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Foreword

lohn Mingers” new volume, Self-Producing Systems: huplications and Ap-
Pications of Autopoiesis, is a much-needed reference on autopoiesis, a
subject penetrating many disciplines today. | can genuinely say that [
vnjoyed reading the book as it took me stage by stage through a clear
and casy-to-grasp understanding of the concepts and ideas of auto-
puoicsis and then, as the book’s title suggests, on through their applica-
tions. T found the surnmary in Chapter 12 particularly useful, helping to
crystalize the main peints of cach chapter. The book conveyed enthusi-
asm for the subject and stimulated my interest in it. At times the book
is demanding, but only because of the breadth of the subject matter, the
terms and concepts associated with its parts, and the challenge of keep-
ing hold of all this in the mind at once. This is an exceptional text.

RoBERT L. FLooD
Hull, UK



Preface

In recent years Maturana’s and Varela’s concept of autopoiesis, origi-
nally a biological concept, has made a remarkable impact not just on a
single area, but across widely differing disciplines such as sociology,
policy science, psychotherapy, cognitive science, and Jaw. Put very
briefly, the term autopoiesis connotes the idea that certain types of sys-
tems exist in a particular manner—they are self-producing systems. In
lheir operations they continuously produce their own constituents, their
own components, which then participate in these same production pro-
cesses. Such an autopoietic system has a circular organization, which
closes in on itself, its outputs becoming its own inputs. This gives it an
important degree of independence or autonomy from its environment
since its own operations ensure, within limits, its future contmuation.
Malurana and Varela contend that all living systemns are autopoietic and
(hat autopoiesis explains their particular characteristics.

It is interesting, however, that autopoiesis has had more impact
vlsewhere than in its own original domains—biology and neurophysi-
ulogy—where interest is only just beginning,. It is fascinating that a sin-
gl concept can be so stimulating in such diverse fields. However, this
also poses a problem: disciplines tend to be self-referring and insulated
lrom one another, so the appropriation of autopoiesis in different do-
nins has often been strikingly different. It has also sometimes been
bused on very partial, if not unsound, readings of the original ideas. So
lar, there has been no single work that presents both the ideas in them-
awelves and their applications across the spectrum of subjects. That is the
intention of this book.

The book should be seen not as a summation and evaluation of
atopoiesis—it is much too early for that. Rather, it is intended as an
npenig-up of autopoiesis, as a facilitation of even more productive and
well-founded work, Autopoicsis requires opening-up in a number of
Ways

* The original language of autopuiesis is opaque and convoluted
and in a sense closed. [is hard to penetrate without much effort.



x Preface

I therefore try to re-export the ideas in more transparent lan-
guage.

« The theoretical work is also closed in that it makes almost no con-
tact or reference with other bodies of ideas. Maturana, especiaily,
may claim that it is radically new, but on examination it is consid-
ering some of the age-old questions. I therefore try whenever pos-
sible to point out possible connections and resonances with other
areas.

* The work has been taken up in many different disciplines, but
each has its own interpretations, its own concerns, and its own
applications. 1 think it is useful to bring each of these to the allen-
tion of thuse working in the others.

The book is, therefore, largely expository rather than evaluative or
critical. However, [ have adopted a more critical stance in certain sec-
tions, such as those on philosophy and social theory, and 1 have indi-
cated areas of debate in the final chapter. _

The book is intended for a transdisciplinary audience, an audience
either of people who are interested in autopoiesis but have found it
unrewardingly difficult to get into or of those who may consider them-
selves very knowledgeable about autopojesis in their own disciplines
but are interested in finding out about other areas of application. My
primary intention has always been to be as clear as possible about the
underlying idecas and to explicate the rather bare, ncoiogistic language.
I have, however, used the original terminology because it is, once
understood, very precise, and to provide a gateway into the original
texts, which [ would strongly recommend. | have tried to keep the chap-
ters on particular disciplines fairly self-contained, but, clearly, 1 have nol
repeated the background ideas each time, and an initial study of the
early chapters is important. I have also tried to be as thorough as | can
in detailing the wide range of refercnces to autopoiesis, regarding this
as a resource for the reader. This does mean that the most recent works,
which appeared during the writing of the book, have been mentioned
but not fully assimilated. There is a brief guide to the primary literature
in the bibliography.

[ first came across autopoiesis in 1976 and was both fascinated and
frustrated by the early papers. It has taken many years for me to gain
whatever clarity 1 have, and yet 1 still find many puzzling features, so 1
feel that it is important to keep working at it and not expect instant
enlightenment. 1t is worth it. Some of the groundwork for this book has
been covered in three papers of mine (Mingers, 1989a, (990, 1941) pub-
lished by Plenum Press in the journal Sysfewss Prictive and one (Mingers,
1992b) published in the fndernationd fournal of General Systesis,

Preface xi

Many people have helped me by commenting on various drafts. |
am particularly grateful to Reger Harnden, who read it all and made
valuable comments extremely speedily, and Gail Fleischaker, who was
exceptionally thorough and helpful. Other readers were David Johnson,
Francisco Varela, Bebe Speed, Mike Power, Bob Cooper, Peter Binns,
Andy Clark, and John Pickering. They will inevitably not agree with my
response to their comments, but it is my book, not theirs, and 1 must
take full responsibility for its flaws.

I am also indebted to Zoe Grimsdale for the diagrams.
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1

The Development of Autopoiesis

Physis also, the arising of something from oni of itself, is a bringing-forth, poivsis.
Physis is indeed poiesis in the highest sense, For what presences by means of physis
has the bursting open belonging Fo bringing-forth, e.g., the bursting open of o
blossom inta bleowm, in ikself (en heautoi). In contrast, what is brought forth by the
artisan or the artist, e.g., the silver chalice, hgs the bursting open belonging o
brivging-forth, not in itself, but in another (en alloi}, in the craftsman or arbist,
tHeidegger (1977, p. 293, my emphascs). Published originally in German
in 1954.

1.1. Introduction

What is the pature of life? What distinguishes living systems from those
that appear equally complex but we do not call living? What is the basic
unit of biology—is it the species, or the gene, or the individual? What is
the nature of cognition? Is it pure abstract thought, or is it intimately
connected to our bodily structures? Are our cognitions, our descriptions
of the world, reflections of an independent reality or constructions of
ourselves, the observer? Is there an independent reality at all, and if
there is can we interact with it? What is the nature of social reality? Are
we unwitting participants in supraindividual systems that are autono-
mous and beyond cur control? How can we deal with self-reference and
the contradictions it appears to create?

These are some of the many fundamental questions addressed by
autopoiesis, the creation of Humberto Maturana and Francisco Varela.
Formulated in the early 1970s as an explanation for the nature of living
systems and presented in a highly abstract form, their work has, slowly
at tirst, generated an enormous amount of interest in a diverse set of
disciplines, It has triggered debates about the nature of family reality (in
psychotherapy), the ontology of law, the self-constitution of social sys-
tems, and the grounding of cognitive science and artiticial intelligence.
This is on top of debates within its own domain—biology—abcout the
origin of life and artificial living systems. Some idea of this proliferation
will be given below,
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Clearly, autopoiesis has been extremely productive—why is this?
First, I think, because autopoiesis addresses major themes and does so
just at a time when they have become the preoccupation of many dis-
ciplines. The less of the certaintics of modernism, initially from within
modernism itself—in philosophy and sociology—and, latterly, from
postmodernism, have brought basic questions of epistemology, ontol-
ogy, and language to the fore. Second, because autopoiesis addresses
these themes in an original and exciting way, turning traditional philo-
sophical problems such as autonomy, self-reference, and the nature of
mind on their heads. Third, because the work as a whole has a consis-
tency and coherence across a wide range of domains that is rare indeed.

This is not to prejudge the final significance of autopoiesis. Al-
though I feel confident about the basic biological formulation, apphi-
cation to other domains has been characterized by tremendous
controversy and has generally led to serious questioning of the discl-
pline’s philosophy. This itself may, in the end, prove the greatest con-
tribution of autopoiesis to other disciplines, but such judgments remain
for the future. In the present, autopoiesis is often seen as an esoteric
and rather mysterious subject, open to only a few initiates. At the same
time, a significant number of people using autopoiesis do so with a
hazy, if not simply incorrect, understanding. It is the primary purpose
of this book to try to alleviate both difficulties by explaining, as simply
as possible, the underlying ideas and language of the field and by ex-
ploring the various applications and implications of autopoiesis.

That said, it is still important to study the original papers of Matur-
ana and Varela to appreciate the originality and beauty of their ideas,
but initially these make very difficult reading. Their style makes little
concession to the reader. [t is dense with ideas expressed with almost
mathematical sparseness and uses many common words—e.g., unity,
structure, organization—in very precise but uncommon ways. 5ome guid-
ance in using the source literature is given at the start of the bibliog-
raphy.

1.2. Analysis of Citations

An analysis of the number of papers and books citing Maturana’s and
Varela’s work (excluding self-citation) is shown in Fig. 1.1. Each work 1s
ceunted only once even though it may cite a number of papers, so this
is not a record of all citations. This analysis has been produced primarily
from the works referred to in this book, and as such it must be seen
simply as a sample. Still, it musl sepresent a high proportion of all
wuorks citing Maturana and Varela, and Tam not aware of any parlicular
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FIGURE 1.1. Autopoiesis Citations, 1975-1942

biases apart from the exclusion of non-English papers. These are likely
le be largely in German and in sociology and law, following Luhmann’s
work.

The chart well documents the rise in interest in autopoiesis, the
total rising from four or five citations per year in the late seventies to 20
or 30 per year in the early nineties. Particular peaks are generally attrib-
ulable to whole books of papers or special issues of journals in certain
vears, Within the various disciplines, family therapy has the highest
overall number, with interest most intense during the late eighties. Most
vther subjects show a general rise recently, with 1992 being a particu-
larly strong year.

1.3 Overview of This Book

This book is divided inle three main sectivns: autopoeiesis in the physical
domain, theories of cognition, and applications within particular disci-
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piines. In Part I, Chapters 2 and 3 develop the essential idea of auto-
poiesis as an explanation of living systems and the implications of this
idea in general and for biclogy in particular, including a debate about
whether there could be nonmolecular living systems. Chapter 4 illus-
trates various formalisms relevant to autepoiesis, in particular Varela’s
extension of Spencer Brown's “Laws of Form,” and a computer model
of autopoiesis.

In Part t, Chapters 5 and 6 develop the cognitive theories of the
carly papers, showing how the evolution of a nervous system generates
new domains of interaction culminating in language, description, and
the observer. Chapter 7 discusses the philosophical implications of the
original work and Maturana’s more recent development of radicai con-
structivism, It includes a comparison of Maturana with phenomenolo-
gists such as Husserl and Heidegger, and concludes with a critical
interpretation of his position through Bhaskar’s critical realism.

Part III consists of chapters about the application of autopoiesis to
various disciplines. Chapter 8 covers sociology and organization theory,
including discussion of Maturana’s own social theory, a comparison with
Giddens' structuration theory, and a detailed analysis of L.uhmann’s
theory of society as autopoietic communication. Chapter 9 looks at the
development of Luhmann's interpretation of law and the debates this
has engendered. Chapter 10 considers the impact of Maturana’s later
thearies on family therapy, where constructivism has again led to seri-
ous debate. Chapter 11 focuses on Varela’s recent development of the
cognitive theories into a view of cognition as embodied and enactive and
the relationship of this view to cognitive science, artificial intelligence,
and computing.

The book concludes {Chapter 12) with an appreciation of the im-
portance of autopoiesis and a summary of the main points of debate.

