. We cannot comprehend the world
in all its complexity. We have to reduce that complexity in order to
generate understanding. This is notsome terrible fate thatbefell human
subjects, it is merely the result of having to deal with the world in rea]
time with finite means.

To summarize: we are simultaneously in the world and reflecting

on the world. These processes are intertwined and involve the interac-

tion of an infinite number of factors. The knowing subject is, however,

contextualized. The context limits the number of factors, and thereby
makes meaning possible. The context can change, of course, and thereby
involve other factors. However, the new context will involve new limits,
We cannot have knowledge without limits. An interesting question [
will not pursue here is whether we can have knowledge of emergent
properties. Perthaps the answer is no!

Limits and Boundaries

alking about the limits or boundaries of complex systems is not
an easy task. On the one hand we acknowledge that complex
systems are open, that they exchange informarion {or matter
and energy) with their environment. This would tend to underplay the
role of the boundary. On the other hand, the very notion of “system”

presupposes the existence of a boundary to the system. For the system:

to be identified as such it has to be distinguished from what is not part
of the system, i.e. the environment or other systems. Both positions
cah be problematic.

One can, and often should, emphasise the interrelatedness of sys-
tems. Often the boundaries of systems are constructions we impose in
order to reduce the complexity. This can lead to oversimplifications, t0
reductive descriptions of the system. However, if boundaries become
too vague, we end up with a kind of holism which does not allow much
to be said. We cannot consider life, the universe and everything in its
totality all the time. We need limits in order to say something.

Why We Cannot Keow Complex Things Compietely BY
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~ Onecan, however, also overemphasize the role played by the bound-
a5 of a system. To my mind, this is the case with Luhmann'’s position
hiselaboration of Maturana and Varella’sarguments concerning auto-

;is?. The claim thata system can only make representations in terms
s own resourcesresults in what Luhmann calls “operational closure”.
s the legal system, for example, can only operate in legal terms. It
inizes lepal procedures, so there is change in the system, bur this
eisalways in terms of evolutionary processes taking place within
stem. This position makes it difficult to see howany intervention
e dynamics of the system can take place. The claim for operational
ysure leads to a self-sufficient conceptualization of the system. Since
the “knowledge” contained within the system has to be constructed in
terms of the internal resources of the system, it is again difficult to see
how this position can escape the charge of relativism.

|AI1E

~ Perhaps one can evade some of these complexities by making a dis-
tinction between boundaries and limits. Since this distinction attempts
fgﬁ_:_e_:duce complexity, it will, like most distinctions, come under pressure
in certain contexts. However, it also allows us to say new things about
complex systems. The suggestion is that a boundary is something with
two sides, like the boundary of a country. A limit, on the other hand,
we can only know from one side, i.e. we cannot know what is beyond
it. Let us examine the two concepts briefly.

Thenotion of aboundary seems fairly clear cut. Irrefers ro thatwhich
containsand constrains a system. The skin isthe boundary of the body;
idam ends where the water ends. However, more often than notit is
extremely difficult to determine where the boundary exactly is. Think,
0T example, of the boundary as those elements of a system that inter-
act directly with the environment of the system. If one conceives of a
complex system as something constituted through a rich interaction of
allits components, there is only a short route between any element and
ﬁlEEnvimnmEnL Inasense, the whole system is close to the boundary,
the boundary is “felded in” and one is never quite sure whether one is
- dealing with the inside or the outside of the system. The boundary is
ere, but one cannot pin it down. At the same time, one should also
Dot think of the boundary as something confining the system, but
Tather as something that constitutes the system. By differentiating the
f. 9 ~ Foran excellent discussion of these positions, “Immanent systems,
._Trans,c&ndcntnl Temptations, and the Limits of Ethics™ by William Rasch in Rasch,
W.and Wolfe, E. (eds.) 2000,
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system from the environment, and simultaneously allowing for the
transcending of the boundary, the system can be and become what it

is. A good example to illustrate this principle is that of the eardrum. 1t

separates the inner and outer ear, but exists in order to let sound come
through. Moteover, it would not have been possible for the sound ta
come through if the boundary was not there®.

The notion of the limit is a difficult one (and needs a more detailed
discussion than will be attempted here). For example, if we concede
that there are limits to our knowledge, how do we know when we have
reached that limit? It is exactly this claim - that we have reached the
limitand that we know it - that leads to the “end of science” argument.
Furthermore, how do we talk about limits if we do not know what lies
beyond? Do we maintain a Wittgensteinian silence, or do we make as-
sumptions about what lies beyond - a move that will return us to the
traditional world of metaphysics.

Perhaps complexity theory can help us to deal with this problemin
somewhat different terms. Without falling back intoa crude dichotomy
berween epistemology and ontology, we could argue that the world itself
does not have limits, only boundaries. Limits exist in our understanding
and descriptions of the world (keeping in mind that these descriptions
are not arbitrary constructions, but that they are constrained by reality,
that they are “about” the world). The limits are not ranscendentally
given, buta result of having to deal with complexity with finite means.
If this is the case, then there is no reason why the limits cannot be
shifted. There will always be limits, thus there will always be something
that eludes our understanding of a complex system, but from different
perspectives, following different strategies, these limits will be differ-
ent. To keep on confronting these limits is what science — and life —is
all about. Nevertheless, they will remain limits in the sense that we
cannot say what it is that eludes us. We cannot calculate what it is that
e5Ccapes our grasp.

What we need, therefore, are ways of dealing with that which we
cannot calculate, of coping with ourignorance. There is a name for this.
Itis called “ethics”, and no amount of complexity theory will allow us
to escape it.

6 See Cilliers {2001) for a further discussion of boundaries, although the
distinction between limits and boundaries is not explicitly used there,
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Introduction

the simplicity principle, toward a complex approach

implies a radical transformation of the global system of
production, validation, and circulation of knowledge. A complex
approach to complexity involves the decision to give up the
desire to formalize or trap complexity in a model or to constrain
its possibilities in a paradigm. Complexity is not the end of a race
but the main characteristic of a cognitive style that does not rely
on standards or a priori models.

TD move from an intellectual perspective, dominated by

Complexity is not a new canon, global theory, worldview, or Welt-
anschauung, but a project in evolution. In order to extend the power of
the complexity metaphor and allow it to embody and live in multiple
figures of thought, fertilizing different domains of knowledge, crossing
boundaries and eroding the wall built up in the modern age — in short,
to honor complexity —itis necessary to take seriously Deleuze’s warn-
ing: “There is no method, no recipe, only a long preparation” (Deleuze
B Guattari, 1987).

There are many thinkers, researchers, and even journalists who want
the “copyright” on complexity (and, of course, to take advantage of it).
If we intend to develop a fruitful and powerful complex way of think-
ing, we have to face the people who pretend to be the “owners” of the
concept (some even look like priests of a new cult). They claim, abrilliant
but insubstantial claim, that a “complexity paradigm” or “complexity
theory” is possible.

Very few people can deny nowadays that there is a vast proliferation of
metaphors, models, theories, and professional practices thatinduce and
allow us to think in terms of a shiftin paradigms. What [ want to suggest
is that the complexity approach is far more than a paradigm shift and that
complexity meraphors go far beyond the field of science itself. Here W€
find a beautiful paradox: The simplicity approach usually tries to present
aunified or syncretic worldview while reducing the scope of our view:
The complexity approach cannot provide such a Weltanschauung but,
on the other hand, can enlarge, refine, and sophisticate our scope. [am
not denying that there are some people (very well-known and important
authors among them) who refer to a “new synthesis” or speak in terms
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ofa “complexity paradigm,” or even call fora “new worldview.” What I
intend to show in thisarticle is that the complexity approach is opposed
to this point of view, because complexity can neither be rotalized nor
reduced to an a priori theory, and can by no means be constrained to a
completely standardized practice.

The Method

and legitimation of modern science, has become a straitjacket

for the development of complex thinking. An urgent revision
of its genealogy, relevance, virtues, limits, and dangers is therefore
Tecessary.

;:The classical notion of method, essential to the birth, growth,

Alexandre Koyté (1978) taught us that no single science has begun
with a method treatise or a body of knowledge that progresses based
only on an abstract set of rules, even if this was the exact aim of Des-
cartes, his disciples and followers. The Discourse on Method (Descartes,
1999) was written after the scientific essays of which it is the preface
and not the other way round, as one would logically expect. However,
the author led us to believe that the Discourse was prior to the essays
and independent of them.

~ Thistemporal loop, this supposed priority and independence of the
method in relation to the content, isa key to understandingthe privilege
m?rded tomethodology in modernity and the danger that it implies for
I‘3"1i“1‘!'11:-1+|ax thinking. Poets, as Antonio Machado beautifully said, “make
ﬂQWa}; as they walk,” butbelievers in the method usually assume that
€ way precedes even the creation of the Earth. The “idealized way "
_th! etymological meaning of method) excludes the living history of
fought, its difficulties, errors, confusion 5, and sidetracks, showing us

- #straightroad that takes us from ignorance to knowledge. There are no

. PS, no trials, we are only guided by the brilliant light of its rules. In
~0Ing 5o, the devotees of the method have to place it before the main

fesearch, soas to abstract it from the muddy field of complexity, uproot
i % the problematic human world, and take itup to heaven and pure

Ence, T?'videntiy, this goal is absolutely impossible to achieve in the
- bractice of research, but it is always possible to show a posteriori,

(eY - = - - - - "
toa ‘pedagogu: description,” which in fact is a reconstruction
* Gepuration of the historical process.
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The method’s apologists proceed in the style used by Hollywogq

scriptwriters: In a film, after a cruel battle the soldiers are always cleap
and impeccably dressed. The same happens with scientific researchers.
They never lose their way and always perform their duties with a clag;
mind, no doubts, and strict rules, in astraight line, withoutever getting

dirty. Hollywood has accustomed us to this mystifying style: We can

cry and shake with the hero who has finished his journey through the

desert, undera torrid sun, withouta single drop of perspiration. In spite
of the incongruity between the scene on the screen and our experience
- in fact, we are sweating just watching the film — we tend to believeit,
In the same way, Descartes acted as if knowledge were possible with-
out colliding with errors, without getting lost in confusion, without
getting dirty with perplexity or groping in the mist of nonsense. He
rejected the cultural legacy and appealed only to a non-contaminated
faculty: reason. This point of view became deeply rooted and we find
it widespread in western culture even today; it is starting to collapse,

bucitis stll alive,
Ito think about the conditions that made it possible for it to become
the dominant belief of modernity. It is necessary to pay attention
to the narrative style that characterized it and, at the same time, made.
it possible, Derrida (1997), with his sharp and sophisticated style,
denounced this “nonnarrative narrative.” This type of discourse is
basically of a kind that denies itself as a discourse. The main strategy
consists in stating thata “neutral " and “impersonal” speech is possible;
in other words, a speech without a speaker and without a speaking
modality.

The Nonnarrative Narrative

n order to free ourselves from the “charm of the method,” we need

The “great trick” of objectivism is precisely this: to speak as if there
were no talking at all, only the pure truth or the fact itself in the words
of the “objective speaker.” Of course, there is an underlying paradox:
“The nonnarrative narrative is a narrative.” I want to state that this 15
the founding paradox of positivist philosophy and, in general, the basis
of “simple thinking.”

The “nonnarrative narrative” style erases the real path of research,
which usually is tangled, intricate, uneven, full of holes, with straight
paths and multiple bifurcations —in other words, its historic complexity
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replaces the real paths of knowledge with a happy-ending, linear
Thanks to a “temporal loop,” the methodic doubt gave birth toa
adic illusion: When we finally reach the desired goal, after along
- tortuous journey, full of difficulties and detours, we are able to
nt a linear, simple — and abstract — route that links the beginning
end. Taking shelter in the pedagogic advantages and virtues of
ric clarity, we can rewrite history, reconstruct it, straighten it out.
Le modern educational system has devoted its best efforts to the job
eaning up, simplifying, and transforming the complex, vivid, and
ting intellectual path of human knowledge into a linear, insipid,
imple carroon,

bl

' Thenotion of method was essential to the construction of the rhetoric
simplicity and the “nonnarrative narrative” style, because the very
of method is key to the practices of historical standardization and
ation. The modern concept of method always implies a linear
an abstract recipe, a standard training in an a priori way of think-
eal and lively history isrejected on principle. The idea of method
ces the illusion of alinear and simple history possibleand, at the same
e, legitimizes it. “Method” is the name for the hard work of combing
disheveled history, depurating the past, exorcizing complexity, and
venting a highway where only a diffuse mesh of interweaved paths
be found.

Cartesian coordinates allow us to find any two points on the surface
the Earth and link thern with aline. Nevertheless, nobody can say that
operation enables us to link the two points by walking in a straight
tine. The simplicity of maps does not correlate with that of the terri-
tory. The map gives us a useful geometric abstraction, which excludes
by method) the specific topography, the weather and its changes, the

edators and their efforts, the marshes and their dangers, the bifurca-
tions and their threats.

The Development of Modern Science

s mentioned earlier, Descartes wrote the rules of the method
» & posteriori and let us believe that he was guided by them. He
m had, with their help, found the right way and obtained the
Certainty he was searching for: a guaranteed absolute knowledge.
5 escartes was not a lonely giant who constructed modern science
‘With his method and all by himself. Francis Bacon (1854), his contem-
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porary, suggested in his Novum Organum the methodological solutign
to the “knowledge problem.” Although it was not at the heart of the
philosopher’s concerns, the method question occupied an importang
place in medieval debates. Neither Grossetteste nor Duns D'Escotg
nor Occam aspired to overthrow the traditional authority or wanted to
establish a new court that would pass judgment on the truth or falsity
of knowledge. However, this was exactly the aim of both Bacon and
Descartes; this was the difference that made the difference and it paved
the way for modern thinking.

At this point it is convenient to consider the fact that Bacon and
Descartes’ important contributions to the birth of modern science did
not take place in the field of methodology. On the contrary, their legacy
in this area was mostly irrelevant, if not harmful. Bacon’s pedestrian
empiricism had very little in common with the “experimental model
of science” and Descartes’ mechanistic rationalism was so extremely
abstract thatit could not fertilize any of the fields of scientific knowledge
(as 2 metaphor perhaps, but never as an explicit methodology).

Modern science was born from the fortunate hybridization of the
traditions of empiricism and mathematical rationalism, leading to
a great sophistication of the experience and finding a new place: the
laboratory. The idea of an a priori method considered valid for all sci-
ences was, as are all pure things, sterile. However, in spite of the lirtle
importance that abstract methodology has had for the development of
scientific theories, methodological questions, paradxically, have been
very successful among philosophers and, through them, have had a
great impact on social imagination. Modern science was born ata time
when it was necessary to transform the criteria about what had to be
considered relevant and legitimate; debates on methodology wers,
therefore, very popular.

When we criticize a methodology we don't aim at the specific content
but at the “form.” We don’t merely question the possible truth, bur the
pertinence and relevance of the point of view, its entities, variables, and
parameters. We don’t only judge the results of a specific inquiry but the
system that enabled us to produce meaning and validate knowledge-
As Kuhn (1996) and Koyré (1978) put it, when a theory, paradigm, of
worldview is going through a crisis, the methodological questions appear
in the foreground. The prominent place that the method occupied for
Bacon and Descartes satisfied the need for a new source of certainty felt
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' 1rine the chaotic times that connected medieval and modern societ-
.5 atatime when science, as we know it today, was born. Because of

"£t. no matter how inappropriate or irrelevant Descartes and Bacon's
cular solutions to the methodological questions may seem, their
alue is not related to their suitability for the real development of the
-science, but to the hope of a new way of producing, validating, and
sitimizing knowledge that they provided.

By placing the method question in the foreground, Renaissance
thinkers first and modern schaolars later waged the battle to establish a
yew authority to judge their productions. Galileo had been a pioneer
this battle, and had made it clear that the question was the struggle
between two different kinds of truth: the first written directly in heaven
- —with mathematical characters —and the second inscribed in the Bible.
The ecclesiastical hierarchy had the monopoly on interpretation of the
holy scriptures and was challenged by the new methodic knowledge
“embodied in a new ruling class. The idea of a methodic way of thinking
- was the great weapon to defy religious authority. The immense success
of modern philosophy proves its power, but not its truthfulness.

The idea of 2 new way of validating knowledge by means of an im-
tsonal procedure —the central concept of methodic thinking — proved
to be effective in the battle for chairs in the court of knowledge (always
-occupied by human beings, not gods or abstract procedures). Unfortu-
‘nately, we cannot say the same for the capability of @ priori methods to
f-f_(_ii!&lzi and empower research. The contribution of the idea of method
to this field was modest and restrained.

Shaking Off the Tyranny of Method

owadays, after some centuries under the empire of method
yet hypnotized by the modern discourse, we are starting to
B, shake off the tyranny of method. It is not an easy task. We are
51‘::11 shy and cautious because the remaining power of the positivist
'::féi%':uursais still strong in our sociery. We are witnessing the beginning
6fa new adventure of knowledge, nevertheless: the navigation of the
?ﬁtas_ of complexity and the exploration of their strange and changing
SMitories. This journey is a dynamic one, one that always implies
lid territories, uncertainty, and creativity. The price we have to
for this trip is to forgo the illusion of an absolute and guaranteed
‘Snowledge. This is not a simple task or decision. On the contrary, it
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requires acceptance of our limitations and of the incomplete character
of our knowledge. However, this is the only way to open the door of
our world to imagination, chance, and diversity; in short, to creativity
at large.

To give up the general idea of the one and only method that will guide
us directly to the truth, and that is capable of guaranteeing it, does not
necessarily imply that we don’t need oraccept different methodologies,
techniques, and proceedings in order to produce knowledge. It only
implies that the method is not independent nor precedes (a priori) the
experience, and that we always have many possibilities for exploring,
thinking, and making sense in our interaction with the world. We only
have to give up the fetish of method (the golden but abstract way), but
we still have many ways, paths, routes, and roads leftand we canalways
construct new ones, or simply create them by walking. To abandon the
modern idea of method does notimply that we will fall into an abyss of
nonsense. On the contrary, we need to do it in order to open our minds
to the multiplicity of meanings.

Complexity is closely related to this resignation, but the loss 1s at
the same time a profit. We abandon the security of the permanent and
stable territories of modernity to move toward the waves of changing
fluxes. We not only need to invent new cartographies and new para-
digms: we need to go furcher and build up new ways of making maps:
We need new ways of figuration and new figures of thought. (“Figures
of thought” refers to thinking styles and expresses a more fluid and
dynamic conception of knowledge than does "paradigm.” Figures of
thought appear, evolve, and reshape in a complex way, in a social, non-
linear process of producing meaning or figuration.) Complexity doesnot
end at the products of knowledge, it goes further up to the processes of
production of meaning and experience.

The idea of method was the battering ram used by the bourgeois
mentality to knock at the door of the medieval citadel. Under its fas-
cination, but not because of its merits, 2 new way of experiencing and
legitimizing knowledge was created. In the sixteenth and seventeen th
centuries the idea of method implied a great expansion in terms of think-
ing, but soon its absolutist connotations appeared and led the way [0
a new closure, The new “nobility of knowledge” tended to replace the
“nobility of blood” and that of the clerical hierarchy. A new knowledge
appeared and developed, but freedom from religious restrictions did
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| The epistemological turn
From “pure reason” to an “embodied social knowledge™

From a monologue-like logic to a dialogue between multiple logics
From analytical thinking to polyphonic thinking

The turn in global metaphors
From atoms to networks
From the universe to multiple worlds

The turn in the global approach and strategies

From a priori theories to cognitive complex practices |
From controlled experiments to evolving simulations -
From universal knowledge to a situational production of me aning

The turn in the paradigms of science
From conservative laws to nonlinear dynamics ‘
From homeostasis to creativity far from equilibrium

From causality to emergence

Table 1 Dimenstons of the contemporary change: from sim plicity to
complexity

notmean ct?mplete freedom, justdifferent constrictions: the simplicity
Ehnnmp]e’ linear mathematics, causal explanation, analytical thinking

enatural forces and entities in mechanical relationships, and, last but
not least, classical logic.

The_ challenge of our time is to think without certainties and to ac-
cept ::!wersity in the ways of thinking and in the styles of producing
Meaning. In order to accomplish this, complex thinking cannot accepta
ﬂgz;’t?;ﬂlcld?logicalrestrictiafms nor impermeable boundaries between
. gfa es. It 11.51 .necjfsary to jump the cagni.tive walls built up by the
réstri ipproaching eknowlfedge of modernity and its methodological

ctions, and open our minds and our practices to a multidimen-

Table 1 shows the basic dimensions of the contemporary change:

from simplicity to complexity.
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From a Passive Representation to an
Active Configuration

he transformation in epistemology, the paradigm shift in

sciences, the emergence of new global metaphors and the

metamorphosis in strategies are not independent processes.
On the contrary, they mutually affect each other in multiple ways,
inducing a mutation in the way we conceive knowledge, in the way
we experiment ourselves as human beings and the world to which
we belong. These turns pivot on the passage from a static and isolated
conception of being (both at the epistemological and ontological
levels) to a dynamic and interactive perspective. This movement is
capable of presenting knowledge as a poiesis (production - creation) of
material and symbolic worlds. The complexity approach is restoring
its place to poicsis, to practices and collective know how, which had
been underrated by the Modern conceptions that privileged theoretical
knowledge.

“Theory” and its verb “Theorein” refer, in Greek, to theact of w.?tdh;
ing, as those who watched the Olympic games were called “theorists”.
This visual and distant conception of knowledge came aboutand spread
due to the development of anew technology: writing, Socrates refused to
write but Plato, his disciple, was one of the main promoters of a culturq:.
that adopted writing without abandoning oral transmission. [1_1 DIdEI’EF‘.
impose the priority of writing, Plato had to face the poets with allh_l#
strength, as they were, at that time, the greatest exponents of Greek
culture (Plato, 1977). In order tounderstand Plato s bitterness towards
the poets we must bear in mind that in oral cultures the role of poetry
differed a lot from the one it has today. It was no “cultural luxury  or
“subjective expression” of anauthor, noran individual activity for l?murﬂ
moments. In Ancient Greece the poetic activity played an educanuna_l-
political, social and community role. We could mentlon‘real poetic
“performances” in which, the thythm of the words, the music and Lftaﬂ':'l
ing would develop a bodily and intellectual memory, botl? emotiona
and cognitive, that shaped a cultural tradition in a collective aﬂwm&
These “feasts” of knowledge were the core of education, they nﬂ'el"ﬂ”.
the community the opportunity to contact the “tribal encyc]opaedl-‘; L
and the possibility to learn and maintain its tradition (Havelock, 1 963;
Goody, 1986; Ong, 1988).
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plato opposed the empathy of poetic performances , advocating de-
tachment, reflection and methodicabstraction. Writing transformed the
aditional ways of producing, sharing, experiencing and legitimizing
:‘-how]edge. The possibility to express in an external object — a book or
jtsequivalent—part of our knowledge, enabled the development of that
inner experience which was called “Psyché” in Greece and which, in
odernity, became the “Subject”,

The language of action, characteristic of Homer’s poems, was not
totally lost with writing, which gave rise to a new syntax —and therefore,
toanew form of thinking - which did not previously existin oral culture.
In the written text, the grammar of becoming, which characterized oral
culture, gave way to a form of discourse structure which tended to be
pressed in being. The action, which had always been performed by
dividuals - gods, heroes and other characters —lost space and abstract
entities such as “justice” and “kindness” occupied the foreground.

According to this, word technologies, communication forms and
dia, are not mere “external” resources: they imply the transforma-
of conscience, of our thinking and our way of interacting with the
tld. Oral cultures favored hearing as the most important form of
ing. Sound surrounds and goes through the listener, Hearing is
e sense related to rhythm, to living temporality, to resonance, to the
ds which relate human beings. In contrast to oral culrures, a society
€d on writing as the main source of knowledge considers sightas the
oSt important sense, it needs distance and tends to divide, to separate
observer from what is observed.

_ In Modernity, sight was at the privileged top. *Clarity and distine-
fion”, Descartes'’s values par excellence, are typically visual virtues. They
e the basis for the conception of knowledge as a representation, an
ellectual perspective which has been the common factor for most
dern epistemological trends.

This idea of knowledge was not born, as some may claim, from a

- antphilosopher”s pure reason; it rather comes from a specific form

“IMman experience which arose from writing and, specially, from the

“&velopment of the printing, among other influences. It was not a fate

*termined by technology, as long before the Chinese could print
this did not radically alter their approach of knowledge (Needham,
). In China, printing was used by the government bureaucracy
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without generating changes; but in the Western world, this technology
radically transformed the established practices and was used in religioys
and political struggles which led to the creationl of modern states. Itjs
waorth noting the peculiar form in which printing was related to culture
asa key device in the struggle for power among protestants (who needed
Bibles for everybody) and the Catholic Church (which had had the mo-
nopoly of texts and knowledge so far). Princes also used this technology
in their struggles with the religious power and supported the creation
of workshops outside churches, which enabled them to standardize,
normalize and extend the experience which gave rise to modern states,
generating a fundamental transformation in the form of knowing and
thinking about knowledge (Eisenstein, 1983),

In Modernity, knowledge was thought of as a reflex, a “mimesis”,
produced by a rational individual who feels separated from Nature and
who is capable of creating an internal image which corresponds one to
one with that of the real world, which is considered as completely inde-
pendent (Rorty, 1981). Both the material and the conceptual cosmos of
Modernity - which were considered as completely separated — had the
ideal structure of a crystal. The Universe was represented as a gigantic.
mechanism that followed Newton’s laws of movement. Knowledge
took the form of a linear perspective, which was based on geometric.
oprics in such a way that it only focused on products, i.e, in those theo-
riesalready existing, leaving aside the poietic process of knowledge cre-
ation. From the multiple ways of producing meaning, only those which
fit the grid of the method, characterized by the prevailing standard,
mechanical, orderly style, were considered as legitimate. The radical
difference between discovery and justification contexts (Reichenbach,

1938) which positivist epistemology set, clearly show the division and

parceling of knowledge characteristic of the disciplinary architecture of

Modernity. Thinking as an activity, as a form of encounter of the hu-
man being with the world, as an interrogation and exploration, as ail
invention and production, was of no interest to an epistemology only
concerned with logic and the justification of theories.

The approach to complexity, considered as dynamic and interac”

tive, implies a change in the global treatment of knowledge which calls
for leaving aside the notion of a wholly independent world. Complex
thinking does not accept watertight compartments, absolute divisions
or isolated systems. Its architecture is not compatible with the rigidity
of crystal or with the evanescence of smoke (Atlan, 1990). In order t@
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ccept the challenge issued by the era of complexity, both in relation to
our conception of the material world and to the way in which we think
ibﬂﬂt knowledge, requires that we find a way out of the vicious circle
which supposes that our only option is to choose either the rigidity
»f the objective crystal and its absolute descriptions, or the relativism
of smoke which turns the Universe into an evanescent interpretative
ﬁ[usinn. Trying to avoid the unfortunate confrontation of “Moder-
nity vs. Postmodernity”, Zygmundt Bauman has proposed that we are
living in the time of Liquid Modernity (Bauman, 2000). Ways of life
and forms of knowledge characteristic of modernity are disappearing,
new figures are being born and, abave all, new forms of imagining are
emerging. Complex approaches characterized by thinking in terms of
fﬁn‘-ﬁnear interactions give us the possibility to abandon the vicious
gircleand adopta fluid thinking, capable of adopting various configura-
 without necessarily achieving the rigidity of crystal or vanishing
e smoke. Knowledge, understood as a configuration which emerges
n a multidimensional interaction, is no longer a rigid and external
duct crystallized in a theory, but rather an activity. The configura-
emerges from the encounter of human beings with the world to
ch they belong, a multiple and mediated encounter, from which the
ject and the world simultaneously emerge in their mutual making,
an endless becoming (Najmanovich, 2005b).

In liquid Modernity (which is also the “Internet Era”), thinking is
ly a network activity which does not process knowledge but which
rates meaning in a bonding dynamics which does not belong to an
olated performer butrather to the collective formed for each situation.
Modernity, thinking corresponded to the individualand depended on
rula_rs of classical logic and the method. At present, we face the chal-
e of building a grammar based on action and poiesis. Paradoxically,
means have returned us the possibilities we had lost in the transi-
2 from oral culture to writing and offer us new ones.  would Iike to

out t_he interactive, multidimensional and fluid dimension of new
nologies which, at the same time, are demanding us and taking us
m thve conception of knowledge-product ( the flat and static image of
“Oretical representation) to one which stresses configurative thinking
tidimensional poieticactivity). In this context, itis fundamental to
“onsider who thinks and what thinking is.

Fromainteractive pointof view, itis possible to create answers that
a lot from Descartes’s “I think” and start thinking in “Us” as the
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subject of thinking. It is not only about pluralistic thoughtin relation o
its production, but also to the forms of production: we think in, with,
together with, against the group with which we live. It is the collective
that enables us to think and legitimizes knowledge. A collective which
not only includes human beings, but also technologies, active spaces,
which shape and transform it (Latour, 1993). From this perspective, to.
think is a form of interaction, a poietic activity (productive and poetic).
which leaves a wake as it sails: knowledge.

Conclusiocn

omplexity is not an expansion of simplicity, not even a
' complication, it is a global reconfiguration of the ways in

which we create, validate and share knowledge. An approach
that honors complexity has to be able to make the different levels of
change fit together in multiple ways, and allow us to construct specific
itineraries referring to the particular problems with which we have to
deal. From my perspective complexity is not an imperative but a free
choice.

However, it is mot merely an intellectual choice but an
esthetic, ethic, pragmatic, and political one. It is not a simple shift
from one paradigm to another, but a radical transformation of our
way of experiencing life and producing meaning, of interacting and
living together; in other words, a complete and multidimensional
transformation of ourselves and our ever evolving world.
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Who am I7

B

he philosophical problem of identity has a long history,

datingback to ancient times of classical Greece. Quite early

in the history of philosophy questions about the problem
of identity arose in tandem with the recognition of change;
if there is no change the problem of identity does not arise, ag
a static thing that undergoes no alterations is simply taken to
be what it is — and can clearly be identified as such. Questions
concerning sameness and difference arise, however, as soon as
the thing in question changes. Is it the same thing (as before) —an
ontological question? By what criteria do we tell if it is or isn't
— an epistemological question? So questions of identity often
suggest the presence of difference, and differences in time, i.e,
change, occasion the even more difficult philosophical question

of time.

