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Consequently he who wants to have right without wrong,
Order without disorder,

Does not understand the principles

Of heaven and earth.

He does not know how

Things hang together.

—Chuang Tzu, Great and Small
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INnvitation

This thesis evaluates self-organising systems in the creation of ecological, sustainable
social order. The main study is conducted at Schumacher College assessing the
learning process of short course participants and MSc students, using participatory
action research. | examine how the learning process works as a self-organising
system. The system is analysed in terms of complexity theory and evaluated for the
holistic nature of the College that results: integration of learning with living, one
academic discipline with another, and science with spirituality. Applying
self-organising systems in science to human organisations and meaning making
processes, | demonstrate its significance for sustainability.
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Introduction

It is often said that modern science relies on the three ‘M’s: Materialism, Mechanism
and Measurement, focusing on prediction and linear systems. The basis of modern
science is rooted in the metaphysical assumption of universal physical causality:
everything in the universe is exclusively caused by physical processes and made up by
physical objects. (de Quincey 2005: 70) This machine imagery leads to the belief that
studying the parts is the key to understanding the whole. Furthermore, the
methodology of modern science has excluded contextual subject; mind and physical
reality are separate.

These principles of modern science are relevant to current human organisational
structures. Margaret Wheatley (1999) says so many people in organisations feel
discouraged and fearful about the future. Moreover, people feel that the best efforts
for the creation of organisational change result in failures. Wheatley believes that
these problems in organisations can be traced to a fundamental assumption which
sees organisations as machines:
“Organizations-as-machines is a 17th century notion, from a time when
scientists began to describe the universe as a great clock. Our modern belief
in prediction and control originated in these clockwork images. Cause and
effect were simple relationships; everything could be known; organizations
and people could be engineered into efficient solutions. Three hundred years
later, we still search for "tools and techniques™ and "change levers"; we
attempt to "drive" change through our organizations; we want to "build"
solutions and "reengineer" for peak efficiencies.” (Wheatley and
Kellner-Rogers 1996b)
Organisations as machines only follow the instructions given to them, and they only
work in the specific conditions controlled by their founders. Machinelike organisations
have no capacity to adapt to change.

These are just small examples. In modern times, it seems that all social systems,
including the economy, education and health, are treated in a similar way by focusing
on physical objects, mechanism and causality. Many writers and commentators are
suggesting that this modern worldview is resulting in social and environmental crisis
because it makes us blind to the ‘essential’ connection with other beings and it causes
us to embrace the illusion that we can control everything. This conceited notion has
become the cause of ecological devastation, human and social fragmentation and
moral danger. Thus, it necessarily results in a fundamental shift of our worldview and
contorts our experience.

So | have come to the conclusion that one of the important concepts for ecological,
sustainable society is self-organisation:
“self-organization is the spontaneous emergence of new structures and new
forms of behavior in open systems far from equilibrium, characterized by
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internal feedback loops and described mathematically by nonlinear
equations.” (Capra 1996: 85)

Many ‘new’ scientists now have recognised the importance of nonlinearity and
complexity, moving away from machine imagery and focusing on interconnectedness
and relationships. The development of holistic science, focusing on process rather
than result, quality rather than quantity, and the whole rather than its parts, is the
outstanding example of this. Similar shifts have appeared in human society. For
example, human health is seen as an integrated system rather than as a collection of
discrete parts:
“Some biologists offer the perspective that what we thought of as discrete
systems (such as the immune, endocrine, and neurological systems) are
better understood as one system, totally interdependent in their functioning”
(Wheatley 1999: 12)

In contrast to machinelike organisations, Wheatley says that organisations can be and
should be living self-organising systems. Self-organising systems are “adaptive,
flexible, self-renewing, resilient, learning, intelligent-attributes”. (Wheatley and
Kellner-Rogers 1996b) They have the capacity to respond appropriately to changes
and to support themselves in adaptive patterns and structures without externally
imposed blueprints:
“Structures and solutions are temporary. Resources and people come
together to create new initiatives, to respond to new regulations, to shift the
organization's processes. Leaders emerge from the needs of the moment.
There are far fewer levels of management. Experimentation is the norm.
Local solutions predominate but are kept local, not elevated to models for
the whole organization. Involvement and participation constantly deepen.
These organizations are experts at the process of change. They understand
their organization as a process of continuous organizing.” (Wheatley and
Kellner-Rogers 1996b)
While closed, isolated systems like machines decay to the state of least order, open,
connected systems like self-organising systems have an inherent possibility to evolve
to states of increasing complexity and emergent order.