1.4. Conclusion

Whatever the final judgment on autopoiesis, I belicve that it will stand
as an example, if not the example, of outstanding work in the ficld of
systems per se. It is founded on genuine knowledge of the relevant do-
mains—biology and neurophysiclogy—but this is molded within a
strong systems perspective, which supplics penuinely new insights.
There is little new empirical work, rather a reconceptualization of what
aiready exists together with a willingness to pursue implications rigor-
ously, cven though they may Jead to unconventional conclusions. Au-
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topolesis transcends a common systems distinction between hard and
soft, beginning, as it does, with natural science, yet generating an ex-
planation for the interpretive and hermeneutic characteristics of human
beings and their “languaging.”



Autopoiesis In The
Physical Domain



The Organization of
Living Systems

It became clear that one, perhaps the, major function of the living cell was the
constant re-creation of itself from within.
Rose (1970, p. 78)

2.1, The Essential Idea of Autopoiesis

The fundamental question Maturana and Varela set out to answer is:
what distinguishes entities or systems that we would call living from
other systems, apparently equally complex, which we would not? How,
for example, should a Martian distinguish between a horse and a car?
This is an example that Menod (1974, p. 19) uses in addressing the sim-
ilar but not identical question of distinguishing between natural and ar-
tificial systems.

This has always been a problem for biologists, who have developed
a variety of answers. First came vitalism (Bergson, 1911; Driesch, 1908),
which held that there is some substance or force or principle, as yet
unobserved, which must account for the peculiar characteristics of life.
Then systems theory, with the development of concepts such as feed-
back, homeostasis, and open systems, paved the way for explanations
ol the complex, goal-seeking behavior of organisms in purely mechanis-
lic terms (for example, Cannon, 1939; Priban, 1968). While this was a
significant advance, such mechanisms could equally well be built into
wimple machines that would never qualify as living organisms.

A third approach, the most common recently, is to specify a kst of
necessary characteristics that any living organism must have—such as
ieproduactive ability, information-processing capabilities, carbon-based
vhemistey, and nucleic acids (see, for example, Miller, 1978; Bunge,
1479y, The first difficulty with this approach is that it is entirely descrip-
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tive and not in any real sense explanatory. Jt works by observing sys-
tems that are accepted as living and noting some of their common
characteristics. However, this tactic assumes precisely that which is in
need of explanation—the distinction between the living and the nonliv-
ing. The approach fails to define the characleristics particular to living
systems alone or to give any explanation as to how such characteristics
might generate the observed phenomena. Second, there is, inevilably,
always a lack of agreement about the contents of such lists. Any two
lists will contain different characteristics, and it is difficult to prove that
every feature in a list is really necessary or that the list is actually com-
plete.

Maturana’s and Varela’s work is based on a number of fundamental
observations about the nature of living systems. They will be introduced
briefly here but discussed in more detail in later chapters.

1. Somewhat in opposition to current trends that focus on the spe-
cies or the genes (Dawkins, 1978), Maturana and Varela pick out
the single, biological individual {for instance, a single celled crea-
ture such as an amoeba) as the central example of a living sys-
tem. One essential feature of such living entities is their
individual autenomy. Although they are part of organisms, pop-
ulations, and species and are affected by their environment, in-
dividuals are bounded, self-defined entitics.

2. Living systems operate in an essentially mechanistic way. They
consist of particular components that have various properties
and interactions. The overall behavior of the whole is generated
purcly by these components and their properties through the
interactions of neighboring elements. Thus any explanation of
living systems must be a purely mechanistic one.
All explanations or descriptions are made by observers (i.e., peo-
ple) who are external to the system. One must not confuse that
which pertains to the observer with that which pertains to the
observed. Observers can perceive both an entity and its environ-
ment and see how the two relate to each other. Components
within an entity, however, cannot do this, but act purely in re-
sponse to other components.

4. The last two lead to the idea that any explanation of living sys-
tems should be nonteleological, i.e., it should not have recourse
to ideas of function and purpose. The observable phenomena of
living systems result purely from the interactions of neighboring
internal components. The observation that certain parts appear
to have a function with regard to the whole can be made only by

w
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an observer who can interact with both the component and with
the whole and describe the relation of the two.

To explain the nature of living systems, Maturana and Varela focus
on a single, basic example—the individual, living cell. Briefly, a cell con-
sists of a cell membrane or boundary enclosing various structures such
as the nucleus, mitochondria, and lysosomes, as well as many (and
often complex} molecutes produced from within. These structures are
in constant chemical interplay both with each other and, in the case of
the membrane, with their external medium. It is a dynamic, integrated
chemical network of incredible sophistication (see for example Alberts
ot al., 1989; Freifelder, 1983; Raven and Johnson, 1991).

What is it that characterizes this as an autonomous, dynamic, living
whole? What distinguishes it from a machine such as a chemical factory
which also consists of complex components and interacting processes of
pmduction forming an organized whole? it cannot be to do with any
tunctions or purposes that any single cell might fulfill in a larger multi-
vellular organism since there are single-celled organisms that survive by
themselves. Nor can it be explained in a reductionist way through par-
ticular structures or components of the cell, such as the nucleus or DNA/
RNA. The difference must stem from the way the parts are organized
a5 a whole. To understand Maturana and Varela’s answer, we need to
look at two related questions—what is it that the cell does, thatis, what
i5 it that the cell produces? and what is it that produces the cell? By this |
mean the cell itself rather than the results of its reproduction.

What does a cell do? This will be looked at in detail in Section 2.3
but, in essence, it produces many complex and simple substances which
remain in the cell (because of the cell membrane) and participate in
thuse very same production processes. Some molecules are excreted
trom the cell, through the membrane, as waste. What is it that produces
the components of the cell? With the help of some basic chemicals im-
ported from its medium, the cell produces its own constituents. So a cell
roduces its own components, which are therefore what produces it in
o vircular, ongoing process (Fig. 2.1).

It produces, and is produced by, nething other than itself. This sim-
ple idea is all that is meant by autopoiesis. The word means “self-
producing,” and that is what the cell does: it continually produces itself.
Living systems are autopoietic—they are organized in such a way that
(heir processes produce the very components necessary for the contin-
nance of these processes. Systems which do not produce themselves are
culled altopoictic, meaning “other-producing”—for example, a river or a
crystal. Maturana and Varela also refer to human-created systems as fet-
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of production

FIGURE 2.1. Circular Processes of Production.

eropoietic. An example is a chemical factory. Superficially, this is similar
to a cell, but it produces chemicals that are used elsewhere, and is itself
produced or maintained by other systems. Tt is not self-producing.

At first sight this may seem an almost trivial idea, yet further con-
templation reveals how significant it is. For example:

1. Imagine trying to build an autopoietic machine. Save for energy
and some basic chemicals, everything within it would itself have
to be produced by the machine itself. So there would have to be
machines to produce the various components. Of course, these
machines themselves would have to be produced, maintained,
and repaired by vet more machines, and so on, all within the
same single entity. The machine would soon encompass the
whole economy.

2. Suppose that you succeed. Then surely what you have created
would be autonomous and independent. It would have the abil-
ity to construct and reconstruct itself, and would, in a very real
sense, be no longer controlled by us, its creators. Would it not
seem appropriate to call it living?

3. As life on earth originated from a sea of chemicals, a cell in
which a set of chemicals interacted such that the cell created and
re-created its own constituents would generate a stable, self-
defined entity with a vastly enhanced chance of further develop-
ment. This indeed is the basis for current research, to be de-
scribed in Section 2.4.1.

4. What of death? If, for some reason, either internal or external,
any part of the self-production process breaks down, then there
is nothing else to produce the necessary components and the
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whole process fails apart. Autopoiesis is all or nothing—all the
processes must be working, or the system disintegrates.

This, then, is the central idea of autopoiesis: a living system is one
organized in such a way that all its components and processes jointly
produce those self-same components and processes, thus establishing
an autonomous, self-producing entity. This concept has nearly been
prasped by other biologists, as the quotation from Rose at the start of
this chapter shows. But Maturana and Varela were the first to coin a
word for this life-generating mechanism, to set out criteria for it (Varela
et al., 1974), and to explore its consequences in a rigerous way.

Considering the derivation of the word itself, Maturana explains
{Maturana and Varela, 1980, p. xvii) that he had the main idea of a cir-
cular, self-referring organization without the term anitopoiesis. Tn fact, Bi-
ofegy of Cognition (Maturana, 1970b), the first major exposition of the
idea, does not use it. Maturana coined the term in relation to the dis-
tinction between praxis {the path of arms, or action) and poiesis (the path
uf lelters, or creation). However, it is interesting to see how closely Ma-
lurana’s usage of quto- and allopoiesis is actually foreshadowed by the
(rerman phenomenological philosopher Martin Heidegger. In the quo-
lation at the start of Chapter 1, Heidegger uses the term poiesis as a
bringing-forth and draws the contrast between the self-production
{heautoi) of nature and the other-production (2ifoi) that humans do. Hei-
degger’s relevance to Maturana’s work will be considered further in Sec-
lion 7.5.2.

2.2 Formal Specification of Autopoiesis

Now that I have sketched the idea in general terms, this section will
describe in more detail Maturana’s and Varela’s specification and vocab-
ulary, [Maturana (1980a) is a reasonable introduction and includes a
yood glossary. |

We begin from the observation that all descriptions and explana-
liims are made by observers who distinguish an entity or phenomenon
Irom the general background. Such descriptions always depend in part
on the choices and purposes of the observer and may or may not cox-
respond to the actual domain of the observed entity, That which is dis-
tinguished by an observer, Maturana calls a wnity, that is, a whole
distinguished from a background. In making the distinction, the prop-
vrites which specify the unity as a whole are established by the observer.
For example, in calling something “a car,” certain basic attributes or de-
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fining features (it is maobile, carries people, is steerable} are specified.

An observer may go further and analyze a unity into components and
their relations. There are different, equally valid, ways in which this can
be done. The result will be a description of a composite unity of com-
ponents and the organization which combines its components together
into a whole.

Maturana and Varela draw an important distinction between the
organization of a unity and its skructure:

|Organization] refers to the relations between components that define and
specify 2 system as a composite unity of a particular class, and delermine
ils properties as such a unity . . . by specifying a domain in which it can
interact as an unanalyzable whole endowed wilh constitutive properties.
[Structure] refers to the actual components and the actual relations that
these must satisfy in their participalion in the constitution of a given com-
posite unity [and] determines the space in which it exists as a composite
unity that can be perturbed through the interactions of its components,
but the structure does not determine its properties as a unity.

Maturana (1978a, p. 32)

The organization consists of the relations among components and
the necessary properties of the components that characterize or define
the unity in general as belonging te a particular type or class. This de-
termines its properties as # wiole. At its most simple, we can illustrate
this distinction with the concept of a square. A square is defined in
terms of the {spatial} relations between components—a figure with four
equal sides, connected together at right angles. This is its organization,
Any particular physically existing square is a particular structure that
embodies these relations. Another example is a an airplane, which may
be defined by describing necessary components such as wings, engines,
controls, brakes, seating, and the relations between them allowing it to
fly. If a unity has such an organization, then it may be identified as a
plane since this particutar organization would produce the properties
we expect in a plane as a whole. Structure, on the other hand, describes
the actual components and actual relations of a particular real example
of any such entity, such as the Boeing 757 I board at the airport.

This is a rather unusual use of the term strucfure (Andrew, 1979).
Generally, in the description of a system, structure is contrasted with
process to refer to those parts of the system which change only slowly;
structure and organization would be almost interchangeable. Here,
however, structure refers to both the static and dynamic elements. The
distinction between structure and organization is between the reality of
an actual example and the abstract generality lying behind all such ex-
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amples. This is strongly reminiscent of the philosophy of classic struc-
turalism in which an empirical surface “structurc” of events is related to
an unobservable deep structure (“organization”) of basic relationships
which generate the surface.