With the rise of Modernity and its concern with the person, the ques-
tion “Who am [?” became an even more pressing philosophical issue.
Interested not so much in rthe issue of what makes my body the same
as that of the baby I ance was (which after all would be the problem of
identity thatarises with any thing), the question “Whoam I?” comesto
be understood to mean, “What makes me a person, indeed, this person?
In turn, this question elicits other troubling ones such as, “What is the
relationship between me (qua person) and my body?” “What is the te-
lationship berween me asa person and my circumstances, my history?
— along with related epistemological puzzles: “How do we ide'fltlﬁf
and/or re-identify persons despite their psychological changes? _Thﬂ
moral implications of these questions are too numerous —and obvious
- to mention.

The quick and dirty encapsulation of the history of thephilcrsnph_im]
subject of identity might be summarized with the sentence, “Parmenides
and Plato won; Heraclitus and Aristotle lost.” By which I would meatt

that Parmenides’s answer to the question “What makes something
the sqme?”, “Whatever persists unchanged throughout the changes,
became entrenched as western philosophy’s answer to the problem @ i
identity, Heraclitus’s ontology of process justseemed incapable of ban™
dling the problem of identity: constant, relenting, pervasive change, ’-.‘f.'-*
it seemed to imply no continuity whatsoever, was just too intractable:
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As the Encyclopedia of Philosophy notes, there are in fact two dis-
ginct philosophical Problems of Identity. First, the problem of Identity
a5 Permanence, is captured by the question “What makes something
the same thing as it was before?”. The second, the problem of Identity
35 Unity (amidst diversity), is captured by the question, “What makes
ose two things the same kind of thing?” The first question involves
the philosophical problems of change and permanence, which in turn
‘gvolved into two other philosophical problems, that of substance and
rsonal identity. The second question, which can arise independently of
eobservation of change, gave rise to the philosophical problem of uni-
als, and historically evolved into the problem of individuation.

Because complex dynamical systems are “structures of process” ex-
ring over time, both issues arise in any attempt to formulate criteria
for their identity: how to identify a complex dynamical system as such,
d how to identify a given dynamical system as the same one as before;
international corporations and web-based communities in effect
oupled from any particular spatial location, what identifies such
ganizations and associations as that corporation or community?

As heir to Parmenides, western philosophy has for the most part
plained change as a function of Substance, a substrate that sustains
underlies change: for any given thing, its Substance was not thought
change; only its superficial (accidental) attributes did.

B‘f substance Aristotle meant primarily a concrete individual, but
°r the centuries the concept morphed into the concept of essence, A
; ibstance, on this view, is 2 nucleus of qualities that jointly embody the
nature of the thing in question, a nucleus, moreover, capable of inde-
‘ent existence. At the end of the paper we will explore whether the
nal Aristotelian concept of substance mightbe makinga reappear-
a5 a result of the new appreciation of what is now called complex
cal systems, but in the meantime, just follow the logic of the

of substance as a nucleus of qualities that jointly embody the
uire of the thing they qualify: if the object’s essential attributes were
Ehangfz, the thing would no longer be that “type” of thing, much less
3 tparticular thing. So the concept of substance as essence, a concept
it €an be traced to Plato’s theory of Universal Forms or Ideas, was
ssful because of its claim to be able to answer both problems of
Aty Because it also presupposes stable and immutable qualities,
®Way of looking at substance and identity got a boost from an ontol-
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ogy derived from Newtonian science that emphasized intrinsic qualideg
such as the atom’s mass. On this view only accidental qualities (such ag
temperature and color), which have to do with the object’s relations tq
other things, are subject to change. Intrinsic qualities, permanent and
immutable, are what confer identity on their bearer.

Such a worldview embodied the following presuppositions:

» a thing’s essence is independent of its environment and/or its
history, which do not affect that essence;

» thefurniture of the world consists of isolated, immutable and starie
things;

» essential/defining attributes are intrinsic to any substance (suchas
atomic mass) and related internally by deduction.

In short, the common thread that held this conceptual framework
together was the belief that a thing’s identity is given by its substance,
suhstance is that which is capable of independent existence, and only
that with intrinsic unchanging properties can exist independently. This
cognitive framework has permeated most of our categories, including
axiological ones, insisting as it did, for example, that the identity (and
autonomy) of a nation-state, a society, or a culture, was to be found only
in those unchanging, autochthonous features of the system in question.
Anything absorbed from without was assumed uncritically to bea pol-
lutant, acontaminant. The emphasis existentialists such as Sartre placed

on autonomy could be traced to this worldview, as was the theological
understanding of God as eternal and immutable Being (rather than the

more Eastern view of the path of Becoming).

Who am I? In Descartes’s wake, this conceptual framework becan’fﬁ_:
the battleground between dualism and materialism in what came ©

be known as the problem of Identity. I (a person) am either my min

(defined/identified by its immaterial essential attribute, thought); e
[ (a person) am my body (defined by its physical essential attribute,
matter). Insofar as the problem of ldentity as Permanence is cun:;emﬁ_d% :
from Descartes to Kant an object’s identity is thought to be given by 1t |
“self-sameness”: in Leibniz’s famous formulation of the Principle 0
the Identity of Indiscernibles, “no two substances can be exactly alike

except numerically.” Unlike Newton’s followers, Leibniz held tha

spatial relations were internal /essential attributes of substance,
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th Ernest Nagel in the twentieth century, the very concept of internal
sus external properties and relations is called into question — thereby
making the notion of real essences and substance incoherent. The coup
e grace to the traditional understanding of the concept of identity,
yever, was administered by Darwin. With the discovery of evolu-
or ,contemporary biology demonstrated that the notion of “essences™
usory. There is simply no such thing as an organism’s “invariable
re”, unchanging immutable substance, or Platonic universal.

‘Now what? For those studying complex dynamical systems the

blem of identity appears particularly acute because two moments
adynamical process might be very different and yet (intuitively) be
lerstood as moments of the same process. Since Heraclitus's process
tology has long been consigned to the dustbin, however, western
losophy is simply unable to account for the identity of complex
adap OVE PIOCESSES.

In particular, it s difficult to pin down the identity of complex dy-
ical systems (CDS) because of their following properties:

_.Be_cause CDS’s are open to their environment, sharp boundaries
f-b_f_:twem the system and its environment are difficult, if notimpos-
sible, to draw:
'“ M TR - &
A CDS’s external relations are as critical to it as its internal
ones;

£ - - ) 4 .
& CDS’s environment and history are as critical to it as its
intrinsic attributes;

__]:;:Eau:.ae CDSs's .adapt and evolve, the concept of essence asa nucleus
; h:::n'm.-;{c a.nd immutable qualities cannot handle CDS's dynamical
Characteristic, particularly its embeddedness in time and space.

Inorder ro identify a CDS:

j ‘Do notask: What is the substrate that changes?

Do not ask: What universal Platonic substance or Form does the
CDS exemplify?

.. Do not ask: What are the CDS’s intrinsic and essential attributes?
Do not ask: What is the bearer of those attributes?
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In particular do not inquire about the identity of the History or Struc.
ture or Essence of Substance or Universal... of Phenomena... in general,
The lesson of CDS's sensitive dependence on initial conditions is thay
there exist only particular, individual — and increasingly individualizeqd
— phenomena. When dealing with individuals that are structures of
process, in other words, the problem of identity as permanence shares
preeminence with the problem of identity as unity. On the one hand itis
the conerete individual, northe species (much less the genus), that reap-
pears as the primary locus of identity. But it is a processual individual,
nota statie, thing-like object thatis in question. Moreover, itis one with
the potential to qualitatively evolve, not just develop.

Aristotle, the first biologist, knew whereof he spoke. Whether ani-
mals, hurricanes. .. or organizations such as businesses, governments,
organizations or and communities, complex dynamical systems are
organismic phenomena. And living things are embedded in their envi-
ronment and their history, both onto- and epi-genetically. Autonomy
and independence - the classical measures of identity - now suddenly
come to be seen as values associated only with dead, isolated things.
Living organisms and their creations must instead be judged by their |
degree of resilience and flourishing. Once again, Aristotle knew whereof |
he spoke: the primary ethical category for Aristotle was eudaimonia,
usually and incorrectly translated as happiness, but more accurately as
flourishing. And robust resilience, which is large measure is a function
of connectivity and interdependence, plays a significant role in l:h_e"i
dynamic integrity and flourishing of communities, organizations and |
associations. With the advent of complex dynamical systems, there-
fore, the importance of interdependence replaces the former emphasis.
on autonomy - which now comes to be equated with isolation; and the

importance of robust resilience replaces that of independence — which
now comes to be associated with stasis and stagnation.

Elsewhere [ have examined the difference between stability and ré-
silience in the context of dynamical systems. Stability, which consists.
of “low fluctuation around specific states” (Holling, 1976: 83), ca
be contrasted with resilience, the system'’s ability to absorb pertu rbﬂf-
tions and evolve into a metastable level of organization (ibid). Complex
dynamical systems theory teaches that survival and extinction are
funcrion of resilience, not stability. A system which is very resilient calt

have very low stability — that is, it may flucruate greatly - but survivés

Conversely, a systemn with high stability may lack resilience such
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change or disturbance simply destroys the system. Ecosystems,
hermore, teach us that “[t]he more homogeneous the environment
space and time, the more likely is the system to have low fluctuations

d low resilience.” (ibid.). We also learn that the more interconnected
stem (both internally and externally), the more robust and resilient
will be. The integrity and identity of a complex system is therefore
ndamentally related to its dynamical connectivity.

Dynamical systems theory includes in its toolbox a notion somewhat
milar to thatused by Parmenidean ontology: | have in mind the concept
*invariance,” which purports to identify a dynamical set of relations
hat remain the same despite undergoing certain transformation. The
fference berween the concept of invariance and the traditional concept
identity is not only on the concept of invariance's focus on relations,
it in particular its inclusion of external as well as internal relations,
which are conceptualized as dynamic, not just static, links. '

The concept of dynamical invariance might serve as dynamical sys-
s theory’s preliminary answer to the problem of Identity as Unity.
nking of Coca-Cola or Toyorta in terms of dynamic, invariant rela-
s of a self-organizing web of production and distribution processes
mes a more natural and fruitful way to confer identity on these

ations than trying to spatially localize or identify their internal
ponents, The same can be said for e g., the “Vienamese” identity:
stead of worrying about trying to identify a set of unchanging, au-
chthonous characteristics — which only leads to the question, “Are
tamese living in Los Angeles (really) ‘Vietnamese'?” it might be best
I attempting to formulate criteria of identity of complex systems
think in terms of number and quality of dynamical relations.

Justas Aristotle employed one sense of the concept of substance to
HEgest that the more qualities an object displays the more substantial
15, 50 too students of dynamical systems might begin by exploring
her the more numerous (and more diverse) qualities a process
ay's the more uniquely individuated it is; whether, in other word 5:
lChgr its internal and external relations both, the more individual
individuated - and the more resilient and robust — the process.

the static connotation of the concept of “qualities,” however,
13ps that term is not quite the right descriptor we need to identify

8. As mentioned, dynamical systems not only develop in a regu-
and predictable way; they also evolve in unpredictable directions.

13
=
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The real puzzle thus becomes, “How to identify them in light of thejr
cvolutionary capacity?” In light of the fact that a CD5’s identity musg
include both its dynamic etiology and its potential, how are we to ad.
dress the problem of Identity as Permanence with respect to complex
dynamical systems?

In this volume Paul Cilliers (2007) differentiates between bound-
aries and limits. Whereas limits are rigid barriers that separate — and
beyond which one cannot eransgress - boundaries, as exemplified in the
eardrum, Cilliers, notes, are permeable. Indeed, it is their very perme-
ability that makes possible many of qualities of the system in question,
Without the presence of the eardrum, for example, as Cilliers points
out, hearing is impossible. Instead of functioning as what logicians call
an exclusive disjunction (either/or — but not both) the way the tradi-
tional concept of identity did (inside or outside — but not both), then,
the permeable boundaries of dynamical systems are fuzzy, active sites
where qualitatively new phenomena emerge. As such, boundaries of
dynamical systems are best conceptualized as sites of phase changes,
sites where a different phase portrait can suddenly appear. The paradoxi-
cal characteristics of permeable membranes —which both exclude some
potential inputs (thereby maintaining system integrity) at the same time
as they include others (thereby allowing for the possibility of dynamic
transformation) — are thus ultimately responsible for both a system’s
actual identity as well as its potential and actual evolution.

Consider the (unintentional) permeability of the Rio Grande border
between the United States and Mexico, a fascinating active site of great
sociological interest currently under construction, adynamical site that
would notbe so were itnot for the simultaneously (supposedly) imper-
meable but de facto permeable border. Although in one sense it is easy
to determine whether one is on the Mexican or U.S. side of the border,
there is anothersense in which it is notso easy: Laredo, Texas, and Nuevo
Laredo, Mexico, are more one regional “dynamical system” with its owh
identity than is the conjunction of Laredo and Minneapolis, for examPIF_-':‘
If recent articles in the popular media can be trusted, events taking
place at the country’s edges are responsible for the United States’s cul
rent robustness. Even more interestingly, however, those same articles

have noted — but have had a hard time characterizing — the appearance -
of a completely new “border” phenomenon that, precisely because 1t
straddles both sides, is creating something entirely new —and exciting:
If s0, then one can say that these border active sites are also respnns.ibl? 1
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for the country’s resilience. Since any real individual is embedded in
pumerous dynamicattractors, the multiplicity of identities this implies
_makes individuals more diffuse than heretofore assumed.

Although the Rio Grande example rests heavily on the role a shared
;Dh_'ﬁlfﬂl space can play in identifyinga system, spatiality is not the only
way such permeable, dynamical boundaries can appear. Imagini ngthat
allboundaries are like the eardrum or the Rio Grande is therefore mis-

talan or Basque communities, which straddle physical frontiers, but
even more interestingly described in terms of a newfound identifica-
5" n between citizens of Ireland and the Spanish province of Galicia.
‘What do these two groups have in common? A Celtic heritage, for one
~a permeable, temporally based, dynamic boundary, in this case — an
active site that is creating a dynamic community of fans involved in,
among many other activities, international festivals devoted to Celtic

wsic, folklore, tradition, ete. Similar dynamics are emerging among
members of the Chinese, Vietnamese, South Asian, or Mexican “dias-
g}n”:md their compatriots in the homeland. Whether it is an interest

__'_._I:r_ade or culture thatbinds each side to the other, at any dynamic (not
tial!) boundary there exists the potential to create a newly emergent
phenomenon. As complex dynamical systems theory would have
e icted, this creative potential was absent during earlier periods of

imigration when immigrants lost all contact with the friends and
atives they left behind.

Itmight be useful to expand Cilliers’s views on boundaries by com-
aring t}'le b_oundaries of dynamical systems to e.g., proteins — proteins
@ctive sites that emerge at the intersection of folded-up amino acid
ons. If what we mean by calling these sites active (whether an ear
M 01 a protein) is that they are the (not spatial but dynamical) locus
~HIErgent properties, boundaries would constitute funcrional entities
g sible fcrrr asystem’s evolutionary change. As active sites, bound-
Ie Creative bec_ause they are the locus of evolutionary potential:
Ei;r ltghﬂ essennall}r‘unchangin_g furniture of the old conceptual
Cﬁﬂr;ct&:jas dsl]::g::ihant, the d‘ynamm processes of the new framework
I‘.} 1zed by the potential to evolve into qualitatively new forms
"f_Stfievelup into larger (bur more of the same) systems]. Atagiven
“titme, any CDS's identity will therefore encompass notonly what
Tently is (given by its invariant relations) but also what it has the
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potential to become. Since openness to the environment (via feedback
and feedforward) is crucial to evolutionary processes, the degree of
permeability of a given CDS’s boundary — even as that same dynamica]
membrane or information closure confers the requisite robustness rg
maintain the system’s integrity — will be a central aspect of its Identicy
as Permanence.

Thinking of a dynamical entity’s boundaries in this way, for example,
would mean drawing both the Turkish community in Hamburg, Ger-
many and the in-country Turks back home on “one side” of the bound-
ary, with the non-Turkish German community on the other. Buteven
phrasing it this way is misleading, because non-Turk Germans trading
with Turks would also fall on the *Turkish” side of this "boundary.” We
are so accustomed to spatial, reified categories that thinking of identity
in terms of dynamical processes becomes very difficult, We must try.
hard to do so, however, because problems such as those mentioned in
this volume that arise with globalization often come ready-formatted by
spatial, static categories. For example, when referring to global organiza-
tions or enterprises, the very labels “international” and “transnational”
presuppose that the physical boundaries of a nation state (and concomi-
tant place of repistry of a business) are what confer identity. Tharmight
have been true at one time, but it is no longer so.

In contrast, an autopoeitic web, as Ulanowicz (2007) in this volume
and elsewhere points out, is informationally decoupled from its mate=
rial components; it also has the ability to add and delete nodes while
maintaining its identity and integrity. If General Motors stops purchas=
ing parts from a supplier in Lansing and begins to purchase them froma
supplier in Hamilton, Ontario, is the Cadillac it makes with those parts
still an American car? Mutatis mutandi the same question can be ask!%dﬂ
Honda Accords, for example. (Several acquaintances of mine, Americall
citizensall, who for patriotic reasons insist on “buying American” (cars):
in recent conversations have expressed their dismay at not even being
able to identify a particular make as American!) Or think of Generd:
Electric (GE): there is certainly nothing in that company t}lat_WOL{I '
qualify as “a nucleus of qualities that have gone unchanged” since “::
inception; nor could General Electric survive as that company withou
its extensive external relations with suppliers, foreign government
agencies, etc.
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Since dynamical systems are describable by networks and graphs, it
- mightbe fruitful to look there for metaphors and descriptors of identity.
 Asactive sites, boundaries can - from one perspective — be viewed as
podes ina network. From another, however, permeable boundaries can
appear as weak links between nodes, somewhatalong the lines suggested

Mark Granovetter’s now classical 1973 work on “weak ties.” Just as
‘Wittgenstein undermined the concept of Platonic essences with his
work on “family resemblances,” so too the concept of dynamical “clus-
ing” of nodes and links might take the place of that of identity and its
ch more static ¢connotations, On this reconceptualization, whereas
gdynamical links among components (characterized as nodes) re-
sultina “smong cluster,” weak links between strong clusters giverisetoa
_community or a world. Since any given node can simultaneously belong
both to a strong cluster and to a larger networked community, society,
‘or world, boundaries become diffuse, bur also dynamic and creative.
plex dynamical systems thus begin to look a lot more like bramble
bushesina thicket than like stones. And it is extremely difficulr, as any

itdoorsman will tell you, to determine precisely where a particular
bramble bush ends and the rest of the thicket begins. As referenced by
Albert-Laszlo Barbasi in his new book, Linked (Barabasi, 2002), Gary
ke, Steve Lawrence and Lee Giles (2000) suggest that “documents
elong to the same community ifthey have more links to each other than
to documents outside of the community” (my emphasis, 171).

_We must think in terms of concepts such as “active sites,” “linked
elusters,” “robust resilience,” and the like if we are to make any sense of
the concept of identity in reference to complex dynamical systems.
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Introduction

t is hardly debatable that contemporary societies are much
more than the simple sum of their parts, or that thejr
development unfolds from the dynamics of their own
characteristics. Neither can one hold that the future of societieg
can be predicted, in so far as apparently insignificant and casual
events can have very strong influence on future ones. We know
today that societies exhibit the systems-like characteristics

of self-organized systems far from equilibrium. In other

words, societies behave like nonlinear complex systems with
a self-organized unfolding. Contemporary societies also have

numerous characteristics that can serve as empirical evidence

of the presence of social complexity. All of this means that the
important question to ask is how better to characterize social
complexity as such.

From Where Does Social Complexity
Emerge?

e ask ourselves the following questions: Which of the.
numerous features providing empirical evidence of
social complexity should we emphasize in making sucha
characterization? From where does social complexity emerge? Fn:fﬂl";
anthropological constants that menand women living in those societies

exhibit as individual social subjectivities? From the various sot_lil
structures that have an objective existence in those societies? Front
these and those, that is, from social individuals and social structurés,

thereby repeating with this question, albeit in a new formulation, ﬂ“‘f
old and as yet unresolved dilemma of the correlation between what

social scientists call “the micro™ and “the macro™?

For the last four years we at the Instituto de Filosofia have beeft
engaged in an endeavor to conceptualize social complexity. This eff;ﬂ' :‘
has led us to propose what we might call a third-way approach to that

old dilemma, one on which the “complexity approach” can shed new.

light. This third-way approach focuses on the emergence of patterns
complexity in everyday social life (or, more precisely, just “everjfdﬂ_, i
life,” that relatively and paradoxically “unknown territory” of muct
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contemporary social theory). Such parterns of complexity are those
paracteristic regimes of collective social practices (family, educational,
yerational, community based, political, classist, religious, gender,
ial, ethnic, etc.) through which real, individual men and women
any society become tacitly, or pre-reflexively, involved in authentic
works of social interactions.

- Itcanbeshown empirically and theoretically thatitis precisely from
goranother such pattern of social interactions of everyday life! — that
, from one or another of those networks of everyday social interactions
that social complexity emerges. In particular, it can be shown how both
above-mentioned objective social structures and individual social
hjectivities issue in a parallel and simultaneous manner from such
tterns of social interaction of everyday life.

iF 1
. Why canitbesaid thatit is from these that social complexity emerges?
‘Because each one of those regimes of characteristic collective pracrices
everyday life functions as a true social-dynamical attractor: thatis, as
ntext-sensitive social constraint that has at the same time limiting
nd enabling effects on those engaged in them, thereby generating an
erall social network of their correlations.

‘The “cementing” or “glueing” power of those patterns of social in-
tions of everyday life (of such networks of everyday social interac-
15) stems from the mutual social expectations (family, educational,
erational, community based, political, classist, religious, gender,

__ The following can be conventionally distinguished: “horizontal” patterns
QBCIaI interactions (family, educational, classist, ete.) that refer back Lo factors
social origin, and “vertical” patterns of social inleractions (gender, race, cthnic,
that refer back 1o so-called invariants of origin of an ethno-biological nature.
tter “transversally” cross-sections the former and thus ene can distinguish
same classist pattern of a specific society subpatterns relating Lo color; or,
mple, in the same family pattern of that society, masculine and feminine
aterns; or in the same educational pattern different subpatterns for the
Ochthonous ethnic population and for the immigrant population. ln other
te5, @ pattern of social interactions in the same society is not “lived,” is not
icticed” in the same manner by people of different colors; or by a man and a
+0r by someone belonging to an autochthonous ethnic tribe, an immigrant,

“Context-sensitive” means that such networks of social interactions of
3y life carry the imprint of “what-has-happened-to-them” (of their history),
“llas of “whatis-happening-to-them”(of their specific context of interaction),
Uirrero, A, (1999) Dynantics in Action: Intentional Behavior as a Complex
n, Cambridge, MA: MIT Press.
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racial, etc.) that tacitly or pre-reflexively establish themselves amon,
those involved in those interactions. Issuing top down from the globy]
network of everyday social interactions on each individual involved
in that network, those mutual social expectations serve as limits pre-

venting certain behaviors that then tacitly become known as “socially
undesirable.” Simultaneously, and in a bottom-up fashion directed frop
each of those involved in the interactions to the network as awhole, the.
interactions enable and make possible certain other behaviors tacitly
known as “socially desirable.”

Complexity-Generating Social
“Affordances™

nthemselves theabove-mentioned mutual social expectationsstem

fromwhatwe callsocialaffordances, specifically socialasymmetrical

circumstances arising from the practical interactions of men and
women involved with their surrounding social environment, within
the limits of any given pattern of social interactions. Among the
resulting specifically social affordances that are always present among
those involved, we have identified atleast four that have special “social-
complexity-generating” incidence:

Inequality of circumstances in favor of some (and disfavoring othm)%
in other words empowering or disempowering (power-inducing
and power-induced) social asymmetries (family, educational, gen-
erational, community based, political, classist, religious, gender,
racial, ethnic, etc.).

«  Differences insatisfactions and dissatisfactions, in other words desir-
ing (desire-inducing and desire-induced) social asymmetries [fap?-’
ily, educarional, generational, community based, political, classist,
religious, gender, racial, ethnic, etc.).

sist, religious, gender, racial, ethnic, etc.).

«  Multiplicity of enunciative positionings, in other words discursive
(discourse-inducing and discourse-induced) social as:,rmmetnEIS.:.
(family, educational, generational, community based, politicals

classist, religious, gender, racial, ethnic, etc.).

Multinlicity of heuristic positionings, in other words epistemic |
(knowledge-inducing and knowledge-induced) social asymmetries
(family, educational, generational, community based, political, clas=
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These social affordances are characterized by complexity-generat-
specific social asymmetries that, because of their intrinsic nature,
(and cannot help but lead) to the social domains defined by power,

knowledge, and discourse®, They thus actas the ingredients of that
enting mixture (as we choose to call it metaphorically) of mutual
al expectations with respect to each of the nerworks of everyday
] interactions, or, in other words, with respect to each pattern of
al interaction of everyday life. Even more precisely, we could say
these social affordances lead (and cannot butlead) to “local™ prac-
of power, desire, knowledge, and discourse (each of which in turn
eircularly linked to the others) in which each of us is involved (and
ot help being involved) in his or her everyday life.

.-} 3 Te

Parallel and Simultaneous Objectivation
and Subjectivation of Our Patterns of
Social Interactions in Everyday Life

n our latest work, Social Theory and Everyday Life: Society as a
Complex Dynamical System (which we hope can be published
soon), we discuss how objective social structures (which we call the
acro-social”) are produced, and how individual social subjectivities
thich we call the “micro-social”) are constructed, In this work we
e that this production and construction take place as parallel
nd simultaneous processes of collective social objectivation (that
5, of objective exteriorization) and individual social subjectivation
that is, of personal interiorization) of those same netwaorks of social
Ateractions that conform our everyday practices (family, educational,

nerational, community based, political, classist, religious, gender,
l, ethnic, etc).

;ﬂ

The biological metaphor stating that the “macro” accumulates as ag-
£gates of the “micro” therefore seems not to work in society. Instead,

ocial researchers name the “macro-social” (extended objective

& Michel Foucault has convincingly elaborated on these social “domains!”
cially with respect to what he called social “positivities,” that is, prereflexive

5 of social practices that conform to much of what we are interested in, need,

ow, and currently enunciate in our everyday life.

Local” social practices in the sense that they take place within so-called
itions of social interactions with co-presence of those involved. Such “situations
" 80cial interactions with co-presence” of everyday life provide the social scenarios
lings) — always situated and specific— where each time one or the other of our
s of social interactions unfolds in everyday life,
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STRUCTURES INTAVITIIAL _apresented in the direct and immediate manner shown in Figure 1.
{erromeosis] OF ORJECTIVE S0C1AL - ROCTAL L
RELATIONS SURJECTTVITIES . - :
[THE ' MACROSOCIAL | [THE " MICROSOCIAL] Representing the relationship between the macro- and the micro-so-

a1 in this manner imptisons usin the usual confrontational opposition
Stween thestwcl-. We argue that, on the contrary, the macro- and the
micro-social should be apprehended and represented in the indirect

Figure 1 Erroncous representation of macra- and micro-social

STRUCTURES INDIVIDLAL
[currect) QT QORIECTIVE S0UIAL e SOHCTAL . 5 i
RELATIONS SUBIECTIVITIRS ( mediated way shown in Figure 2.
ITHF *MACROSEOCTAL | ITHE ' MICRD -SDCTALL

-As we emphasize in our above-mentioned work, patterns of social
ractions in everyday life are always situated; that is, they always
nvolve some whos, a where, 2 when, a what, a how, a what for, and a
hy (the seven so-called indexicals). Moreover, in addition to always
esenting this indexical character, patterns of social interactions are
ways reflexive and open. That is, the results of each of their turns or
es feed into the next one, and there is always in principle the pos-
ility of another turn or cycle in their unfolding. All of this makesany
tern of everyday social interactions amenable to characterization in
s of a corresponding arsenal of qualitative social rm.*thr::rl-:.'-lrzlgiesﬁ
can shed light on the specific content of those indexicals.

L PATTERNS QF S0CIAL J

TNTERACTIONS
IN EVERY DAY LIFE

Figure 2 Indirect representation of macro- and micro-social

structures of social relations) and the “micro-social” (individual social
subjectivities) are respectively produced and constituted, in paralleland
simultaneous fashion, through the concomitant objectivation/sub-
jectivation of the various patterns of networks of social interactions in
everyday life.

In order to characterize the determination directionality of inter-
ern articulations, we also emphasize the dynamical and processual
ture of these interactions; their different “social reach or rank,” for
@mple, the determining characteristic of classist patterns over family
patterns of social interactions, the determining nature of both these
erns over the educational, cultural, religious, and other patterns of
al interactions of everyday life, and so on.

That is, the macro-social and the micro-social are both constituted.
through the concomitant objectivation/subjectivation of the various.
regimes of collective practices characteristic of our day-to-day actions,
patterns in which we find ourselves engaged from birth to our final day
in their role as true dynamical social attractors. And it is in relation to
these social dynamic attractors (social patterns) and through a variety of
inter-pattern (inter-attractor) articulations of everyday life that our cor-
related behaviors emerge. In other words, it is as a function of thesesocial

attractors and inter-attractor links that social complexity emerges. Itis also very important to keep in mind that each and every one of

OUrpatterns of social interactions (that is, of our regimes of characteristic
Hectve practices of our everyday lives) unfolds within the already-
3 H LT . - - . a
€ntioned “situations of social interaction with co-presence.” Because
£ situations are the true and sui generis “social settings,” we can
S We should note by the way that such representation is “trapped” inside
< ichotomous, bivalent {Aristotelian) logic that we usually employ, without
nid _l-lti!lzallmn being accompanied by a reflexive attitude about its limies
dlimitations; as if it were the on ly logic that we could employ or as if this
tnmous_fnrm were the only adequale one to a dialectical thinking,
{ l?amcipating observations; open-ended interviews; in-depth inlerviews;
histories; discussion groups; real-group dynamics; case studies; field studies;

! tj_mlml studies and/or interventions; action-oriented researches; participating
.ﬂ-i?nenled researches; a combination (triangulation) of two or more of these
Hkative approaches.