We belong to a greater or lesser extent to organisations such as a company,
educational institution, scientific committee, community and society. We create our
own understanding, our perspective and our meaning through the experience in these
places. Therefore, the concept of organisation is crucial for the creation of the world.



research areas and aim of thesis

In this thesis, toward ecological, sustainable social order, | explore self-organising
systems from both a scientific point of view and using human organisational theory.
Specifically, my research focuses on Schumacher College as an educational institution.
The reason why | study the College is; firstly, | have the sense of self-organisation
within the learning process of the College and | believe it is worth exploring its
relevance to the creation of ecological, sustainable social order (explored in Chapter 3,
4 and 5); secondly, | can conduct “participatory action research” (discussed in
Chapter 4) through the fact that | am living in the College as one of the participants
throughout this MSc year; thirdly, education is one of the most important aspects for
the creation of our worldview:

While the economic and technical dimensions are important, | believe that current
educational forms are at the centre of our social and ecological crisis. Because the
crisis we face is, first and foremost, due to our mindset, perceptions and values, the
influence of education is crucial.
Peter Reason (2005) comments:
“they [educational forms] tend to divide the world by academic discipline,
advocate domination over nature, promote individualism and rights over
citizenship and responsibility and separate rationality from feeling and
valuing.”
Our worldview has co-arisen with the modern worldview characterised by reduction,
abstraction and fragmentation.

Thus, toward ecological, sustainable social order, | explore the self-organising
learning process at Schumacher College. Through this endeavor, | aim to evaluate
self-organisation as an influence on sustainability and communicate the idea of
self-organising learning of the College to a wider audience.



outline of thesis

Chapter 1 : introduction

Chapter 2 * background to the research gives information about
self-organising systems from scientific theory to human organisational theory. This
literature review becomes a basis of fundamental concepts of the field research at
Schumacher College.

Chapter 3 context establishes the context for the research project at the
College. This gives the background to the College, in its history, philosophy, and
programme structures, as they relate to the learning process of short course
participants and MSc students. This chapter also reviews the research concepts
regarding to adult learning.

Chapter A purpose, methods and procedures presents the goals of the
inquiry, methods used, procedures followed and introduces the concept of
participatory action research and its significance. Some issues regarding validity and
human ethics are also explored.

Chapter 57 the research project gives the results and examines the
significance of the research data from the field. In line with participatory action
research, my own experience and perspective are discussed at the end of each
section.

Chapter G conclusion discusses the significance of the research and its
potential implications, reflecting on the whole story of this thesis.






chapter 2

background to the research



Introduction

In this chapter, | explain fundamental concepts related to my field research at
Schumacher College. | give the framework for understanding self-organising systems
in science and human society. First of all, | review the Western history of science,
tracing the path from reductionist science to holistic science. Next, | explain
self-organising systems through scientific definition: dissipative structure and
complexity theory are the key for understanding self-organising systems. Lastly,
applying self-organising systems in science, | explore the implication of them in
human society, especially in terms of human organisations and the emergence of
responsibility, ethics and leadership.



western history:
from Reductionist Science to Holistic Science

The ancient idea of nature saw the earth as an animate living being, which was based
on reciprocal relationships between all existences. People had known that their life
was a part of the greater universe, and that every being was interconnected and
interdependent. Our ancestors were always in awe of nature, respected its power, and
behaved cautiously in the belief that the unity of nature was something above them.
The reality of their lives was seen through awed animistic perspectives.

We could see this philosophy in Western culture from the birth of Greek myth in the
sixteenth century B.C. The concept of animate nature was retained in the writings of
many influential thinkers such as Johannes Kepler:
“The doctrines of Stoicism, Platonism, and other ancient schools of thought
envisioned a living Earth or living cosmos, composed of innumerable beings
and living systems that together form a complete unit.” (Scofield 2004:
151-159)

In seventeenth century, this worldview was radically changed by concepts of two
scientists: Rene Descartes and Issac Newton. Descartes created the framework of
natural science, which captured nature as a perfect and complete machine. In his
words:
“All science is certain, evident knowledge.... We reject all knowledge which is
merely probable and judge that only those things should be believed which are
perfectly known and about which there can be no doubts.” (Garber 1978 cited
in Capra 1983: 42)
He thought that all phenomena of nature could be described by linear mathematical
laws and understood by reducing the whole complex phenomena into its parts. For
him the earth, including living organisms, was a machine, so that the behavior of the
whole was understood from a knowledge of its parts.

Fritjof Capra (1996: 19-20) explains that this analytical Cartesian thinking underlies
the fundamental division between mind and matter. Descartes believed the properties
of the material universe to obey the following principle:
“l admit nothing as true of them that is not deduced, with the clarity of a
mathematical demonstration, from common notions whose truth we cannot
doubt. Because all the phenomena of nature can be explained in this way, |
think that no other principles of physics need be admired, nor are to be
desired.” (Garber 1978 cited in Capra 1983: 43)

In line with the Cartesian thought, Newton developed and created a new scientific
paradigm. He formulated mathematical equations of motion, which postulated that all
physical phenomena are reduced to the motion of material particles caused by forces
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including gravity. For Newton, the whole universe could be regulated by substantial
laws. Capra (1983: 52) then points out that the Newtonian mechanism concerns
causality and determination of the universe:
“All that happened had a definite cause and gave rise to a definite effect, and
the future of any part of the system could — in principle — be predicted with
absolute certainty if its state at any time was known in all details.”