An existing, composite unity, therefore, has both a structure and an
organization. There are many different structures that can realize the
same organization, and the structure will have many properties and re-
lations not specified by the organization and essentially irrelevant to it—
for example, the shape, color, size, and material of a particular airplane.
Moreover, the structure can change or be changed without necessarily
altering the organization. For example, as the planc ages, has new parts
installed, and gets repainted it still maintains its identity as a plane
because its underlying organization has not changed. Some changes,
however, will not be compatible with the maintenance of the organiza-
lion—for example, a crash which converts the plane into a wreck.

The essential distinction between organization and structure is be-
lween a whole and its parts. Only the planc as a whole can fly—this is
its constitutive property as a unity, its organization. Its parts, however,
can interact in their own domains depending on all their properties, but
they do so only as individual components. Sucking in a bird can stop an
engine; a short circuit can damage the controls. These are perturbations
of the structure, which may affect the whole and lead to a loss of orga-
nization or which may be compensable, in which case the plane is still
able to fly.

With this background, we can consider Maturana’s and Varela's def-
inition of autopoiesis, A unity is characterized by describing the orga-
nization that defines the unity as a member of a particular class, that is,
which can be seen to generate the observed behavior of unities of that
lype. Maturana and Varela see living systems as being essentially char-
acterized as dynamic and autonomous and hold that it is their self-
production which leads to these qualities. Thus the organization of living
systems 15 one of self-production—autopoiesis. Such an organization
can, of course, be realized in infinitely many structures.

A more explicit definition of an autopoietic system is

A dynamic system that is defined as a composite unity as a network of
productions of components that,

a) through their interactions recursively regenerate the network of pro-
ductions that produced them, and

b} realize this network as a unity in the space in which they exist by con-
stituting and spedfying its boundaries as surfaces of cleavage from the
background through their preferential interactions within the network, is
dn aulopiclic system.

Mattrvana {19800, p, 29)
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The first part of this quotation details the general idea of a system
of self-production, while the second specifies that the system must be
actually realized in an entity that produces its own boundaries. This
latter point, about producing boundaries, is particularly important
when one attempts to apply autopoiesis to other domains, such as the
social world, and is a recurring point of debate. Notice also that the
definition does not specify that the realization must be a physical one,
although in the case of a cell it clearly is. This leaves open the idea of
some abstract autopoietic systems such as a set of concepts, a cellular
automaton, or a process of communication. What might the boundaries
of such a system be? And would we really want to call such a system
“living”’? Again, this is the subject of much debate—see Section 3.3.2.

This somewhat bare concept is further developed by considering
the nature of such an organization. In particular, as an organization it
will involve particular relations among components. These relations, in
the case of a physical system, must be of three types according to Ma-
turana and Varela (1973}: constitution, specification, and order. Relations of
constitution concern the physical topology of the system (say, a cell)—
its three-dimensional geometry. For example, that it has a cell mem-
brane, that components are particular distances from each other, that
they are the required sizes and shapes. Relations of specification deter-
mine that the components produced by the various production pro-
cesses are in fact the specific ones necessary for the continuation of
autopoiesis. Finally, relations of order concern the dynamics of the pro-
cesses—for example, that the appropriate amounts of various molecules
are produced at the correct rate and at the correct time. Specific exam-
ples of these relations will be given later, but it can be scen that these
correspond roughly to specifying the “where,” “what,” and “when” of
the complex production processes occurring in the cell.

It might appear that this description of relations “necessary” for
autopoiesis has a functionalist, teleological tone. This is not really the
case, as Maturana and Varcla strongly object to such explanations. Tt is
simply that, if such components and relationships do occur, they give
rise to electrochemical processes that themselves produce further com-
ponents and processes of the right types and at the right rates to gen-
erate an autopoietic system. But there is no necessity to this; it is simply
a combination that does, or does not, occur, just as a plant may, or may
not, grow depending on the combination of water, light, and nutrients.

In an early attempt to make this abstract characterization more op-
erational, a computer model of an autopuoietic cellular automaton was
developed together with a six-point key for identifying an autopoietic
system (Varela ef al., 1974), The key is specified as follows (pp. 192-193):
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i) Determine, through inleractions, if the unity has idenlifiable bound-
aries. If the boundaries can be determined, proceed 1o 2. I not, the
enlity is indescribable and we can say nothing.

ii} Determine if there are constitutive elements of the unity, that is, com-
ponents of the unity. If these compencnts can be described, proceed
to 3. If not, the unity is an unanalyzable whele and therefore not an
aulopoietic system.

iil) Determine if the unity is a mechanistic system, that is, the component
propertics are capable of satisfying certain relations thal delermine in
the unity the interactions and transformations of these components. If
this is lhe case, proceed to 4. If not, the unily is not an autopoictic
system.

iv) Determine if the caomponenls that constitute the boundaries of the
unity constitute these boundaries through preterential neighborhooed
interactions and relations between themselves, as determined by their
properties in the space of their interaclions. If this is not the case, you
do mot have an autopoielic unity because you are determining its
boundaries, not the unity itself. [f 4 is the case, however, proceed to
R

v) Delermine if the components of the boundaries of the unity are pro-
duced by the interactions of the components of the unity, either by
transformation of previously produced components, or by transfor-
mations and/or coupling of non-component elements that enter the
unily through its boundarics. If not, vou do not have an autopmetic
unity; if yes proceed to 6.
If all the other components of the unity are also produced by the in-
teractions of its components as in 5, and if those which are not pro-
duced by the interactions of other components participate as necessary
permanent constitutive components in the production of other com-
ponents, you have an autopeietic unity in the space in which its com-
ponents exist. IF this is nol the case, and there are components in the
unity not produced by components of the unity as in 5, or if there are
components of the unity which do not participale in the production of
other components, you do not have an autepoietic unity.

vi

The first three criteria are general, specifying that there is an iden-
Hiliable entity with a clear boundary, that it can be analyzed into com-
punents, and that it operates mechanistically, ie., its operation 1s
Jetermined by the properties and relations of its components. The core
antopoietic ideas are specified in the last three points. These describe a
dynamic network of interacting processes of production (vi}, contained
wilhin and producing a boundary (v) that is maintained by the prefer-
valial interactions of its components (iv). The key notions, especially
when considering the extension of autopoiesis to nonphysical systems,
»e the idea of production of components, and the necessity for a bound-
ary constituted by produced components.

These key eriteria will be applied to the cell in the next section.
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2.3. An Illustration of Autopoiesis in the Cell

This section will describe briefly embodiments of the autopoietic rela-
tions outlined above in the chemistry of the cell. Alberts ef al. (1989) or
Freifelder (1983) are good introductions to molecular biology, as is Raven
and Johnson (1991) to the cell.

2.3.1.  Applying the Six Criteria

Zeleny and Hufford (1992a) analyze a typical cell with the six key points.
A schematic of two typical cells is shown in Fig. 2.2. One is a eukaryotic
cell, i.e., one that has a nucleus, and the other is a prokaryotic cell,
which does not.

1. The cell has an identifiable boundary formed by the plasma
membrane. Thus, the cell is identifiable.

2. The cell has identifiable components such as the mitochondria,
the nucleus, and the membranous network known as the endo-
plasmic reticulum. Thus, the cell is analyzable.

3. The components have electrochemical properties that follow
general physical laws determining the transformations and in-
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teractions that occur within the cell. Thus, the cell is a mecha-
nistic system.

The boundary of the cell is formed by a plasma membrane con-
sisting of phospholipid molecules and certain proteins (Fig. 2.3).
The lipid molecules are aligned in a double layer, forming a se-
lectively permeable barrier; the proteins are wedged in this bi-
layer, mediating many of the membrane functions, A lipid
molecule consists of two parts—a polar head, which is atfracted
to water, and a hydrocarbon (fatty) tail, which is repelled. In
solution, the tails join together to form the two layers with the
heads outside. The integral proteins also have areas that seek or
avoid water. The boundary is therefore self-maintained through
preferential neighborheod relations,

The lipid and protein components of the boundary are them-
selves produced by the cell. For example, most of the lipid mol-
ecules required for new membrane formation are produced by
the endoplasmic reticulum, which is itself a complex, membra-
nous component of the cell. The boundary components are thus
self-produced.

All of the other components of the cell (e.g., the mitochondria,
the nucleus, the ribosomes, the endoplasmic reticulum} are also
produced by and within the cell. Certain chemicals {such as
metal jons} not produced by the cell are imported through the
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membrane and then become part of the operations of the cell.
Cell components are thus self-produced.

Overall, therefore, a cell exhibits the autopoietic organization in the
physical space of its molecular components.

2.3.2.  Autopoietic Relations of Constitution, Specification, and Order

Apart from the six-point key, autopoiesis was also defined by three nec-
essary types of relations. These can be illustrated as follows for a typical
cell.

2.3.2.1. Relations of Constitution

Relations of constitution determine the three-dimensional shape and
structure of the cell s0 as to enable the other relations of preduction to
be maintained. This occurs through the production of molecules which,
through their particular stereochemical propertics, enable other pro-
cesses to continue.

An obvious example is the construction of membranes or cell
boundaries. In animal cells, the membrane surrounding the mitochon-
dria, like that around the cell itself, serves to harbor cell contents and
control the rate of reaction through diffusion. Various reactive molecules
are distributed along the inner membrane in an appropriate order to
allow energy-producing sequences to proceed efficiently. In plant cells,
in addition to the plasma membrane, there is a cell wall, which consists
of cellulose, a material made up of long, straight chains of glucose units
packed together to form strong rigid threads. These give plants their
rigidity.

A second example is the active sites on enzymatic proteins. These
act as catalysts for most reactions, changing a particular substrate in an
appropriate way to allow it to react more easily. Generally, the active
site is found in certain specific parts of the enzyme molecule where the
configuration of amino acids is structured to fit the particular substrate,
sometimes with the help of “activators” or co-enzymes. The substrate
molecule interlocks with the active site and in so doing changes appro-
priately so that it no longer fits, and thus frees itself.

2.3.2.2. Relations of Specification

These determine the identity, in chemical properties, of the components
of the cell in such a way that through their inleractions they participate
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in the production of the cell. There are two main types of structural
currespondence, that among DNA, RNA, and the proteins they produce
and that between enzymes and the substrates they catalyze.

Protein synthesis is particularly complex because each protein is
tormed by linking up to twenty different amino acids in a specific com-
bination, often containing 300 or more units in all. This requires an RNA
template molecule, tailor-made for each protein, containing specific
spraces for each of the amino acids in order, together with an enzyme
and +-RNA for each acid.

As already mentioned, enzymes are necessary to help most of the
reaclions in the cell, and again, each specific reaction requires an en-
+vime specific to the reaction and to the substrate involved., Hundreds
ul such enzymes are needed, and all must be produced by the cell.