Once constituted, both the social objectivation (social relations
thereby objectively structured) and social subjectivation {subjectiviiflﬂﬁf
constituted as social agents) of these regimes of everyday collective
practices can impinge on the next “turn” or “circuit” of the pattern
social interaction in question, thereby contributing to the reproductio®
or modification of those everyday collective practices and to the further
contextualization of what was produced by them in the first place.

The generation of and articulation between the macro- and the micro-
social, which is thus one of concomitance, mutual inclusion, reciprota:
incidence, and co-generation, is therefore frequently and erroneously
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distinguish social bonds (for which the co-presence of those involved
is unavoidable and for which the names of those involved are essentia))

from social relations (for which, although the co-presence of those ip-

volved is possible, it is nonetheless not unavoidable, and for which the
names of those inveolved are not essential).

isa social agent of multiple, individual, subjective dimensions, one
r every pattern of social interaction of their everyday life, through
ey are always constituted in a specific personal manner, and forwhich

dividual subjectivity theirname is essential. This subjectivity in turn
-counts for their multiple individual personal identities: John Smith,
r Juan Gonzalez, or Kim Ho Pak, or Hguyen Ti Sin, or Rabindranath
ore,asa particular father, teacher, old city man, political leader, worker,
est, white man, black man, and so on. Or Mary Stewart or Maria San-
hez, or Apsara Pindi, or Bukaya Manda, or Li Lien, as a specific daughter,
ent, village woman, youth, rank-and-file partisan, bourgeois, white,
'k, indigenous, parish member, and so on.

On the other hand, it is precisely within the limits of these situa-
tions of social interactions with co-presence that our “local” everyday
practices of power, desire, knowledge, and discourse unavoidably unfold
(thatis, whether or not we are aware of them or like it). These situations
are also where each of the practices articulates in circular fashion with
the others. As has been stressed above, it is along with their objective.
exteriorization (objectivation) that structures of social relations are pro- These characterizations alse allow us to better understand what
duced (educational, generational, community based, polirical, classist, changes in the oft-cited processes of so-called social change.
religious, gender, racial, ethnic, etc.); and itis along with their subjective
interiorization (subjectivation) throughout our lifetime thatwe consti-
tute ourselves as social subjectivities (family, educational, generational,
community based, political, classist, religious, gender, racial, ethni(j;;
etc.). This last subjectivation process always proceeds, unavoidably,

through three “ways of subjective registering”: consciously (reflexively), they do not please us), or in terms of the need to “change

tacitly {pre-r.eﬂexivefy), and uncc-nscic!usly (a-reflexively), all three't_if le’s mentality (ways of thinking),” that is, to change individual
which contribute throughout our lifetime to the process whereby we cial subjectivities (obviously when those do not please us either).
becorne social agents.

What Changes in “Social Change™?

e commonly express ourselves in terms of the need to
“change the actual social structures” (evidently when

en we do so, we are dealing of course with theall-important topic of
cial change.” However, in an explicit manner — or more frequently
\implicit one —we address (and even try to produce) those changes
rating on those structures of social relations (and their institurions)
id/oron thosesocial subjectivities, directly and immediately (without

ation, that is). Nevertheless, given what has been argued earlier,
€ can assert that those purposes (well intentioned as they might be)
turn out to be directly realizable,

Our Multiple-Collective and Individual-
Personal Identities

he foregoing helpsusunderstand that each of us constituting any

given society is simultaneously a “carrier” of multiple "3']:'}]‘Hzti'i'f_ef

social relations (one for every pattern of social interactions OF
their everyday life), as a consequence of the fact that they are always h
objectively involved in those multiple objective social relations 11 2 ' l:hey an?EPT_UVHh'?mSEI'-'ES directly realizable for the simple reason
collective generic manner, an involvement in which their name is not , F1ose objective social structures (and their institutions) and those
dual social subjectivities, which do not please us, have been the
Qf(have been produced or generated by) specific regimes of char-
stic collective practices of the everyday actions of real and specific
land women of that specific society. That s, they stem from specific
°Is of social interactionsin the everyday life of that specific society,
O1t is these collective practices that are susceptible to being changed
oreor less immediate (that is, unmediated) fashion. Whether doing
'easy or difficult is a different matter,

essential.

This multidimensionality accounts for each individual's multiple
social collective identities: father or daughter, teacher or student, yﬂﬂﬁ%
man or old woman, city man or village woman, political leaderor1a
and-file partisan, worker or bourgeois, priest or parishioner, man €%
woman, black or white, indigenous or immigrant, and so on. Each ot
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In other words, the patterns of social interactions characteristic of |
everyday life in communities (human collectivities) in their role 3¢
sui generis dynamic social attractors are not the “what-ought-to-be.
changed,” they are precisely the “whar-changes-in-the-so-called-sq-
cial-change.”

Thus, depending on the specificity of the pertinent type of practice
. gﬁtutiunalized, that regime of parallel social permissions and prohi-
bi 'ﬁans can bE:

» Tacit (for example, that of the family as a social institution), when
it is not necessary to enact those social permissions and prohibi-
tiens explicitly in order to have the “what-is-allowed” and “what-
_is-prohibited” by them observed by the vast majority of those
concerned.

- Explicit (for example, that of the law as a social institution), when
it is necessary to have those social permissions and prohibitions
explicitly known in order to have the “what-is-allowed” and “what-
is-prohibited” by them observed by the vast majority of those
concerned.

When they change —when those regimes of collective social practices
characteristic of everyday life change - the objective social structures
and the individual social subjecrivities that were generated by the
previous patrerns cannot avoid changing, because the new patterns
of social interactions (those new types of characteristic and recurrent
collective practices), as they renew the dynamic landscape of social
attractors in that specific society, produce and generate different objec-
tive social structures and their institutions, and different individual
social subjectivities (people with another mentality and another “way

R  Organized (for example, that of the school we attend, the enterprise
of thinking”).

we work in), when besides making them explicit, those social per-
‘missions and prohibitions need to be properly regulated, overseen,
‘and controlled on a more continuous basis in order to have the
“what-isallowed” and “what-is-prohibited” by them observed by
the vast majority of those concerned. (When that necessity arises,
the concerned social institutions create the organizations that they
‘deem suited for that more day-to-day regulation, overview, and
‘control.)

Social Institutions and Organizations
as Regimes of Concomitant Permissions
and Prohibditions

n our work on patterns of social interactions in everyday life, we'

argue extensively that one or another social “institution” represents

no more — but no less — than a social “space” (that of the state, the.
law, the family, education, religious life, etc.) in which a parallel ans
simultanecus regime of social permissions (the "what—is—suciail%t
allowed”) and social prohibitions (the “what-is-socially-forbidden i
has been established (“has been instituted,” we are accustomed 0

saying).

'I'l}us, an organization (school, church, political party, enterprise,
etc.) is an explicit and organized social institution, an explicit and
Anized regime of concomitant social permissions and prohibitions
erning aspecific “space” of characteristic collective social practices.
qhen we want to change an organization, what we ought to change
15 not its structure of objective social relations, or the minds of
engaged in it, butits characteristic collective social practices. The

Social “spaces” — and social permissions and prohibitions — are as= : : JEEH API
P 4 P alternative pattern of collective organizational social interactions

sociated with one or another characteristic collective social pracf_:im
(political, juridical, educational, family, and religious day-to -day prac
tices, ete.). Social institutions, therefore, are no more—butnoless— tha
the institutionalization of one or another pattern of social interactio
of everyday life, regimes of concomitant permissions (socially allov
practices) and prohibitions (socially prohibited practices) thatare estab-
lished in one or the other of those social “spaces of practices.”

 Needless to say, all organizations (organized institutions) are in herently

it Institutions, bul the inverse is not always the case; not all explicit

Hons are organizations, although many of them do have organization. Tn

ter case, we need additionally to distinguish the organized institutional

{t.he arganization, properly speaking) that has been necessary for the explicit
tion to function from the often co-existing explicit (but not organized) wider
t' Space” occupied by that institutional regime. The juridical, educational, and
Us realms, as social “spaces;” are examples of the co-existence of both, explicit
2t organized) juridical, educational, and religious institutions, and juridical,
tional, and religious organizations,
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" pialectics of Articulation Between the
wpersonal” and the “Social”™ in Social
Change

achieved will generate a new structure of organizational objective rel;.
tions and a new mentality in those engaged in it.

Neither an a priori structural “change” nor bringing someone wigh
another frame of mind into a key post changes the organization a5
such. Such changes can only be instrumental retrospectively (and by
previously modifying what is currently allowed and what is currently
prohibited in the practices of those involved in the organization) in
achieving the proper change in the collective social practices charae-
teristic of the organization (its characteristic pattern of organizational
social interactions). And the best way to achieve that new pattern of
social organizational collective practices—as the “complexity approach”
shows—is not by top-down, voluntaristic, [-order-and-you-obey, glob-
al-pattern-imposing, hierarchical-minded means, but, on the contrary, ) o L
thr];ugh bottom-up, emergent, self-organized, local-pattern-recogniz- In this connection, in our work we have argued that in principle,

anew pattern to be realizable and for that new pattern to become

ing, network-minded means. ventually a new reality, it suffices that either a single “who” or a small
mber of those involved in any given pattern of social interactions
Anitiates efforts (which at first frequently have all the oddsagainst them)

) establish a new (because of different and alternative to the current
i _} pattern of characteristic everyday practices (family, educational,
enerational, community based, political, classist, religious, gender,
» ethnic, etc.) for that new pattern to be in principle realizable, to
itn eventually into a social reality. Whether the change is probable is
nentirely different question, one that depends strongly on the specifics
the pattern of social interactions attempting to be modified.

at the "what-needs-to-be-changed” and the “what-does-
change”insocialchangearein facetheabove-mentioned features
_ of patterns of social interactions or regimes of characteristic
ective social practices of everyday life does not eliminate, but on the
ontrary presupposes, the important question of the need for a dialectic
ween the “individual® and the “collective,” or the “personal” and
the “social,” or, even betrer phrased, between the “individually social”
and the “collectively social” in social change.

Aswe try to show in our work, for this to be achieved proper account
must always be given to the above-mentioned four social-complexity-
generating specific social affordances (power inducing and/or power.
induced; desire inducing and/or desire induced; knowledge inducing
and/or knowledge induced; discourse inducing and/or discourse in-
duced) that always conform and characterize one or other of the dif-
ferent regimes of concomitantallowances and prohibitions that inher-
ently constitute the organization concerned as such. Itis only through
the adequate modification of these organizational social asymmetr
that unfold in terms of power (ambitions, interests, goals, etc.), ﬂF-'S; :
(compulsions, needs, demands, etc.), knowledge (intuitions, tacit wis=.
dom, formalized knowledge, etc.) and /or discourse (linguistic ahiliﬁﬂ{f
everyday speech, argumentative enunciations, etc.) that convenient
bottom-up, emergent, self-organized, network-like, local-pattern-ree=
ognizing, sacio-organizational correlated interactions can be elicited.
They cannot be dictated, imposed, or declared, but instead can only b'f
facilitated, promoted, and encouraged. Thisiswhat good contemporary’
organizational management and direction are all about.

Inlight of this last comment, it is pertinent to emphasize thatin the
text we have been dealing with (the individual / personalecollective/
alinvolved in processes of social change), the fact that the dialectics
ﬂm{ articulation is heavily dependent on the specifics of the social
Involved means that the “social price” to pay (the social risk to

) b_j,r those “whos” intent on social change can be extremely varied.
Sancient, medieval, modern, and contemporary history shows, efforts
_-.t_]_l‘ange qualitatively a specific society’s current pattern of everyday
"tical or religious social interaction can come at a hi gh price, includ-
i 6 l:.ﬁe loss of the agent’s life. Thus it follows that it is only when and if
= €W and alternative pattern of social interactions has successfully
Ome typical of everyday life that the individual who initiated that
*g¢, and those who were the first to go along with them in that ef-
b can be identified — and only a posteriori - as the religious, political,
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classist, educational leader, and avant garde respectively (depending g
the pattern of social interactions that has been qualitatively changeq .-

This sociological understanding leads to a definition of leadershi
vanguardist action that, unlike the usual definitions, isnota priori,
it depends on the prior establishment and verification of some spe
sacial results of the process of social change involved. b

Section 3

Drganizational Implications
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ThaEraduction Unseating the Commonly Held Beliefs

about Organizati
"We are independent of the change we detect. The longer the lever, the _ zational Change

less perceptible its motion. It is the slowest pulsation which is the mosp
vital. The hero then will kmow how to wait, as well as to make haste. Al
good abides with him whe waiteth wisely; we shall sooner overtake the )
dawn by remaining here than by hurrying over the hills of the west.” i

Thoreay 1

Change Is Not ‘Managed’

[ n vogue over the past couple of decades, in particular as a recurring
theme inbusiness, is the notion of ‘management’. Astenuous as this
concept is, even in rigid, authoritarian, hierarchical structures like
arnment, the military, and the church, in the business world it has
aysbeen something of a‘dirty secret’ that managers are surprisingly
‘powerless to ‘manage’ anything, and that this powerlessness increases
ponentially for every summational increment in organizational
2 manager attains. Some more astute business observers (Block,
987; Kotter, 1990; Mintzberg, 1994; Bartlett & Ghoshal, 1995;
irschhorn, 1997) have noted that the skill-sets evident in the best
iness leaders are not always dominated by the mraditional notions
-management (setting strategy, designing and partitioning tasks,
suring and reporting progress, assigning and controlling actions)
and have more to do with ‘soft’, people-oriented skills like inspiring,
powering, listening and observing, understanding, and coaching.

n our history much study has been undertaken on the nature

of change, many pronouncements made, many intereaﬁng;

viewpoints proffered. Our struggle to understand how we
should reflect upon change and respond to it continues to this
day. In recent years, more attention than ever has been directee_f
to it, particularly in the business world. In a recent paper.
(Falconer, 2001) [ decry as misguided the ‘change management”
discipline from its most superficial manifestation down to its
very fundaments. In particular, I challenge the assumptions that
change is linear and that it is discrete, and allude to the emergent
nature of change and the potential applicability of patterns
in understanding, abstracting, and contextualizing emergent
properties, The intent of this paper is to expand that particular
scope of the earlier one, challenging ‘change management’ on
more fronts and giving more attention to the complex nature of
change. While the solution offered here is essentially the same
as in the earlier paper, the concept of business patterns and the
use of patterns in this regard are here deployed as a more cogent
means of addressing change as a complex system.

- In short, ‘management” as a euphemism for ‘control’ is simply a
¢ n-starter in the business world of today, a Dilbertian relic of scientific
anagement and workhouses. Despite this, there appears to be no end
1€ number of familiar concepts thatare having ‘management’ tacked
o them in order to achieve some sort of relevancy; thereby, we have
oject management’, ‘human resource management’, ‘strategic man-

nent’, ‘knowledge management’, and what you might suspect would

e the overarching concept to all of these (but which often is not, ironi-
ly), ‘change management’. The very idea of ‘change management’,
8s than the rest of these, strikes one as problematic; overlaying a

ntrol-based concept onto one thatseems largely antithetical to control
stbe wholly inefficient.

Change cuts across disciplines and spheres; thereby, the scope of ana=.
lyzingitis daunting in its potential. am again focusing on the business
world and on organizational change as the context for the topics 1 amt
treating here, as it is not only topical and ready-to-hand, but already 1“‘
area of a great deal of the research attention (and, indeed, of the c}ufP#f:
of the business-book-writing fraternity) related to change. Most of the
observations should, however, be applicable in other disciplines a0¢
spheres where understanding the nature of change could be turned €&
advantage.

f.I-ml:i_aIly, the main problem with the concept of ‘managing’ change
Eﬁat 1t does connote control-oriented behavior. Anyone with an un-
Mtanding of human dynamics, particularly as evinced in groups, will
#Ware that the least effective approach to moving people through a
&€ experience is to direct them, measure their progress, have out-
tell them what to do, ostracize the resistant, and declare success
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based solely on events involving inanimate objects like informatioy
rechnology, organizational routines, performance metrics, and the like
- yet, this is often exactly what is done, and, unbelievably, people sti]]
wonder why change, underwritten in this manner, is inefficacious,

R

If organizations get past this stage, and achieveaslightly higher leye]
of understanding, often they find themselves in the domain of a great
deal of the business literature. Other key fundaments of business-guid-
ance writing will be dealt with in subsequent sections of this paper (most
of which still tend to offer formulaic ‘silver bullet’ solutions to complex
problems), but with regard to the concept of change ‘'management’, the
next level of understandingis generally built around the notion that vou
can ‘lead’, ‘enable’, or “steward’ (guide, navigate, help, support, coach)
change morereadily than you can ‘manage’it; this hints at concerns that
are ‘softer” but still falls prey to the fallacy of influence where changeis
concerned. The truth is that there is but to observe, and learn. Change
exists, perturbations are a fact of life, and the human systems will adapt,
Interlopers cannot ‘manage’ change, but they can learn and adapralong.
with the people who are more directly and consequentially a part of it.

The other issue reflected in ‘management’ is management toward
an objective. This is management as teleology, or as determinism, and
still mired deeply in the control mentality. The change merchants’
tragic error in thinking here is holding to the idea that change is about
being (and the various states thereof); the reality is that this can never
be practicable, as the landscape never remains in one state long enough
to permit accurate definition — the map did resemble the territory, but
now does not anymore. Change is, instead, all about becornning, and the.
only learning that exists amidst change teeters on the edge of observing
and describing the becoming, of which weare in the midst, in a way that
can be conceived later, at another time of becoming.

A great deal of change in organizational contexts is focused arot{ﬂ!i
‘projects’, often collections of impactful change elements with funding
and nice logos. Projects are, at bottom, all about becoming, not abou®
being. If we were to take alook at the track record of steerin gprojectst&
precisely their intended objectives in precisely the time-frames envis—
aged on precisely the budgets setaside, we would find a very low success.
rate. The message to project teams, therefore, should be to focus on what
they can learn along the way, because they will not likely get to wher®
they think they are going anyway. They will get somewhere, and itma}
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he agﬂﬂd pla::e for them to be, but to dwell overmuch {as is their wont}
m‘l the ‘planned outcome’ is misguided —this isa harsh, realpolitik truth

that is more truth than wishful business thinking regarding project
management can ever be. And you will not read it in books.

A fundamental point stated above is one that [ will re-emphasize
here: change exists; not only that, but it will exist regardless of what
you do to it. Change exists independently of the attention that is paid
toit. Observations about change change. Change just s, except where it
‘evolves’ asastable system far from equilibrium, constantly seeking ten-
sion, rather than resolution - change will happen, and continue to hap-
pen, withoutintervention, and intervention does not necessarily cause
change to happen, affect change, or alter the outcome of the change, at

east in the way envisaged. If this all sounds a bit contentious, this is
- perhaps because our attitudes to change, particularly organizational
- change, have been conditioned by the common wisdom and published
~opinion about it. These beliefs, | argue, are inaccurate, mislea ding, and
- deleterious, and need to be unseated.

Change l& Not Linear

nother fallacious tradition that pervades our modern existence
is the concept of linearity. Shortest distance from A to B. If A,
: then B. Predictable outcomes. The scientific method. Euclidean
gfometry. Newtonian physics.

, _l'"We now are beginning to understand that, while linear relationships
1€ often a simple and useful entry point into any concept, the likeli-
100d that the relationships present in any system are actually nonlin-
is faI_ greater than the likelihood that they are linear. The more the
stem involves animate objects - people, the natural environment,
St€. — the more certainly it will be rooted in nonlinearity. The rise in
. ?;llmnce of the discipline around complexity and complex systems
ﬁgﬂlarlf’ 1:995; Kauffman, 1995; Bak, 1996; Holland, 1998; Cilliers,
ot e_yhghen, etal., 1999; Juarrero, 1999) is a clear sign that this is
oy Inspiring research path that is illuminating many areas of interest.
‘Worth noting also that there is already a noteworthy corpus apply-
stomplexity to the firm (Kay, 1984: Stacey, 1992; Wheatley, 1992;
MaSter, 1996; Sherman & Schultz, 1998; Wang & von Tunzelmann
J0; Olson & Eoyang, 2001). ,
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Change can also be viewed as a complex system. In this context, iy
becomes obvious why it is very difficult to comprehend how change
works or to describe or model it. While thinking about complex phe.
nemena may produce comparably complex knowledge, models, by thejy
nature, are explicit artefacts tharreduce the complexity of the modelleqd
phenomena, and the more complex the phenomena, the less likely are.
the models to describe them adequately. Many writers in the ‘change
management’ field (Connoer, 1992; Kotter, 1996; Brynjolfsson, et al,
1997; Connor, 1998) seem to believe otherwise (ostensibly holding,
instead, that change can quite satisfactorily be modelled), and there
substantial body of work that describes organizational change on some
sort of linear continuum that comprises the change lifecycle. These
writers generally consider change to be a linear process, bounded by a
clearly articulable beginning, end, and circumscribing boundary condi-
tions, with discrete steps (on which more later) leading methodically
(and often effortlessly, if you believe) from the murk of current reality
to the utopia of some shared, lofty objective state.

_Change plays with us; we do not play with change. Change cycles,
wedo not get more astute as aresultin terms of understanding what
is means for us.

Similarly, change tends to be recursive - the ‘here we go again” aspect
fchange. In other words, itis notuncommon for the same or a similar
-of change to recur numerous times, or to spawn change cycles
nilar to itself but which differ in scope or scale. If the occurrence
this form of renewal were in any way predictable, then knowledge
ved from accumulated experiences might actually be useful, but
itis not.

-

This characteristic of change — its lack of linearity — is the second key
or that renders the majority of methodologies for ‘managing’ change
tual. The inevitable, associated attempts to force-fit approaches
change into linear continua have also played havoe with approaches
managing product lifecycles, systems developmentlifecycles, and the
ce. In the systems development field, in particular, iterative develop-
McConnell, 1996), evolutionary prototyping (Boar, 1984), joint
ication design (August, 1991), and, latterly, ‘agile development’
“extreme programming’ (Beck, 1999), as well as more innovative
ches to the lifecycle model, such as the spiral (Boehm, 1988),
fountain (Henderson-Sellers & Edwards, 1993), and the like have
y been reactions to the traditional, incredibly constraining linear-
y of the waterfall model (Royce, 1970). Similarly, business theory is
tgid with product lifecyele models, Levitt's legacy (Levitt, 1965), most
‘Which fail to describe the nonlinear, unpredictable nature of the life
aproduct, especially in our increasingly complex market, consumer,
ness, and economic landscapes.

Change is clearly never this way, and anyone who believes itis has, |
would suggest, never considered itmore than superficially and is poten-
tially in fora surprise. Change ‘starts’ with a system of people, cu.ltu_rg’g
processes, artefacts, and technology in some complex configuration
and circumstances, consists largely of them behaving unpredictably
for an indefinite period of time, and has them continuing to hehaﬂg
unpredictably when one stops observing and describing the state of afs
fairs. Change never ‘ends’, regardless of whether you choose to observe
the landscape or (heaven forefend) attempt to apply interventions. Itis
anything but linear.

Setting aside for a moment whether change is in fact complex, itcan
still quite persuasively be argued that change is certain other things thé
are directly at loggerheads with the notion that it is linear. First, changé
isiterativeand acquisitive—itcyclesaround and, in so doing, ‘augments.
itself. This is not necessarily to imply that change isa self-optimizing !
system — often it seems like a self-degrading system — but merely that.
it is eyclical outside of whatever ransformational cycle it happens'
be in, and this cycle is subjecting change, and any change that happef™
to be going on at the time, to evolution. Sometimes the cycles have
nothing whatsoever to do with advancing the cause of any foreg®
change, either, but are simply re-exploring the general domain;
earlier points about change and its disinterest in objectives is relevat

Chanpge Iz Not Formalizable

ewhat related to the two previous arguments about change is the
Fhat you cannot specify a formalized approach to dealing with
utside of choosing the wrong lifecycle metaphor, the problem with
methodologies in various domains is that they are attempting
‘Iormalize something that will occur differently every time, like

.- ] tﬂglmandate the appearance of a tree; the approach strikes one as
“Ningless,
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Change, for its part, has two characteristics that play against a fop.
mal definition. First, change is an open, not a closed, system. Mgy
approaches to change management, as stated earlier, define the chang&:
landscape as being bounded by a elearly articulable beginning, end
and circumscribing boundary conditons. This is not the way changévf
behaves. It plays with spatial, temporal, participatory, operationa],
organizational, technological, and any other sort of boundaries peoplg':;
generally like to try to impose on it, violating them, adjusting them,
making people unsure of their existence or their parameters. Viewi
change as a complex system allows us to call into question this conven.
tional notion of ‘bounding’ as regards change. While itis true that there
must be an ‘environment’ to provide dynamic interplay with a system
guasystem, the notion of change as system makes evanescent the situar-
ing of boundaries ‘between’ environmentand system in any of the ways
listed above. Instead, where change is the thing under consideration, w
need to consider ‘boundaries’ more conceptually; otherwise, we may
discover that change is as problematic to circumscribe as it is to define,
Approaches to ‘managing’ change, like similar approaches to ‘managing'
other unmanageable phenomena, always appear to need to establ
boundary conditions; otherwise, in using any typically mechanistic
approach favoured by designers of methodologies, that would say that
a methodological framework must circumscribe all aspects of the phe-
nomena being modelled, defining the approach would take an infinite
amount of time. The problem is that complex phenomena cannot beso.
conventionally circumscribed, cannot be understood in their spaﬁaﬁ
temporal, etc., entirety and squeezed into a static framework, yet can.
be accommodated systemically if methodologists are willing to breal
their own rules, which so far they appear unwilling to do.

1 or not — are attributable to interventions introduced, is as fuzzy
4 mutable as you would expect in a nonlinear system. The real issue
_however, is not the degree to which change responds to artificially
oduced interventions, but how change responds to the similarly
anging circumstances in the environment it inhabits (on which more
), whichisalso difficult to predict even if —and this is rare enough
e potential fortheseancillary changes is known and well understood.

erally, though, the entire change landscape is so complex that this
of understanding cannot be achieved, and change is better atadapt-
than weare at predicting how itwill adaptor under what conditions
adaptation is more liable to occur. Itis for this reason that instances
gingleunforeseen event putting amajor projectback to zero are more
ymmon than people care to admit. Because the methodologies in use
ot nearly as adaptive as change, often the only recourse in these
ions is to reset everything, redefine the target, and hope what is
of the funding will get some elements of the project back on their
etand slouching toward an objective.

' Open and adaptive approaches to things are rare. Most of the time
people think such approaches are too vague and tend to be dismissive
them - they like structure, specifics — and this is a careless and un-
rtunate error.

Change Iz HNot Discrete

psthe mostfundamental-and counterproductive—component of
gemanagement methodologies, and which seems tobe common
‘them all, is a lifecycle that is discrete — rather than continuous
ind allows for the segmenting of the (linear) change lifecycle into
hases’ or ‘stages of concern’ that have independent characteristics
are intended for the application of specific methods, techniques,
9is, ete. This characteristic feeds off the misguided assumptions of
e geability, linearity, and formalizability already treated, and gives
= 3 very specific presence that runs deeply and fundamentally
Nter to the nature of change.

The second characteristic of change that obviates formal definitior
is that change is adaptive. In complexity science lexicon, change
complex adaptive system, a system that changes its behavior in respons
to its environment or its own circumstances, This statement may &=
pear to be in contradiction to my earlier statement that change may 1'1.
respond to interventions in the way that is expected, but the r?aht?'.-.
that change always responds, justnot predictably. Aninterventiont .
always have some result, and in some less complex landscapes - thE:,?__ ThE idea of stages of concern reflects a need to break up linear, formal-
exist — the result may be close to what was expected, but the degree £ l_hfecycles into 7=2 easily digestible parts, a notion that pervadesall
which the nature of that result can be predicted in advance is generaly Own lifecycle frameworks. While this reductionist approach might
small. Also, the degree of canfidence that the intervention introdu very well — and in fact be advisable - in more linear systems (the
is the factor that brought about a given result, or that results - de: iction of a building comes to mind), it is not only an awkward
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construct when applied to nonlinear systems, it can in fact be greatly
deleterious to the understanding of the system. Complex systems
must be approached in an open, holistic manner; otherwise, there js;
spatiotemporal disconnect, a kind of cognitive dissonance between the
dynamic of how the system is behaving (and how your mind is observ.
ing and processing the behavior of the system), and the methodologica)
construct that is supposed to be ‘managing’ both —a full-on impedance.
mismatch. What generally results are sweeping, ramshackle assump-
tions about change - in all its complexity — in order to shoehorn it intg
the rigid confines of the stage of concern in which it is supposed to be
operating at a given moment, or, in reaction to the frustration this en-
genders, applying misguided and ineffectual —or harmful —interventions
to try and get the change mechanism to fallinto line and behave the way
itis ‘supposed to’. The very deep need for interaction with change tobe
on a continuum that is flexible, adaptable, and self-organizing runs so
contrary toaconstruct based on discrete stages thatitis surprising more
failures in ‘'managing’ change do not reach catastrophe status.

—
realityas discussed above, This is further exacerbated by the notion that
these would-be challengers to the movement of change may not even be
%l-eﬂ participants in the change under consideration, much less party

toits inexorable evolution.

The stewardship of change, in its ideal form, is based on continuous,
empirically-driven sense-making with respect to the fleeting, evolv-
ihgspatio-tempora] characteristics of the change — observation and
description, in its simplest form, with all the biases, filtering, and base
imperfections that implies — and the proper perspective of the steward
pen, 1eceptive, flexible, and adaptable — mirroring, as much as is
practicable, the nature of the change that is being stewarded.

Change shares sparingly. If properties are to be revealed, in the col-
ective sense of the change as opposed to the properties of some of its
parts (which would legitimate the reductionist fallacy I have just iden-
tified), and as a result of change interacting with its environment and
evolving as a system unto itself, then these properties reveal some new
elationship to their environment (on which more below), or emerzein
complexity theory parlance. In order for this to happen, our open, recep-
ive, flexible, and adaptable steward must be present and prepared for
the emergence to occur. “In the fields of observation, chance favours the
epared mind,” in the words of Pasteur. Whether emergence is more
@ property of the system or its steward is a topic which is beyond the
scope of this paper, but it is probably sufficient to view the emergence
' properties of a complex system like change as an epiphany - a
endous ‘aha!” on the part of the steward — than as some plateaun or
€ of homeostatic equilibrium having been achieved by the complex
System itself, which is not per se a fearure of complex systems.