In the 1920s, however, quantum theory overturned the Cartesian, Newtonian
assumption. It was discovered that atoms, the very basis of all matter, consist of vast
regions in which electrons move around the nucleus. In addition, the subatomic
particles, not only the electrons but also the protons and neutrons in the nucleus, also
move and they are not hard, solid particles. (Capra 1983: 67) Interesting to note is
that these subatomic objects have dual aspects: the same objects sometimes appear
to be acting like particles and sometimes as waves. That is, the very nature of objects
depends not on the intrinsic properties of themselves but on the reciprocal
relationship of the objects and the experimental situation, i.e., including the
apparatus used for the interaction. In other words, subatomic particles are not ‘things’
but interconnections themselves among things. (Capra 1983: 68-9) The careful
analysis of atoms ironically shows that we cannot understand things by reducing the
whole phenomena into its small parts such as subatomic particles.

Subatomic particles are interrelated patterns in an ongoing dynamic process, which
“do not ‘contain’ one another but rather ‘involve’ one another”. (Capra 1983: 86) All
particles, all parts embrace the wholeness within itself. Quantum theory reveals that
subatomic particles are not isolated entities of matter but are the probabilities of
interconnections in the inseparable universe.

Dealing with the very essence of existences, Relativity theory discovered by Albert
Einstein also explains the foundation of the universe, which intrinsically enfolds
dynamics of interconnection. (Capra 1983: 82-83) Relativity overthrows Newton’s
idea of gravity with the dynamic theory of interaction between the relative viewpoints
of observers:
“space and time are intimately and inseparably connected and form a
four-dimensional continuum called ‘space-time.”” (Capra 1983: 80)

In contrast to the mechanistic Cartesian, Newtonian worldview, modern physics treats
the world as innumerable patterns of a cosmic process in which dynamic whole
phenomena emerge through the interaction of its entities. The very nature of the
dynamics of a physical system is the reciprocal interactions between the whole and its
parts rather than just the parts themselves.
Capra (1983: 82-83) articulates this beautifully:
“There is motion but there are, ultimately, no moving objects; there is activity
but there are no actors; there are no dancers, there is only the dance.”
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In the late eighteenth and nineteenth centuries, there were also movements from
reductionism to holism in art, literature, philosophy and so on. Goethe and Kant were
the towering figures of this time; they also challenged science with holistic, systemic
and ecological description.

Goethe explained the relationship of light and colour as Newton had done. Newton
analysed the source of colour concentrating on experimental apparatus: He put a
glass prism between a wall and a small hole in the opposite window. Light went
through the hole, which made the prism project colours on the wall. He concluded that
colours already materially existed in the light, and the prism played a role to separate
each colour. However, for Goethe, Newton’s procedure was upside-down. He used his
intuition and everyday experience. He dwells in the phenomena of colours instead of
replacing it with artificial experiments. (Bortoft 1996: 19) For Goethe, colours were
emergent phenomena of the combination of light and dark. Figure 2-1. shows how we
perceive the colour of the sun during the daytime as bright yellow, and during the
evening as red and orange. The colours appear in the boundary between light and
dark; when we look through a prism at the light side of the boundary, one finds the red
nearest to the boundary, then orange, and yellow furthest away from the boundary.
“Far from the colors somehow being already contained in light, for Goethe they
came into being out of a relationship between light and darkness”. (Bortoft
1996: 19-20)

Figure2-1. the emergence of colours: The colours of the sun:
yellow in the daytime; orange and red in the evening.

Kant described nature as self-organising systems seeing its phenomena as a whole.
He was the first person who used the term self-organisation to explain the nature of
organisms. In contrast with a machine, he believed that organisms were maintained
by self-reproducing, self-organising processes through connections among its
elements.
“In a machine, according to Kant, the parts only exist for each other, in the
sense of supporting each other within a functional whole. In an organism the
parts also exist by means of each other, in the sense of producing one another.”
(Capra 1996: 22)
In the words of Kant:
“We must think of each part as an organ.... that produced the other parts (so
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that each reciprocally produces the other) .... Because of this, [the organism]
will be both an organized and self-organizing being.” (Webster and Goodwin
1982 cited in Capra 1996: 22)

Self-organisation offers holistic, systemic science, because it cannot be understood
from the study of its singular parts alone: The interacting process of parts itself is the
very nature of self-organising systems. Donella Meadows (1982: 23 cited in Wheatley
1999: 10) notes:
“You think because you understand one you must understand two, because
one and one makes two. But you must also understand and.”
This ‘and’ can be interpreted for living organisms as a nonphysical entity.
“Vitalists assert that some nonphysical entity, force, or field must be added to
the laws of physics and chemistry to understand life.” (Capra 1996: 25)
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exploring self-organising systems

Evolving Systems and Structure-Preserving Systems

Erich Jantsch (1979: 32-35) suggests two fundamentally different types of system:
evolving systems and structure-preserving systems. He explains the distinctions
taking six characteristics of systems; relationship with environment, internal state,
logical organisation, function, structure, and total dynamics. (see Table 2-1.)

First of all, with respect to its relations with the environment, evolving systems
are open and structure-preserving systems are isolated or closed. The former is
maintained by exchange with its environment, especially exchange of matter, energy
and information. All the exchange brings the system toward the new and unexpected.
On the other hand, the latter system maintains itself without the exchange so that the
internal states of these two systems are different. In open systems, the exchange
with the environment is maintained by their non-equilibrium state because the
process requires the flow of input and output. In contrast, isolated systems maintain
themselves by equilibrium or near equilibrium states.