11.2.3. Relations of Order

Kelalions of order concern the dynamics of the cell's production pro-
vesses. Various chemicals and complex feedback loops ensure that both
the rate and the sequence of the various production processes continue
aulopoiesis. For instance, the production of energy through oxidation is
vontrolled by the amount of phosphate and ADP {adenosine diphos-
plutte) in the mitochondria. At the same time, reactions that use energy
actually produce ADP and phosphate so that, autematically, a high
usage of energy leads to a high preduction rate of these necessary sub-
wbanes,

233, Other Possible Autopoietic Systems

An interesting question leading from the idea of the cell as an auto-
prectic system s whether or not there are other instances of autopoietic
systems. Are multicellular organisms also autopoictic systems? Matur-
ana (1Y80a, p. 53) is equivocal, suggesting that organisms such as ani-
mals and plants may be second-order autopoietic systems, with the
ramponents being not the cells themselves but various molecules pro-
titeed by the cells. On the other hand, he suggests that some cellular
syntems may not actually constitute autopoietic systems, but may be
merely colonies. What about a system that appears to have a closed and
vircithir organization but is not generally classified as living, such as the
prilat light of a gas bailer? Tinally, what about nonphysical systems such
an the autopoietic automata mentioned in section 2.2.1 and deseribed
more tully in section 4.4, or systems such as a set of ideas or a society?
Fhese possibtlities will be discussed in more detail in Section 3.3
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24, Applications of Autopoiesis in Biology and Chenistry

One would have expected that, given the importance and nature of its
claims, autopoiesis would have had a major impact on the field of biol-
ogy. In fact, for many years there was a noticeable reluctance to take the
ideas seriously at all. In 1979, [ wrote to an ¢munent British biologist—
Professor Steven Rose at the Open University—querying the status of
autopoiesis. He replied to the effect that he did not wish to comment on
autopoiesis but that Maturana was a reputable biologist. One notable
exception is Lynn Margulis (1993}, whose own theory, that eukaryotic
cells evolved through the symbiosis of simpler units, is itself quite con-
troversial.

However, recently interest has been growing in two areas: research
into the origins of life and the creation of chemical systems that, al-
though not living, display some of the characteristics of autopoietic self-
production. Autopoiesis has also been compared with Prigogine’s {1980}
dissipative structures (Briggs and Peat, 1985). Varela has also pursued
work on the nature of the immune system, viewing it as organizationally
closed but not autopoietic (Vaz and Varela, 1978; Varela et al., 1988; Var-
ela and Coutinho, 1989, 1991; Varela and Anspach, 1991). However, as
this topic is very technical and not of primary relevance, it cannot be
pursued here.

2.4.1.  Minimal Cells and the Origin of Life

There are two main lines of approach to theories concerning the origin
of life on Earth {Fleischaker, 1990). In the first approach, based on study
of the enzymes and genes, life is characterized as being molecular and
a defining feature is the structure and function of the genes, In the scc-
ond approach, life is characterized as cellular, and its defining feature is
metabolic functioning within the cell. However, neither approach can
really specify a standard or modet for life against which important ques-
tions may be answered. In particular, at what point did prebiotic chem-
ical systems become biotic living systems? And how could we recognize
nonterrestrial living systems, which might be radically different in struc-
ture from our own (Dupuy and Varela, 1992)?

Fleischaker (1990, 1991) proposes that the concept of aulopoiesis,
together with notions of a minimal cell, can provide a sound theoretical
framework to tackle these questions within the second tradition men-
tioned above. Autopoiesis clearly does aim to provide a specific and
operationally useful definition of life, although Fleischaker (1988) argues
that the concept of autopoivsis does need some modification. This mod-
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ification would restrict “living” svstems to autopoietic systems in the
pliysical domain rather than allow the possibility of nonphysical living
systems, a possibility which (as mentioned above} is left open by the
formal definition of autopoiesis. This will be discussed in Section 3.3.2.

Given autopoiesis (or a modified version} as a definition of life, the
next step in theorizing about the erigin of life is to consider how an
clementary autopoietic system might have formed. Note that auto-
puicsis is all or nothing. A self-producing system either exists and pro-
Jduces itself or it does not—there can be no halfway stage. This leads to
ihe idea of a theoretical “minimal” cell which could plausibly emerge,
piven the early conditions on earth. In fact, Fleischaker (1988) considers
lhree different characterizations of minimal cells: a minimal cell repre-
swntalive of the evolved life forms that we know today; a minimal cell
that would characterize the origin of life on earth; and an abstract min-
mal cell that would characterize both terrestrial and nonterrestrial life
reyardless of its constituents.

About the last, little can be put forward beyond the six-point auto-
peictic characteristics in the physical space; to be more specific would
venstrain the possibilities unnecessarily. On the other hand, we can be
(uite specitic about a modern-day cell. Such a cell could be described as
“a volume of cytoplasmic solvent capable of DNA-cvcled, ATP-driven,
and enzyme-mediated metabolism enclosed within a phospho-lipo-
protein membrane capable of energy transduction” (Fleischaker, 1988, p.
1. This generalized specification can cover both prokaryotes (bacteria)
and cukaryotes (algal, fungal, animal, and plant cells) even though
Hwere are important differences in their operation.

The most interesting minimal cell scenario concerns the origin of
lte. The first cell need be only a very basic cell without the later elabo-
ralions such as enzymes. Fleischaker (1990) suggests that such a cell
musl exhibit a number of operations (Fig. 2.4):

1. The cell must demonstrate the formation and maintenance of a
boundary structure that creates a hospitable inner environment
and allows selective permeability for incoming and outgoing
molecules and ions. The lipid bilayer found in contemporary
cells is a good possibility since the hydrophobic nature of lipid
molecules leads them to form closed spheres in order to avoid
contact with water. Lipid bilayers are also permeable in certain
ways—for example, to flows of protons or sodium atoms—with-
out the need for the complex enzymes prevalent in contempo-
rary cells,

X The cell must also demonstrate some form of active energy trans-
duction to maintain it away from entropic chemical equilibrium.
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FIGURE 2.4. An Operalional Minimal Celt (after Fleischaker, 1990, p. 133).

One possibility is an carty form of phetopigment system driven
by light. Pigment molecules would become embedded in the
membrane and act as proton pumps, leading to the concentra-
tion of a variety of raw materials in the cell.

3. The cell would also need to transport and transform material ele-
ments and use these in the production of the cell’s components
and its boundary. A possible start in this direction would be the
import of carbon dioxide and the physico-chemical transtorma-
tion of its carbon and oxygen through light-driven carbon fixa-
tion.

What is important is not the particular mechanisms for any of these
general operations; but that whichever mechanisms are postulated, all
operations need to be part of a continuous network to form a dynamic,
self-producing whole.

2.4.2.  Chemical Autopoiesis

Beyond theoretical constructs of minimal cells, it is also interesting to
look at attempts to identify or create chemical systems based on auto-
poietic criteria, and to consider whether or not these are ffonig. We shall
look at three examples: autocatalytic processes, osmotic growth, and
self-replicating miceles.
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2.4.2.1. Autocatalytic Reactions

A catalyst is a molecular substance whose presence is necessary for the
occurrence of a particular chemical reaction, or which speeds the rcac-
tion up, but which is not changed by the reaction. The complex produc-
tions of contemporary cells (as opposed to cells that may have existed
at the origin of life) require many catalysts, and this is one of the main
functions of the enzymes. An autocatalytic process is one in which the
specific catalysts required are themsclves produced as by-products of
the reactions. The process thus self-catalyzes. An example is RNA itself
which, in certain circumstances, can form a complex surface that acts
like an enzyme in reaction with other RNA molecules {Alberts ef al.,
1989), Kauffman (1993) has a detailed discussion within the context of
complexity theory.

Although this process can be described as a self-referring interac-
tion, the system does not qualify as autopoietic because it does not pro-
duce its own boundary components and thus cannot establish itself as
an autonomous operational entity (Maturana and Varela, 1980, p. 94).
Complex, interdependent chemical processes abound in nature, but
thuy are not autopoietic unless they form self-bounded unities that em-
hody the autopoietic organization.

2.4.2.2. Osmotic Growth

Zvleny and Hufford (1992a, 1992b) have suggested that a particular form
of osmotic growth, studied by Leduc (1911), can be seen as autopoietic.
The growth is a precipitation of inorganic salt that expands and forms a
permeable osmotic boundary. This can be demonstrated by putting cal-
vium chloride into a saturated solution of sodium phosphate. Interaction
ol the calcium and phosphate ions leads to the precipitation of calcium
phosphate in a thin boundary layer. This layer then separates the phos-
phate from the calcium, water enters through the boundary by osmosis,
and 1he increased internal pressure breaks the precipitated calcium
phosphate. This break allows further contact between the internal cal-
riim and the external phosphate, leading to further precipitation. Thus
(lw precipitated layer grows (Fig. 2.5). '

Zcleny and Hufford argue that this system fulfills the six antopoietic
Lhteria;

I. 1tis a distinguishable entity becausc of its precipitate boundary.

2. 1tis analyzable inte compoenents such as the calcium phosphate
boundary and the calcium chloride,

3. [ follows mechanistic laws.
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T1=0
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FIGURE 2.5, Osmotic Growth (afler Zeleny and Hufford, 19924, p. 152).

4. The boundary components {calcium phosphate) aggregate be-
cause of their preferred neighborhood relations.

5. The boundary components are formed by the interaction of in-
ternal and external components following osmosis through the
membrane.

6. The components (calcium chloride} are not produced by the cell
but are permanent constituent components in the production of
olher components {the precipitale). '
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This hypothesis does cause preblems, as Leduc’s system is clearly
inorganic and not what would be called living. If it is accepted that the
system does properly fulfill the criteria of autopoiesis, i.e., that it is an
autopoietic system as currently defined, then either we must expand
our concept of living or accept that autopoiesis is in need of redefinition
to exclude such examples. In fact, it is debatable (Fleischaker, 1992a,
1992b} whether or not this osmotic growth does correctly fulfill the six
criteria. It certainly meets the first three, but it is not clear that it is a
dynamic network of processes of production.

As for the fourth criterion, the precipitate that forms the boundary
is unlike a cell membrane. It is static and inactive, more like a stone wall
than an active membrane. It is not formed through “preferential neigh-
borhood interactions”; in fact, once formed, it does not interact at all.
Considering the fifth criterion, the boundary components are not con-
linuously produced by the internal processes of production. Rather, a
split or rupture occurs and more boundary is precipitated at the split
through the interaction of internal and external chemicals. It is only be-
cause of, and at, the rupture that new boundary is produced. Finally,
as for the sixth criterion, there is only one internal component, calcium
chloride, which is introduced artificially at the beginning, is not pro-
duced by the system, and eventually runs out.

Although the debate is not over, in my own view this osmotic sys-
lem s not a dynamic autopoietic system. Rather, it is a particular form
of static crystailization which happens to generate a spatial boundary
and thus has a superficial structural resemblance to a living cell.

2.1.2.3. Self-Replicating Micelles

An approach with more potential, currently being researched by Bach-
mann and colleagues (Bachmann ¢t af., 1990, 1991; Bachmann et af.,
[*M1), was first proposed by Luisi {Luisi and Varela, 1989). It has been
discussed by Maddox (1991) and Hadlington (1992). A micelle is a small
droplet of an organic chemical such as alcohol stabilized in an aqueous
olution by a boundary or “surfactant,” A reverse micelle is a droplet of
water similarly stabilized in an organic solvent. Chemical reactions oc-
v within the micelle, producing more of the boundary surfactant.
Fyventually, this leads to the splitting of the micelle and the generation
of o new one, a process of self-replication. Experiments have been car-
ned oyl with both ordinary and reverse micelles and with an enzymat-
wally driven system.

~Inthereverse micelle experiments (Fig. 2.6), the water droplets con-
tarny dissolved lithiun hydroxide, one of the surfactants is sodium oc-
Linaate, and the other is T-octanol, which is also a solvent. The other
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FIGURE 2.6. Reverse Micelle Reactions (after Bachman et al., 1991, p. 260).

solvent is isooctane. The main reaction is one in which the components
of the boundary are themselves produced at the boundary. Octyl octan-
vate is hydrolized using the lithium as a catalyst. This produces both
the surfactants {sodium octanoate and l-octanol). Since the lithium hy-
droxide is insoluble in the organic solvent, it remains within the water
micelle, thus confining the reaction to the boundary layer. Once the sys-
tem is initiated, large numbers of new micelles are produced, although
the average size of the micettes decreases.