Stages of concern, as discrete, isolatable events, tend in these frame-
works to be separated either spatio-temporally - which again reflects the
flaw of linearity - or conceptually from each other. While there is often
a sketchy causal train connecting the stages, there is generally insuffi-
cient traceability berween them through either their formal definition
or their predefined artefacts to be able to treat a given methodology as
a tightly integrated whole. This does not obviate the role of histc:-r_‘,r_a‘k‘;
a possible trajectory through an imaginary ‘space of possibilities’, but
even approximating trace-routes through spatio-temporal or concep=
tual landscapes ex post facto is risky; trying to prescribe them a priort
1s ineffective at best.

Itis probably better to consider the epiphanies of change as singular-

s, as the appearance of highly unstable states of order that are then

- #8Squickly lost. If we could possibly hold these states in focus, however
Tiefly, could they reveal something to us?

Untenable as this situation is, it gets worse. Between the discrefe
stages of concern in most of these lifecycle frameworks are imaginary’
boundaries that represent milestones to be achieved. These ‘planes aré
thin membranes, passage through which is openly challenged — oftelt
by invitation — by stakeholders in the change under consideration ant
by myriad other interlocutors. The very notion that the “progress o
change — if such 2 notion were even tenable when a complex system 15 3
under consideration — can be checked or challenged in this way bcrdl‘-‘f"f €hiencing it is curiosity, awareness, and theorizing about how it is
on the ridiculous, even if it is reasonable to suggest that the stage Sng place - as this person is rather deeply involved in the experience
concern from which passage is sought even adequately describes the Emergence itself, which can be rather demanding of concentration and

current state of the change under consideration, which isnota praﬂﬁﬁ'.;-_ S. Emergent properties, then, could be viewed as havingthe proper-

The act of emergence is one that is ephemeral and very hard to
neralize, Generally the furthest thing from the mind of the person



146

Tart 3: Organizational Tmplications

S o e R S

T —

ties of artefacts or of empirical episodes - albeit rather special ones — fo
the purposes of this discussion, in the same way that a person learnj

a new language from tapes ot seeing an unfamiliar animal for the firg
time is very unlikely to stop and reflect upon how this new informatign
is being taken in and processed, butis rather fully absorbed in the actug]
processing of the new information.

Itis in fact the emergence of useful epiphanies about change thatis
the core of this discussion —and the most fundamental aspect of ch
stewardship - and one thatis sorely under-researched. The four fallacies
of understanding change that have been described so far have served to
lead us to a point far from where we need to be in this regard. Havina
done a reasonably thorough job of exploring the erroneous structural
elements of ‘change management’, and having presented the key prob-
lem requiring a solution that may start to get our relationship to change
back on the right track, I now offer a potential investigative thread that
might start to re-orient our thinking along the proper lines.

A Proposal
Supplant the Change Faradipm of Linear Trace-
Routes through Discrete States with One of

Patterns

aving challenged the four pillars of ‘change management’, itis

necessary to attempt to replace this structure with something

that more appropriately offers direction within the frame ol
complexity, openness, continuousness, and emergence.

Inanearlier paper (Falconer, 1999) lintroduce the concept of busingss
patterns. In a later paper (Falconer, 2001) | suggest the utility of us.“ﬁ.

business patterns within the frame of organizational change. Both
these papers serve as good precursor to the discussion here. [ will expan€
on these ideas presently, but first a bit of background may be useful.

Briefly, pattern describes a knowledge metaphor, which enccrmpﬁstsﬁs:
instantiated artefacts, that is as closely analogous as is practicable to th&.
thought-patterns envisaged as tacit mental metaphors (see Falconefy:

2000)and which attempts to encapsulate and formalize them, and b

ness pattern essentially lays out a metaphorical device for the captif®

and reuse of explicit organizational knowledge, in essence a pat

=
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ich lies in the domain of circumstances and behavior that character-
and define a general business milieu. A pattern language is to pat-
ns what a conventional language is to words: a means of organizing
rterns symbiotically, and weaving granularities of patterns together
a fabric, so that they may not only form the basis for discussion, but
for creative ideation and development. Patterns can be clustered ar
ymbined into pattern sets, which are analogous to concepts, schools
thought, or universes of discourse in more familiar parlance; pattern
can be thematic, reflective of an exemplar, or highly abstract; and
highly volatile, resist revealing any inherent structure, and can only
—express a fleeting, tentative sense of their own existence.

Within the context of this paper, l am suggesting that patterns, pat-
nsets,and pattern languageall provide the “fabric’ for the epiphanies
change to be ‘thrown’ into. In this sense, this “fabric’ can be said to
stitute the ‘environment’ for the complex system that is change, a
otion of representation as environment, and the only non-metaphysi-
description possible for an (external) environment for change as it
15 been characterized here; in this context, the ‘boundaries’ between
stem and environment become conceptual, fluid membranes between
enomena and ideas, orbetween complex system and pattern language.
ile the implication of any ‘structure’ may be antithetical to the in-
here, the ultimate goal is not necessarily the better organization of
licit artefacts that serve to represent emergent change epiphanies,
itrather the underlying fabric they comprise, which could then po-
tially be used to enhance our understanding of change, and while we
4y still not be able to ‘manage’ change, we may feel somewhat more
mfortable in its presence. To this end, social interaction should drive
€embodiment of this fabric, rather than the artefacts themselves. The
oution of the pattern language may, in its dynamic, approximate the
ton of the change under consideration, a yin toits yang, While the
s of using this fabric to derive meaningful insight about changeis
-h?blybeycmd the scope of this paper, I would like to think it would
Vide a sort of contextual backcloth, or a fitness landscape in the
“8uage of complexity, to subsequent epiphanies about change. The
erns, thereby, actas strange attractors in the landscape and, like the
Ehanies that both invoke and cleave to them, need to be allowed to
*I8€,and the environment the pattern language defines must permit,
dif possible foster, this to occur. In other words, it provides a sort of
S Hnuous means of assessing pattern-to-epiphany ‘fit’ in the moment
Mparison, from which pattern, epiphany, and comparison all can

oy
=N
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emerge. The patterns cannot be forced, and the fabric cannot be alloweg
to become too structured or to become prescriptive in the manner of
the change lifecycle frameworks I have already dismissed; instead, the
fabric must be open, continuous, flexible, and adaptable.

Then, [ would recommend extending the research to make appli-
n to a particular cycle of change - to test the efficacy in the real
d of change we all inhabit - for this approach is only as good as its
cability.

To restate the proposal, [ am recommending using patterns as the
operational metaphor for observing, understanding, and E}FPTESSi[iE
change, and using the pattern language thar would emerge both as the
representation of the inherent meaning of the change under consider-
ation and, conceptually, as the environmentin/with whichitin teracts,
This solution would exhibit the following characteristics: i

The variousideas presented in this paper, because of their exploratory
rure, augur substantial refinement. I make no apologies for this; in
t,it is my hope that this tentative state will make them more suscep-
le to insightful responses and recommendations for improvement.
elcome such input.

References

= open, holistic, continuous, nonlinear, flexible, and adaptable;

ust, |.H. (1991). Joint Application Design: The Group Session Approach to

System Design, Englewood Cliffs, NJ: Yourdon Press,

P. (1996). How Nature Works: The Science of Self-Orpanized Criticality,

New York, NY: Springer-Verlag.

tlett, C. A and Ghoshal, 5. {1995). “Changing the role of top management:

‘Beyond systems to people,” Harvard Business Review, 73 (3): 132-142.

k, K. (1999). Extreme Programming Explained, Reading, MA: Addison-

Wesley,

ck, P. (1987). The Empowered Manager: Pesitive Political Skills at Work, San

Francisco, CA: Jossey-Bass.

foar, B.H. (1984). Application Prototyping: A Requirements Definition Stratesy

. forthe 80s, New York, NY: John Wiley.

B ,B.W. (1988). “A spiral model of sofrware development and enhance-

ment,” IEEE Computer, 21(5): 61-72.

I.__‘Qlfssqan, E., Renshaw, A. A, Van Alstyne, M. {1997). “The matrix of

change: A tool for business process reengineering,” hreps//ccs.mit.edu/

Papers/CCSWP189/ceswpl189.heml,

ers, P. (1998). Complexity and Postmodernism: Understanding Complex

Sys_tem.s', London, UK: Routledge.

=onner, D. R. (1992). Managing at the Speed of Change: How Resilient Managers
Succeed and Prosper Where Others Fail, New York, NY: Villard.

e, D. R. (1998). Leading at the Edae of Chaos: How to Create the Nimble

rganization, New York, NY: Wiley.

coner, J, (1999). “The business pattern: A new tool for organizational

knowledge caprure and reuse,” in L. Woods (ed.), Proceedings of the 62

-d_SIIS Annual Meeting, Medford, NJ: American Society for Information

. Science, PP.313-330.

“t0ner, ], (2000). “Knowledge managementara branchpoint: Will weignore

:ﬂl'ﬂ_* lessons of the Al discipline the way it ignored the lessons of Ludwig

:Wlttgensmin?" Int. ]. Technology Management, 20 (5/6/7 /8): 601-632.

» having no implication of ‘'management’, structuredness, prescrip-
tion, or methodology:

+ not modellable or describable in its essence,and;
= driven by emergent phenomena within the change landscape.

In short, it is offered up, optimistically, as a viable alternative to the
concept of ‘change management’, and one that offers rich potential.

The concept is well understood to be a highly theoretical one. Even
with that characterization it needs further development, and in ord
to evolve toward a state of practical application it needs further work:
still. This is the right direction, though, in my opinion, for dealing with
change.

i

Implications, Opportunities, and Future
Direction

g

‘change management’ that is begun in eatlier papers. 1 cover Hi=
fundamental points. Then, [ offer a proposal that [ believe might
serve to reverse the unfortunate trend on all these points,

In this chapter 1 complete my sweeping critique of traditiont

I understand that much development of this proposal remains H
be undertaken. It is my hope that this paper might generate sufficieR®
interest that others may take up the mantle here.



150 Parl % Qraanizaticoal Tmplicasinns

e e e L

Falcomer, [ {2001). " Business patternsas knowledge augmentation metaphy,.
The research frame of erganizational changs,” in M. Bontis and €. By,
(eds.), Proceedings of the 4% World Congress o the Management of Inge].
lectual Capital, Hamilton, Canada: McMaster University.

Henderson-Sellers, B and Edwards, [. {1993}, "The fountain madel for object.
oriented system development”, Qbject Mugazine, July-August: 7275
73,

Heylighen, F., Bollen, J.and Riegler, A. (eds.) (1999). The Evolution of Complex.
ity : The Vialet Book ef "Einstein Meets Magritte”, Boston, MA: Khuwer,

Hirschhorn, L. {1997). Reworking Authority: Leading and Following in the
Post-Madern Chrganization, Cambridge, MA: MIT Press.

Holland, |. H. (1995). Hidden Order: How Adaptation Builds Complexity,

Reading, MA: Addison-Wesley
Holland, J. H. (1998). Emergence: From Chaos to Order, Reading, MA: Ad.
dison-Wesley.

Juarrera, A, {1999), Dynamics in Action: Infentional Behavior as o Complex

Systerm, Cambridge, MA: MIT Press.
Kaitffrnar, 5. (1995]. Ar Howie in the Universe: The Search for Laws of Self-0r-
ganization and Complexity, New York, NY: Oxford University Press.
Kay, N. M. (1984). The Emergent Firn: Knowledge, Ignorance and Surprize in
Eeoranic Orpanization, New York, NY: St. Martin's Press.

Kotter, I B. (19590), A Force for Chunge: How Leadership Differs from Manage:
ment, Mew York, NY: The Free Press,

Kottet, |. P. (1996). Leading Change, Boston, MA: Harvard Business School
Press,

Levitt, S, {1965). “Exploit the product life cyele,” Harvard Business Review,
43(6): 81-94.

McConnell, S. (1996}, Rapid Development: Taming Wild Software Schedules,
Redimond, Wa: Microsoft Press,

MeMaster, M. (1996}, The Intelligence Advantage: Qrganizing for Complex-
ity, Boston, MA: Butterworth-Heinemann,

Mintzherg, H. (1994), “Rounding out the rnanager’s job,” Sloan Management
Review, 36 (1): 11-26.

Olson, E: £, and Eoyang, G, H. (2001}, Facilitating Organization Change: Les
sons from Complexity Science, San Francisco, CA: Jossey-Bass. !

Royee, W, W. (1970, “Managing the development of large software systems:
Concepts and techniques,” Proc. [EEE WESCON, August, 1-9.

Sherman, H, and Schulez, R. (1998). Open Boundaries: Creative Business In-
novation through Complexity, New York, NY: Addison-Wesley.

Stacey, R. . (1992}, Managing the Unknowable: Strategic Boundaries between!
Order gnd Chaos in Organizations, San Francisco, CA: Jossey-Bass.

Wang, Q. and Von Tunzelmann, N, (2000). “Complexity and the functions L
the firm: breadeh and depth,” Research Policy, 29: B05-818.

Wheatley, M.]. (1992). Leadership and the New Science: Learming Aboud Orgds
nization from an Orderly Universe, San Francisco, CA: Berrett- Koehler:

¢

R e gt s

Chapter Ten

MODELING OF SOCIAL
ORGANIZATIONS:
NECESSITY AND
POSSIBILITY

Raimundo J. Franco Parellada



i85z Part & Oraanigatienal Implications

R B R A R R R e

Introduction

t might seem not worthwhile or even be superfluous ¢4

wonder if there exists a need to model the evolutionary

behavior of social organizations. Nevertheless, when ope
observes the world we live in, the conflicts that confrong
humanity — terrorism, repeated wars, environmental problems,
inequalities, and increasing poverty — one cannot but think
about the convenience and need for dealing better with socia]
organizations.

On the other hand, humanity has reached such a degree of tech-
nological and sciendfic development that it can be asserted thar there
is no problem of a technological nature - if it is solvable and humans
concentrate on solving it — that could not be solved within some time-
frame. Think of the program to send a man to Mars. The approximate
amountofresources that such a colossal task will consume and the time
requited have already been calculated, so it is a reasonable assumption
that nobody doubts that at some time in the future, man will land on
Wars. Nor doesanyone doubt that seoner or later huumans will find acure

for cancer and so on. However, at the same time how many peoplereally

believe that the problems of poverty, degradation of the envirenment,
terrarism, or underdevelopment will be solved within the foreseeable
future?

Tam not making any political exhorrations, | enly want to emphasize

the growing need for a better understanding of the evolurion of socid!
arganizations, aterm thatincludes companies, political parties, govern-
ments and their ministries, factories, schools, religious organizations,
nongovernmerntal organizations, and innumerable others.

At the same time, when organizational management methods and

theories currently in vogue are analyzed (Morgan, 1998), one can detect

that they are based on two paradipms, which Lhave called the paradign
of good practices and the paradiem of talent (or the lack thereof). The

: 3 . B
first establiched that all management theories are really practices thas
have given good results in one context or another, and in many casf;;
are generalized without bearing their context in mind. For examp=

managementby objectives, project management, and others (Mintzbers:
1594). The second paradigm refers to a managerment method baged 0%
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the capacity and knowledge (or the lack thereof) of the managers. Actual
management processes are often a combination of some propartion of
these two pMadigms, and are in fact a process of test-and-correct. It
s necessary to point out immediately that errors in management are
very expensive and, given their markedly irreversible character, very

difhcult to correct.

Toillustrate the abowve situation icisuseful o quote Jeffrey Goldstein
(Goldstein, 1997}, who concluded:

“) (@) When orgamizations succeed, it is mostly in spite of, not because
of the way they are organized. 1(b) When organizations succeed, it is
mostly in spite of, not because of, the way leadership is exercised. 1(c)
The manter in which most erganizational working units are organized,
setup and managed serves motre to stifle than to encourage the creativity
and productivity of its mermbers.”

These conclusions might sound dramatic, but there is doubtless an
unsolved problern here,

Why does this unsatisfactory situation exist? In my judgment it
is because we lack an understanding of the evolutionary dynamics of
social organizations. I think that complexity theory can contribute to
attaining that knowledge. What malkes me think that modeling the
evolutionary behavior of social organizations is not only necessary but
also possible? Below 1 will try to give an answer to this question, based
onthe one hand on the relationship between the sequence of appearance
of different kinds of systems’ laws of motion (mechanical, thermody-
Hamical, chemical, and biological) and on the other hand on the degree
and qualitative difference of systems that obey those laws.

Social Organizations (30) are the Most
Complex Systems

ithout any doubt, the current world is characterized by
the complexity of the problems it must face and solve
Be o a cflaily basis. Th_c term “complexity,” however, has
5 “Ine popular in the most diverse branches of science and even
“Utside of them. By way of illustration, we refer to studies on the
Stlence of complexity by the Santa Fe Institute (Zurek, 1990) and to
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anewsletter of the International Council of Scientific Unions (ICSy
1994) devoted to ideas on the relationship between Complexity}
chaotic behavior, and systems dynamics presented at the seminar’
Confronting Complexity in Science by numerous eminent scientists iy,
fields as varied as mathematics, physics, biology, neurosciences, ang
philosophy. Another recent reference regarding complexity, howewver
ends by declaring, after a page and a half of analysis: :

"In fact, complexity (together with the related terms of order ang
structure) appears as essentially undefinable in any way that allows
phjective measurements” (Ayres, 1994: 13-14).

There arealotof definitions of complexicy, Bruce Edmond described.

more than 40 of them (Edmond, 1999). One can conclude, therefore,
that there does not appear to exist much consensus in connection with
complexity, asalso evidenced by the face that this lack of consensus was
the topic of a recent conference (NECSI, 2001). The situation appears
to be the same today. So I'will try to strike outalong a new road, not so
mixch to atteripra definition of complexity but to capture the relation-

ship between the types of motion a system is able to do and the degree

or level of complexity that the this system con display. This approach
will be based on the ideas expressed by Engels in his Dialectics of Nature
{Engels, 1982} concerning the complexity of different types of motion,
understanding as motion, and this is very important, any class of change
in the system.

Engels proposed a classification of motion along an increasing scale
of complexity; thatis, complexity exists toa greater or lesser degreeac
cording to the type of complex motion thar the system is able to perform.
Accordingly, Engels identified mechanical motion as the simplest, fol-
lowed by physical motion (understood as thermodynamics and electro-
dynamics, to which today one musr add relativity theory and quantum
mechanics). A more complex motion than physical motion would b¢
chemical motion, that of the combination and transformation of some
substances into others. Biological motion would come next, as linke
to its main distinctive characteristic, reproduction. Following this logic
social motion would occupy the highest level of complexity, and wotl
be the one characteristic of human crganizations of whichever type.

Although very intuitive, this classification has its problems, as does.

any other. One can say that mechanical motion is the motion of the
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‘Figure 1 Schemalic representation of the increase of the degree of
complexity in accordance with the type of motion. The appearance
“of a new generic type of motion represents the emergence of new
irreducible qualities. This is represented in the figure by an abrupt leap
i complexity

whole as such. For example, when one studies the mechanical motion
~of the solar system one is not interested in - or it is not important to
know — what occurs on the Sun itself. The laws of mechanical motion
~can say nothing about nuclear reactions on the Sun. If one wants to
Jnow about these one needs to use the laws of nuclear physics. In this
sense, chemical motion is characteristic of interactions among different
kinds of substances formed by millions and millions of entities thar give
tise to millions and millions of entities of another kind of substance.
Naturally, these interactions can take place only in the presence of the
mechanical motion of atoms and melecules, bur you cannot reduce the
Process of chemical reactions to a mechanical displacement of any kind.

Inthis sense chernical motion is richer, more complex than mechanical
Motion,

Itis important to note that within each of these types of motion
{mﬂthanical, physical, chemical, biological, and social) one can find
S¥stems with simpler and systems with more complex motions. For

“Xample, the mechanical motion of a falling object is simpler than the
--?Echanical rnotion of a planetary clock; and the biological motion that
“amoeba can carry cutis simpler than one thatmammals can perform.
- Us one can maintain that complexity in general has at least two very
i'-iﬁgrmd dimensicun's, one that corrc_spnnds to a generic ty pe of motion
S another one within each generic type.

B .
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To complete this intreduction to complexivy, I recalla facror thar Soma
authors seemm to forget when they try to medel the dynaimics of “the 3,
ing,” including social organizations (Mack, 1994). These authors oftey
use the same conceprual scaffolding (formalism} as they use to mode|
simpler types of motion, without keeping in mind & very importap,
qualitative aspect, also noted by Engels, thatis summarized by the fagp
that the more complex generic type of motion includes, but cannetha.
reduced to, an aggregation of the simpler types.

An interesting example of these qualitative and irreducible differ-
ences can be found in the difference berween thermodynamics angd.

mechanics, thatis, between the description or modeling of the motjon

of millions and millions of particles — say, a gas — and the description of
the motion of only a few particles according to Newtonian laws. Asis
well knowns, the laws of mechanics are time reversible, with no differ-
ences in the direction in which time flows (toward the past or toward
the furure). In contrast, the laws of thermodynamics have an irreversible
character and time flows enly in direction of the future or, as some like
to put it, in the direction of the increase in entropy,

Anothervery differentexample can be found in the study of language:
The development of linguage and its dvnamics could notbe understood
only from studying man as a binlogical being, because language is es-
sentially a social phenomenon that, although developed on a biological
substratum, cannot be reduced to it

In miy opinion, this methodological error prevents many authors from
attending to the qualitatively different aspects of a particular type _"f
motion with respect to other simpler ones. For modeling human social
oreanizations, however, this aspect will turn out to be essential.

If we seudy the appearance of scientific discoveries and truly novel
scientificideas inlight of these conceptions about complexity, we canses
that they have appeared in a sequence that coincides with the sequent
ofincreasing complexity of motion. The firstscientificresults in rnod"—‘":
times, which appeared approximately in the seventeenth century, Wers
related to mechanics and are associated with the well-known names &
Newton and Galileo, among others. The nineteenth century, toget el
with the beginning of the twentieth, can be characterized as th::-i acme
of physics. Formulated during that period were thermodynamics a_nw
its famous Second Law (entropy in an isolated system can only g%

Mindeliig of Sacil Clrgunizakions: Necassily aed Possibilite 157

i AR e S

ot reinain constant), Maxwell's electrodynamics, Einstein’s relativity
heory, and quantum mechanics. Chemistry, which developed in parallel
with physics, finally found a selid foundation in the first two decades
of the twentieth century with the discovery of atomic structure. The
19403 saw the Tise, as scientific disciplines, of information theory and
cybernetics, which created the paradigmatic basis on which, to a Jarge
extent, all computer science is based. These two sciences went on to
contribute inan important way to the understanding of the enigmas of
the genetic code, on the basis of which decisive advances occurred in
biology. This science took overas the quant garde of scientific progress by
the middle of the twentieth century. A turning point in this changeover
‘was the discovery of the structure of the DNA molecule in the 1950s,
bazed on X-ray analysis discovered in the 1920s.

‘Worth keeping in mind is the fact that in spite of the considerable
tesources used in physical investigations in the last 50 years, relatively
few truly new scientific principles have recently been discovered. The
study of biological systems has advanced in a spectacular way in the
lastdecades. Today we have reached the point where we can begin, in a
systematic way, to turn biological knowledge into goods and services,
as illustrated to some extent by the appearance of words such as bio-
technology and genetic engineering.

Tosummarize, itcan be maintained that results in science have been
closely linked to the degree of complexity of the type of motion stud-
1ed, and that the sequence has proceeded from the simpler to the more
fomplex. At each stage, the shift has been marked by the formulation
ordiscovery of laws that deseribe a particular type of motion, thereby
EWIng predictive strength to the sciences related to its study. Today, it
seems that the stage is being set for the transition to a dynamic model-
;‘;%‘Zf social organizations. This modeling will bring with it remarkable
e lgnificant r‘esults, as has already happened as a consequence of the

¥ of other simpler types of mation,



158 Part 3: Organizational Implications

Xt

Scome Characteristics of Social
Organizations Studied as Complex
Dynamics Systems

he conclusion of the previous paragraph that we are most

interested in emphasizingisthat asocial organization (SO) - thar

is, any human organization, such as a laboratory, a factory, an
institute, and so on —is a dynamic systen; that is, asystem that changes
and will evolve over time. The complexity in the systems studied by
human beings has thus grown, gradually, continually, and in parallel
with the advancements of science. Today there are innumerable
systems studied by the natural sciences and biology in particular
that are classified as complex dynamic systems (CDS), among them
lasers, the climate, the human brain, autocatalytic chemical reactions,
ecological svstems, huge electrical systerns, systems of electronie
communication, and many others.

The last few decades have seen considerable progress in the under-
standing and modeling of the dynamics of such systems. This research
hasshown thatin these systems the transition from orderly (predictable)
behavior to disorderly, unpredictable, or chaotic behavior goes through

the same sequence of phases. [ refer in particular to Lorentz’s early

work on climate prediction during the 1960s (Lorentz, 1963], Rene
Thom’s catastrophe theory (Thom, 197 5), Feigenbaum’s universalisms
(Feigenbaum, 1978), and a multicude of other works, beginning in the
1970s, on the chaotic behavior of such systems. The same decade saw
the start of the ideas on synergetics advanced by the German physicist
Hermann Haken (Haken, 1987), which contributed to understanding

the self-organized orderly (coherent) behavior of systems consisting of

amultitude of elements (subsystems) that in general behave in analea-
tory or disordered way but that, under certain conditions, also called
constraing, behave ina coherent and ordetly manner.

Toall thisitis necessary toadd the development of the thermodynam-
ics of irreversible processes, especially the work of the Brussels sch'?ﬁ
with[. Prigogineatits head (Nicolis 8 Prigogine, 1977, 1989). Prigogin®
proposed the term “dissipative structures” for those dynamic systems
with stable or stationary structures located far from thermodynamic
equilibrium and maintained by the constant dissipation of energy. T0-
day all living systems are thought to be dissipative structures: in otheT
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words, these systems can only exist on the basis of a continuous flow of
enereys information, and substances. These works helped significantly
in the understanding of phenomena associated with the behavior of
complex dynamic systems.

It is therefore convenient to enumerate some characteristics that
social organizations possess as complex dynamical systems. | divide
them inte two different caregories: first, those characreristics that they
have in common with other complex systems belonging to other types
of motion {in accordance with the classification that we have proposed);
second, those characteristics thar I consider to belong only to the social
system’s type of motion and that are, therefore, not found in any other
rype of system, whether biclogical or otherwise.

Common Characteristics

* Social organizations are open systems. This means thar their
relationships with the environment are essential to the existence
of the system as such,

* These systems, situated far from thermodynamic equilibrium,
constitute or form dissipative structures. This is evidenced by
their possession of a certain “metabolism™: energy, information,
meaning and substances flow through them, and are transformed
or metabolized by the system. These systems also can consume
objects that are similarly transformed and used, and that embody
in themselves certain quantities of information, energy, meaning
and substances. These Aows and products allow the systems to
fulfill the function they perform, or to reach intended goals. As
with any “metabaolic process,” that of social systems yields cerrain
products and wastes: In addition to objects, these include energy,
information, and substances. Being dissipative

structures they confer a strongly irreversible characrer on those
Processes developed in social organizations.

Social organizations evolve, adapting themselves to the changes
that take place in their enviromment. They are therefors adaptive
Systems. At the same time

Such systems are always feedback in terms of reaching the intended
goals. This feedback can be stabilizing or enhancing,

Social systems are comprised of other systems that we can
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call subsystems. In turn, these subsystems are constitige
from elements that are also systems. All of these systems, sach
formed from other systems, create a hierarchy of systems wit,
approximately similar characteristics at each level They are i
some sense, self-similar.

Particular Chatracterigtics

+  Spcial organizations always fulhll a certain function or seek 1
reach certain goals. In other words, they exist for something.

+  Keeping in mind that in these systems the main element or basic
cell is the human being, there is something that also flows and is
metabolized by social systems but whose characterization and
guantification form, in itself, 2 huge problem. We refer to the
exchange or flow of ideas, feelings, and ethical, esthetic, moral,
and cultural values. Without doubt they are transmitted, are
shared or not shared, and are assaved in some way; that is, they are
“measured”.

+  There is no doubt that the values, culture, and concepts that secial
systems embody have an important influence on their dynarnics,
as has been shown by the research and successes of organizational
psychology and sociology. Successful modeling of these systems
would not be possible if these factors are not integrated in a way
amenable to this modeling. This shows why the integration of the
sacial sciences and the natural sciences is the only commendable
alternative for the study of the dynarnics of these organizations.

»  Human beings, the basic components of social organizations, have
their own objectives. These can coincide or not with those of the
social oreganization of which they are components, and in some
cases can even end up as antagonistic objectives to those of the
social organization. I do not know of any animal society like ant
or bees ot any other with these characteristics. It does not seet!
reasonable to doubt the influence that this feature can have o2
the evolutionary dynamics of a social organization: A situation it
which 90 percent of its members share the objectives of a s0¢!
organization is quite different from one in which only 10 percent
of thein do. Perhaps this variable can become an order paramete!
that determines the arrival of a eritical point in the evolution of the
social organization.

Mulelivg of Social Cepadiziions: Mecessity ahad Pogsibifily 161

_ S—— ) R
. Adaptation in social organizations can be actively creative. It

means these systems can react very quickly, in real time, and in
unexpected ways to environmental changes.

The Possible Role of the Environment in
the Dynamics of Social Organizations

t is indubitable that social organizations are open systems, but to

quhat ate they open? With what do they interact? That with which

social organizations interact can be called their “environment.”
Evidently this is not only a biclogical ar ecological environmenr, it
is mainly a social environment; or, more precisely, a socio-political-
economic-niatural environmient, all together forming a certain
totality.

Any social organization will evolve within the environment with
which it interacts, by somehow influencing it and being influenced by
it. In order to understand more precisely the evolution of social orga-
nizations, however, we need to examine those characteristics of any
environment that are necessary or essental for social evolution.

[ believe that two characteristics of the environment are very im-
portant for understanding — however incompletely — the evolutionary
dynamics of social organizations. Borh are interconnected and thus
cannot exist independently of each other. I will formulate these prop-

erties asa postulate that [ will call The Postulate of The Predictable and
The Unpredictable:

Farmcz‘aﬂ'organfzari ons, the behavior ofthe envirommentis only partially

Predictable and, at the swme time. it is in part also unpredictable.