The third aspect is logical organisation, which shows how the system links its
processes. In open systems, particularly interesting are ‘hypercycles’ which are
multiple feedback loops for maintaining system organisation. By combining each
hypercycle and forming complex networks, the systems create higher levels of
organisation which are characterised by diversity of components and structures.
(Capra 1996: 94) This type of multidimensional organisation creates holarchy, i.e.,
systems are within systems within systems ... within the totality of a system. A
particular example is a human body which is organised by multilevel cells, tissues and
organs.

Then, the function of a system embraces the total characteristics of its processes. An
important example in open systems is the function of ‘autopoiesis’. Auto means self
and poiesis means producing, i.e., autopoiesis refers to self-producing. A system is
autopoietic when its function is self-renewing, and such a system does not stay the
same over long periods. In a biological cell, for instance, anabolic and catabolic
reactions are examples of autopoietic functions: Thousands of molecular components
in the cell are dynamically interrelated by complex networks and the biochemicals are
transformed through metabolism. (Maturana and Varela 1992: 44) Thus, the systemic
function autopoiesis corresponds with the total system dynamics named
self-organisation. In contrast, the function of an ‘allopoietic’ system, such as a
machine, depends on outside regulation. (Jantsch 1979: 33)

Lastly, the focus shifts to the structure. Self-organising open systems are
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characterised by a so-called dissipative structure. Jantsch (1979: 34) explains:
“It is the dissipative structure which is responsible for ordering the processes
in such a way that there is balance between generation and degeneration, that
the autocatalytic self-reproduction in the system does not blow it up into
pieces and keeps it imprisoned in its own tread-mill.”
On the other hand, isolated systems embrace a static equilibrium structure.

Jantsch (1979: 35) besides subdivides structure-preserving systems into two
systems: One has already reached its equiliburium state and became static. The other
is on the way to equiliburium and its dynamics are already geared to arriving into

equiliburium:

“this dynamic may be called devolution since it runs in the opposite direction of
evolution.” (Jantsch 1979: 34)

Table 2-1. overview of evolving systems and structure preserving systems:
Structure-preserving systems are in their irreversible equilibrium states. Evolution systems are
far from equilibrium and evolve through dissipative structures. (Jantsch 1979: 34)

Charasteristic system aspect

Evolving systems

Structure-preserving systems

Total system dynamics Dissipative Static (no dynamics) Conservative
self-organization self-organization
(evolution)

Structure Dissipative structure Equilibrium structure, Devolution toward
(far from equilibrium), | permanent equilibrium structure
evolving

Function Autopoiesis No function or Reference to

(self-reference)

allopoiesis

equilibrium state

Logical organisation

Cyclical (hypercycle),
irreversible sense of
cycle rotation

Statistical oscillations in
reversible processes

Irreversible processes
in direction of
equilibrium state

Internal state Non-equilibrium Equilibrium Near equilibrium
Relationship with Open (continuous, Isolated or open (growth
envirionment balanced exchange) possible)

Emergence of Order through Totality of Processes

Self-organisation is deterministically characterised by a dissipative structure which
continuously renews itself and maintains the global stability by exchanging energy
and matter with its environment. With the exchange, the system maintains its inner
non-equilibrium, and in turn, the non-equilibrium maintains the exchange processes.
Jantsch (1979: 31) calls this mechanism as the metabolism of a system. In open
systems dissipation becomes a source of stability and order.

To show how self-organising systems work, | will give the example of a dissipative
structure, the Belousov-Zhabotinskii reaction (BZ reaction). The mixture of malonic
acids (BrO3"), bromic acids (HBrO,) and cerium ions (Ce®*") generates concentric wave
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patterns, when the reaction is carried out in a shallow dish. (Figure 2-1 a.) This
pattern follows the equation:

HBrO, + BrOs™ + 3H* + 2Ce®" - 2HBrO, + 2Ce*" + H,0
Malonic acid is oxidised by bromic acid in the presence of cerium ions, which results in
more bromous acid stimulating the production of the acid in neighbouring regions.
However, as bromous acid accumulates carbon dioxide generates, which causes the
inhibition of the generation of bromous acid. This gradient of chemicals creates the
different domains, which results in the wave pattern in a dish. (Goodwin 1994: 47-48)
(Figure 2-2. left)

Figure 2-2. wavelike pattern in BZ reaction (left: © Damian Orvananos 2005) and slime
mold amoebae (right: Goodwin 1994: 45)

As BZ reaction creates the pattern through chemical interaction so the living systems
of propagation of slime mold amoebae create the similar pattern by exchanging
chemicals. (Figure 2-2. right) An amoeba stimulated by cAMP releases cAMP, which
stimulates another amoeba nearby, and through the chain reaction cAMP diffuses into
adjacent regions among amoebae. After releasing cAMP, however, an amoeba
secretes an enzyme, phosphodiesterase which destroys cAMP. Consequently, cAMP
has a brief lifetime, which causes the concentration gradient of cAMP. This gradient
can show a directional signal which enables amoebae to communicate using
chemotaxis®. Furthermore, after an amoeba releases a burst of cAMP, it cannot
immediately respond to cAMP signal so that it impossible to release another burst. The
signal travels one way resulting in a wave pattern. (Goodwin 1994: 48) Thus the
action of the individual components and the behaviour the whole is similar to the BZ
reaction.