It is not clear that these systems could yet be called autopoietic.
First, the raw materials (the water-lithium mixture or the enzyme cata-
lyst) are not produced within the system. This limits the amount of rep-
lication which can occur; the system eventually stops. Even if these
materials could be added on a regular basis, the system would stili not
be self-producing. Second, the single-layer surfactant does not allow
transport of raw materials into the micelle. For this to happen, a double-
layer boundary would be necessary, as exists in actual cell membranes.
Moreover, the researchers themselves seem most interested in the fact
that the micelles reproduce themselves, and seem to identify this as auto-
poietic. However, reproduction of the whole is quite secondary to the
autopoietic process of self-production of components (see Sections 2.4.1 and
3.2.4). Nevertheless, this does represent an interesting step toward gen-
erating real autopoietic systems.

3

The Implications of Autopoiesis

Plus ¢a change, plus c'est fa méme chese
French proverb

The basic nature of living systems as autopoictic has now been de-
scribed. They are characterized by a circular organization of production
processes that continually produce and replace the components neces-
sary to that organization. There are a number of important implications
of this theory, which will now be sketched out. Some—for example,
autopoietic organizations and the pature of information and cognition-—
will be expanded on in later chapters.

1.1 Structure-Determined Systems and
Organizational Closure

{ne of the main principles underlying the concept of autopoiesis is that
ol strictural determinism as well as the related idea of organizational clo-
stire. These concepts, particularly the second, have led to considerabie
misunderstanding, and Maturana has tried to clarity this in recent pub-
leations (Maturana, 1991a; Krull ef al., 1989). 1 shall first briefly recap
the difference between structure and organization. By organization Ma-
turana refers to the relations between compoenents that give a system its
identity, that make it @ member of a particular type. Thus, if the orga-
nization of a system changes, so does its identity, By structure Maturana
mans the actual components and relations between components that
ronsbitute a particular example of a type of system. The organization is
redlized through the structure, but it is the structure that can interact
and change. So long as the structural changes maintain the organiza-
hen, the system's identity remains.
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3.1.1.  Structure-Determined Systemis

In considering change in a system, Maturana argues that all composite
systems (i.¢., those consisting of components) are structurc-determined.
He means by this that the actual changes that the system undergoces
depend on the structure itself at a particular instant. Any change in a
compuosite system must be structural change—i.e., it must be a change
in the components or their relations—and, as such, must be determined
by the properties of the components. Changes occur in respanse both
ta internal dynamics and to interactions with external systems, but even
in external interactions the resulting change is determined internally;
it is only triggered by the environment. This is a very important con-
clusion, for it means that there can be no “instructive interactions.”
That is, it is never the case that an environmental action {be it physi-
cal or communicational) can determine its own effect on a structure-
determined system.

In gencral then, everything that happens in 2 compuosile unity is a struc-
tural change, and every structural change occurs in a composile unity de-
termined at every instant by its structure al that instant. .. . It follows
from all this that composite unities are structure determined systems in
the sense that everything is determined by their structure.

Maturana (1987, p. 336)

Maturana talks of perturbations in the environment only triggering
structural change or compensation. It is the structure that determines both
what the compensation will be and even what in the environment can
or cannot act as a trigger. In total, the structure at any point in time
determines

1. all possible structural changes within the system that maintain
the current organization, as well as those that do not, and

2. all possible states of the environment that could trigger changes
of state and whether such changes would maintain or destroy
the current organization.

Looking at some cxamples will show that this is reasonably straightfor-
ward, although we are accustomed to secing things in a different way.
The examples are biological, but the concept applies to all composite
systems.

Living things are continually changing and developing, and these
changes are determined by their own structure. Some changes, such as
growth, leave the organization the same; other changes result in a new
organization— for example, a caterpillar developing into a buttertly or
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.an egg into a chicken—while others, such as death, lead to the loss of

both the organization and the unity. Equally, what does or does not
affect the organism and the nature of any effect is determined by its
structure. Humans have receptors for light and color and so can be trig-
gered by it, while bats can receive high-pitched sounds that humans
cannot hear. Each organism has its own particular domain of interac-
Lions that can affect it and those which cannot. The effects are also struc-
ture-determined. Berries that are poisonous to humans are food for
other animals; carbon dioxide is necessary for plants but inirical to hu-
mans, while oxygen is the opposite. In each case, the nature of the effect
of a particular substance is determined not by the substance but by the
organism. We humans often label things as poisonous .and think that
this quality is intrinsic to the substance when, in fact, it is not.

3.01.2. Qrganizational Closure

All composite systems are constituted by an organization and realized
in a structure. But within this gencral class there are some systems that
Maturana and Varela have termed organizationally closed, such as the ner-
vous system, the immune system, or a social system (Krull et al., 1989).
Autopoietic systems are also organizationally closed, but they are a spe-
¢ific type in that they are also self-producing {see Fig. 3.1). This is dis-
cussed further in Section 6.4
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FIGURE 3.1, Typrs of Systems,
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A system is organizationally closed if all its possible states of activity
must always lead to or generate further activity within itself. In an au-
topoietic system, all activity must maintain autopoiesis or else the sys-
tem will disintegrate. All processes are processes of self-production; the
system’s activity closes in on itself. Similarly, Maturana and Varela argue
that the defining feature of the nervous system is that it is closed (see
Chapter 5). All states of neuronal activity lead to further neuronal activ-
ity. All neurons both affect, and are affected by, others. Even the motor
and sensor neurons are no exception to this; they do not “open” the
nervous system to the environment. The motor neurons trigger sensar
neurons through the activity they initiate, and sensor neurons are
thereby also internally stimulated.

The particular nature of organizationally closed systems can be
shown with a simple example. Consider a gas boiler and the pilot light
used to start it. The gas heater itself is organizationally oper; it takes in
gas and puts out heat. However, the pilot light is closed {see Fig. 3.2).
When it is on, the pilot light heats a thermocouple connected to the gas
supply, which in turn fuels the pilot light. Clearly this is a selt-depen-
dent, all-or-nothing system. If the pilot light is not on, it does not heat
the thermocouple, and no gas is supplied, so the pilot cannot be on.

a
Amount Gas Amount
—— -
of Gas Jets of heat
b
- Gas -
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a) Gas Heater
b) Pilot Light
FIGURE 3.2, Open anid € losed Systems.
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“This is why to light a gas boiler 1t is necessary to intervene from the

outside, to break into the closed system and manually provide gas until
the necessary temperature is reached. Once working, the system will
carry on, enabling itself until some other external force intervenes. This
is urganizationally closed but is certainly not autopoietic because it does
nol produce a boundary nor any of its pwn components.

It can also be said that organizationally closed systems do not have
inputs and outputs (Maturana and Varela, 1973)—or, at least, are not
characterized in such terms (see discussion below). Autopoietic systems
are vrganizationally closed because the product of their organization is
thal very organization itseif. They do not primarily transform an input
inlo an output except in the sense of transforming themselves into them-
«lves. All the possible states that they can enter must conform to or
(yintain the autopoietic organization; otherwise they disintegrate. It
may appear that the structure of an autopoietic system changes in rela-
fion to, or in response to, changes in its environment. But, for an ob-
wrver to see such changes in the environment as an mput and the
siructural change as an output is to mischaracterize the system as allo-
poictic, since the changes will, actually, have been devoted to maintain-
ing, autopoiesis. Such a description pertains only fo the observer who
(at witness both the organism and its environment and relate the two.

The notions that autopoietic systems are organizationally closed
and have no inputs and outputs have often been misinterpreted. They
have been taken to mean that such systems are completely isolated and
have no interactions with their environment. This is not at all the case.
Luch systems are organizationally closed but interactively open. They in-
(eract with their environment through their structure.

| use the expression organizational closure lo refer to systems whose or-
panization is closed bul whose structure is open in order to highlight the
fact that [ am talking of their organization and not of their structure,
Krull ef af., {1989 p. 91)

Cells, for example, take in raw materials and energy and excrete waste
gnoducts. Their structure is open to interactions; their organization is
I '|l. \Hl'Ll.

Vi3 baputs/Ouiprits amd Perturbations/Conpensations

[t i casy to become confused about inputsfoutputs and perturbations/
compensations in Maturana’s and Varela’s writings. Autopoietic systems
can only be perturbed by their environment, yet they appear o have
steclural inputs and outputs. The problem is partially clarified in Ma-
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turana (1991a), where it turns out that there are really two different
questions involving input and output. The first concerns the organiza-
tion of the system {whether it is closed or open), and the second con-
cerns the level of description of the observer (whether we are interested
in characterizing the unity itself, as a composite entity, or whether we
are interested in how the unity asa whole relates to some wider system).

First, all dynamic systems interact with their environments through
their structure. In identifying a system as 4 composite entity, we are
interested in the organization of the entity and its particular character-
istics. Do we need to characterize the organization (and thus the entity)
by inputs and outputs? If we are describing the autopoietic organization
(and other closed organizations) then we do not. But if we are describing
an organization that is not ciosed, then its inputs and outputs are nec
essary for a proper characterization. So, for example, organizationally,
the cell is closed and has no inputs and outputs but the heart, as a blood
pump, does.

The second question is whether we should refer to inputs and out-
puts or perturbations and compensations. This depends on whether we
describe the entity in its own right or as part of a wider system. In the
furmer case, as all systems are structure-determined, all interactions
should be described as perturbations that lead to particular compensa-
tions. However, if the entity 1s part of a wider system, which produces
repetitive pertubations, then, from that wider point of view, the inter-
actions may be seen as inputs and outputs. For example {(from Maturana
1991a), for a thermostat seen as a composite entity, a heat rise is a per-
turbation, but for a thermostat seen as part of a heating system, the heat
rise is an output. Equally, a cell can be seen allopoietically as part of the
liver, in which case it can be described in terms of inputs and outputs.

There is thus the organizational question of whether an entity is
characterized by inputs/outpuis and the structural question of whether
the level of description requires inputs/outputs or perturbations/com-
pensations.

3.1.4.  Structural Coupling

Structural determinism implies that it is wrong to suggest that the en-
vironment determines or specifies the changes of state of the system.
This is difficult to accept initially because it appears as though organisms
are so well adapted to their environments that the environment st
have led to appropriate changes in the organism. The answer lies in
Maturana's important concept of structural coupling (Maturana 1978a, p.
35; 1980a, p. 70).
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As we have seen, an autopoietic system is realized through a par-

-~ Heular structure, and the changes that it can undergo are determined by

thal structure so long as autopoiesis is maintained, These changes may
preserve the structure as it is, or they may radically alter it {think of an
acorn developing into an oak). Where this is possible, the structure is
waidd to be plastic. This plastic structure exists within an environment that
perturbs it and can trigger changes. The environment does nof deterniine
the changes, but it can be said to select states from among those made
passifie at any instant by the system’s structure. Inan environment char-
aterized by recurring states {and an actual autopoietic system will re-
quire, for example, a continual availability of energy), continued
aulopaiesis will lead to sclection in the organism of a structure suitable
(or that environment. The organism becomes structurally coupled to its
onvironment and, indeed, to other organisms within that environment.
4ipuctural coupling is a reformulation of the idea of adaption, but with
the important proviso that fhe environment does not specify the adaptive
enges Hat will occur, They either will occur, and thus maintain auto-
poicsis, or they will not, and the system will disintegrate:

_il a compuosite unity is structurally plastic, then adaption as a process
of slructural coupling to the medium that selects its path of structural
vhange is a necessary outcome.