There isa certain redundancy in this formulation, but, as we shall see
Aer on, it is a necessary one in order to be able to differentiate clearly
stween the predictable and the unpredictable. It is also necessary to
“Mphasize that when we speak here abour the unpredictable, we refer
Precisely towhat cannot in principle be foreseen by the systern. Ateach
Moment of the system’s existence there are changes in the environment

St will be essentially new for the system and therefore impossible to
OTesee. [n relation to the predictable, what the postulate means is that
Only an incomplete, partial, or limited forecast of the behavior of the
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environment is possible,

What consequences does the behavior of its environment have fg;
the motion of a social organization? A social system, as we have segy
fulfills certain objectives or carries out certain functions. In light of Iht;
twao caveats concerning the partial predictability and unpredictabilit}r
af any environment, how should that system be organized in order ¢
respond in such away as to adapt or evolve successtully despite the es
sentially contradictory qualities of its environment? As a tendency, if 3
systemn does not “move” with success within its environment - thatis,
if the system does notattain its goals or functions — it will devolve and
ultimarely could even disappear.

I'will try to illustrate this idea with an example from biology. Natu-
rally, no social systern, in my view, can be reduced toa biolagical ane, but
the soctal type of motion is possible only ifit includes all other simpler
types of motion. So we can always learn something from bislogical
systems that we will surely find in social ones.

Think about the life of a lion in the forest. The lion can find the place
where he hunts, the place where he drinks water, the place where he
sleeps, and so on. He can, in this sense, “foresee” where these places

are, What would happen if all these places begin to change randomly for

the lion?; that is, when the lion goes for water he cannot find it, when
he goes to sleep he cannot find his lair, and so on? Of course, the lion's
life would be in serious danger. He thus requires some stability in his
environment that enables him to find what he needs and, in this sense,
he commonly can, as we said, “foresee” where these places are.

However, alion’s life isnot reducible to the above-mentioned. There
are other facts that the lion cannot really “foresee.” For example, when
he hunts he does not “know” in advance what the resules will be and
naturally he cannot “know” ultimately if he will be the hunted. 50,2
lion's life takes place in an environment that has for him the above tw2

properties: being at the same time partially predictable and unpredict-

ahle.

What role does the unpredicrable part of the environment play
this case? What does the lion need that part for? It can be said that for
an individual lion thatis a very bad part. Because he has no options, che

only possibility for him is to resist those changes or otherwise he willgo'
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Figure 2 General structure of a system that models a secial
gArIZATION

hungry or be hunted. Nonetheless, that part is a very important one for
the entire species, because it guarantees the capacity of lions to resist the
environmental changes that always, sooner orlater, will take place; thus
inthelong run, that partisalso very important for each individual lion.
Iclaim that social organization’s environmentbehave the same way and
this have important consequences for them, despite the fact that in the
case of social organizations things are quite different, because for these
1tis possible to adapt to the random unforeseeable changes of the envi-
fonment in real time, thatis, in creative ways. That is a very important
feature that differentiates human systems from animal ones.

A General Model of a Social
Organization

€ items outlined in the previous paragraph can have, in
principle, a multitude of answers, However, not allanswers will
deal with equal success with reality, and therefore it is necessary

W advance some hypotheses as possible answers and try to check how
el they work.

= We propose the following: A social system should be wrganized in
Stch 5 way that it reproduces in its very functioning and structure as
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a result of its interactions with the environment in which it moveg
X

evolves, end develops — the two above-mentioned properties of .

environment, This means thata social organization's internal SEIUCtyre
should contain at least two parts, one that corresponds to the predic.
able aspect of the environment and is subject to planning and contrg),
and another that corresponds to the unpredictable, aleatory, stochaste
behavior of thatenvironment. One can spealc here of asortof structur),
functional, dynamical coupling between the social system and its en-
vironment (see Figure 2).

We label “control zone” that pordon of a social organization that
reflects the predictable side ofits environment. This partof an organiza-
tion should be charged with continuously maintaining the possibility of
attaining the objectives or executing the functions of the system. This
structural portion of a social organization corresponds to thatarea of any
system responsible for guaranteeing the coordination of all the system's
efforts aimed at the attainment of the proposed ends.

We have named the “creativity zone” that portion of the system
that reflects the unpredictable behavior of its environment, This orga-
nizational area is charged with foreseeing the unpredicrable — whichis
of course impossible. How should this organizational area be concep-
rualized, and how should it work? We submit that this organizational
area should be charged with continnously creating and designing tests
of the system’s possible adaptive respenses to unpredictable changesin
its environment, However, since those changes are truly unpredictable,
the ereativity zone should conduct those testsin a non-planned or orgas
nized manner. To putitanother way, in this creativity zone an aleatorys
random, o1 chaotic motion takes place that continuously searches all
possible adaptive actions. This creativity zoneisthus the organizatiﬂﬂﬂl
area where unforeseen responses to unpredictable problems should be
continucusly elaborated.

Pethaps the best way to convey this idea is with an example, that
of the research in the field of superconductivity. Until 1986 reseaf'f}‘
on superconductivity was carried out in the area we have been ca_ﬂl_ﬂ%
the creativity zone. That is, until then research on superconductivity
was carried out in an unplanned and unorganized manner by those
with resources who believed that superconductivity was achievables
that it was an interesting scientific problem, and so on. That reseﬂfﬂh
effort faced a formidable difficulty: the fact that the superconductivity
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offect was at the time thought to be achievable only at temperatures of
ligquid helium, that is, very near absolute zero (-273K), Besides being
extremely expensive, liquid helium also filters and escapes throughany
interstice or microscopic pore, which makes its industrial use practically
impossible. As an instructive aside, it also is necessary to add the fact
that the physical theories for explaining superconductivity in vogue
at the time predicted a maximum temperature limit that rendered the
phenomenon impossible.

During 1986, however,asmall group of researchers discovered that,
in spite of everything that was believed at the tirme, superconductivity
was in fact possible at the temperature of liquid nitropen, a liquid pro-
duced on an industrial scale and widely used. From that moment on, and
in only few months, more than 100 laboratories with planned objec-
tives, assigned resources, and future research plans on superconductivity
were created by government programs throughout the world.

[nthisexample, weclearly seea transition from an area where research
is carried our by diverse interests — thatis, with an aleatory character - to
anarea where the results ate planned, foreseen, and to which resources
areassigned in order toattain some specific results. The relationship be-
tween these two areas and their relative proportions depends at least:
*  Onthe specificity of the system itself (on its objectives and functions).
Forexample, a military entity as compared with an entity dedicated
to R&D shows a probable prominence of the control zone,

On the particular historical moment in the system’s development. Tt
is clear that any one of these systemns poes through stages of child-
hood, maturity, and senescence: that they endure crises followed
by renovation, and so on. In each one of these stages the control and

Qeativity zones display different proportions within the overall
Slructure,

On the correlation that at any given moment the predictable and
the unpredictable have within the environment. We can accept that
any one of the systems we are studying will organize its structure
~the proportions between the control zone and the creativity zone
~according to the way the environment behaves; for example, dur-
Ing wartime, social revolution, economic booms or depressions,

and so on, each zone would show different proportions within the
Syster.,
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a result of its interactions with the environment in which it Moves.
evolves, end develops - the two above-mentioned properties of 1—_},&'
environment. This means thata social organization’s internal structyra
should contain at least two parts, one that corresponds to the predice.
able aspect of the environment and is subject to planning and contra],
and another that corresponds to the unpredictable, aleatory, stochasje
behavior of thatenvironment. One can speak here ofa sort of structura),
functional, dynamical coupling between the social system and its en-
vironment (see Figure 2).

We label “control zone” that portion of a social organization that
reflects the predictable side of its environment. This part of an organiza-
tion should be charged with continuously maintaining the possibility of
attaining the objectives or executing the functions of the system. This
structural portion of a social organization corresponds to thatarea ofany
system responsible for guaranteeing the coordination of all the system's
efforts aimed at the attainment of the proposed ends.

We have named the “creativity zone” that portion of the system
that reflects the unpredictable behavior of its environment. This orga-
nizational area is charged with foreseeing the unpredictable - whichis.
of course impossible. How should this organizational area be concep-
tualized, and how should it work? We submit that this organizational
area should be charged with continuously creating and designing tests
of the system’s possible adaptive responses to unpredictable changesin.
its environment, However, since those changes are truly unpredictable,
the creativity zone should conduct those tests ina non-planned or orgas
nized manner. To put it another way, in this creativity zone an aleatory,
random, or chaotic motion takes place that continuously searches all
possible adaptive actions. This creativity zone is thus the organizational
area where unforeseen responses to unpredictable problems should be
continuously elaborated.

Perhaps the best way to convey this idea is with an example, that
of the research in the field of superconductivity. Until 1986 researt™
on superconductivity was carried out in the area we have been ca!ll;ﬂg,'f
the creativity zone. That is, until then research on superconductivity
was carried out in an unplanned and unorganized manner by thos®
with resources who believed that superconductivity was a::lﬂevabieli__;
that it was an interesting scientific problem, and so on. That reseal
effort faced a formidable difficulty: the fact that the superconductt
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effect was at the time thought to be achievable only at temperatures of
Jiquid helium, that is, very near absolute zero (~273K). Besides being
extremely expensive, liquid helium also filters and escapes through any
?i‘ﬁ;etslice or microscopic pore, which makes itsindustrial use practically
. .possible. As an instructive aside, it also is necessary to add the fact
that the physical theories for explaining superconductivity in vogue
ot the time predicted a maximum temperature limit that rendered the
phenomenon impossible.

During 1986, however, asmall group of researchers discovered that,
n spite of everything that was believed at the time, superconductivity
as in fact possible at the temperature of liquid nitrogen, a liquid pro-
“duced on an industrial scale and widely used. From that moment on, and
‘in only few months, more than 100 laboratories with planned objec-
es,assigned resources, and future research plans on superconductivity
e created by government programs throughout the world.

Inthis example, we clearly seea transition from an area where research
carried outby diverse interests — that is, with an aleatory character - to
area where the results are planned, foreseen, and to which resources
are assigned in order to attain some specific results. The relationship be-
tween these two areas and their relative proportions depends at least:

On the specificity of the system itself (on its objectives and functions).
Forexample, amilitary entity as compared with an entity dedicated
to R&D shows a probable prominence of the control zone.

On the particular historical moment in the system'’s development. Tt
is clear that any one of these systems goes through stages of child-
hood, maturity, and senescence: that they endure crises followed
by renovation, and so on. In each one of these stages the control and

Creativity zones display different proportions within the overall
Structure,

On the correlation that at any given moment the predictable and
the unpredictable have within the environment. We can accept that
any one of the systems we are studying will organize its strucrure
—the proportions between the control zone and the creativity zone
~according to the way the environmentbehaves; for example, dur-
Mg wartime, social revolution, economic booms or depressions,
and so on, each zone would show different proportions within the
System,
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*  Onthe character—favorable, hostile or antagonistic - that the eny;.
ronment presents to the social organization.

The consequences that maximizing either one of these zones couly
have for a social system provide a good example. Traditional socialise
planning is well known: It pretended to foresee everything, plan every-
thing, control everything on the basis of defined social objectives. Why
did it fail? Naturally it was not for one single reason, but its failure can
in part be explained by its inability to adapt to the more or less quick
changes of its environment. It had reduced the area of creativity to 0
bits.

At the other extreme stands neoliberalism, Under conditions of
neoliberalism everything is economically possible: free rade, free flow
of capital, and so on. But to what does it lead? Today, the Argentinean
case makes evident that this economic pattern leads to serious social
conflicts and ultimately also fails. Why? In this case the system loses
its social objectives and in the long run leads to well-known conflicts.
Here the zone of free will is maximized.

In summary, successful social operations require both zones dis-
tributed in varying proportions; in other words, a certain amount of
planning combined with a certain freedom of action.

Some Consequences for the Management of
Social Organizations

rom the foregoing some considerations should be kept in mind
for the efficient management of social organizations considered
as complex dynamical systems:

+  Management should, from the start, recognize the existence of thé
outlined general structure and thus consciously organize its Opera-
tions accordingly.

« Systems management should determine, for each particular mo=
ment and bearing in mind the environment’s dynamics, the rela-
tive proportion between the control zone and the creativity zone
Management should also determine what resources will be allowes
to be spent on unplanned, uncontrolled activities; in other words,
the strength that will be given to each zone.
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+ Management should specify the mechanisms that could facilitate

the transition of whatever is created in the creativity zone into the
control zone. We have called these mechanisms “filters” because it
is evident that not everything created can afterwards be necessary
or indispensable for the system to better develop as a whole.

Management should investigate its environment so as to describe
and characterize it as precisely as possible. One and the same en-
vironment can be — and in fact is — different for each system. For
example, “the economic world environment” appears to mean the
same foran underdeveloped country as fora developed country, but
in reality it does not.

When organizing these systems internally, management should
keep in mind the system’s property of being a system-of-systems,
knowingbeforehand tharitshould exercise its planning and control-
ling influence only on that part of the nested subsystem's activities
that correspond to the control zone. In other words, each subsystem
has its own control and creativity zones and the managers should
take account of that fact, avoiding exercise of control actions over
the creativity zone.

Management should keep in mind that decisions and actions taken
in these systems always havea certain irreversible character and that
there is no going back in time,

Conclusions

The “social” must be explained by the “social”; it is not reducible
either to the biological or to any other type of motion.

social motion is the most complex type of motion.

Because a social organization, although identifiable, is intimately
fe]ated to its environment, the latter must be characterized, even
i.f only in a general way. For that purpose we propose also to use
in the case of social organizations the dual characteristic of every
environment: that of being at the same time partially predictable
and partially unpredictable.

A general model of social organization is proposed that in the
author’s opinion possesses heuristic power and is derived from the
Interactions between the organization and its environment.

+ There exists aneed to formulate specific laws of mation for the evo-
lutionary dynamics of social organizations. To that end, in the last
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three decades, mathematical methods for nonlinear systems haye
been developed and it is increasingly likely that we will obtain the
necessary information. These circumstances lead us closer, and i,
an accelerated manner, to the possibility of solving this problem
successfully. '
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Introduction Evolution of Scientific Paradigms

om the beginning of time, men and women have tried to
understand the reality thar surrounds them in order to predict
its future evolution and, insofar as possible, to control it. The
to come closer to this knowledge has evolved throughout history,
pending on the vision of world that men had. The mental schemes
at have guided the Western mentality have characterized the
othods of analyzing what surrounds us. As a consequence of this

rom the beginning of time, men have tried to understanq

the reality that surrounds them to try to predict its futyre

evolution and, insofar as possible, to control it. The way
to come closer to this knowledge has evolved throughoye
history, depending on the vision that men had of the world. The
concepts of complexity and chance have evolved in the same
way. The evolution of these concepts has impregnated the form
of understanding economic analysis and, recently, also the world
of business and enterprises. This paper is devoted to the study
of the cornerstones of the evolution of scientific knowledge, and
in particular their relationship to the world of economics and
industrial erganization.

how they have evolved, cannot be considered futile. These general
‘paradigms give the basic facts of the techniques and models that
entific disciplines have used to model the surrounding phenomena,
p in economic analysis and business management.

This paper is, in some parts, a critical review and an updating of :
Mateos, et al.’s (2002) Emergence article. Other parts are completely planets, has been the basis of the predominance of the so-called deter-
original and include the authors’ insight in recent, and not so recent, istic paradigm. The superiority of the Newtonian conception of
advances in the field of complexity as related to economics, business world, consequence of the success of its application to explain and
and management theory. edict natural phenomena, gave strength to the deterministic vision
the world and set this as the basis of the modern scientific method.
For this reason, the deterministic paradigm is also called Newtonian
adigm. This paradigm has guided the development of science in the
centuries, supported by Cartesian reductionism, which stated that
e comprehension of the laws and properties that govern any system
uld be achieved by studying the parts that make up the system.

The paperis divided into two major parts. Focusing on the evolution
of the term ‘complexity,” the first part of this work deals with the prog=
ress of the dominant scientific paradigm and its influence in economie
analysis. The second part deals with the influence of this progress on
organizational management.

' Fartesian reductionism leads to the Principle of Strong Causation that
Uides the deterministic mentality of this paradigm: the same causes

tin the same consequences. The best example of this determinis-
Vision of the world is the demon of Laplace which could predict the
& lre :With absolute accuracy once it was provided with knowledge of
1 Pm initial conditions. Consequently, the golden period that science
ved during those two centuries, based principally upon the success
eved by physics that constituted its main referent, lead us to the
tthat the precise description, comprehension, and knowle dge ofany
diefi entity implies the capacity of predicting the pastand the future
“!ition of this object with absolute accuracy. This accurate prediction
Uld be made, provided that we knew the laws thar control its evolu-
and the state of the object in a precise moment. In case that we were

Within the first part of this work are four major topics: a discussion
of determinism and randomness, the new concept of complexity, t}ﬁ*
development of a new paradigm, and the influence of this paradigm o
econometrics. Sections I to 111 are devoted to these topics. Sections ¥,
and V correspond to the second part of this paper, in which the evnlun'm
of organizational management, as it follows the evolution of scient®®
process, and of complex management, is analyzed more thoroughly:
Section VI contains the conclusions.
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The independence between the observer and the studied phenom-
ena, in the sense that observation did not affect the behavior of the
gystern;

Causes and effects were linked by linear relationships.

e e E

working with a more complex system, the key point was reducing the
whole system into smaller parts, in order to work with the parts in the
cotrect context according to the same procedures.

Nevertheless, Laplace himself, noted that this determinism wag
impossible to achieve ata practical level since, due to ourlack of know]-
edge, it is impossible to be aware of all the initial conditions and aj|
the causes that may affect any event. Consequently, determinism was
not effective, but asymptotic (Mateos, ¢t al, 2002). Hence, given the
impossibility of knowing all the interacting causes, motivated by the
presence of many agents involved, the Principle of Strong Causation
was replaced by the Principle of Weak Causation (approximately the
same causes result in approximately the same consequences), which
led to approximate predictions of events based upon statistical terms.
The search for deterministic universal laws is replaced by the search for
statistical laws. The statistical laws that are the basis of this paradigm
were similar to the classical ones, but they operated based on averages
and dealt with the uncertainty that arises from the lack of information
about all the relationships that may rule an event. Chance is identified
with the absence of information associated with the studied event. A
new paradigm, the randomness paradigm arises, though some authors
refer to these two paradigms as a single one called the Simplification
Paradigm (Nieto de Alba, 1998).

These ideas led to concepts such as locality, linearity, stability, re-
versibility that were present in the basis of these two paradigms. Any
- model relied on:

Closed systems: systems are studied in isolation and not related to
ather ones;

Systems in equilibrium;

Linearity: the whole is approximately the sum of the parts that
compound it;

Energy conservation, as a consequence of being closed systems;

Reversibility: time is exogenous and external to the system;
Order.

The business and economic reality has not been aware of this para-
. The economic reality was conceptualized based on these formu-
ons, even though the characteristic features of the economicreality,
also of the other “soft” sciences, do not fit well into this approach.
e complexity of economic reality makes it impossible to support
se principles any longer. It is hard to maintain the independence
ween the observer and the observation, or the assumption of linear
_ﬁonships between causes and consequences. The success in the
ication of the Newtonian paradigm to natural phenomena fails for
al sciences.

Hence, both paradigms, the deterministic and the statistical ones,
co-existed and were applied to diverse fields:

+  Thedeterministic paradigm dealt with simple phenomena, with few
degrees of freedom and where the knowledge of all the interacting
causes was possible;

« Thestatistical paradigm dealt with complex phenomena, with man&*
degrees of freedom and where the knowledge of all the interacting.
causes was not possible,

However, these principles have been questioned as wellin the “hard”
S.E‘if_en.ces since the beginning of the 20t Century. The Heisenberg’s un-
Anty principle showed that the independence between the abserver
‘A the observation wasunreal. Later in the century, Chaos Theory over-
ieimed the idea of linearity between the causesand the consequences,
U8 to the property of sensitive dependence on the initial conditions
PElfying insignificant divergences in those initial conditions expo-
tially. In consequence, these breakthroughs have concluded that an

ate description does not guarantee a good prediction. A new vision
Complexity hasarisen. The complex is qualitatively different from the

In addition to the Cartesian reductionism that led to these tW0
paradigms, other underlying ideas surrounded the vision of the wotl =
and impregnated the reductionist principle. These ideas also can B5-
considered as fundamental principles:
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Figure 1 The new paradigm of complexity

simple. A new paradigm (see Figure 1) hasbeen developed on the b:
of this idea. Within this new paradigm, the gap between the “hard”
the “soft” sciences is not so sharp, and both disciplines work togeths
with common concepts or common ideas, such as feedbacl, adaprability
relationship with the environment, that initially seemed more suita

for the “soft” sciences than for the “hard” sciences,

The new paradigm that breaks with the determinism-randomn
duality, is not opposed to the Newtonian paradigm, but comple
with new concepts (see Prigogine, 1993, 1997) such as globality, ir i
bility, time-creation and nonlinearity. The study of reality deals withs

+  Open systems and connectivity: systems are studied jointly and

related to the surrounding environm

» Disequilibrium;

ent;

« Nonlinearity: the whole is not only the sum of its parts;

» Energy dissipation;

« Irreversibility (time-creation): time is an internal variable of t

system and the time line is irreversible;

«  Disorder.
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The New Concept of Complexity

s we have introduced in the previous section, the application
of the Newtonian paradigm to the analysis of the surrounding
reality leads to a simple conception of the world even though
complexity is essentially evident. However, whereas the success
this approach is unquestionable as proven in the development
modern science and technology, this does not implies that this
-onception is unrestrained. In fact, as we have seen before, the limits

this conception are concerned with the development of the concept

of Complexity.

- As Rosser (1999) points out, there is no general agreement about
edefinition of complexity. In fact, following Rosser, every definition
ses on different features of the concept, and hence we necessarily
o admit that the concept of complexity is connected with different
entific disciplines. In fact, itis manifest that complexity hashad alot
do with closing the gap between science and philosophy, refusing to
parcel the common basic problems to all the scientific subjects.
Forinstance, Day introduces a mathematical definition of complex-
asystem is complex ifit doesnot tend to either an endogenous fixed
, & limit-cycle or it does not portray an explosive behavior. Pryor
d Stodder work with an structural vision of complexity, emphasiz-
the number of complicated structures involved in the system and
. complex relationships among them. Other authors, such as Lei-
d (1993), Stodder (1995), Albin and Foley (1998), prefer a
putational definition: a situation is complex if the calculations for
Optimization problem are particularly difficult. Horgan (1995) also
vides different definitions for the term. For example, he describes
mplexity as entropy, the disorder of system, the capacity of a sys-
M to give information to an observer, the fuzziness of a system, the
alls thata system shows to increasingly smaller scales, the required
Ne for a computer to describe the systeni, the necessary memory for
adescription or the degree of information thata part of the system
sabout the other parts.

| Tosum up, following these ideas, and according to the proposal in-
*Uced by Edmonds (1995), we suggest the following definition:
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Complexity is the property of a system of the real work that j5
characterized by the mability of any formal system to ﬁfff-’quﬂte{y.::
capture all of the real world’s properties, lacking complete behauipy,
even if complete information on the system’s components gpd
interrelationships is available.

systems with the sensitive dependence property to initial condi-
tions or to perturbations and with infinite possible trajectories to
EVUIVE:;

systems hard to understand or to contrast with functions or de-
signs;

systems with a large number of interacting components:

systems that evolve continuously with many passible bifurcations
in their trajectories.

Nonetheless, complexity is necessarily related to concepts such a5
uncertainty, denial, and totality (Morin, 1995). Taking into accountal]
these ideas, we should consider the reasons that make formal systems
unable to resemble the properties of a complex system. Again, accord-
ing to Edmonds (1995}, the following elements should be taken intg
consideration:

Given everything stated above and following Pavard and Dugdale
| (2000), Fitzgerald (2002), Fitzgerald and Eijnaten (2002a, 2002b), the
following properties must be present in any complex system:

1. Thesizeofthesystem, understanding size as the difficultyin handling
the system asawhole. However, size isnot sufficient forasystemto
be complex, it is necessary thatalarge number of interrelationships:
among the elements of the system exist;

Emergence and Auto-Organization

The fundamental differences between a simple and a complex system
havetodotheemergentpropertiesthatariseasaresultoftheinteractions
a g the elements of the system and with the environment. These

2. Ignorance. Complexity is one of the causes of ignorance, butit can- : ;
g PLERtY : nteractions are not usually observable at a micro level.

nat be the only one;

3. Information. The amount of information in a system is connected
to its complexity — less information implies a less complex system,
However, a system that contains too much information is notneces-
sarily complex, given that the amount of information can be large
enough but not the number of relationships among the elements
of the system;

- These emergent properties cause the creation of new structures,
changesin the properties and in the behavioral patterns of the elements
f the system, auto-organization. Consequently, these facts generate
any difficulties in discerning any system functions or the properties
‘the system itself, what is usually called distributed information (or
1 Tepresentation). For this reason, it is by no means possible to compre-
4, Diversity. Diversity is a necessary condition, but not sufficient, for hend the whole of a system from the knowledge of its parts.
a system to be complex;

5. Orderand Disorder. A complexsystemmoves conﬁnuousl}rmeE.ﬂ_E
order and disorder. Something completely disordered is not always
complex, neither something completely ordered.

 Besides, the relationships among the elements operate either in the
l0rt run or in the long run, that is, direct relationships operate in the
Itrun, but due to interactions and feedbacks between the elements,
elementmay influence the othersin the long run, Thismultiplicity in
connections implies that effects will flow through the whole system,
at the same time, there will be modifications during the process as
-Pnsequence of the auto-organization of the system.

So, what are the features of a complex system? In the same waj"i._’%
the term complexity, a single definition does not exist. In order to avel®
any circular definition, we describe the following definitions that a1€
usually stated (see for instance the special issue of Science devoted t&

this topic, vol. 284, no. 5411): Open Systems

Mmplex systems are open systemns, where energy and information
through the system and beyond its frontiers. For this reason,
plex systems are generally evolving continuously but in states

» acomplex system is a highly structured system, but with a changs
ing structure;
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far away from equilibrium. As a consequence of the interactiong of Complex Systems Connection

the system with the surrounding environment and the energy ang

information flows, the fronters of the system are fuzzy and hard t;: omplexsystemsare usually nestled in Oth_ﬁl' co[nplex systems, Henee,
AT elements of a complex system are, likewise, complex SYSLEems;
se complex systems are components of other complex system as
Limited Decomposibility eIl, and so on.
A complex system has a dynamicstructure. Therefore, there is no se
in studying the properties of a system, splitting it into stable elemen
The permanent interaction among the elements of the system, a
with the environment, induces the system to restructure itself and
generate auto-organization properties. The parts of the system are
unable to reproduce the whole systemn and cannot take it over. }

The New Econometrics of Complexity

conometrics can be defined as the discipline that, drawing upon
models provided by economic theory, facts observed in the
real world, and tools provided by statistical theory, focuses on
analysis of economic relationships by means of the elaboration of
nometric models. These models are able to explain the underlying
tern and recognize the relationships among its variables, to predict
future evolution, orto analyze the implications of economic policies.
en the economic reality is evaluated, it is necessary to realize that
category of behavior usually observed is seemingly disordered,
tic and even unpredictable. It is this kind of behavior that we are
lempting to model.

Nonlinear Adaptive Relaticnships

Linear relationshipsamong the elements of a system are rarely simpl
linear. Asaresult, we areunsure about the effects thata slightalteran
in the current conditions of the system may have. Additiona
feedbacks (the effects of an action in any element of the system ma
have on the element itself again and therefore its future behavior) m:
be present. These feedbacks can be either negative or positive. Th
nonlinear relationships can change as the system evolves, dependin
on the effects and the feedbacks, and consequently they are adaptive.

There are two methods to model this behavior, either with models

are based on an extrinsic or exogenous explanation of complexity
or with those that incorporate it in an intrinsic or endogenous way.
Long-term Dependence odels that are based on an extrinsic explanation (traditional or
ar econometrics) are those whose endogenous dynamics, without
ernal forces, are linearand simple. To produce complex behavior, itis

sary to introduce random external interferences (external variables
’ﬂls model but with influence in it, such as meteorological variables,
tical events, and uncontrollable hurnan factors).

The knowledge of the past evolution in complex system is
important. Recent alterations in a system, even slight, are ¥
important, due to the sensitive dependence property. Butchangest
happened in the distant past continue having effects in the cu
state of the system due to nonlinearity adaptive relationships.

Models that are based on an intrinsic explanation of the complexity
®quilibrium econometrics or non-linear econometrics) are based on
Otheses thatlead to complex dynamics. The models’ very dynamics
'& éndogenous dynamics) are what generate this type of behavior,
flich is observable in the real world. With these models, it is not

Sary to use random perturbations to build a model with complex
dvior,

Abzence of Determinism

It is not possible to forecast with certainty the furure evolution
system, even though we know the behavior of their elements and thelf
relationships, due to all the properties stated above.
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In conclusion, on one hand, the importance of non-linearity ang
sensitive dependence on the initial conditions in the generation of
complex system is clearly manifest. Nowadays, it is hard to justify thy;
the observed complexity in the real world must be the result of Merely
linear relationships and of random interferences that, in definitive, dﬂ
not provide us information about the dynamic features of the syster
On the other hand, it is necessary to admit the existence of random
perturbations in the real world (for instance, the influence of the en-
vironment or economic policy, imperfect or asymmetric in formation,
measurement errors). Hence, it is necessary to arrive at a synthesis of
both points of view, emphasizing on one hand stochastic (and mayEé
chaotic) non-linear medels and their wealth of behaviors (as a conse-
quence of the property of sensitive dependence) and embracing, on the
other hand, the possibility of measuring the uncertainty or complexity
of the economic reality with new instruments.

models or multi-fractal models that deepen in the plethora of time
series models but linked to the complexity theory approach.