Both the BZ reaction and the propagation of amoebae show a similar wave pattern by
dividing an initially identical region into separate domains, although chemical
compounds are totally different. The generation of the wave pattern is not because of
the instructions by chemical compounds but because of the organising system.

! directed movements according to certain chemicals in the environment. (Goodwin 1994: 48)
15



The autonomy represented by the wave patterns appears as an expression of the
fundamental interdependence of organisation and function. The spontaneously
emerging pattern corresponds to the systemic function, and vice versa. In other
words, the complementarity of organisation and function results from the totality of
processes in a specific dynamics. (Jantsch 1979: 40-41)

The earth itself is now thought of a self-organising living system, which is
newly-named Gaia by James Lovelock in honour of the Earth Goddess of Greek myth.
Gaia is seen as:
“a single physiological system, an entity that is alive at least to the extent that,
like other living organisms, its chemistry and temperature are self-regulated at
a state favourable for its inhabitants”. (Lovelock 2000: 11)
Lovelock, furthermore, suggests that the evolution of the rocks, atmosphere and
oceans and evolution of the species of organisms as a single tightly-coupled process.
(Lovelock and Margulis 1989: 1) When the earth is taken as a whole, we can
understand it as a self-organising system including the interaction of life and its
environment. In the theory neither life nor its environment but the emergent property
of self-regulation is in charge. This emergent property indicates that Gaia as a whole
is more than a mere collection of all component parts.

Fluctuations and Evolution

The striking feature of dissipative self-organisation is that the system regulates itself
in the connection with its environment. The stability of a system is maintained by
negative feedbacks, which reduce the deviation from the balanced state. (Capra
1983: 311) Especially, this adjustment mechanism supports the important functions
of higher organisms such as the regulation of body temperature and blood pressure.

However, generally speaking, most of the dissipative structure evolves beyond its
stable states. When the fluctuations reach a critical size, the structure is driven into
new regime through positive feedbacks. This means a qualitative change in the
dynamic existence of the system with emergence of new order. The structure is never
absolute and is always moving toward transformation and evolution. (Jantsch 1979:
42-43)

The fluctuations are reinforced internally and externally. Fluctuations from

environment may force change, and fluctuations may be built up within the system
through positive feedback as follows: (Jantsch 1979: 42-43)
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Instability, formation of a new dissipative structure

/ \

Increase in entropy production ——— Threshold

To sum up, dissipative self-organisation is described as complementary manifestation
of autopoiesis seeking global stability and evolution realising coherent change. While
autopoiesis has been described earlier in terms of the complementarity of
organisation and function, the whole self-organising system including evolution is as
follows: (Jantsch 1979: 44)

Organisation —
I Fluctuations

Function

Complexity Theory

Structure-preserving systems can be described by the linear relationship between
cause and effect. However, evolving systems embracing the system dynamics of a
dissipative self-organisation are not linear but complex processes, so that it cannot be
described by reducing the whole systems to its parts. Then, complexity theory is the
key for understanding the self-organising systems.

Complexity is in general characterised by two aspects. The first is the emergence of
order, as shown above. In complex systems, many components are networked
through rich interactions and self-organising behaviour emerges spontaneously.

The second aspect of complexity is the sensitivity to initial conditions. The
sensitivity emphasises a divergent aspect of complex systems, i.e., small changes in
a chaotic system’s initial state leads over time to large-scale consequences. This is
known as ‘butterfly effect?.

Take the weather as a case example. In the early 1960s Edward Lorenz discovered the
flow pattern of the air shown in Figure 2-3. He designed a computer model of weather
patterns consisting of three coupled nonlinear equations, which represented the
major causes of weather; the behaviour of the atmospheric gases and sun’s radiant
energy. (Sole and Goodwin 2000: 9) Then, he found that the solutions to his equations
were extremely sensitive to the initial conditions. As shown in two wing-like

% The assumption that a butterfly fluttering in Beijing today can cause a storm in New York next
month. (Capra 1996: 134)
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trajectories of the Figure, from nearby starting points two trajectories develop in
completely different ways. (Capra 1996: 134) That is, small differences of initial
condition are amplified and result in totally different consequences, and which means
long-range prediction is not possible. (Capra 1996: 134)

Figure 2-3. the Lorenz attractor. (Capra 1996: 135)

This nonlinearlity and unpredicatability do not imply the randomness of chaotic

systems. The trajectories trace the specific patterns such as the Lorenz attractor, an

example of a strange attractor. A strange attractor follows a certain kind of order,

which arises through cycles of iteration that holds change within certain bounds.
“Chaos behavior is deterministic and patterned, and strange attractors allow
us to transform the seemingly random data into distinctive visible shapes.”
(Capra 1996: 133-134)

In addition, complex systems have a potential to evolve into a new phase through
fluctuations. The strange attractor may disappear or change, and new attractors may
suddenly appear. This critical point is called a ‘bifurcation point’ where a fork suddenly
appears and the system chooses a new direction. (Capra 1996: 137)

An ant colony is a good example of the bifurcation point. It is observed that individual
ants act very chaotically in low colony densities, but as many of them gather together,
the density is increased and a certain kind of order emerges. This emergent
phenomenon concerns extended fluctuations of ant’s activities. In low colony density,
fluctuations spread to few ants. As the colony density increases the fluctuations
involve many ants and transient patterns of activity arise, which causes the
emergence of order from chaos. (Reason and Goodwin 1999: 289, 290) There
emerges a ‘superorganism’, which is a higher-order unit through collective behaviour
of chaotic individuals. (Reason and Goodwin 1999: 289, 290) Conversely, the
transition from order to chaos also emerges as the density of colony decrease.