Maturana (1981, p. 29)

At first sight this sounds rather abstract, but examples will show
how commonplace it is. The first example is that of a person interacting
willy a particular computer program. We can say that the computer and
s software is itself an example of a structure-determined system that is
inleractively open but organizationally closed. The person can interact
with the computer and can type in information and get appropriate re-
aponses. However, the computer is structure-determined since it is the
wtructure of the program and that of the computer that determines what
will or will not trigger it. Only pressing appropriate keys (or the like)
will lead to appropriate responses, and those particular triggering mech-
snisms are determined entirely by the nature of the system. Even simple
operations of a similar nature vary from one software package to an-
other.

When beginning a new package, one has a feeling of insecurity, not
kiowing how to achieve what one wants, not knowing whether one has
performed the right actions, pressed the right keys. Gradually, through
nue, this feeling disappears until eventually one reaches a state in which
L is almost unnecessary to think about the actual operations; one merely
needs Lo think of what is to be achieved. This state uf being able Lo
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interact without thinking consciously of what to do is called by Heideg-
ger {1962) a state of “being thrown.” This process of becoming attuned
is, in fact, the process of developing structural coupling.

The second example is the development of babies. In their first few
months they are becoming structurally coupled to their physical envi-
ronment. Their structures are developing in ways that reflect the inter-
actions they have with their environment. Then, up to three years of
age, they also become structurally coupled in the linguistic domain. This
is a very important domain of activity for human beings—indeed, it is
probably their primarily distinguishing characteristic from other ani-
mals, Maturana describes language (see Section 6.3) as a consensual do-
main, implying that the tokens we use in our language do not have
meaning of themselves but depend on a consensus among the people
involved in using the language. This, of course, requires structural cou-
pling. Once we have learnt a language, we feel so comfortable and easy
in using it that it appears as though the language and the words have
inherent meaning in their own right. However, the above description
reveals the true nature of the situation—namely, that communication is
possible only to the extent that the systems involved are structurally
coupled.

If structure-determined coupling is actually so obvious, why is it of
importance? First, it shows that all interactions that we have as human
beings, as autopoietic systems, are determined by our own structure.
Things in our environment can be triggers for the nervous system only
if the nervous system can react to them, and the reaction they get de-
pends on the state of the nervous system. We cannot, therefore, have
interactions with anybody or anything that are in some sense pure—
they all are generated by our own nervous system.

Organisms become structurally coupled not only to their medium,
but also to other organisms. The behaviors of one become triggers for
the behaviors of the other through the selections of their individual
structures, These interlocked triggering behaviors may have direct im-
portance in themselves, as in the case of a threatening gesture and a
corresponding flight, or they may be purely symbolic and essentially
arbitrary, such as a particular form of greeting in a particular language.
In the latter case, it does not matter what the actual behavior is, only
that it has been implicitly agreed through structural coupling. This idea
is of great importance in Maturana's cognitive theories, as it is the basis
for his concept of a consensual domain, that is, a domain of behaviors
(including, above all, language and description) which are both arbitrary
and context dependent (see, for example Maturana, 1978a, p. 47).
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Finally, Maturana calls the dynamic outcome of structural coupling
for a particular system ontogenic structnral driff (Maturana, 1987, p. 344).
The analogy is with a boat, drifting uncontrolled in the sea, whose path
is continuously determined by its structure and the effects of wind and
waves, It is equally so for a particular structure-determined system.
Such a system, in interaction with its environment conserves its orga-
nization through structural coupling. Iis particular structural changes
are riggered by occurrences in its environment and, just as the path of
the beat is a determinate outcome of its history, so is the path of struc-
tural change of the system.

1.2 Biological Implications

[here is a worldview within biology, perhaps the dominant one, which
places genetics and evolution at its core. The classic work of Dawkins
(1978) views the gene and its survival and development through evo-
lution as the centerpiece of life. Individual organisms and groups of or-
pinisms are of secondary importance. This approach tends alse to
cmploy a functionalist mode of explanation (Lambert and Hughes,
198%), which suggests that particular traits or components come about
in vrder to fulfill a need posed by the environment. Maturana's and
Varvla’s work, which can be seen as an example of a structuralist ap-
proach to biology, presents quite antithetical views. Life is a property of
(he individual, aufonomous entity, such as the cell; reproduction and
heredity are a secondary development of living organisms; and func-
lwmalist explanation is eschewed.

Lo Andonomy

Aulopoictic systems are autonomous—they depend essentially only on
themselves for their continued production, and physically they define
themselves through the production of their own beundaries (Varcla,
Wie, 1977¢, 1981b, 1984a; Tabary, 1991). This occurs independently of
A ubserver whose description may or may not correspond to these
Imiundaries. The interactions an autopoietic system can undergo are also
deternined by its autopoictic organization. Interactions that do not al-
lowe the continuance of autopuiesis lead to its disintegration. An auto-
poictic system alse has individual identity since, so long as it follows a
rontinuous process of autopoiesis, it maintains its organization despite
i biticant change in its appearance (its structure).
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Allopoietic systems, conversely, do net define their own organiza-
tion but depend on an obscrver to determine their identity. They rely
on other systems for their continued production, and the result of their
activity is something other than themselves. This is not to say that au-
topoietic systems cannot be treated as allopoietic either by an observer
or by other entities with which they interact. For example, autopoietic
cells do play an allopoietic role within multicellular organisms, but this
in no way diminishes their primary autopoiesis.

3.2.2.  Autopoiesis as Noufunctionalist

The actual processes that occur in a living organism depend only on the
immediate neighborhood interactions and reactions of the components
involved and do not in any causal sense depend on a reference to, or
representation of, or any supposed functions of, the system as a whole.
Autopoiesis specifies certain necessary conditions and relations, and if
these arisc then an autopoietic unity is established. This is entirely a
contingent matter, however, and there is nothing in the theory of au-
topoiesis to suggest that autopoiesis brings about or causes particular
structures to arise. There is no need for functionalist explanations or
teleonomic ideas such as purpose in the explanation of living things,
although they may be useful in the descriptive language of an observer
who sees the components, the unity, and its history of development:

. if living systems are physical aulopoietic machines, teleonomy be-
comes only an artifice of their description which does not reveal any fea-
ture of their organization, but which reveals the consistency in their
operation within the domain of observation. Living systems, as physical
autopoielic machines, are purposeless.

Maturana and Varela (1980, p. 86)

This may seem contrary to what we observe, namely, the apparent
fit or adaption of organisms to some independent environment. It is this
which makes functicnalist explanations attractive—the existence of tree-
tops leads to the development of long necks in giraffes—but there never
is such a causat relationship. Rather, Maturana developed the concept
of structural coupling to explain the complementarity between organisms
and their environments, as explained in Section 3.1.4.

3.2.3. Reproduction, Heredity, and Evolition

Reproduction has generally been scen as a defining feature of living
systems, but Maturana and Varela (e.gz., Maturana, 1980a; Maturana and

The Implications of Autopoiesis 39

Varela, 1987) show that reproduction (i.e., the production of another
entity) can come about only after the formation of a unity and is, there-
fore, derivative from it. Moreover, it is only with reproduction that the
concepts of heredity and evolution, and indeed of species, can have mean-
ing. Therefore, thesc too are not the primary features of living systems
but are secondary to the establishment of a single autonomous auto-
poietic entity.

The essence of reproduction is the production of another, distin-
guishable, entity of the same class as the first, This is, of course, quite
distinet from autopoietic processes internal to the continual production
of a single unity. Logically, therefore, reprocduction requires the exis-
lence of an entity to be reproduced. However, this does not imply that
reproductive capacity is a necessary characteristic of the living organi-
sation. There can be living organisms that are biologically incapable of
reproduction, such as the mule (a cross between a donkey and a horse).
Thus, the fact that the overwhelming majority of organisms can repro-
duce is not a defining feature of life. Rather, it reflects the simple logic
that those that can reproduce outnumber, over time, those that cannot.

Once reproduction is possible and once there is a mechanism by
which offspring both inherit characteristics of the parents yet can be
different, then the whole process of heredity and evolution begins. How
toes the phenomenon of reproduction relate to the autopoiesis of living
systems? It is certainly not necessary, but it is quite compatible with
vontinued autopoiesis. Maturana and Varela (1987, p. 591f) distinguish
three ways in which further entities of a particular type may be pro-
duced: copying, replication, and reproduction.

Copying is a process whereby one particular entity is used as a basis
tor generating an imitation or likeness of it, for example, bacterial clon-
iy, or machine photocopying. In the latter, there are two different sit-
Uatiuns to be considered—that in which the copies always come from
the same original and that in which a copy becomes an original for the
nuest copy. In the first instance, there is no history or heredity from one
«opy to another—the copies are independent of one another although
«llare related to the original. In the second, however, there is a history
ol transformation. The copy will progressively change, becoming more
and more different from the original until, in the end, it may become
imrecognizable as a copy of the original, just as happens in the chil-
dren’s game of Chinese whispers. This is a simple example of heredity,
o1 what Maturana calls historical or structural drift,

Replication is the process whereby a number of similar but inde-
pendent entities are praduced by a particular, assembly-line, process:
o example, cars ina factory or proteins in the cell. Once produced, all
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the entities are similar to one another (although not identical), but es-
sentially independent—what happens to onc does not necessarily affect
the others. This process produces no linked history except insofar as the
production process itself may slowly change over time.

Reproduction is a process in which an entity splits itseif in two in
such a way that two new entities of the same fiype as the original result.
This is clearly what the cell does in mitosis or cell division, but many
other systems also reproduce themselves, for example, & river splitting
mto two, a flatworm cut in half, or a piece of chalk breaking. What is
necessary is that the essential features of the system are either distrib-
uted evenly throughout it, as with chalk, or can be replicated and com-
partmentalized, as with the cell. In the case of the cell, it gencrates its
own compartmentalization as part of its autopoietic process. The nu-
clear membrane breaks down, DNA and other components appear in
both halves of the cell, and eventually it splits into two equally endowed
entities. These are similar but not identical, each partaking in the his-
torical process and beginning its own ontogeny.

From an autopoietic perspective, evolution and adaptation take on
a different perspective. As outlined in Section 3.2.2, adaptation is not
caused or determined by the environment; rather a process of mutual
change, structural coupling, occurs, resulting over time in structural
drift. Essentially, evolution is a process of conservation of organization and
adaptation. All the nondestructive interactions of an autepoietic system
must conserve its autopoiesis. However, with a plastic structure,
changes and modifications are triggered, and where these are compati-
ble with or indeed facilitate the process of autopoiesis, they are main-
tained and conserved. Equally, the environment itself is changing,
partly in response to the organisms themselves, and there is thus a nev-
erending reciprocal adjustment leading to the continued success of some
groups and the dying out, through loss of autopoiesis, of others. '

3.2.4.  The Domain of Biclogy

In claiming to be the defining characterization of all living systems, au-
topoiesis has important implications for biology. Autopoiesis is defined
as the organization of a whole {that is, a unity) that is realized through
the properties and interactions of its components (structure). These two
domains, however, are separate and irreducible. The particular compo-
nents composing a living system undergo the interactions appropriate
to their make-up and necessarily obey physico-chemical laws. They do
not, however, specify the interactions appropriate to the unity when
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mnsideEd_as a whole, since this depends on the autopoietic organiza-
tion. The implications are that biology should properly be concerned
only with autopoietic systems, not with their components:

- . . biological phenomena arc necessarily phenomena of relations be-
tween processes which satisly the autopoicsis of the participant living sys-
tems. Accordingly, under no circumstances is a biological phenomenon
defined by the properties of its component elements, but it is always de-
tined and constituted by a concatenation of processes in relations subor-
dinated to the autcpoiesis of at least one living system.

Maturana and Varela (1980, p. 113)

In other words, a phenomenon is defined as biological not because
of its particular make-up (e.g., as an organic molecule or based on
DNA), but because of its constitution as an autopoietic process. In par-
ticular, this means that the basic unit of biology is not the species, and
certainly not the gene (Dawkins, 1978), but the lowest level of the indi-
vidual organism that is self-producing.