The development of tools to empirically characterize the time se-
ries from a complex point of view. In particular, Takens’s Theorem
(1980) looks for the reconstruction of unknown underlying dy-
namics thatgenerated the series. Takens puarantees that this recon-
structed system has the same dynamic properties of the unknown
generating system. This way, we can use the reconstructed system
toquantify the complexity of the original unknown system. Lastly,
there have been developed some nonlinearity tests, including those
of McLeod-Li, etal. (1983) and Engle (1982) to test nonlinearity in
variance, that of Tsay (1986) to test nonlinearity in mean, that of
Hinich (1982) to test third order nonlinearity, and BDS test (Brock,
etal, 1986) and Kaplan test (Kaplan, 1994, 1995) to contrast the
general hy pothesis of nonlinearity.

So that there can be distinguished three different focuses inside thg

S o mplasity: The Evolution of Business Management

en considering how a business should be organized and
managed there is a direct relationship between paradigms
1 or mental patterns and how these mental patterns should

applied. Therefore, it is logical to think that the organization of a
pany has traditionally been influenced and directed by a western
ay of thinking derived from Newtonian mechanics, which fosters the
ea of prediction and control. This way of thinking takes into account
ee key assumptions:

» The development of theoretical deterministic nonlinear models
that produce dynamics qualitatively similar to that of the studied
phenomenon. These models are not used for esdimation and are
considered “qualitative econometrics” (Day, 1993). Inside this
focus we can point the analysis of the bifurcations and the complex
characterization of the system using measures of quantification of
complexity (in short, Lyapunov exponents, fractal dimension and
entropy).

» The development and estimation of nonlinear stochastic models
that seeks to explain economic reality and so to predict their futuré
evolution. Tong (1990), Mandelbrot (1997) and Ruiz and Pérez
(2001) are basic references on the topic. These models, apart Ffﬂm
being nonlinear, are builtupon some more relaxed hypotheses than
standard linear econometric models. They are usually nonlineal
Gaussian models that arise to deal with the complex features.ﬂzla ;
economic time series present, such as the apparentnon -stationarity
of data, heavy tails, variability concentration, long-term depen_
dence, or discontinuity among others. There is a great diver_sﬂl"‘?f
models within this trend evolving continuously, such as nonlined®.
auto-regressive models, threshold models, fractional auto-reg
sive models, auto-regressive with conditioned hetero-skedast

L. Reality is objective (Positivism);
Cause and effect relationships and consequences are linear, and
therefore the results are predictable (Determinism);

Knowledge is acquired through the senses: data collection and
Analysis (Reductionism)

_ Taking into account the success of this approach it is easy to under-
S8nd why it is transposed into other fields of study, such as economics
ﬂbusiness administration, which were developed during the eigh-
. e century. In fact, business companies that emerged with Industri-
Aton were organized according to the above mentioned guidelines.
¢ Machine Metaphor was used in the field of business administration:
Npanies were seen as great machines and their workers regarded as



182 Part 3 Organizational Implications Thee New Complex Perspective i Beananiic Analysiz amd Business Managemeat 183

B S

R R

over ranks. The values emerge from the base to the top and give rise
_ -Eb.salf'mn“”L rather than external control. It is from this phase that
' jnformation and simple learning appear as fundamental concepts.

piecesthat could be directed, controlled or, merely, replaced. Relevana :
on prediction and control was also applied to traditional physics follgy,.
ing the former three principles.

As a result of this traditional view of the world, companies wera
considered stable entities that functioned in a linear and predictable
manner. This view was reinforced throughout the twentieth cem;ury-__x
with the efforts of Taylor, in the United States, and Favol, in France. Both
considered of summon importance to apply predictability and contro]
in a business company. Furthermore, the role of the administration
manager was to observe, establish and understand the causal structure
of the organization to, once determined the cause-and-effect relation-
ship, keep it under control (Stacey, etal., 2000). Under this perspective,
the important concepts were locality, order and equilibrium -which
contrasted with concepts of totality, chaos and disequilibrium.

The last stage corresponds to the Complexity Paradigm. In sharp
contrast with the previous stage, uncertainty stops being predictable.
Cause and effect relationships can no longer be determined by increas-
ingthe information, due to the processes of positive feedback (sensitive
; pendence to initial conditions). In this stage organizationsare systems
thatare characterized by the lack of equilibrium, non-linear relationships
- and emerging properties. They are also distinguished by their dynamic
oflimired instability. Management must be creative and innovative: the
future is no longeranticipated, itis now created. Concepts such as order,

ility and control lose importance against those of chaos, conflict,

In this first stage (Nieto de Alba, 1998, 1999), management assumes can be both ascending or descending. Generative or complex learning
aclosed organization, with a stable dynamic. The changes that the com- e
pany confronts are predictable and, therefore, reactive managementis
in place: the process of adaptation to new changes operates a priori,
from the past in order for the company to adapt itself to an already
known future. This leads to a management that is characterized by its
hierarchic and strongly centralized nature and by its aversion to take
risks. As a consequence, this type of management generates restrictive
limits among the different organizational levels and in the essential
collaboration between them, creating conflicts. These are descending
organizational values and the control is external.

anagement to supervise everyday work and strategic management
ough learning processes.

Implications of Complexity in
Management

ue to the importance of prediction as a tool to determine cause
and effect relationships and their consequences, management
administration under the Simplification Paradigm was aimed
'feduce uncertainty in order to increase control. Hence, fundamental
ues that governed the managerial mentality during that century
ere the following:

The second stage corresponds to the Randomness Paradigm. Thisim=
plies the existence of a certain degree of predictable uncertainty, which
replaces, as we said above, the Principle of the Strong Causation fﬂl: ﬂl‘«’-
Principle of Weak Causation. The existence of specific causal relation=
ships is still assumed, although now it is in random terms. Hence, itis
still feasible to determine and control these relationships by increasing
the level of information. Management, in this stage, is anticipative, 31t
operates in the present to foresee the future. The growth of informatio®
makes necessary that hierarchy be replaced by horizontal nets. Thesé
nets come to manifest the importance of the group in order to achie¥é
success. Success, then, is a direct consequence of the efforts of all th?
group members, as each individual success depends on the t:-:.‘ﬂlﬂ'i_bFE
tion from the rest of the members. Tasks, therefore, take precedenc®

Planning;
Organization;

1

2

3. Leadership;
4. Coordination;
b

Control.

These traditional skills have been fundamental to the economic
gress achieved throughout the twentieth century. However, in a
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complex and ever-changing world as the one we live in, this organj.
zational abilities, although still useful, are becoming inadequate ﬁ?ir
present-day companies. Nowadays, our environment is not CDnsidEreﬂf.:
either stable or predictable. It is uncertain and ever-changing, and thjs
makes the task of planning, organizing or managing a difficult one ¢
we transfer this to the company, managerial staff needs to accept
traditionally accepted skills are likely to become obsolete.

gortant that management takes into account all agents involved in
PIOCESS S0 aS (0 beingable to offer different solutions from the ones
its own perception is likely to produce.

Complex Thinking
1 sometimestheworldfunctionsinanapparentlyillogicaland paradoxical
er. It is, therefore, important that management directives learns
think this way, a way that can be said to be a complex one. Many
the key matters in a company are paradoxical (e.g. increase quality

decrease costs) and, consequently, the decision making process
d not be merely linear or logical but non-linear or complex. This
y of thinking is related to the brain’s right-hand side development
-which is the side of the brain that could be described as the creative,
vhere images govern over words and is not contoured by logic. It is

mportant that people learn how to think in a creative way, to be in

However, these basic facts of a Newtonian conception are questioned
within the framework of Complex Science. The new vision of the world
conceivesitasa non-linear, subjective, unpredictable and self-organized
dynamic system. If these characteristics are then transferred to
world of business management, they would explain the obsolesce
of the before mentioned skills and would favour the new ones (Shelton
& Darling, 2003): '

Complex seeing: agreement, since organizations need this creative energy generated
Compléx thinking: by these differences in order to progress.

Complex feeling; Complex Feeling

Complex knowing;

This skill is based on the premise that humans are made of the same
gy than the rest of the universe, and that the heart is the prime
ource of energy for the mind, through electromagnetic signals. The
ower of these signals depends on emotions. Hence, positive emotions
icrease energy, while negative emotions reduce energy. Thus it is
Mportant that management directives are able to keep high levels of
rgy, focusing on positive aspects of each situation and, in summary,
ein avital manner.

Complex acting;

Complex trusting;

v

N o B e

Complex being.

Complex Seeing

1

It is based on the premise that reality is inherently subjective. It is said

5

that around 80% of the external perception works in function with the
internal beliefs. In this way, individual experience depends to a
extent on one’s own mental scheme. We are, then, confronted wi
spiral situation where one’s own beliefs influence on the perception ¥
the world and, the perception of the world influences on these beliefs.
If managerial directives are not conscious about this situation they
run the risk of going into a repetitive cycle and they will continue ¥
perceive reality as they always have, from their individual perce:ptl
The complex vision ability allows management to be more conscio™
about its own intentions — a behavior that could be seen to be m™=
focused — so as to learn to know how to change them, modifying

own perception of the world and engaging in a learning process. 5

Complex Knowing

: need to acquire this skill comes from the premise that the universe
Berges from an underlying energy field, a kind of cosmic data base. It
* 4 matter of study the possibility of having access to this underlying
“0rmation through processes based on intuition such as meditation.

way, it is intended to arrive at a faster decision-making process

! Novel situations based on more personal confidence and better
fteption abilities.
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Complex Acting

This skill is based on the acknowledgement of the whole. The entira
universe is connected, it belongs to a complex entity in which each
part influences and is influenced by the rest of the parts. Complex
action is the ability to act in accordance with not only the benefit of the
individual, but with the benefit of the wholeness. Leaders that follow
this model of complex action will take decisions that can be regarded ag
responsible and ethical, being conscious of the fact that when they take
a good decision this increases the probability that others would actin
accordance with it, increasing the common welfare.

Complex Tru=sting

It iz based on the principles of the Theory of Chaos and Complexity,
which manifests the presence of chaosinthe natural processes. Because
of this reason, it is important that leaders trust in the natural processes.
and appreciate the need of the existence of chaos and complexity
since systems that work under these premises are characterized by
its self-organizing ability to increase their levels of coherence. These
systems — which fluctuate in an unpredictable manner between chaos
and order — are denominated chaordic systems (a term coined by Dee
Hock, the designer of the VISA card). It is, thus, important that ideas
about forecasting and control are abandoned in order to learn how to.
take advantage of the creative potential of chaos. In this way, flexibility.
increases in the organization as well as within individual behavior of
the components.

Complex Being

This skill is related to the importance of the interactions within the’
nature of the universe. Complex being is the ability to be open £ &
process of continuous learning based on relationships, keepingin mﬂﬁ;
that all relationships represent an opportunity to learn. Anybody —an¢
" not always our favorite ones — could contribute towards this learl‘_lﬂ'!_E:j
process. Furthermore, everything happens for a reason. Hence, L
important to have communication and comprehension within the
company and in all directions — vertically as well as horizontally =17
order to eliminate interdepartmental frontiers and confinement.

The New Compley Peespective in Evonomic Analysis aad Busines Management

187

B e B e

Complex Management

e evolution of scientific thinking — and of the very same
business management — shows the need of a new approach
that can make us think in non-linear, complex terms. The
complex re-conceptualization of the universe gives way to a new
way of contemplating, thinking, knowing, and being in the world
and, therefore, in the company. The Paradigm of Complexity (Morin,
1995) provides a conceptual framework for complex thinking. And
this complex thinking is purely another way of thinking that aims at
not to complicate, but to open our minds to new concepts and to move
towards understanding the complex. This implies knowing how to
accept ambiguity, contradiction and lack of precision and, in summary,
unpredictability.

According to Morin, there exist three fundamental characteristics in
this complex thinking:

1. The dialogical principle, which allows the association of contradic-
tory notions that form part of the same complex phenomenon;

The recursive principle, since the linear relationship between cause
and effect is broken, with recursive relationships taking place be-
tween the two. Itis the start point for self-organization;

The hologramic principle, that goes beyond reductionism — which
is only centred on the parts - as well as the holism — which is only
focused on the whole. It is based on assuming that not only the parts
are in the whole, but that the whole is also in the parts.

_ This complex thinking is applicable to the organization so as to of-
pera different approach to existing relationships between individuals
#0d the company. The dialogical principle allows the conjunction of
 !dividual and company relationships. The principle of recursiveness
Jstifies individuals interacting and producing the company, at the same
- Hme that the company produces relationships between individuals. In
i *egards to the hologramic principle, it is clear that the organization is
- £ESent among its members through its norms and relations.

! !D conclusion and, as far as business management is concerned, it
33 been established throughout this exposition that this has to func-
O within a limited instability dynamic - in whar we can name “chaos
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frontier” - maintaining a high level of flexibility and learning that 4].
lows, instead of anticipating to, creating the future from the emerging
properties of the company. To conclude, we comprise a summary of
some of the mostimportant characteristics of this new form of manage.
ment — complex management — which are a direct consequence of the
modification of the basic hypotheses that govern the idea of business
management (Kiel, 1994; Nieto de Alba, 2000; Stacey, 1995):

1. In the environment of innovation, it is fundamental to assimilate
new technologies and to invest in intangible contraptions. Success
requires continuous creativity, and it is the company itself the one
that needs to fomentit though a creative destruction process. Thatis
to say, it needs to generate uncertainty in a deliberate way to favour
creativity and innovation. New models, techniques and preserip-
tions need to emerge for each situation, making use not only of
quantitative but, also and fundamentally, qualitative experience.

2. Inadynamic organization it is fundamental to count with the abil-
ity of the directive staff to pose new scenarios and problems in an
active and changing manner. To face these situations, it will be es-
sential to set in place a complex learning process in real time, one
that incorporates dialogue, questions points of view and modifies
outlooks. Through this process people should discover and choose
new perspectives, moving the process forward in a spontaneous.
and self-organized fashion. 4

3. Before putting in practice these proposals to undertake a problem, -
it is important that these are legitimized by the necessary support.
This support should occur not out of a formal procedure, but rather
through casual, spontaneous and self-organized relations.

4. The success that management might experience depends on the.
ability to combine common, everyday management — applying
controls to the predictable and repetitive tasks —with complex, non= =
ordinary management. In this complex management, control mu-‘ﬂf
be understood as a general control, one that governs the restricove
conditions of the necessary uncertainty for self-organization and
emergency. This uncertainty is of vital importance for new ideas ané
new projects to arise in the company. In fact, an excessive cOnNtH
mightinhibit this great potential for progress. Hence,an excesswﬂilft
precise planning is not beneficial for the organization, as there aré.
simply too many variables that can change and alter the plan.
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5. Under this perspective there are no sharp differences between
managementand control. Itisimportant thatdirectives yield certain
authority to their employees for them ro control aspects of their daily
responsibilities. In this way, the same employees will strengthen
their ability to find creative solutions in order to face problems.
This can be translated to the world of organizational design, which
should be characterized by the existence of flexible structures of a
fractal or informal nature that help to avoid authoritarianism and
formal groups and that, in the contrary, help stimulatingemployees’
polyvalence and the existence of self-governed groups. Itis alsoim-
portant the existence of diverse elements that generate confronting
opinions and produce the opportunity for dialogue and learning.

6. In the organizartions that function within this limited instability

and given the fact that it is impossible to forecast the long term
future of the company — at least in quantitative terms — it is impor-
tant the existence of a continual strategic way of thinking, based on
the general qualitative models of the structure and the position the
company maintains. In this way, we can identify and understand
the problems that the company faces. There is, therefore, a strong
need to move forward towards what we have called complex think-
ing, which is suitable to understand the qualitative nature of the
interconnections.

7. Nowadays, society demands from companies the existence of certain

ethical values. Hence, directives should favour client service skills,
democratic and ecological values, as well as the continuous search
for excellence.
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~ peliefsand discussions at thislevel of generality, i.e., the philosophi-
t-ju_gtiﬁcaticrn of our choice of societal organization, are profoundly
cact matters. Actual historical evidence as well as its digestion
to theory in the historical and polirical sciences are of course highly
”port'mt: but hardly sufficient to dictate the conclusions on, say, the
of sustainable governance. Our experience is too scarce; also, the
estionsare in partnormative. Onthe other hand, toreject the discus-
on for being inexact is to run away from political choices that anyway
a to be made. In conclusion, we cannotavoid that our decisions are
rmed by speculative beliefs about the general workings of the world
nmy definition, ideology. Thus, contrary to some usages, itwillnotbe
ed thatideology necessarily is false beliefs or false consciousness.)
s not to say that the decisions or beliefs may be made in isolation
om scientific knowledge or subtle philosophical thinking, On the con-
a striking characteristic of modern societies is the deep influence
ience and academic philosophy upon ideology.

Introduction

n one hand, modern societies have achieved an

impressive level of organization and welfare with the

great number of highly differentiated institytig
and expertise. On the other hand, we live in a world of g].;.ﬁ
inequity and unfairness as well as massive human impact on ]
environment, including pollution, the destruction of naty;
habitats and the excessive consumpton of natural resour
Furthermore, even inside the apparently most succes
countries, there are symptoms of distrust in the political sys
as well as in the expertise (DeMarchi & Ravetz, 1999)
extreme of which would be the issue of BSE (mad cow-diseas
in the UK.

The point of departure of this paper is Ravetz’s (1971) distinction
between practical problems, defined in terms of ultimate purpo
such as human welfare, and technical problems, defined in te
specifications, such as growth in the GNP. Clearly, modern societies
characterised by the beliefin the strategy of reducing practical probler:
to a set of technical problems to be handled by the apprapriate inst
tions and expertise. This belief, however, has been accused of implyi
anonchalantattitude towards uncertainty and complexity (Funtowi
f Ravetz, 1993, 1994b). Indeed, it seems that the current popularity
the concept of governance within international govemmentalpniic}'_d
course reflects the desire to pay more attention to the broader perspect
of the practical problems (Carlsson & Ramphal, 1995; Dahle, 15?
as natural and cultural complexity is seen to render certain strategies &
modernity inadequate or even harmful because of unforeseen adve
effects (in particular of technological intervention). For instance, €I '
Commission on Global Governance defined governance as “the sum Delief in th? TEd"“f boR 0f1::ractical problems to technical ones. [ will
the many ways individuals and institutions, public and private, ma .Chﬂracten se various notions of complexity, and then, in final part
their common affairs. [tis a continuing process through which confii tthe chapter, outline possible implications for governance.
ing or diverse interests may be accommodated and co- operative act
may be taken. It includes formal institutions and regimes empow
to enforce compliance, as well as informal arrangements that pec
and institutions either have agreed to or perceive to be in theirintere
(Carlsson & Ramphal, 1995).

Of special interest to this chapteris to describe how the growingun-
erstanding of natural and cultural complexity affects and should affect
ur ideological basis for governance. This is no easy task because defi-
tions, notions and understandings of “complexity” abound. Within
discourses and practices, complexity is a well-defined property,
mulated in computers, managed by experts and sometimes even quan-
atively measured. On the other extreme, there are discourses in which
ord “complexity” would stand for the quality of neither allowing
ate scientific description nor technological control. The strategy
is chapter is not to search for one all-encompassing definition, but
°I to see the different notions of complexity as different and indi-

y important departures from notions of simplicity. Thus,  shall
by explainingwhat  call the Simple View, a stereotype world-view
temological and metaphysical simplicity which is seen to support

':'
LI
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Simplicity, Thin Complexity and Thick functions and physical laws, Furthermore, their behavior satisfies the
Complexity weak Law of Causality and most frequently also the Strong Law (that

‘minor variations in the cause produces only minor variations in the

The Simple View effect).

ost, if not all, usages of the word “complex” imply some
M contrast to “simple”. Indeed, the belief that practical

problems successfully may be reduced to a set of technica]
problems is already a claim of simplicity, in the sense that it is assumed
that the practical problem only has a limited number of relevane
aspects, that these may be sufficiently understood and controlled,
and that the whole (practical problem) is “nothing more than the sum
of the (technical) parts”, so to speak. This kind of reductionism has
deep roots in Western intellectual traditions, going back to Ancient
Greece, through philosephical thinking related to and inspired by the
scientific revolution in the 17" century and all the way up to our time,
A comprehensive treatment of these traditions requires years of study;
for our purpose it will suffice to sketch a stereotype of the world-view
of simplicity that emerged from them. I call it the Simple View.

Reductionism. Small parts may aggregate (“organize”) into assemblies
*fmolecuies. organisms, ecosystems, minds, societies) that may exhibit
¥ . . . i

patterns and regular behavior which in principle could be known,
mpured and understood in terms of the individual parts, but also
netimes can be understood and computed and in terms of logical
and mathemarical relationships emerging at the level of the assemblies
(“emerging simplicity” allowing “top-down™ approaches).

Simple Methodology. The external world is essentially a sparsely
nected systemn that can be understood by investigating its proper
and sub-systems in isolation (“cutting Nature at its seams”),
d the sub-systems are generally close enough to equilibrium as
to be understood by equilibrium considerations and perturbation
technigues.

Simple Episternology. Knowledge consists of representations of the
ernal world, expressed in language in which the units of meaning
perfectly determinate and fixed. Good representations are those
ose parts correspond with parts of the external world, and perfect
respondence is Truth. Production of knowledge is essentially a
tter of neutral observation and description. Thisis also the case with
periments, in which observation follows the initial active phase of
ducing the desired material initial conditions. Hence, knowledge
be more or less useful, but since it always is just a matter of saying
things are, it cannot be the object of moral blame.

Imagine a person whobelieves firmly in the excellence of modernity,
Enlightenment, natural science and in general Western traditions of
(secular) thinking. We might picture him as being male; jokingly we
may say this is a person who believes that there is a rational and objec-
tive answer to most questions, and that he knows quite a few of these
answers himself. I suggest the following fiction to be a possible world-
view of this person:

Objectivist and Mechanist-Materialist Metaphysics. The exterr_iﬂ;.l {
world has an objective, man-independent existence and a structure
that can be fully known by man and given a true (or approximatﬂl?'l.
true) description in mathematical, logical and/or natural 1anguagEbY _
means of natural science. It consists of nothing but matter and enefﬁ'
in mechanistic action governed by natural law. Every entailmentin thfg-'-'f
external world is really one of efficient causality; observations of othe |
are epiphenomena. Furthermore, the entailmentstructure of the wore:
is “consistent” in the sense thatits true description in language willbe:
logically consistent.

ple Philosophical Anthropology. Several aspects and realms of the
an condition are fundamentally independent form each other.
£ts and values can be clearly distinguished, facts having an objective
elate in the world, while values do not. Next, man has the separate
d€ulties of reason and passion. Factual knowledge is a matter of reason

¥, while values are a matter of both reason and passion: Passion for
Ving them; reason for judging and acting rightly on them. However,
1 1€ Inborn passion for knowledge is good as knowledge per se cannot
Y& bad, Furthermore, the human condition can be understood in terms

e ; fdistincrand distinguishable :
Simple Physics. Theworld formsasystem ofdistinctand distingu the individual human being, who has the capacity to know and act

parts, which can be exhaustively described by a limited set of sta®€
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as a singular individual independently of his relationships to othe;

 Artificial Life; and sometimes the study of chaos or fractal geometries.
subjects or objects.

Clearly, these practices have produced some powerful insights into
the limitations of the Simple View. Naive belief in the Strong Law of
ausality has been replaced by an understanding that many systems
s sensitive towards change in initial conditions and more generally
splay dynamics unsuitable for description through equilibrium
considerations or perturbation techniques.

Simple Reflexivity. Because the external world and the conditions fop
knowledge are simple in the explained sense, Man can know the trygp,
about these conditions. In fact, the Simple View is the Truth. i

Ishould stress that this description isa sketch of astereotype and not
asummary of any particular philosopher’s position. In fact, the histary
of philosophy documents the immense difficulties and contradictions
when working out the details of this world-view, such as the tension
between rationalism and empiricism. We may even note a pragmaticin-
consistency in the entire tradition of thinking that produced the Simple
View, concluding with precepts of epistemological and methodaologi
soberness whileitself unfolding withina discourse of massive specula-
tion. The celebrated example is the grand finale of David Hume's (1 ?4.@}1
Enguiry into Human Understanding, in which he invites us to consider
any book and ask: “Does it contain any abstract reasoning concerni
quantity or number? No. Does it contain any experimental reasoni
concerning matter of fact and existence? No. Commit it then to
flames: for it can contain nothing but sophistry and illusion,” appa
ently being unaware that his own book would certainly not withstand
these criteria.

Apart from this, however, not much of the Simple View has been
allenged from within sciences of complexity. Individual researchers
h as Robert Rosen (1991) have questioned aspects of the (abave
fined) simple physics and metaphysics, notably the idea that a lim-
set of state functions and laws of efficient causality can provide an
austive description of the external world. Such views are hardly
stream within the field; rather, the internal discussion often takes
uctionism for granted (in the sense that macro-phenomena emerge
t of “nothing but” mechanistic interactions at the lowest level).
ead, it is argued about the merhodological prospects of top-down
odelling, i.e.. the extent to which non-linear systems display emer-
nt simplicity (Stewart & Cohen, 1994), or the general prospects of
ictability and control of non-linear systems (Casti, 1990, 1997).
ore, as far as mainstream practices of “complex systems” are
ncerned, they definitely operate within a mechanist frame. In the
of agent-based models, for example, they are sometimes even un-
ecessarily mechanist and reductionist, with fixed, non-adaptive bot-
m-level rules of behavior (reviewed in Gross 2001). What emerges
tof the sciences of complexity is thus little more than thin complexity,
notion of complexity which basically is compatible with the Simple
ifthe latter is revises some of its methodological prescriptions for

ence. Nature has seams, but they are finer, more intertwined and not
traight lines.

The positive conclusion to be drawn is that there are ways out:
and away from the Simple View also from within its own philosophi
tradition, and of course there are alternative philosophical tradition
that more directly deal with complexity. A full review of these sources.
is impossible within the scope of this paper. Instead, I will briefly de=-
scribe a handful of scientific, scholarly and philosophical developm
that cast light upon and challenge the Simple View. We shall see that
although all these developments in some sense add to our underst&ﬂ&fj:
ing of complexity, they cannot easily be integrared into a single CDnC'%ﬂ*j
or theory. However, | will try to show, in a possibly eclectic style, that
quite a few of these insights may have implications for governance.

Quantum Mechanics

ecades before the advent of the sciences of complexity, quantum
€chanics (QM) had already challenged aspects of the Simple View,

® the metaphysics of the latter was more or less directly imported
Om the world-view of 17" and 18" century physics (classical
¢chanics). Thus, when the physics changed, the old philosophical
~180ries came into trouble.

Thin Complexity

The present use of expressions such as “the sciences of complex)
genetally refers to practices such as the study of self-organized critt
behavior; cellular automata; agent-based modelling of all SOF
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Foran adequate presentation of this issues, the reader should consyj;
the designated literature, for instance the philosophical writings of the
Danish physicist Niels Bohr (1958, 1963). However, with the risk of
oversimplification, we may say that QM as interpreted by Bohr (the
so-called Copenhagen interpretation), challenges notions of simple
correspondence between physical theory and an objective, observation-
independent microscopic universe of elementary particles. In the words
of Bohr, there “is no quantum universe™: QM is not about the world as
such, but what we can say about observations of it. The measuremeng
design (and hence the observer) mustbe included in the physical descrip-
tion. Bohr even suggested a universal “principle of complementarity”,
i.e., thatany phenomenon eludes complete description because any act
of observation destroys prospects of information from certain other
perspectives.

The debates on QM are perhaps not settled yet. What is clear, though,
is that after the entry of QM, certain naive beliefs about the nature of the
universe and our knowledge of it cannot any longer claim to be a direct.
and obvious consequence of physical science. Indeed, our best physics
seem to imply that the external world as well as its relationship to the
knowing and observing subject might be anything but simple. Indeed,
part of Bohr's effort has been to introduce a distinct notion of complex=
ity: complementarity, or the presence of incompatible perspectives.

Intenticnality and Values

Thin complexity is a property of a (mechanical) system, while the
complexity suggested by QM in partresidesinthe relaticnshipbemee;i
system and observer. To understand the relationship berween systei
and observer, or, almost equivalently, object and subject, matter aIl'f_%:
mind, and thing and idea, has been recognized as a difficult task ever
sincePlato(1996). The SimpleViewdisregardsthe problemby assummg_-;
a sharp dualism which, however, makes thoughts and intentions have
a double, unsettled status. Within the knowing subject, they PI"_?;
the primary role indeed, forming the space in which knowledge ant
claims of knowledge exist and arguments unfold. As properties of the
external, studied world, however, they are epiphenomena that refiect
cerebral, mechanical processes. The working hypothesis of academic
institutions in the modern world has been that we may treat these tWe
aspects in turn, letting the natural sciences explain non-intentionst
objects and processes, while the humanities deal with intentions.
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This division of labour is to some extent defendable. For instance, the
pioneer physiologist Claude Bernard (1865) believed that every human
diseasein principle could be explained in terms of a physiological imbal-
ance, but warned against the “false application of physiology” (p. 199)
inits presentimperfectstate, Thusg, if Bernard had lived to see Thomas®
and Thomas’ theorem, he would probably not have denied it: “If men
define situations as real, they are real in their consequences.” (Thomas
& Thomas, 1928). It is just that the cognitive act of defining the situa-
tion really can be explained as a complicated set of cerebral phenemena
in the objectively existing world.

We will of course not live to see the completion of a full explanation of
any such set of cerebral phenomena. Indeed, the successes of the natural
sciences and the humanities have been due to their skilful choice (or
construction) of “pure” objects of investigation. Whenever mind and
body, subject and object, intentions and matter, and nature and culture
mix more profoundly, such as in psychology and in the social sciences,
research becomes incredibly more difficult.

The trouble is that most practical problems in the realm of gover-
nance do indeed involve such mixtures. This is in particular true of
anthropogenic environmental problems. For instance, no comprehen-
sive explanation of the isotopic compaosition of the atmosphere after
1950 can ignore the role of the highly cultural “balance of terror” in
the production and detonation of hydrogen bombs. Indeed, 2 profound
gharacteristic of our time is that the human impact upon nature is larger
than ever, and that prediction by means of, say, biological knowledge,
has become more conditional to the underlying assumptions of human
-‘E_i&havior. Applying Thomas' and Thomas' theorem, human intentions
?nd values have become very real to the entire biosphere. Thus, Fun-
towicz and Ravetz proposed to distinguish between ordinary complex
systems, displaying thin complexity, and emergent complex systems,
?11 :Which intentionality, bounded as well as unbounded, exists as an
Objective feature (Funtowicz & Ravetz, 1994a).