A dissipative self-organising system accomplishes both stability and flexibility
simultaneously. Some scientists such as Stuart Kauffman came to the conclusion that
these are achieved on the edge of chaos, which is the meeting point of chaos and order.
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Reason and Goodwin (1999: 290) explain the region where emergent processes of

self-organisation occur:
“This region of the dynamic spectrum has a rich and distinctive pattern of
fluctuations which can be seen as transient manifestations of the pattern that
emerges when parameters (such as the density of ants, above) change such
that there is a transition to relatively stable expression of the order. If the
system moves far into the ordered regime, particular dynamic patterns may
become firmly established and there is a loss of capacity to respond flexibly to
an unpredictably changing environment.”

Complexity is especially characterised by the edge of chaos because just between

chaos and order most complex behaviour occurs. On the edge of chaos a system can

achieve both stability and flexibility at the same time (Kauffman 1995: 87).

19



Box 2-1: Six Principles of Complexity

Peter Reason and Brian Goodwin (1999: 287-290) summarise the features of complexity in six
principles.

1. Rich interconnections
Complex systems are defined in terms of rich patterns of interconnections between diverse
components.

2. Iteration

Complexity theory describes novel, emergent form and behaviour as arising through cycles of
iteration in which a pattern of activity, defined by rules or regularities, is repeated over and over
again, giving rise to coherent order. The order arises as a rich network of interacting elements is
built up through the iterative process and the consequences of the process emerge.

3. Emergence

The order that emerges is not predictable from the characteristics of the interconnected
components and can be discovered only by operating the iterative cycle, despite the fact that the
emergent whole is in some sense contained within the dynamic relationships of the generating
parts.

4. Holism

The emergent order is holistic in the sense that it is a consequence of the interactions between
all the component parts of the system and is not coded in or determined by the properties of a
privileged set of components.

5. Fluctuations

During the process of iteration and emergence there are critical phases characterised by
fluctuations in state variable whose amplitude can be described by a well-defined pattern (a
power-law distribution) in which most fluctuations are small, a few are very large, with a
characteristic pattern in between. These fluctuations presage the novel, emergent order.

6. Edge of Chaos
Living systems are most creative, with the great potential for discovering order that expresses an
emergent property of the whole system, when they are living near the edge of chaos.
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Systemic Self-Organisation and Participative Self-Organisation

Kant, who first used the term self-organisation, is considered as the first systems
thinker. He captured nature as a dynamic self-organising system enfolding its own
organisation and functions in the interrelation of its parts.

However, he believed that human beings could be distinguished from natural systems,
because humans were considered to rationally understand the law of nature and to
choose their own goal in relation to it: Kant saw humans as subject to the laws of
nature but also free to set their own goals. For him, a scientist is both an observer
discovering the laws of nature and a free, autonomous individual. He did not see this
view as paradoxical because he saw the laws of nature and human action separately.
(Griffin 2002: 4-7)

In addition, Kant saw nature as if it unfolded its organisation and functions for its final
state purposefully. He believed that:
“the parts of an organism exist because of, and in order to sustain, the whole
as an emergent property”. (Griffin 2002: 5)
This assumption was again allowed by the separated view between the natural system
and himself as observer. He set himself outside of a system hypothesising and
imputing the self-organisation into the system, as if the system were itself intending
its goal. (Griffin 2002: 12)

Douglas Griffin calls Kant’s view systemic self-organisation:
“Human freedom is thus retained when nature is understood as systemic
self-organization because it is the human who is postulating the “as if” goal of
the system and because, within that understanding of nature, humans can
rationally choose goals for their own actions.” (Griffin 2002: 5)

The Kantian view of self-organisation was limited in its systemic aspects. He made a

clear distinction between himself and systems.

In contrast with Kant, llya Prigogine, who discovered the dissipative structure of a
self-organising system, captured the system as a process itself. In other words, parts
are not in the system but of the system, and the process is doing its own work.
Metaphorically, the process is seen to have ‘its own’ cause or purpose, instead of the
‘as if’ purpose imputed by scientists. There is no simple possibility of knowing its goal
because the future is being constructed in the interacting processes: The parts are
forming the interactions and being formed by the process of interaction at the same
time. Such a process is understood as transforming itself from within. (Griffin 2002:
14, 15) Griffin calls this view, in contrast to systemic self-organisation, participative
self-organisation.