3.3 Other Possible Embodiments of Autopoiesis

The cell has been used as the main exemplar of autopoiesis, but there
has been much debate about other embodiments of the autopoietic or-
panization. First, we will examine higher-order biological systems, and
then, more radically, nonphysical systems.

A0 Higher-Order Biological Systems

Ilaving seen how cells embody the autopoietic organization, it is natural
te question whether more complex organisms such as animals are also
dulopoietic, at a higher level. At first sight, it would seem that these
multicellular organisms are bounded and produce their own constitu-
vnls, namely various types of cells, and thus are autopoietic. However,
his subject is more complex than might at first appear, and Maturana
and Varela themselves do not give a definrite or even consistent answer.

First, let us consider the way that simple autopoietic systems such
1 cells can become coupled with one another. As we have seen, an
autopoictic system becomes structurally coupled to its environment
through recurrent interactions. It can similarly become coupled to an-
uther unity that is in its environment. Indeed, for the first system, the
sevond ane is just part of its environment (Margulis, 1993). In this way,
Bive or more unities can become coupled with one another to the extent
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that they become mutually interdependent. The autapoiesis of the in-
dividual systems comes to depend on the continued autopoiesis of the
others. In this way a composite unity comes about consisting of a num-
ber of component autopoietic systems locked together. Such a system
has obvious evolutionary advantage in providing a more stable medium
for its components, and it is therefore not surprising that multicellular
systems predominate. Varela and Frenk (1987) discuss how such an
analysis of structural coupling can generate a theory of biological shape.

Such a composite system consists of coupled autopoietic systems
and provides a necessary medium for their continued autopoiesis. How-
ever, is it itself autopoietic as a unity? In Maturana and Varela (1973),
the first point made is that this is not necessarily so:

. if such & system [generaled through the coupling of autopeictic uni-
ties—IM| is not defined by relations of production of components that
generate these relations and define it as a unity in a given space, but by
other relations, either between components or processes, it is not an au-
topoietic system. . ..

Maturana and Varela (1573, p. 108}

[t is certainly not autopoietic simply by virtue of its components
being autopoictic. If, however, it can be shown that the composite unity
does have its own autopoietic organization, with its autopoietic com-
porents playing allopoeietic roles, then it is a second-order autopoietic sys-
tem. They go on to say unequivocally:

This has actually happened on earth with the evolution of the multiceflu-
lar pattern of organization.
Maturana and Varela (1973, p. 110}

However, in a later paper Maturana (1980a) seems not so sure. He
suggests that many multicellular organisms are second-order auto-
poietic systems whose components are not, interestingly, the cells that
constitute them, but “molecular entities” produced by the cclls. He does
not specify what these might be. However, other multicellular organ-
isms may not be autopoietic but be merely “colonies,” that is, aggregates
of autopoietic systems.

Finally, in Maturana and Varela (1987, p. 87), there is a turther re-
treat and a change in terminology. They now speak of metacellulars
rather than multicellulars, as collections of coupled cells, and include
within the definition organisms, colonies, and societies. Moreover, the
meaning of “second-order autopoietic system” is changed. Now all
metacellulars are second-order systems because they consist of first-
order autopoietic systems rather than because they are autopoietic in
their own right. The question now becomes, “are some melacellulars
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autopoietic unities? That is, are second-order autopoietic systems also
first-order autopoietic systems?” (Maturana and Varela, 1987, p. 87).
Unfortunately, no answer is given. They are unable to say what molec-
ular processes might constitute metacellulars as autopoietic systems.
They are willing to say, however (and this is one of Varela’s main
themes), that such a system is grganizationally closed—that is, “a net-
work of dynamic processes whpse effects do not leave the network”
{Maturana and Varela, 1987, p. §9).

Maturana and Varela go on to describe third-order structural cou-
pMings, that is, recurrent interactions leading to structural coupling
among independent unities. Examples include social insects such as
ants or bees, animals that form herds and packs, and humans forming
societies. Phenomena arising through third-order coupling are defined
as social phenomena. 1f the organisms involved have nervous systems, the
behavioral domain can become very complex, leading ultimately, as we
shall see in Part 11, to language, self-consciousness, and the cbserver.

For myself, I do not see too great a problem in describing organisms
such as humans as autopoietic in their own right. Each has a boundary,
the skin, whose components are continually produced by the unity, and
many other components, both autopoietic (e.g., particular cells) and
nonautopoietic (e.g., the heart), which are also self-produced. If the net-
wurk of self-production as a whole (rather than that of the individual
vells) is interrupted, then the organism dies. It seems to me appropriate
Lo restrict the term “second-order” to such systems, which are auto-
poictic in their own right. What seems much more problematic, and will
be discussed extensively later, is the nature of social phenomena such
a5 organizations and societies and the question of whether these can be
Mitopoietic.

3.2, Nonphysical Systems

e original definition of autopoiesis (Section 2.2) specified self-produc-
lion but did not specify what was to be produced. This leaves open the
possibility of autopoietic systems in the nonphysical domain: for exam-
ple, computer-generated autopoictic models {Section 4.4}, human orga-
nizalions and societies {(Chapter 8), and abstract systems such as law
(U hapter 9) or systems of ideas. There are two main questions here—
vy Lhere be nonphysical autopoietic systems? And, if so, are such sys-
l[ems living?

The first question is still open to debate. Certainly Maturana and
Virela believe that their computer model does embody an autopoietic

_uipantzation, and so it shoukd be counted as autopoietic. More conten-
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tiously, societies and law are sometimes claimed to be autopoietic. So let
us assume that there might be nonphysical autopoietic systems and con-
sider the second question—whether they should be called living. If we
accept the basic theory, then it is certainly true that autopoiesis is a nec-
essary and sufficient condition for a (physical) living system. Thus all
{(physical) living systems must be autopoietic. But this does not imply
that all autopoietic systems must be living. There are three possible po-
sitions (Fig. 3.3):

1. that “autopoietic” is identical with “living” and that therefore all
autopotietic systems are also living systems;

2. that living systems are a particular subset of autopoietic systems,
i.e., living systems are autopoietic systems embodied in physical
space, and

3. that we should restrict autopoiesis to physical living systems,
i.e., autopoiesis exists only in the physical domain.

The first position implies that we have to regard as “living” non-
physical systems such as the computer program and societies, some-
thing which seems to go against our idea of “living.” The second implies
that autopoiesis is not identical with life. This seems unfortunate as the
concept of autopoiesis has been created precisely in order to explain life,
and, since it generates the phenomena we observe as living, it would
seem a weakness if some autopoietic systems were not living. The third

autopoiesis autopoiesis

= living

physical

computer = living physical
= living

= autopoiesis

(1) 2 3)

FIGURE 3.3. Possible Relations between Aulopoictic and Living Systems.
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seems unduly restrictive in placing an arbitrary limit on the nature of
self-producing systems.

Maturana and Varela themselves have teetered between the first
lwo positions. In earlier papers they argued for the second possibility:

We also mainlain that an autopoictic system in physical space . . . is a
living system, and, lherefore, that a living system is an autopoictic system
in_physical space. . . . There is no restriction on the space in which an
autopoietic system may exist. The physical space in which living systems
exist is only one of many.

Maturana (1981, pp. 22-23)

However, Maturana (1991a) later explained that they had done this
s as to avoid confusion, and that really any autopoietic system is living:

[ realized that il was necessary to make Lhe malecularity of living systems
explicit in order to avoid confusions. A computer model of an autopoietic
system does not take place in a molecular space . . . and this is why we
did not claim to have a living system in the computer. . . Yet . .. since
it is aulopoiesis which defines them as the kind of system thal they are, it
vould have been proper to claim that all autopoietic systems, regardless of
the space in which they occur, are living systems, Indeed, this is what we
at first wanted to do, but we thought that we would avoid much confusion
if we were more conservative.

Maturana (19914, p. 376)

lleischaker (1988) argues for the third position, suggesting that the
detinition of autopoiesis should be changed to specify that autopoietic
nystems can be realized only within the physical domain, based on pro-
vesses of energy creation and use. In this, there is some support from
Varela who, in later work (e.g., 1981a, p. 38), argued that notions of
jroduction did not seem appropriate for, e.g., social systemns, and that
autapoiesis should be confined to cells and animals.

This important debate mirrors one within a newly developed field
kivown as “artificial life” (Langton, 1988; Langten ef al., 1991; Emineche,
M2, Varela and Bourgine, 1992), which is also discussed in Section 4.4,
I'iis field is akin to the domain of artificial intelligence, which is prem-
med on the idea that “intelligent behavior” can be separated from a par-
tular medium, such as the brain, and generated on a computer.
Antilicial life makes a similar claim, that the logical form of life can be
separated from its particular material embodiment, such as cells, and
penerated on a computer, Clearly, autopoiesis lies at the heart of this
debate. For myself, [ would tend toward the first, strong, position, that
all autepoictic systems are living,
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3.4. The Role of Information and Representation

The ideas of a closed, structure-determined system and a consensual
domain of essentially arbitrary behaviors have major implications for
current beliefs and theories about the role that information and repre-
sentations play in living systems and their thought processes. They chal-
lenge a number of current notions. First, for example, it is currently held
that DNA and the genes code or contain or transmit information abourt
the structure of their parent organism (the genetic code):

These experiments, and other related anes, have finally brought us to a
clear understanding of the nature of the unit of heredity. Like the dots and
dashes of Morse code, the scquence of nucleatides in DINA is a code. The
sequence provides the information that specifies the identity and order of
amino acids in a protein. The sequence of nucleotides that encodes this
information is called a gene.

Raven and Johnson (1991, p. 305)

Second, it is currently held that the messages and communications
between organisms are, in themselves, instructive: that is, that the mes-
sages contain sufficient information to determine an appropriate reac-
tion on the part of the receiver. Third, a major plank of cognitive science,
particularly as embodied in artificial intelligence (see Chapter 11 and
Bobrow and Collins, 1975; Norman, 1981), is that our minds work by
creabling and then manipulating objective representations of the environ-
ment and the tasks to be performed within it. Cognition is seen as a
process of symbol manipulation and information processing.

All of these ideas are so well established that they seem almost self-
evidently true, yet autopoiesis suggests that they are all mistaken in the
same fundamental way: they confuse the descriptions of an observer
with the actual operations of an autupoietic system and ignore its struc-
ture-determined nature. As has been described above, autopoietic sys-
tems behave purely through their particular structure and the
neighborhood interactions of their components at each point in time.
Concepts such as “information” and “representation” pertain only to
descriptions made by observers who can see both the internal interac-
tions of a compeosite unity and the behavior of the whole in a particular
environment and who can relate the two. So the idea that DNA contains
or transmits information, or that the brain processes formal representa-
tions or symbols, must be purely metaphorical and does not describe
how such systems actually operate in themselves. Also, since the envi-
ronment can only trigger particular structural states, and not determine
them, a successful message or communication must presuppose some
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correspondence in the domain of interaction of the two organisms—i.e.,
that they are already structurally coupled through their medium.

If the activities of autopoietic systems {including humans) are de-
termined by their structure at each point in time, it could be argued that
this constraint denies the idea of free will and implies a deterministic
philosephy. This is a deep point, but Maturana's and Varela’s theories
about the nervous system and cognition are important here. They argue
that the nervous system itself is organizationally closed and structure-
determined—that is, that states of neuronal activity always stem from,
and lead to, other states of neuronal activity in a self-referring manner.
However, through the development of language, the possibility of mak-
ing descriptions emerges. Such descriptions are associated with states
ot neuronal activity with which the organism can interact in a recursive
manner, forming descriptions of descriptions, and so on. In short, this
process generates the observer and, if the description can be a descrip-
tion of the self, the self-observer:

The linguistic domain, the observer, and self-consciousness are cach pos-
sible because they result as dilferent domains of interaclions of the ner-
vous system with its own states in circumstances in which these states
represent different modalities of interactions of the organism.