- One can see many attempts to cope with emergent complexity, either
¥ combining methods from the natural and social sciences (environ-
Mental socjology; ecological economics etc) or developing entirely new
Plﬁthodnlogies, such as the so-called post-normal science (Funtowicz
X Ravetz, 1993) and actor-network theory. The latter is interesting in
LIS respect since it tries to overcome the short-coming of dualism by
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insisting upon analytical symmetry between intentional and non-jy,.
tentional “actants”. In this way, Bruno Latour and others have styg e
the relationship between theintellectual separation between the naturs]
and cultural domains and the simultaneous progressively stronger jy.
tertwining between them by means of technology, forming "hybridg®
in the words of Latour (1988, 1993, 1998). Needless to say, however,
an analytical framework that does not distinguish between intentiong]
and non-intentional entities is not without its own problems.

¢hat case, the passion for knowledge cannot be excused from moral
E‘msideration. It is not even safe to distinguish sharply between facts
and values, since the methodological set-up for the production of the
fact could have made disguised value commitments. This ought to be
clear from the debates on, say, the scientific studies of racial differences
among humans.

These problems are difficult, and simple solutions invariably fail,
h as the attempt of Stalin and Lysenko to replace Mendelian genet-
with Lamarckism as a politically correct biology in the Soviet State,
the standpoint epistemologies of the Marxists and feminists of the
1968 generation. Indeed, in the academic disciplines that have been
most sensitive to the aspect of contextuality, one has seen the growth
of reflexivity as a methodological virtue, typically manifested in an
‘introductory chapter where the author tries to discuss his or her own
‘background as a possible source of bias and reason for distrust. Needless
0 say, the practice of reflexivity is still very infrequent in the natural

Contextuality and Reflexivity

I shall now briefly reflect upon the role of science in the creation
of emergent complexity in modern society. First, a lot of scientific
practice is heavily involved with the development of technology
the isolation, control, measurement and even production of natural
phenomena (Hacking, 1983). Now, technology cannot be de-invented
afterwards, and as such is scientific research de facto an intervention
in the world. Secondly, scientific investigation entails methodological
choices of perspective: what is to be studied, by what methods, for that scientific authors declare their own vested interests.
what purpose? The (historical, philosophical and sociological) science
studies of the latter decades have shown how such choices are neither
trivial nor take place in a cultural or societal vacuum (see e.g., Longino
& Keller, 1996; Pickering, 1992). Indeed, many theorists have called
for attention to the complexity of scientific research. Already Bachelard
(1946) saw how the world and our knowledge of it moves together
by the construction of what he called phenomenotechnique; Polanyl
(1964) described and Ravetz (1971) elaborated how craftsmanshlg‘:
and tacit quality judgements play an integral part in the process Of
transformation from a scientific finding to a fact. Pickering (19953
showed how the influences between the scientific and the extras
scientific domain go in both directions in an open-ended fashion.
Thus, he insisted on the temporal and indeterministic character Ql:her things than language may be understood in terms of interde-
history, including the history of science. Peildence and delocalization. Neural networks is one example (Cilliers,
ggf_;lTaken home to philosophical anthropology, this ty pe of perspec-
€ 1s not even necessarily controversial. Although Descartes could
mit himself to prolonged meditations in which doubted if he was
ake or dreamt (lending himself what has been called the persona of
idiot (Deleuze & Guattari, 1994)), this situation is rather atypical to
human condition, in which the anything butsimple relationshipsto
€18 (emotions, bonds, responsibilities, care) play a constitutive part.
Common sense it seems that a substantial part of the agency of any

Interdependence and Delocalization

Finally, the theoretical developments dubbed post-structuralism show
ects of complexity that depart from the semantics as well as the
opology of the Simple View. Thus, from Derrida’s writings we
y learn how meanings of signs not only depend upon other signs and
e structure of the entire language, but that this body also is subject of
ange through use. The meanings of words are never entirely fixed;
8 you cannot define yourself out of that situation without defining
self out of the language community.

These insights depart from the Simple View into a notion of C'?ﬂ.l’j
plexity with regard to the relationship between knowledge and actiont
Knowledge, however true or objective, cannot be thought of something
entirely outside the realm of action. We have to choose what we Waﬁc
to know, imposing a context; and the research per se often irrerverslh_
changes the world through its invention of technology; and the cout=
of this development is not inevitable, but has a historical character- ==
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human individual is delocalized in this sense. The effort of the Dost-
structuralist move has been to show how this also may be the cﬁsﬁ__faé
natural language. Thus, what is suggested is a notion of complexity thaﬁ
entails types of interdependence and delocalization that render an;llyg‘g = f we imagine the Simple View to be true, governance becomes
by parts a risky venture. We may use the analytical knife to obtain ap. l simple — it simply becomes the modern blend of representative
solute distinctions between knowledge and action, facts andvalues.',ﬁs, L democracy and technical expertise. The public expresses certain
will and the others, but this invariably happens at some cost. general value preferences by electing politicians who represent these
ues. The experts present objective information on the present state
affairs and delineate the technical means to achieve the desired
alues. Uncertainty in background information and in outcome of
hosen policies can be expressed as quantitative risk and managed in
rational way by risk-cost-benefit-analysis. After the politicians have
ecided on the issues of value (and some meta-issues such as the level
risk aversion/risk acceptance), the required expertise may realize
the technical plans.

Governance of Practical Problems
Governance and the Simple View

Can There Be a Unifying Concept of Thick
Complexity?

Above [ have argued how the various elements of the Simple View are
being called into question or even denied by cutting edge knowle
from a host of disciplines, ranging from physics to literary theorya
philosophy. Taking the whole range of complexity notions, i.e,, thin
complexity, complementarity, emergent complexity (sensu Funtowicz
and Ravetz), intertwining of nature and culture, contextuality an,ﬁ.
delocalization, could one not unify them into a definition of th
complexity?

Governance and Thin Complexity

Let us assume that our practical problem involves a system that
plays thin complexity, i.e., richness in connections and non-
rity far from equilibrium. Prediction and control of the system
: then sometimes possible, and at other times not. In particular, if
other facets of complexity visible in other disciplines, such as bio e is unprecedented, large-scale human impact upon the system,
or psychology; or in the philosophical characterization of the pa sitions to hitherto unseen system behaviour may occur, rendering
of time, as discussed in the works of Bergson, Heidegger and Serres;or ediction and control a particularly difficult task, even if accurate
indeed ordinary life-world experience. It seems that thick complex ormation about the present state of the system is available (Gross &
would amount to the negation of the Simple View in its absolute formi. d, 2000). Rational governance under thin complexity accordingly
we are then fairly close to just making noise, saying that there are né- ires a critical attitude towards the quantification of uncertainty
absolute truths or structures or principles. Thus, there may bea perfectly terms of risk (Wynne, 1992). In particular, in cases where the
true statement that affirms the existence of thick complexity (in Which ong Law of causality cannot be expected to hold for the predicted
case itis opened up for a sly discussion about self-referential problems 4 omes of the policy alternatives, the rational justification for risk-
but perhaps no productive concept. What we are left with, then, are "':'; benefit-analyses is no longer valid. The question then becomes:
different shades of grey from the Simple to the ungraspable, all wﬂ:h cheil. atis the rational strategy in the presence of thin complexity?

potential utilities and disadvantages for governance, the evaluation
which initselfis a judgemental and contextual matter, hlt.u:pltxs.-a‘ﬂ:-l?-”‘r
one of some systematic features, We shall turn to these now.

One could, of course, but [ doubt that the idea is of much sense.
list of this paper is by no means exhaustive. We could also have dise

There are at least three answers to this question. The first is thar
- do not know yet, but that it might be good idea to consider some
Hnciple of precaution (The European Community, 1997). Another
Ossibility is to retain the vision of governance of the Simple View and
'todevelop generalised forms of prediction and control. Forinstance,
Nate modellers know that the weather is chaotic, but work under the
mption that climate parameters are not. More generally, models of
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complex systems, notably agent-based or system dynamics models, 3y
developed and sold as policy /management devices with the ambitjgy
to provide understanding and some kind of prediction or contro] of the
qualitative dynamics of the modelled system. Belonging to the samea
category are the various attempts to provide “management on the Edg’g':i'
of chaos”, “chaes pilots” (see http: / /www .kaospilot.dk) etc. i

The third option is to take thin complexity to have truly radics]
implications. | have described the Simple View as a list of separate of
ideological components, but these are of course notindependent. Indeed,
the insight that the behavior of many systems eludes prediction beyon:
qualitative behavior does not only shake the foundations of risk-cost-
benefit-analyses butalso those of mainstream decision theory, the ideaof
the rational agent, most of academic economics and utilitarianist moral
philosophy. One could argue that modernity s priority of reason over
passion is justified only by the possibility of obtaining hard facts, of re-
placingignorance and uncertainty with facts about risks and certaintie
When hard facts in principle are unavailable, we are backat square o
Thus, there is a natural (though not unarguable) line of thought from
reflections upon thin complexity to other aspects of complexity suchas:
value-ladenness and contextuality, to be recognized in the writings of
Stacey (2000), Funtowicz and Ravetz (1993, 1994a, 1997), Stengers
(1997; Prigogine & Stengers, 1984) and others, leading us to the ques-
tion of governance under thick complexity.

Governance and Thick Complexity 1: Conservative
Vigions

An initial observation is that we should not expect to find a unique.
optimal theoretical solution to the problem of governance under thick
complexity. The idea of unique and universal principles of guidﬂnﬁ_.ﬁ_.ﬁ
could be justified by the Simple View; without that ideology, W’@
cannot a priori expect more than piece-meal, pragmatic and imperjes
solutions, possiblywith the exception of Stoic or Zen-inspired atremp®
to extinguish our desire for control or indeed governance of out 0“"1.?‘_:__;
destiny. In more ordinary language: we cannot expect to succeed bY.
thinking ourselves away from the fact that the world is a mess.

Technical Problems under Thick Complexity. A conservative vision
governance would be to adopt the vision of business managem
under thick complexity as expounded by Ralph Stacey, who cleardy’
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sees that the world-view of thin complexity has tobe enriched with the
ynderstanding of complementarity and contextuality. Thus, for him,
. the implication faithful to complex systems theory is not the question
“How can [ govern the system into a new attractor (desired by me)?”
‘ut rather “What is my role in this system, and how does the action
of me and others affect the system?” (Stacey, 2000). However, the
frame of his discussion is essentially one of enterprise success, which
remainsas a technical problem insofar as the activity of the enterpriseis
defined. This is different from the typical governance situation, which
constituted not only by the substantve inclusion of the actors, but

mewhat cruel interpretation of the political life of many countries
s that the Simple View still apparently serves as the ideological
justification for a number of institutions and practices, although the
dividual citizen, politician and expert to a large degree recognises
the prevalence of complexity. How can a false view serve as a
Jjustification?

My clue for an explanation lies in the question of what it is not to feel
like an idealist. Imagine that you confront a natural scientist working
‘in an applied field with the uncertainties inherent to his practice. At
frst, he might utter something like the Simple View: We are heading
or the Truth, we just need more data and better models, etc. However,
en you remind him of the inherent irreducible uncertainties in his
stein, the contextuality of the methodology, etc, the defence ty pically
anges: What else should we do? We do not know any other way. We
this is wrong, but there is no better alternative.

_ For me, this phenomenon (which I often encountered) seems to
tan essence of late modernity: The Simple View is retained exactly
SCause of an awareness of complexity. In the political arena, many
mer radicals have turned into low-key voices, possibly because they
W howr the great revolutions went: they did not have an awareness
fomplexiry and went horribly wrong when things went contrary to
@ plan. Ravetz (2001) has dubbed this kind of phenomenon “safety
adoxes”. We know that pesticides are unsafe; still, to stop them and
et the economy might be even more unsafe. We know that techni-
k assessments cannot represent the uncertainties and complexity
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of the issues; but a general admittance of that fact might generate oz,

instability and accordingly more danger. This is how the Simple viw:,:
can be operative even if nobody believes in it: it is judged unsafe to stop
pretending (Blasco & Strand, 2001). :

The pretending game of Desperate Modernity is intellectually dig.
honest and hypocritical. However, under thick complexity probably
every solution to the problem of governance will be imperfect as judged
by some cognitive or moral standard, and so its real test will be if jg is
pragmatically acceptable. I can sometimes accept the ill-founded risk
assessments made by my medical doctorif | believe them to pTD‘r.FideP;,ﬁ
of anacceptable personal health care (see also Rortveit & Strand, 2001),
Also, the use of technocratic forms of governance can be justified asa
pragmatic way out of politcal conflicts and stalemates (Porter, lQQS_}ff
Thus, under thick complexity, the criticism of Desperate Modernity will
have to be based in experience of harm and injustice to living persons,
future generations or other moral objects. More specifically, they will
have to be based in harm and injustce for which strategies of Desper-
ate Modernity can be blamed. This insight immediately shows why

the discussions about government and governance are so difficult. Not
only will there be a thousand voices with their conflictive expressions of

harm and benefit. There will also be complex cognitive issues about the
necessity of inflicted harm. Forinstance, some will see the Green Revo-
lution as a technocratic disaster that ruined agricultural traditions and
infrastructure and thus the long-term potential for food production and
survival, while others considerita great technological success thatsaved
millions from hunger. And their prospects of arriving at a consensusare
small: typically, they disagree about values, contexts and methodology
for the evaluation of each other’s claims. The present discussion about
genetically modified plants experiences a similar stalemate of cognitive
incommensurability (Strand, 2001).

The institutions of Modernity are not designed to tackle cogni-
tive incommensurability. In fact, we here see two possible justiﬁcatlf)ﬂs
for the abandonment of Desperate Modernity: (1) In substantive claims’

that the strategies of Desperate Modernity inflict unnecessary harmt
or injustice, for instance between rich and poor countries, or towards

the natural environment, and (2) in the mere observation that Desper:
ate Modernity leads to unsolvable struggles, incommensurability 38%

& - 1 W
distrust. I shall now leave the question about the strengrh of these jus™
tifications and instead characterise possible visions of governance thel’

r
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Governance and Thick Complexity 2: Radical Visions

‘Not Rules, but Elements of Judgement. A central tenet of the Simple
View was that the straightforwardness of the external world and our
gelation to it allowed that informal and subjectdve judgement could be
replaced with the universal rules and principles of modern science and
gociety. In the light of complexity, this tenet no longer holds. Instead,
‘old and new old principles (as those below) will have to be decided
on with judgement and with respect to the practical problem at

Quality and Lay Participation. Most visions of governance include
new forms of direct, deliberative or participatory democracy,
Jincluding ordinary citizens to a larger extent than in representative
‘democracy. This can be seen as a method for increasing public trust in
institutions, but also as a way to improve the quality of decisions.
or instance, in the governance of biotechnology, the particular
el of emphasis upon an ecological perspective or one of molecular
‘biology may be quite important (Strand, 2001) and hardly a purely
“scientific” matter. Rather, it is a choice with normative aspects, and
such it belongs to the public domain. Thus, the extension of the
eer comrmunity to include non-expert (“lay™) participants has been
proposed (Funtowicz & Ravetz, 1993). I have met a few academics
vho were horrified by this proposal, arguing that non-academics
ot be trusted to make the right decisions. [ interpret the feeling of
OrTOT a5 a partial understanding of thick complexity; what remains to
over is that neither can academics be trusted to know, and that part
the issue at stake is the choice of criteria for what counts as proper
Snowledge and a right decision (and for whom).

flexivity: Creating Fewer Problems. Quite a few (if not all) of our
'esent, large-scale practical problems are man-made in a strong
Sense; they are by-products of the rapid development of technological
histication and the concurrent population growth. Some of these
Problems may have no “solution” other than learning how to live
! them. For instance, many animal and plant species are already

ct or their natural habitats are all destroyed. An important aspect
'E;VEmance thus is to impede the creation or escalation of practical

Rlems.
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Stories of the crearion of problems display elements of thick cop,.
plexity: unpredictability, open-endedness, novelty, and interpretative
/ value incommensurability. For instance, the Earth is now a place in
which intended rapid mass destruction of society and the biosphere cap
beachieved. For the sake of argument, let us take this as an example of ;.
development towards being worse off (bracketing the possible but con-
troversial benefits of civil nuclear power). It seems reasonable to expect
that there may be more instances of nuclear warfare in the long run, with
massive damage and tragedy. Indeed, the luck of the 20 century appears
to be the immense technical difficulties of making nuclear bombs ing

world of terrorism. However, our concepts of (and institutions for) guilt

or blame, which are historically and philesophically related to simple,
linear notions of causality, appear largely irrelevant and powerless with

respect to thisunfortunate development as such (although they maybe
highly relevant to various acts, such as the bombing of Nagasaki). The
scientific discoveries of Einstein, Bohr, Szilard and others “simply™

increased our physical knowledge of the world. The development of
the nuclear arms technology happened inside a tragic dynamic, and it
was by no means obviously wrong by the US to initiate the Manhattan
project on the suspicion of German (Nazi) efforts ro do the same.

How can we impede the creation of new problems, such as new,
powerful but cheap weapons (for instance bio-technological terror-
ism)? What institutions of governance need to be developed, and what
insights or ideologies will they have to restupon? I see three alternatives,
none of which excludes the others. First, one may enforce and scale up
the present strategies, i.e., legislation and legal action against “misuse -
of technology. The problems with this are well-known. Above all, the
inflicted harm can sometimes be so large that there can be no legal com=
pensation for the tragedy.

Secondly, it seems that many stories of problems begin with discov=
eries of simple principles in the physical world that can be reified into:
powerful technologies. In the tradition of thought flowing from Fraulﬁ:ffs
Bacon (1620) it has been taken for granted that the limit utility of sel=
entific discoveries always is positive; under thick complexity we know'
it may be otherwise (Strand & Schei, 2001). To develop knowledgfi
allowing the construction of transgenic organisms should probably B
ther be judged immoral or illegal; nevertheless itleads into a uaject?fi;_
which might be horribly unwise from the viewpoint of the ecologle
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complexity. We will have to give up the unconditional love for and
trust in science, replacing it with a continuous distrustand doubt about
the desirability of research efforts. In light of the above discussion on
Jay participation, we might say that scientific research projects are not
justified per seasa production of truth, they should also be accepted by
the public to have quality, or social robustness in the words of Nowotny,
Scott & Gibbons (2001).

Thirdly, and more generally, reflexivity seems to be required as a
gontinuous exercise all along processes of governance, since we now
are aware of how easily the ultimate good slips out of sight or becomes
perverted by terrible by-products of our interventions. This means that
under thick complexity, we should make even more use of the highly
modern virtue of criticism, encouraging and giving more artention
to “trouble-makers”. We may recall how Ivan [llich’s (1975) famous
question surprised the medical doctors: He knew about the progress
of medical knowledge and technology, but are the patients getting any
better?

New Taboos. The primary mode of action under conditions of simplicity
is finding the efficient alternative and performing it. Under thick
complexity, we know that quite a few of apparently rational actions are
going to have tragic consequences. The rational strategy under such
conditions is to search for qualitative principles rather than making
calculations which anyway will be inadequate.

~ This kind of situation is not new at all. Indeed, in any sane person’s
development, he learns to set aside impulses of making personally
Tewarding acts for a variety of reasons. Moral and law do not exhaust
this domain of cultural convention: there are rules of etiquerte, habits,
taboos and also cultural patterns of attention. For instance, in some
Cultures there apparently was much less attention towards finding ways
t0 control Nature than what was the case in Europe.

. Taboosmight beuseful devices for the cultural learning of complexity
_U-'-?'mer 8 Tibara, 1999). Indeed, one might speculate if this was their
Originin pre-historic past: That one somehow gotanimprecise suspicion
thar it was unhealthy to eat certain foods, or that there were medical
and /or social problems related to sexual relationships between brother
ind sister, Then, over time, some of these vague, precautionary conven-

1ons may have developed into rules of etiquette and finally into a matter
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of moral disgust. In fact, there seems to be some public disgust for, say,
human cloning or nuclear power. Such emotions might play alegitimaga
and important role in governance (Hjorleifsson, et al, 2005).
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More Talk and Less Action. Everything that has been proposed here,
in reality implies more talk about the practical problems and Jags
action in the sense of technical intervention. Indeed, when aware of
the complex relationships between meaning, language and the world,
for instance in the unequal distribution of the powers of language, we
will even have to talk about how we talk about things in processes of
governance, The processes will be slower and less efficient. Also, even
the efforts of intervention will be less efficient, since the exercises of
reflexivity will lead to more doubt and possibly less devotion. Even
the exercise of doubt itself will often feel idle since the future may be
unpredictable anyway.

Theinsights of complexity suggesta transformation towards a society
which collectively chooses hesitant and inefficient behavior, following
passions to say “stop” even when there seems to be no explicit reasons
for it, declining proposals of novel food technology even if that might
have stopped the next famine in Sudan. It is no easy way.

I do not know how the transformation to the governmental practices
of thick complexity are to come about. Not only will their mere nature
make them “uncompetitive” from the perspective of the endorsed val-
ues in present political discourse. It may even be that, say, the environ=
mental catastrophe really cannot be stopped without rapid and massive
development of novel technology, implemented in a rechnocratic and
unprecautionary manner. In that case, I think we are doomed.
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Historically, complexity theory grew out of the natural sciences
_ physics, chemistry and biology — and really came into its own in the
11970s, when sophisticated computing hardware and software became
selatively cheap, and developments in nonlinear mathematics allowed
scientists to develop complex mathematical models of evolving, inter-
connected systems of independent components. And although there are
still limits to the explanatory power of mathematical equations, there is
aresearch agenda oriented towards making mathematical explanations
‘of complex systems more generally relevant and accessible.

s “complexity theory” - the investigation of dynamic,

interactive systems of interconnected but relatively

independent components — applicable to an undersmndin@:
of the process of international economic integration -
globalization?

Investors are ever more able to move funds around the world markee
in search of the highest economic return, with scant regard for national
borders, or local needs. A complex, global, social order is emergent, as
nation states are integrated into the international economy (see, Rob-
inson, 1996, 2004; Cammack, 2005), in spite of local social priorities
being subordinated to global economic exigencies. This orderis dynamic
and unpredictable, though not chaotic; “patterns” or relationships are
emergent, although there is no apparent trend towards something that
might be called “equilibrium”: complexity is a process which changes
with people’s evolving, creative potentials.

The science of complexity defines...

., both the extent to which phenomenological descriptions of apparently
real world systems actually resemble one another in fundamental ways
and the extent to which our metaphors and abstract concepts of such
systems ... resemble one another” (Cowan, 1994: 3-4),

Social processes have been conceived of as complex systems, in which
people interact through language, symbols, cultures, communica-
tion mediums, production processes, etc., within social collectivities,
‘which have evolved intoa complex, integrated, global system. Complex
systems are understood to maintain order, in spite of change, through
feedback mechanisms. Which raises the question: in whatsense is there
a feedback mechanism between people and the international social
order, which embodies individuals’ choices on how to behave into a

%Pﬂntanﬂous, evolving, global order, which is ever more integrated and
Interdependent?

How is such complexity to be understood?

In the 1990s a ‘science of complexity’ emerged, addressing the "_';_..,
ancientidea thatwithin lifeand the cosmos there might be fundamental
ordering processes...” (Albrechr, 2000: 409).

“_complexity ... refers to systems with many different parts which, by
a rathermysterious process of self-organization, become .. ordered «

‘ordercd complexity'.” (Cowan, 1994:1-2) Humans are creative, social beings. Progress implies the enhance-

ment of individuals’ social potentials; and the concept of development
Addresses the social, institutional changes through which individuals’
enhanced potentials might be realized. And complexity theory, to
Understand patterns of behavior which are created out of evolution-
g?_smial change, has to examine the feedback mechanism by which,
Individuals spontaneously organize themselves into dynamic social
Wﬂtﬂns in order to progress and develop: to enhance and realize their
S0cial potentials. This research agenda must investigate the possibil-
'ty of increasing understanding of emergent social orders through the
thematically modeling of complex individual /social interactions.

Complex systems evolve. They exist ata number of levels, or scalﬂ‘ﬁ
which interact and change, so that it is impossible to describe these
changes in terms of particular rules, nor is it possible to reduce under-
standing to one level of explanation. What is peculiar about comP’-? .
systems is that within these changes patterns emerge and order 15 .
restored: “ordered complexity”. And more than this, the patrerns by
which order is mainrained themselves change.

Within this evolving ordered complexity there isa “...s:pﬂnmﬂfﬂ..ﬁf
emergence of new structures and new forms of behavior...” {CﬂPﬁf*
1996: 85, emphasis added) creating order in open systems out of &
parent chaos.



222 Part 4: Global and Ethical Tmplicarions

e

m

In complexity theory the world is modeled as a dynamic, non-linegy
mathematical system, with no simple relation between “cause’ and ‘ef.
fect’; apparently insignificant causes may have major effects.

“Conventional approaches to the analysis of the economy and of
society must be altered fundamentally if we are to make progress in
understanding how the world operates .. The behavior of the system as
a whole can never be understood mechanistically adding together its
component parts .. the economy and society are more than the sum of the
individuals who inhabit it... In the living, constantly changing economic
and social worlds, the connection between the size of an cvent and the
magnitude of its effects is no longer routine and mechanical” (Ormerod,
1998: x).

Models do not so much "predict’, as ‘explain’ and ‘understand’ (en
scientific method, and analyses which “predict”, “explain™ and/or
“understand”, see Cole, 1999: Part 4).

What might be the social, cultural parameters to individual behavior
which constitute the “feedback mechanism”, establishing “patterns” of
behavior— within which millions of individuals’ choose how to behave,
develop and progress?

The question for camplexity theory is; how and why do people recon-
cile theirindividual (creative) ambitions to progress, to the customs and

needs of a global social order? Is it a question of individuals’, hedonistic.

choices creating patterns of social behavior? Alternatively, are individu-
als’ preferences tempered by the social exigencies of human Existei'fﬁe?':
Orisitaquestion of individuals organizing to overcome the constraints
to people realizing their emerging social potentials?

Are people essentially, respectively, “independent of”, “dependent
on'” or “interdependent within" society.

Independent Individuals

independent of society — people’s characteristics are iurl_atﬂi:.
biologically determined, a genetic endowment—then the analysis ot
an emergent social order has to focus on how millions of independent
individuals’ free choices, reflecting their particular, essentially’

If individuals' potentials are understood to be essentially
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ggnetically determined tastes and talents, are reconciled to each other
within a social order.

Adam Smith described a complex mechanism for reconciling a multi-
tude of individuals’ independent choices: the ‘invisible hand’ of market
forces. “Smith ... [observed] that economic growth had to beunderstood
as a process involving increasingly complex patterns of specialization™
(Rosenberg, 2000: 48, emphasis added). The dominant interpretation
of the economics of Adam Smith is that, if people are assumed to be es-
sentially “independent” beings, “endowed” with tastesand talents, then
individuals’ potentials (and choices) can only be fully realized through
free-market exchange. Since the 1870s such an approach to reconciling
individual choice and social order has followed parallel trajectories: neo-
classical theory and Austrian theory (see: Cole, 1999: 35-9).

For neo-classical theorists, the ideal social environment in which in-
dependentindividuals might realize their potentials (what neo-classical
economists refer to as “maximizing utility”) is the system of “perfect
competition”, In sucha state, given individuals biological endowments,
there can be no increase in individuals enjoyment of utility (see: Cole,
1999: 37-43, 1995: Chapter 3). However neo-classical theory cannot
account for or analyze activity out of equilibrium.

_f‘,..mninsnrcam [neo-classical] theory fails to explain how markets do in

Jact come to work. It explains in great detail the relationships that would

Prevail in markets that already work™ (Kirzner, 1997: 13, emphasis in
original).

Thatindividualsare independentand naturally competitive, and that
3slongas free-markets obtain their will be a trend towards “equilibrium”
and the “maximization of utility” - the full realization of human po-
tentials —is an assumption, an article of faith: a beligfin human nature.
- The markets advantage is that it allows things to evolve in a very hu-
Man way, through free choices of millions of individuals” (Economist
11/9/99, emphasis added).

Thebeliefthat there isan inherent trend towards equilibrium, implies
that there is no theory of complexity inherent within the neoclassical
&Conomic orthodoxy — no theory of the emergence of changing, com-
;Plex, patterns of behavior by which social order is established through
Independent individuals choosing according to their unique subjective
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ralents; and people, as producers, can offer their particular talents to
 greater numbers of consumers.
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preferences.

However, for Austrian theorists markets do not necessarily tend g
‘equilibrium’, rather markets are processes through which individyajs
exchange information: individuals’ become aware of each others’ djg.
tinct preferences, as expressed through the marketsupply and demanq
for commodities. 4

Thisisreflected in the World Bank’s endorsement of global economic
integration.

¢ stimulating economic growth, making markets work better for the
poor and building up their assets — is the key to reducing poverty [and
realizing human potentials| .. Future trade talks will require a forward-
looking agenda for broader trade liberalization [global free markets|..”
(World Bank, 2000: 1 and 5, emphasis in original)

“.Imarkets are] coordinative processfes] during which marker
participants become aware of mutually beneficial opportunities for
trade...” (Kirzner, 1997: 67, emphasis added).

Suchaliberalizing agendais tobe implemented by institutions such as
the World Trade Organization (WTQ), the International Monetary Fund
(IMF), the World Bank (WB), etc... controlling individuals’ “natural”,
competitive economic activity within the social parameters of a legal
system which mandates individuals to exchange freely. This is the social
feedback mechanism which creates ‘organized complexity’.

Since the analysis assumes the dynamic of social existence to be indi-
viduals’ hedonistic expediency — people competing to realize their owon
potentials — problems of inequality can only be a consequence of limita-
tions to individuals’ free choices: or people are personally inadequate.

The solution? Freer, more competitive markets. Ontologically and
epistemologically such an approach cannet even ask questions of social
inequality: society is merely the sum of the individuals of which itis
composed. An approach which is fundamentally politically conserva-
tive. As longas individuals live in an environment of free, competitive
exchange, then the advantaged are privileged by dint of their hard work:
and talent and deserve to be wealthy. And if the economic environment
is not fully (perfectly) competitive - and itnever is— then the social ami
economic policy agenda should be oriented towards further liberahiz=
ing economic exchange and human existence. The social order is nota
meaningful research question.