By means of participative self-organisation, Prigogine is able to hold paradoxical
aspects of dissipative structure: both order and disorder, both stability and flexibility
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present in the system at the same time. Participative self-organisation accepts

paradox rather than eliminates it.

Table 2-2. comparison of systemic self-organisation and participative
self-organisation: Whereas systemic self-organisation distinguishes between observer and
system, participative self-organisation sees both of them emerging through the same processes.

(Griffin 2002: 14)

Systemic self-organization

Participative self-organization

... posits both an autonomous individual as
external observer (subject) and a self-organizing
system (object) of which the subject is a
participating part

... posits a process of interactive participation
between self-conscious embodied subjects
who are observers and participants, subjects
and objects at the same time

... describes system evolution as unfolding in
accordance with some hypothesis ascribed to it by
the observer/scientist. The cause of the
movement is this hypothesis

... describes the process of evolving
interaction as transformation from within, as
its own cause

... eliminates paradox in order to describe the
system as a whole

... accepts paradox in order to understand the
immediate phenomenon of experience

... Is viewed as moving toward purpose which has
originated externally and been put into the system
which is then viewed "as if" it had the purpose
itself

... causes itself in moving toward the purpose
which is intrinsic to the process

... views change in terms of the formulation of a
new hypothesis

... views change as the perpetual
construction of the future (sustaining identity
and potentially transforming it)

Participative self-organisation shows a fundamental relationship between parts and
the whole: The whole, the function of a self-organising system, cannot be recognised
as a ‘thing’ because the whole is the process of interaction and interrelation of its parts.

Henri Bortoft (1996: 14) says:

“the whole comes into presence within its parts, and we cannot encounter the
whole in the same way that we encounter the parts.”
The whole self-organising system comes into being through its parts, and each part
embraces the whole within itself. Thus, while a whole system is composed of parts,

the whole is more than the sum of its parts.

Applying this theory to human organisational realm, Margaret Wheatley (1999:

139-140) writes:

“We need to work with the whole of a system, even as we work with individual
parts or isolated problems. From a systems consciousness, we understand that
no problem or behavior can be understood in isolation. We must account for
dynamics operating in the whole system that are displaying themselves in

these individual moments.”
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Self-Organisation for Human Organisation

Taking the current non-participatory human world, David Bohm (1996: 35) explains
that people are treated as objects; people are treated not as whole people but through
their function as a worker, a banker, this or that. As a result, we are isolated from each
other, and our ways of participation are very limited. Bohm warns that we treat other
people as objects, and eventually we must treat ourselves as an object, saying “I must
fit in here, and I must do this and be that and become better.” (Bohm 1996: 35)
Bohm (cited in Wheatley 1999: 26) says, furthermore:
“For fragmentation is now very widespread, not only throughout society, but
also in each individual; and this is leading to a kind of general confusion of the
mind, which creates an endless series of problems and interferes with our
clarity of perception so seriously as to prevent us from being able to solve most
of them .... The notion that all these fragments are separately existent is
evidently an illusion, and this illusion cannot do other than lead to endless
conflict and confusion.”

We individuals have a tendency to lose sight of the connection with the contextual
whole, of which the individual is a part. In other words, we tend to lose the
relationship between the autonomous individual and the organisation, community and
society, of which the individual is a part. (Griffin 2002: 10) In this way, fragmented
organisations impact on individuals.

However, the ones who form the organisations are individuals. Wheatley (1999: 82)
says that people typically try to secure organisational structures in order to preserve
the ‘precious’ stability they have acquired. Then, people struggle against the
environment, seeing it as the source of disruption and change. Even though they
know they need to be responsive to new situations, people still focus their efforts on
maintaining the structure. Humans are afraid of what would happen if they allow
organisational change: they fear that organisations will fall apart. People see an
inherent duality between stability and change; they have to choose one over the
other.

However, as | have mentioned through this chapter, self-organising systems achieve
stability and flexibility at the same time; dynamical balance between chaos and
creativity, and between disruption and growth. The things we fear most in
organisations, disruptions, confusion, chaos, need not be interpreted as signs of
danger any more. The duality of stability and change does not exist. (Wheatley 1999:
21-22) Here is the system, which allows individuals and organisations to be alive
together.

“Effective self-organization is supported by two critical elements: a clear sense
of identity, and freedom. In organizations, if people are free to make their own
decisions, guided by a clear organizational identity for them to reference, the
whole system develops greater coherence and strength. The organization is

23



less controlling, but more orderly.” (Wheatley 1999: 87)

Dissipative structure of self-organising system refers to process structure. It
maintains itself by forming and evolving the order which fits the moment. It is not
fixed into any one structure; it is capable of organising whatever best suits the
present situation. In this sense, self-organising systems are characterised by
self-reference. When the situation shifts and the system notices that it needs to
change, it always changes in such a way. The self-reference then causes their
continuous stability. The total system achieves stability over time by the change
within itself. (Wheatley 1999: 82-87)

Wheatley (1999: 83-84) explains:
“While a self-organizing system’s openness to disequilibrium might seem to
make it too unpredictable, even temporal, this is not the case. Its stability
comes from a deepening center, a clarity about who it is, what it needs, what
is required to survive in its environment. Self-organizing systems are never
passive, hapless victims, forced to react to their environments. As the system
matures and develops self-knowledge, it becomes more adept at working with
its environment.... This stability enables it to continue to develop in ways of its
own choosing, not as a fearful reactant.”

This is contrary thinking to the current organisational structure in the human world:
“We believe that in order to maintain ourselves and protect our individual
freedom, we must defend ourselves from external forces. We tend to think that
isolation, secrecy and strong boundaries are the best way to preserve
individuality.” (Wheatley 1999: 85)

Jantsch (1979: 40) then notes the lesson embedded in the self-organising system:
“The natural dynamics of simple dissipative structures teach the optimistic
principle of which we tend to despair in the human world: the more freedom in
self-organization, the more order!”

Self-organising systems create their own structures, patterns of behavior, and
processes in its functioning. They are designed by what is needed to do the work.

Emerging Responsibility, Ethics and Leadership

According to Wheatley, generally speaking, leadership has been defined in terms of
control functions as an emphasis on material structure and multiple parts: This is
typified in the words of Vladimir Lenin, “Freedom is good, but control is better.”
(Wheatley 1999: 24-25) When this happens, responsibility and ethics are imposed on
organisations.

In contrast, there is a new way of thinking about responsibility, ethics and leadership.
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The shift from separation to participation and from control to self-organisation offers
very different understandings of responsibility, ethics and leadership. What Wheatley
suggests is that they emerge in the interaction among people and organisations as
spontaneous, autonomous acts.

The self-reference function of self-organisation can be applied to human social

interaction in general.
“Self-reference conjures up such different possibilities how to be together. It
explains how life creates order without control, and stable identities that are
open to change. It describes systems of relationships where both
interdependence and individual autonomy are necessary conditions. It
promises that as individuals together reference a chosen, shared identity, a
coherent system can emerge.” (Wheatley 1999:168)

In self-organising systems, people come to know their own governance and do what
ought to be done. Responsibility and ethics emerge together through the everyday
interacting processes.
“The sense of connectedness and compassion characteristic of individuals with
high levels of personal mastery naturally leads to a broader vision...
Individuals committed to a vision beyond their self-interest find they have
energy not available when pursing narrower goals, as will organizations that
tap this level of commitment. (Senge, 1990: 171 cited in Griffin 2002: 106)”

Leadership also emerges in the on-going interacting processes: leaders emerge from
the group, not by self-assertion or external force, but because they make sense, given
what the individuals and group need so that they can survive and evolve. Leadership
continually emerges in the interaction itself. (Wheatley 1999: 24)

It is the connection and interaction among people and groups which really makes
responsibility, ethics and leaderships come into being.
“When more interactions are care-full rather than care-less in an organization,
a community of care and connection develops, creating a space for the soul at
work to emerge“ (Lewin and Regine 2002: 26 cited in Griffin 2002: 77)
Responsibility, ethics and leadership, splitting off from individuals, is located in the
self-organising system itself; they really become themselves in the process of
interaction.

According to Wheatley (1999: 82), there are increasing numbers of groups,
organisations and communities which have given up preserving permanent structures
of organisations. They have applied self-organising systems to their structure both
physically and psychologically; for instance,
“They have simplified roles into minimal categories; they have knocked down
walls and created workplaces where people, ideas, and information circulate
freely.” (Wheatley 1999: 82)
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Box 2-2. Applying Six Principles of Complexity
to Human Organisation

Peter Reason and Brian Goodwin (1999: 302-312) argue the relevance of six principles of
complexity in social, organisational groups.

1. Rich Interaction
Rich interaction integrates people and groups, encouraging diversity of individual and increasing
dynamic processes of emerging order.

2. Iteration
Relational form in society and organisations emerges through simple patterns of interaction: The
iterative cycles of action and reflection leads coherent order in groups.

3. Emergence
Order, such as ethics and leadership, emerges from rich interactions and iterative cycles within
groups, but does not come from designed blueprints or imposed norms from outside.

4. Holism
The process itself of interaction and everyday experience brings order, so that there are no
privileged individuals, no primary causes, and no blueprints which define the emergent order.

5. Fluctuations
The social, organisational order is open to fluctuation, which enables groups to adapt to the
moment: The instant of emergence of order is in the accommodation of large fluctuation.

6. Edge of Chaos

Groups are most adaptive and creative at the edge of chaos where there are many small
fluctuations and a few large ones. The relationship between fluctuation and adaptation allows a
group to achieve both stability and flexibility.

Reason and Goodwin quote the following reflective piece of group dynamics.

“From our early inquiries we came to the conclusion that a descent into chaos would often
facilitate the emergence of new creative order. There is an element of arbitrariness, randomness,
chaos, indeterminism, in the scheme of things. If the group is really going to be open,
adventurous, exploratory, creative, innovative, to put all at risk to reach out for the truth beyond
fear and collusion, then once the inquiry is well under way, divergence of thought and expression
is likely to descend into confusion, uncertainty, ambiguity, disorder, and even chaos, with most if
not all co-researchers feeling lost to a greater or lesser degree.

There can be no guarantee that chaos will occur; certainly one cannot plan it. The key validity
issue is to be prepared for it, to be a