~ For instance, the Palestine Economic Policy Research Institute and
the World Bank (Diwan & Shaban 1999), whileacknowledging the con-
straint of Israeli occupation, the large refugee population, the difficulty
af access to the world economy except through Israel, the separation of
the West Bank for the Gaza Strip, the on-going process of institution
building since 1993 Declaration of Principles on Interim Self-Gov-
ernment Arrangements sighed in Oslo (and following the 1989-91
Intifada), inadequate transport, electricity, telecommunications, water,
_?mitaﬁon, infrastructure, etc... — all of these constraines are considered
_ i terms of how free market exchange isinhibited, which, for the World
There is an implicit theory of complexity here: mapping out ami Bank explains Palestinian underdevelopment
identifying the mechanisms through which individuals’ choices aﬁ'
coordinated within market mechanisms as information P‘lr_‘(:":'zf'se"s"E
as complex patterns of specialization emerge allowing individuals to:
fulfil as yet unrealized preferences. Development policy for emE_IE@E
potentials must be directed towards facilitating the free flow of infor~
mation between billions of independent consumers (see, Mﬂntgﬂfner}r‘:
2000). Increasing complexity reflects the growing number of individua ¢
independently choosing and competing to realize their unique P"[é'-:ﬁ;
tials within global markets. A trend which can only, globally, increass
individuals’ welfare and the satisfaction of their emergent preferen
as people, as consumers, are able to access a greater pool of prod

The solution?

"hﬂ dynamic private sector ... [which after the| removal of regulatory
WOnstraints, theestablishing of supportinginstitutionsandinfrastructure,
4nd reduced political uncertainty should ... allow the economy to grow.
P_FCE free of the legacy of high debts, inefficient public enterprise, and a
Tevenue base too small to meet needed public expenditures, public policy
“an focus on creating a framework conducive to development. Direct
reign investment is likely to follow once profitable opportunities and
tstable environment are established” (Diwan & Shaban, 1999: 1 and



226 Fart 41 Global and Lthical Implications

s R AR

%
12).

Progressisa question of "getting the prices right”, and developmep;
initiatives are intended to control individuals’ competitive instinets
within an appropriate social order.

Dependent Individuals

ith regard to the reconciliation of individuals’ choices and
the maintenance of social order, rather than the analysis
beginning with the activity of independent individuals
(the micro level) — reductionism — we could just as coherently proceed

from society and social order (the macro level) — holism. Individuals, in

their nature, rather than being considered to be independent of society
can equally be understood to be dependent on society.

Human beings exist within societies characterized by a division of

labour - technical specialization. And individuals can only specialize

in particular branches of production if there is a social system through
which individuals can cooperate to their mutual advantage within

extant technical parameters, Where the technical basis of production

is primitive and undeveloped — production is necessarily based on
individuals’ particular talents and is small scale. In such a context,
individuals are effectively “independent™ and free markets can be an

appropriate mechanism for achieving cooperation between produceﬁ__'
and consumers. But with technical progress, increased efficiency, aﬂdf
rising standards of living, producers and productive systems become

ever mote sophisticated and technically dependent on each other: in-

dividuals are not independently “free to choose”. People’s potentials
reflect their position within the (evolving) technical division of labout.
Increasingly societies and economies have to be managed within the

parameters of the technical division of labour, and free markets (address=

ing individuals’ needs) become less relevantasa process of establishing

cooperation within society.

Essentially individuals are socialized, and their potentials adaptrﬂ_thef
needs of society. The basis of social existence is specialization within

technical division of labour, and social life has to be insticudonally I::ft‘{;

aged within these productive parameters: individuals are organiz
cooperate within an institutionally based social structure.

Clobalization uad the Complexily of Humon Dignity - 227

e

M

“If the economy is truly complex then individuals cannot rationally
deal with every part of it ... People develop insttutions to deal with the
world" (Colander, 2000: 33, emphasis added).

With the development and increasing efficiency of production the
technical division of labour becomes ever more complex and indi-
yiduals in their economic activity are ever more specialized. And the
jnstitutional feedback mechanism berween individuals and society by
which social orderis emergent evolvesand changes: “..a complex adap-
tive system acquires information about its environment ... [identifies|
regularities in that information, condensing those regularitiesintoa....
model, and ... [acts] in the real world on the basis of that schema [model]”
(Gell-Mann, 1994: 17).

Social structures become differentiated and complex as individu-
als’ mutual dependence deepens with technical change, and the insti-
tutional, structural management of social existence evolves: "...good
economic policy is about ‘Getting the Institutions Right ™ (Prasch, 2000:
222, emphasis added).

Atechnically integrated global economy needs international institu-
tionsin order to promote and organize co-operation between individu-
als as producers and reconcile their activity with individuals’ choices
4s consumers. In particular there has to be an emphasis on “human”
(social /cooperative) development as opposed to “economic” (indi-
vidual/ competitive) development. And if there is to be global economic
€0-operation to our mutual advantage, an emphasis on institutionally
enforced universal human rights is paramount.

“Human rights and human development share a common vision
and a common purpose ... the mark of all civilizations is the respect
they accord human dignity and freedom .. The concepts and tools of
human development provide a systematic assessment of economic and
Institutional constraints to the realization of rights” (UNDF, 2000: 1
and 2, emphasis added).

Human rights and human needs cannotbe realized universally with-
Out purposeful international action to support the disadvantaged and
the excluded, and offset growing global inegquality.
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International economic integration has to adaptto local needs: “Tha
state has primary responsibility for ensuring that growth is pro-poor,
pro-rights and sustainable...” (UNDP, 2000: 11). Corporations havetg
be held accountable: progress cannot be a consequence of global, com.
petitive free-markets; individuals’ potentials are dependent upon society
and the global economy has to adaprto local needs (not vice-versa), The
emphasis is on localization (not globalization). “The policies bringing
about localization are ones which increase control of the economy by
nation states. The result should be an increase in community cohesion,
(Hines, 2000: 5, emphasis added).

“ .new technology will lead to healthier lives, greater social freedoms,
increased knowledge and more productive livelihoods .. Without
innovative public policy, these technologies could become a source of
exclusion [impoverishment], not a tool for progress” (UNDP, 2001: 1,
emphasis added).

The analytical agenda for the science of complexity then, is to specify
the linkages, or “path dependency”, between an increasing number of
institutions within complex civil society, Identifying the institutional
path dependency in complex social systems becomes the basis for social
and economic policy to establish an institutional management frame-
work appropriate to an expanding technical division of labour, empha-
sizing, “...the role that norms and institutions play in moulding social
economic relationships...” (Prasch, 2000: 223).

There is now no justification for inequality. Income is nota reward to
individuals for exercising their unique talents in production, Wealthis
socially produced and should be socially distributed through piurall!g:i_.'
social democratic political institutions which function in the commen
interest; a degree of fairness and equality is essential if a co-operativé
economic environment is to be fostered.

“Democratic pluralism melds the forces of the market, guvernment-‘i_#'i
civil society to maintain a dynamic balance among the often competing

societal needs for essential order and equity, the efficient producton .

of goods and services, the accountability of power, the protection ﬂ:
human freedom and continuing institutional innovation™ (Kortef:
1995: 98).
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n the analysis of an emergent, complex global order, and the

specification of a feedback mechanism between the individual and

society, creating “organized complexity” out of apparent chaos,
the World Bank, believing that societies adapt o individuals’ evolving
E-Preferences (which have to be controlled within competitive markets)
understands progress to be consequent on national economies adapting
to the exigencies of global markets: globalization.

However, the analyses of the United Nations Development Pro-
‘gramme assumes that the technical /social parameters of human exis-
tence constrain individuals’ choices so that people have to adapt to the
‘needs of society. Individual choice has to be managed to facilitate social
‘cooperation within the exigencies of a technical division of labour. Local,
‘technically defined social needs are paramount: localization.

That weapproach the interaction between individuals in society, par-
tally, from either the individual (independent individuals) - reduction-
ism - or society (dependentindividuals) —holism - reflects assumptions
-about the nature of human existence: beliefs about what is understood
o be the dynamic of social experience and human motivation. How
Jindividuals’ choices are reconciled to each other within a changing, com-
Plex, social order. Such beliefs arbitrarily define and dogmatically assert
theintellectual parameters of particular interpretations of social reality:
assertions which (as noted) have an ideoclogical and a political dimen-
sion (see Cole, 1999: Chapter 18). However, because human beings,
5 social animals, only exist in some form of society; and societies can
@nly be conceived of as a product of individuals” activity, an analysis of
Organized, complex systems of social activity cannot simply begin from
&ither the “individual” nor “society”: people are social individuals.

.:# 3 - » a - . . - -

) ~ndividual beings do not exist in isolation, but arise as a consequence
fFf social life, yet the nature of that social life is a consequence of our
Peing human” (Rose, et al., 1984: 11, emphasis added).

- The relationship is dialectical: individuals’ are neither “dependent
O0” nor “independent of” saciety: people are interdependent within
Society, Orderand disorder are notalternatives but a contradictory rela-
m?n: they are not mutually exclusive but aspects of an emerging process

Lexperience: “...order and disorder are [not] dichotomous and oppo-
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sites ... but rather stages in a process of dynamic and transformationg)
hecoming” (Byrne, 2001, emphasis added).

“For dialectics the universe is unitary but always in change; the
phenomena we can sec at any instant are parts of processes, processps
with histories and futures whose paths are not uniquely determined by
their constituent units. Wholes are composed of units whose properties
may be described, but the interaction of these units in the construction
of the whole generates complexities that result in products qualitatively
different from the component parts ... In a world in which such complex
developmental interactions are always occurring, history becomes of
paramount importance ... the past imposes contingencies on the present
and the future” (Rose, et al., 1984: 11, emphasis added).

And the past, the presentand the future and social pasts, presentand
futures. And social contextare created by individuals whoare intuitvely
and constantly, dialectically, reconciling their individual experienceta
the social context of human survival.

The dialectic, as analytical methodology, does not predicranything,
provesnothing, and causes nothing to happen: the dialectic is amethod
for understanding complex patterns of relationships which evolve inan
interdependent butunpredictable manner, People exist in society which
provides an institutional basis for social order: organized complexity.
This social order has to be compatible with the basis of human existence:
how we economically survive— how we produce and exchange. In class
based societies the social relations of production reflect who has power
in society: who controls/owns the means of production. In capitalist
society based upon private enterprise, social power lies with capitai.j
ists, workers having to sell their ability to work in the labour mafi'kﬂi
like a commedity: indeed power is exercised, and privilege 11'1:1i11ta\11:li==_5I
through relations of commodity exchange (see Cole, 1999: Chaptet
5).

With an evolving technical division of labour, people’s social po=
tentials develop and social interaction expands and changes. At mes,
the extant social norms and structures which are beyond individuals:
control, militate against people realizing their emerging pntenlialf‘:! f"t
instance with technical change people’s work may become repetiiVe
and unfulfilling, or individuals may become unemployed or forced @
take a wage cut, etc...
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Such frustrations can either be destructive - people feeling inadequare
and worthless, perhaps suffering depression or resorting to alcohol or
drugs — or constructive — people being conscious of others who share
their frustrations (and class interest), with whom they can organize
and mobilize to change society and establish a qualitatively different
complex social order.

For people to realize their evolving social potentials implies that
individuals are able to participate in the organization and direction
of their social existence. For society to evolve in a process reflecting
people’s changing ambitions, needs and abilities, that society must be
based upon individuals’ participation in the establishment of social
order: organized complexity.

“Globalization and localization unite at all societal levels .. [and] local
activities accumulate to create chaotic but global outcomes ... there is
no collective vision on how sustainability and democracy [organized
complexity] cancombine ... Thiswillneed a special form of governance...”
(O'Riordan & Church, 2001: 1 and 24, emphasis added).

The individual/social feedback mechanism, that creates “ordered
complexity”, the "..special form of governance...’, is democracy. But
‘democracy as a process, the institutional form of which evolves with
the changing nature of individuals’, complex social interdependence,
and their resultant social potentials and needs. Of course, the extent to
‘which participatory democracy progressively evolves between social
individuals will in part be a reflection of people’s awareness of their
own individual, emergent potentials, and in parta product of an emerg-
1ing social consciousness of the constraints, beyond their individual
‘control, which frustrate the realization of people’s creative, evolving,
Social potentals.

What people know and think is important: the mind matters.

~ The "mysterious process” through which evolving, complex social
S¥stems organize themselves is the human instinct to realize their evolv-
Ing creative potentials.

it ; ] ; ; ;

" The production of ideas ... af consciousness, is ... the natural intercourse
P_f men, the language of real life ... the direct efflux of their material
Hehavior ... Consciousness can never be anything else than conscious
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existence, and the existence of men is their actual life process” (Marx g
Engels, 1970: 47, emnphasis added). '

The process of global economic integration is characterized by 5
concentration and centralization of economic power, essentially withip
the boardrooms of Trans-National Corporations (TNCs). The intereses
of privately owned and controlled capital, and the profitability of pro-
duction are paramount. Yet, the social, political regulation of economie
activity, the basis of complex social cooperation between individuals,
15 still located at the level of the nation state.

“At the economic level, the global logic of a world economy prevails,
whereas, at the level of the political, a state-centered logic of the world-

system prevails” (Robinson, 2001: 162)

Within the emergent, integrated, world econorny, national govern-
ments (and by implication citizens) are powerless to regulate the basis
of human social existence: production and consumption. The complex
integration of individuals’ choices and social order is stymied. The re-
sult® A process of impoverishment as (internarional) economic power
is socially (nationally) unaccountable. A process which is increasingly
as much a part of human experience in developed market economiesas
in the marginalized developing world. In both worlds more and more
people are sinking below the poverty line; are more insecure; suffg:'f_-%
worsening educational provision and declining health services; até.
increasingly alienated from the political system which cannot address:
their emerging (local /global) needs, etc.. People are being denied ﬂl&
right to realize their creative social potentials; it is a question of hnarn’
dignity.

Confronted by unaccountable, global economic power, individuﬂl? |
futures are constrained by economic forces beyond their control. Thf-‘lf
frustrations, their anger, the denial of their dignity, will only be rehevﬂit;
when this power is subject to democratic, social control. Sucha prt?ﬂﬂﬂﬁ-:
of participation cannot be achieved within existing political insti rutions:
which historically evolved to address the political dimension of natignat
economic organization, The feedback mechanism by which “ordet .
complexity” inaglobally integrated economy mightbe restored has j’;
to evolve: “This will need a special form of governance” (O’Riordan =
Church, 2001: 24, emphasis added, quoted above). Sucha processlﬂ_:i.‘?;
train, and such institutionsare emergent: around the world social mo¥
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ments, challenging and addressing local constraints to people realizing
their potentials — homelessness, hunger, environmental degradation,
discrimination, unemployment, inadequate public services, etc — are
uniting people inaspirit of solidarity, justice and human dignity, against
unaccountable global economic power.

The factor which unites these disparate social movements is people’s
frustration at being unable to protect themselves and control their
futures and the social conditions for the fulfillment of their emergent
potentials. Itis a struggle for human dignity: a struggle which will cru-
cially reflect how people interpret their social existence. How people
understand the social context of their individual experience; how people
might participate in the social control of human existence in a spirit of
solidarity and (in an integrated world) of internationalism.

Inereasingly, the beliefin individuals’ independence within anarchic
market forces, or their dependence on social and political institutions
which are incapable of protecting their livelihoods within a complex
global order, are being supplanted by an awareness that people are
globally interdependent, and that their futures will mutually, creatively
evolve as a social process in which individuals themselves will partici-
pate in building their own social future (see, Moyo, 2005).

“We are part of « movement ... that understands that an alternative is
Possible ... The system that oppresses us in one corner of the world ... is
the same system wreaking its havoc elsewhere. We have realized that

a fundamental change in society is required” (Bircham & Charlton,
2001: 3)

 Itisnota question of globalization, or localization, but the mobiliza-
tion of all those people that share an interest in challenging the unac-
fountable, unregulated economic power of TNCs and private capital.
Human existence is being increasingly socializedby the process of global
fConomic integration; and yet the dictates of the IME, WTO and WB
Tequire people to interact through competitive markets, individualizing
Social existence. This contradictory human experience is prompting
People to reflect on theirlives and develop new understandings to make
Sense of this confusingreality. People are becoming aware and conscious

at their individual creativity — their humanity — can only be enhanced

E:PIGETEES} and realized (develop) within a changed and emergent global
$ocial and political order.
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Within the process of human social experience, an emergent up.
derstanding of the need for complex, participatory, global integration,
respecting human creativity and human dignity, will lead towards 3
process of socialist development (on understanding such a process, see,
Cole, 1999: Chapter 13; Cole, 1998: Chapters 4 and 7).

“Socialismis ..a process of successive upheavals not only in the economy,
politics and ideology but in consciousness and organized action. It js
a process premised on unleashing the power of the people, who learn
how to change themselves along with their circumstances. Revolutions
within the revolution demand creativity and unity with respect to
principles and organization and growing participation. In other words,
they must become a gigantic school through which peaple learn to direct
social processes. Socialism is not constructed spontaneously, nor is
it something that can be bestowed” (Heredia, 1993: 64, emphasis
added).

Such a process is evolving with people’s greater understanding of,
and insights into, the social basis of their existence. And while this
process is not, of itself, amenable to abstract, complex, mathematical
modeling, the science of complexity can be useful in producing knowl-
edge of the processes of human existence, and aspects of and potentials

within the human enviranment which are not primarily a reflection of

an individual’s evolving, social potentials.

Until there is an international process of political and social change,
which accommodates individuals’ emerging social potentials to an in-
tegrated global economy, a process of human dignity — the realization of
human potentials - social existence will be more or less conflictual, and
the complex international social order will be maintained by more orless
repression. And the crisis of the world economy and global “complex
society can only deepen.

While the intellectual debate on “ordered complexity” and “prog-
ress” is restricted to questions of globalization or localization, a deb_at-‘-
which is unable to address the qualitative change in human 1:u::tl3n'-'{-'11S
consequent upon deeper social interaction, a theorerical con sideration
and understanding of the appropriate social and political institu tional-
ization of economic activity for progress is impossible.
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The social feedback mechanism reconciling individuals’ evolving
social needs and porentals with social organization, is political par-
ticipation in people’s daily existence - people’s *..actual life process...”
(Marx & Engels 1970: 4, quoted above) — not the illusory participation
of periodic votingin competitive elections between alternative political
parties for political control of national parliaments: parliaments which
are more ot less impotent to foster development and progress by being
unable to address the most important aspect of social well-being: the
social means of preduction. Social control over the processes of produc-
tion and exchange is the foundation of people being able to realize their
emerging social potentials: it is the basis of progress and development.
Evolving, qualitatively distinet forms of social and political organization,
based on democratic, political participation, in a context which allows
individuals’, global, social potentials to be realized — potentials which
are increasingly internationally defined — can be the only development
strategy.

When progress — the enhancement of individuals’ emerging social
potentials—and development—the realization of these evolving poten-
tials—implying deeper complexity, is stymied by anachronistic market
institutions, which maintain and preserve extant vested interests, the
disadvantaged have to organize themselves to effect progressive social
change and to socially develop.

Progress is not a reflection of globalization or localization, but mo-
bilization. And action to promote development and progress is not a
question of controlling (independent) individuals competing within
free markets; nor institutionally managing (dependent) individuals’
to-operation within society; and not even constructing mathematical
models by which complex social organization can be understood; but
actively facilitating (interdependent) individuals’ self-empowerment
and organization to participate in their social organization to enhance
their potentials and promote human dignity in their existence.

The creative process of building an emerging, global society, to reflect
changing human potentials.

People will increasingly “act locally” but think “globally™.
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t has become something of a commonplace, althou

one that remains insufficiently explored, to say that the

longing for order, perfection, and certainty has dee
roots in Western culture (Rubino, 2000, 1993). That
yearning received its first and perhaps most evocative
formulation in Homer’s Iliad. Achilles, the poem’s centra]
and paradigmatic figure, chooses to sacrifice his short life in
exchange for an immortal glory that is free from change and
decline. Here, in Achilles’ own words spoken at Troy, are
the stark terms of the choice he must make:

My mother Thetis, a moving silver grace,

Tells me two fates sweep me on to my death.
If I stay heve and fight, I'll never return home,
But my glory will be undying forever.

If I return home to my dear fatherland

My glary is lost but my life will be long,

And death that ends all will not catch me soon,

(lliad 9.412-416 = Homer, 1997: 71)

Achilles also tells us that the kind of honer he wants will come from
the pod Zeus himself (lliad 9.607-107 = Homer, 1997: 176). Thisis fit-
ting, since the Homeric poems associateimmortality and deathlessness
with divinity: we humans are mortal, subject to death and age, wh_llﬂ'
the gods, the immortals, live forever, and do not age. Achilles’ choice
therefore involves giving up his humanity in order to bequeath a sort
of immutable heroic essence to posterity.

Some four hundred years after Homer, the longing for order, perfec:

tion, and certainty was given an explicit and definitive phﬁ.lrust:uphl'ﬁ}L

formulation by Plato, for whom our imperfect, mutable, and disorderly

world is at best only a poor copy of an extraterrestrial world of perfectly

ordered and immutable reality. It might be argued that Plato’s rejection
of our fallible and imperfect world stems from a agonizing disillusion=
ment that struck him rwice, first when he realized the corrosive failings
of Athenian political life, and again when he saw his master Socrates:

the best of the Athenians, condemned to death by his fellow citizen;’i_:
Such a thing could not happen in a world given to truth and justice, a8
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thus for Plato the world of truth and justice - the only real world - lies
elsewhere. That Platonic world is, as we know, a perfect world of im-
mutable and timeless essences or forms.

The world envisioned by Plato’s is also a world of perfect order, as
he tells us in the Timaeus, a dialogue that is sometimes described as his
treatise on physics:

“God, therefore, wishing that all things should be good, and so far as
possible nothing be imperfect, and finding the visible universe in a state
not of rest but of inharmonious and disorderly motion, reduced it to
order from disorder, as he judged that order was in cvery way better”
(Timaeus 30a = Plato, 1965: 42).

For Plato and his followers, the real world is a world of order and
rest, not one of motion and disorder, And thus the world of truth and
certainty is a world of timeless, immutable, ordered reality, a motionless
universe bereft of spontaneity and unpredictability.

Plato’s dream of a perfectly ordered world did not die with him or
with the end of ancient Greek civilization. On the contrary, itsurvived

into the scientific revolution and remainsalive and well in our era. Here,

for example, is Roger Hausheer's summary of Isaiah Berlin's ideas on
the founders of the scientific revolution:

“They sought all-embracing schemas, universal unifying frameworks,
within which everything that exists could be shown to besystematically -

te, logically and causally - interconnected, vast structures in which theve
should be no gaps left open for spontancous, unattended developments,

Where everything that occurs should be, at least in principle, wholly

explicable in terms of immutable general laws” (Hausheer, 1980:
xxvi)

~ The dream of timeless order and certainty reached dizzying heights
In 1814, with Laplace’s vision of what to him would be the ultimate
scientificintelligence. Laplace’s demon, a being of supreme intelligence,
Would be able to comprehend the exact position at any time of every

Particle in the universe and of all the forces acting upon it. Forsuch an

intelligence, says Laplace, nothing would be uncertain, and both the
future and the past would become the present (1902: 4). In our own

time, Einstein, writing on the occasion of an old friend’s death, says
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that for those “who believe in physics, this separation between pagy.
present, and future is only an illusion, however tenacious” (1972.
539; translation in Bernstein, 1991: 165). The tireless work of llyy
Prigogine, however, has called our attention to the shortcomings of this
view. If time is an illusion, change, novelty, and surprise are rendered
impossible. If there is no difference between past, present, and future,
everything is simply a given, a mere funcrion of the present (Prigogine,
1984, 1987, 1997).

The notion thatwe can somehow conquer time, the bearer of corrup-
tion and death, promises us ameasure of immortality —even of divinity.
When Napoleon asked Laplace abour God's place in his system, the
great savant replied that he had no need for such a “hypothesis” (Koyreé,
1957:276). Nordid Einstein shrink from presuming tospeak for God:
witness his famous saying that “God does not play dice with the world”
(Bernstein, 1973:215-221). Remember, too, Leon Lederman’s musings
about the “God partcle” (1993) and Steven Weinberg s speculations
abouta “fAnal theory” (1992).

A universe of perfect and immutable order is one in which we can
know and predict future events with certainty. Suchaworldis, of course,
also a deterministic world in which everything happens with absolute
regularity. The ancient Epicureans were among those who clearly sensed
the shortcomings of such a world, and they called attention to the fun-
damental importance of indeterminacy and uncertainty. Lucretius, the
Epicurean poet in whose work Michel Serres locates the birth of phys;
ics (1977), underlines the significance of the clinamen, the “swerve
that interrupts the regular motion of atoms at indeterminate times and
places, thereby making our universe — the complex world in which we
live — possible. Were it not for this swerve, Lucretius says, “eyverything
would fall downwards like rain-drops through the abyss of space. N@
collision would take place and no impact of atom on atom would be cré-
ated.” Without the swerve, without this fundamental indeterminacy
he concludes, “nature would never have created anything” (De rerutl
natura 2.216-224 = Lucretius, 1951: 66; emphasis mine).

The world of Lueretius is a world of motion, not rest, and it 15 @

world in which complexity and indeterminacy play a fundamentalrole

(Prigogine & Stengers, 1984: 303-305). Itis the clinamen that makes
our universe possible. That universe is a universe marked by chancé
spontaneity, and unpredictability—by chaos as well as order. Ourworld,
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unlike the perfect universe envisioned by Plato, is nota world in which
order is “in every way better.” Itisa world in which disorder plays an
indispensable role and must not be banished.

Where Plato urges us to transcend our mortality and become like
gods, Lucretiusadmonishes us to understand and respect the limitations
of our mutable world. Imagining and attempting to become part of an
immutable and perfectly ordered divine cosmos can only lead to failure,
frustration, and despair — even, as Karl Popper has argued, to the intol-
erable socio-political consequence of totalitarianism (1945). Lucretius
exhorts us to abandon the quest for certainty and immortality, settling
instead for the unmistakable virtues of the human and mutable.

The world described by visionaries like Lucretius has often been called
a world without hope, a nihilistic world bereft of values and human
feeling. In Sartre’s novel Nausea, for example, the protagonist, sickened
by his existence, hasa “vision” of his own while sitting on a park bench
contemplating a chestnut tree. His vision evokes a profound sense of
alienation, leading him to feel that everything in the park, including
himself, is “in the way” of everything else. Being “in the way” isthe only
relationship he can establish between the trees, the gates, the stones,
and everything else in the park. To exist, he concludes, is merely to be
“in the way.” (Sartre, 1964; 126-128).

Nightmarish visions like these, | would maintain, are but one more
unpleasant consequence of imagining ourselves to be privileged, god-
like beings who are somehow setapart from nature. We should instead
follow the lead of Yeats, in a wonderfully lyrical poem published only
ten years before the appearance of Sartre’s novel:

O chestnut tree, great rooted hlossomer,

Are you the leaf, the blossom or the bole?

O body swayed to music, O brightening glance,
How can we know the dancer from the dance?

(Yeats, 1983:217)

We are embedded in nature, not set apart from it, playing the role of
Spectators — and this should be a cause for rejoicing, not of despair.
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Consider, for example, the phenomenon of evolution. The occurrence
of evolution compels us to admit the reality of time, change, spontane-
ity, and uncertainty. As Peirce argues, the laws of classical mechanicg
cannotaccount for the “inexhaustible multitudinous variety” produced
by the evolution of species: “that variety,” he says, “can spring only
from spontaneity” (Peirce, 1935:41). There is no way to reconcile the
theory of evolution, which defines a universe of inexhaustible variety
marked by spontaneous developments, in which time is always moving
forward and the future remains open, with aworld in which "everything
is given,” where there is no room for chance and spontaneity, where
time is an illusion, and the future is implied in the present,

Another of Peirce's prophetic observations points in the direction
of thermodynamices. “The dissipation of energy by the regular laws of
nature,” he writes, “is by these very laws accompanied by circumstances
moreand more favorable to its reconcentration by chance” (Peirce, 1986:
551). Prigogine’s pioneering work on the behavior of non-linear systems
far from equilibrium has confirmed the wisdom of Peirce’s observa-
tion. Force, the driving principle of classical mechanics, is dissipative,
while chance, an essential constituent of the thermodynamic process, is
concentrative. Thus entropy, the measure of disorder in a system, now
becomes a creative principle by which systems reorganize themselves
to face the future.

Let me end with areference to Stephen Jay Gould. In his book Won-
derful Life, he presents a study of the Burgess Shale, a small limestone
quarry in British Columbia that holds the remains of an enormous
variety of life (Gould, 1989). The study of this extremely rich fossil
site leads Gould to some striking conclusions about evolution, Time,
contingency, and unpredictability.., Imagining the possibility of “replay-
ing life’s tape,” he argues that the fauna of the Burgess Shale support
the conclusion that “any replay of the tape would lead evolution downa
pathway radically different from the road already taken” (Gould, 1 989:
51). He subsequently offers the following observation about what the
site has to tell us about our own history:

“It also fills us with a new kind of amazement (also a frisson for the
improbability of the event) at the fact that humans ever evolved at all

We came this close (put yowr thumb about a millimeter away from
your index finger), thousands and thousands of times, to erasure by the

veering of history down another sensible channel. Replay the tape @
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million times from a Burgess beginning, and I doubt that anything like
Homo sapiens would ever evolve again, It is, indeed, a wonderful life”
(Gould, 1989: 289).

That last sentence, which some may find it surprising, deserves our
careful consideration. Gould’s consideration of contingency does not
lead him to conclude, as Sartre’s hero does, that we are merely “in the
way.” Taking his lead from the 1946 Frank Capra film to which his
book’s title refers, Gould is concerned to show that our existence does
make a difference, that the story of life would not have been the the same
withoutus. Gould does not find contingency nauseating or depressing.
On the contrary, for him life in our diverse and unpredictable universe
is full of wonder.

As Gould and Prigogine have shown us, then, the acceptance of our
human condition — of mutability, disorder, and “the end of certainty™
—should prompt not despair butan abiding confidence about the furure
and our place in it. We stand on the threshold, as Prigogine says, of “a
period of multiple experimentation, of an increased awareness of both
the incertitude and the great possibilities implied by our human condi-
tion” (Prigogine, 1980: 7).

Such are the consolations — and the hopes - born of uncertainty.
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