Maturara and Varcla (1980, p. 29}

Through this self-reflexive self-description lies the possibility of escape
trom predetermination.

1A Epistemological Implications

Muturana and Varela are always aware of the epistemological implica-
livns of their ideas. These will be dealt with more thoroughly in Chapter
/. but a brief introduction to their ideas is in order here. As has been
neen, they strongly maintain the distinction between the actual opera-
honal domain of an organism and the domain of descriptions of an ob-
nerver: "Everything said is said by an observer, to another observer,
who can be himself” (Maturana, 1975b),

Furthermore, Maturana’s and Varela’s cognitive theories show that
the domain of description is inevitably relative to the describer. The ob-
mever can generate descriptions of her interactions, but they are em-
buodied in states of relative neuronal activity and so must be subordinate
o the organization and structure of the nervous system and ultimately
ter the autopoiesis of the organism. This means that we, as observers,
v never escape from the domain of descriptions and thus have access
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to an absolute, objective reality. Rather, independent events may trigger
a response or description, but the neuronal representation they lead to
will always be structure-determined and thus inevitably relative to the
observer.

Descriptions are not, however, completely individual:

.. . the descriptions that the observer makes are made in the domain of
consensual, observable behavior (linguistic domainy}, developed through
a history of successful orienting interactions between two or more organ-
isms.

Maturana (1974, p. 468)

People develop similar cognitive structures because they undergo
similar experiences in developing within a culture or society and be-
cause of the structural coupling that occurs among them within the con-
sensual domain of language. This position, which Maturana terms
subject-dependent cognition, is an example of a constructivist philosophy
(Segal, 1986).

3.6, Conclusions

This chapter has covered the main implications of the theory of auto-
poiesis in the physical domain. A number of these implications are quite
radical in suggesting that traditional views of biology and of information
and representation may be seriously misleading. Maturana’s and Vare-
Ia’s further theoretical work on the nature of cognition and the nervous
system and its implications will be explored in Chapters 5, 6 and 7, but
in Chapter 4 we will take a slight detour to look at computer models of
physical autopoiesis and their relationship to various formalisms such
as Spencer Brown’s “Laws of Form.”

Mathematics and Models
for Autopoiesis

4.1, Introduction

Having considered the basic theory of autopoiesis, it is of interest to look
at other forms of representation that have been developed for auto-
picsis—mathematics and computer models. In mathematics, Varela
{1475) has extended Spencer Brown’s Laws of Form (1972) into a calculus
fo seff-reference and has then developed, with Goguen (Goguen and Var-
vla, 1979), representations based on latfices, networks, and trees. The
Fais of Fornt is itself a very unusual and contentious work, so Section
1.2 will try to provide some understanding of it before discussing Var-
#li’s extension. His later work with Goguen will be discussed in Section
4.3. Jumarie (1987) and Fontana and Buss (1994) have also developed
nome mathematics relevant to autopoiesis. There are interesting similar-
ilies with the work of Peirce on entitative and existential graphs (Rob-
ey, 1973). Spencer Brown references Peirce’s work in his book.

As for models, a computer model (a cellular automaton) was devel-
uped by Maturana and Varela to demonstrate autopoiesis, and this will
Iw explored in Section 4.3.

4.2 Laws of Form and the Calculus for Self-Reference

10t Laws of Form—The Caleulus of Indications

tn Hus section T shall not, primarily, be providing a detailed exposition
and explanation of the laws of form (even if T could) but shall attempt
o vutline and evaluate their meaning and significance-~that is, what
[t been claimed for them and to what extent such claims are justified.

“pencer Brown's primary aim was to uncover what lies underneath

i and, in particular, Boolean algebra. The latter was created to pro-
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vide a mathematical analysis of logic or, more precisely, Aristotelian syl-
logistic logic, although it can be interpreted in different ways, as for
example for set theory, sententional logic, or the logic of unanalyzed
propositions. It will be useful to explain what is meant by logic because
doing so will shed light on Spencer Brown’s aims as well as the title of
his work.

Logic can be defined as the science of abstract form (Lee, 1961, p. 13),
where form is taken to be organization, pattern, structure, relationship.
Form, as such, cannot be shown separately from a particular content
but it can be studied, in the abstract, through an appropriate symbolism.
“When the same form (organization of parts) can be abstracted from
different concrete situations it is general. When we study it in its gen-
erality, . . . then we have logic” (Lee, 1961}, Thus logic can be seen as
the study of relationship or order in general, abstracted from any partic-
ular content. Boolean algebra was designed to fit logic, but Spencer
Brown saw logic as separable from mathematics and one of his principle
aims was “to separate what are known as algebras of logic from the
subject of logic and to re-align them with mathematics” (Spencer Brown,
1972, p. xi}. Spencer Brown’s view of the importance of mathematics will
be taken up at a later stage, but for the moment this aim can be realized
by “a treatment of the form in which our way of talking about our or-
dinary living experience can be seen to be cradled. It is the laws of this
forim, rather than those of logic, that I have atterapted to record” (Spen-
cer Brown, 1972, p. xx}.

His approach began with the realization that Boolean algebra, as
the name implies, is purely an algebra and that no one has ever studied
the arithmetic on which this algebra is based. Briefly, the distinction
between these is that an arithmetic uses constants whose values are
known {e.g., 2, 5), whereas an algebra is concerned only with those
properties of an arithmetic which hold irrespective of particular values
[e.g., a2 — b = {a — b)(a + b)]. He therefore set about trying to discover
the primary, nonnumerical arithmetic for Boolean algebra.

Logic and Boolean algebra deal with the form of linguistic state-
ments. To find an arithmetic therefore means going beneath the level of
language to uncover that on which language itself rests. Spencer Brown,
like Maturana, sees language as essentially practical, not purely descrip-
tive, and takes the most primitive aclivity as that of indication or distinc-
tion. To distinguish something is the most basic linguistic act we can
perform. Before counting things we must be able to distinguish between
them, and before distinguishing several different things we must be able
to distinguish something. This is the foundation of all language: to be
able to create from nothing {the void) one thing, or state, or space that
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is distinct. The laws of form are concerned with the consequences of this
most primitive act—the act of drawing a distinction. Spencer Brown pre-
faces his book with a quotation from Lao Tzu: The nameless is the begin-
iy of heaven and earth.

What then is the nature of a distinction?

Distinction is perfect continence.

Spencer Brown (1972, p. 1)

This spare but very precise definition is characteristic of the flavor of the
rest of the book. Continence is derived from the Latin continere, to con-
tain, and the definition is saying that a distinction, i.e., the drawing of
a boundary, perfectly separates that which is on one side from that
which is on the other. This can be illustrated by drawing a circle on a

picee of paper:

Qut of the void we draw a distinction, and we can then separate
lhat which is to be distinguished from everything else, and once it can
be distinguished it can be indicated or identified. A distinction can be
drawn only if there is some reason (intention or motive) for doing so,
and there must therefore be some difference in value (to the person
making the distinction) between what is distinguished and what it is
distinguished from. We can give a name to what is distinguished, which
then indicates the value. Saying or calling the name identifies the value
aiul implies the distinction. Thus the act of indication, at this almost
prelinguistic level, combines naming, acting, and valuing all in one. It
in reminiscent of the protolanguage of Wittgenstein (1958, p. 3), where
a builder shouts “slab” to his laborer and the laborer brings one. The
nhout distinguishes the slab from other things, values it, and generates
anaclion.

As a direct consequence of this definition, Spencer Brown claims
thul two axioms can be stated—the law of calling and the law of cross-
ity

Avinm |: The Law of Calling

The oatfute of o cadt peade again is tre value of the coll,

Avion 2 The Law of Crossing

Phe astliee of @ crossiny mady again is not N ondie of e crossing.
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For Spencer Brown these capture the essence of a distinction—the
difference between crossing and not crossing the boundary. The first
axiom says that to draw a distinction and then to draw the same dis-
tinction again adds nothing new. To distinguish a circle and then distin-
guish a circle again leaves us with a circle. Thus, to re-call is to call. The
second axiom involves us in crossing the boundary, in indicating the
value by entering into the distinction. Now, if we draw another distinc-
tion, from within, we cross the boundary again and end up where we
started, with no indication of anything, To distinguish a circle and then,
from within, distinguish again must leave us with not-circle. Thus, to
re-cross is to not cross.

One of the difficulties of grasping these ideas is that they are at a
prelinguistic level, yet we inhabit language; therefore, as another ex-
ample, consider a baby not yet able to talk. The baby cries (calls) for its
mother’s breast. This draws a distinction and values the contents. The
distinction, the indication, and the value are one in the cry. The baby
cries again and again, each cry drawing the same distinction and re-
calling the same call. This is in accordance with Axiom 1. Then the
mother arrives, the baby goes to the breast, and the cries stop. The baby
has entered into the distinction (mother’s breast} and drawn another
distinction {no longer need to cry for the breast), and peace returns, This
is in accordance with Axiom 2.

These two rather unintuitive axioms form the basis of the whole
calculus of indications. They are represented symbolically as initials of
the arithmetic:

Initial 1: Number | —|

Il
—

Condensation

Initial 2; Order ﬂ = Cancellalion

The mark "] and the space are the constants in Spencer
Brown’s arithmetic. | represents one of the distinguished states (the
marked state) while represents the other (the unmarked state).

Figure 4.1 is another illustration of the two axioms. In (a) we can
see and mark a circle as a distinction. If we now put another mark within
the distinction, as in (b}, then we lose and gain nothing. We can still
indicate the marked state, but there is still only one marked state. The
second mark is redundant. This is in accordance with Axiom 1. Now,
however, if we place another mark outside the boundary, as in {c) we
can no longer distinguish the marked state; both states are marked. We
thus lose the digtinction, This ts in accordance with Axiom 2.
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FIGURE 4.1. An [llustration of ihe Two Axioms.

Spencer Brown then shows that these two axioms alone are suffi-
vient to generate a coherent and consistent arithmetic consisting of

expressions such as
S1T] B E— ‘ .

which can always be simplified to either ~ | or by applying the
two axioms,

He then goes on to demonstrate an algebra, based on this arith-
metic, using the two algebraic primaries:

Initial 1: Position

fuitial 2: Transposition

il = wal
where p, g, r stand for any arithmetic expression.

1.t us Jook at Initial 1, This says that whatever the value of p (|
o ), the expression always indicates the unmarked state. This is

like' the law of the excluded middle. The inner part, p] p , is effectively
“pror not p”. This must always be , since

tp =1 Flp =17 =]
I p S D O
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The outer mark then negates this, so that nothing is “not (p or not
7).” Tn other words, everything is either p or not p.

Having built an arithmetic and an algebra, it is necessary to show
that it can serve as a basis for Boolean algebra. All Boolean algebras rest
on a group of assumptions, or a postulate set, which are stated without
proof. All the theorems in Boolean algebra can then be rigorously de-
duced from this postulate set (or, rather, these sets, as there are various
versions). A postulate set consists of three elements:

a. A set of undefined terms and relations between these terms.

b. A set of terms and relations defined through (a).

c. A set of postulates, which are very general statements about the
“ways in which it will be legitimate in the system for the ideas
and relations to go together” (Lee 1961, p. 258). These also are
assumed and not defined.

There are numercus postulate sets for Boolean algebra (e.g., Hun-
tington, 1904; Lewis and Langford, 1959; Sheffer, 1913), alt of which are
essentially equivalent and none of which has previously been proved.
Spencer Brown takes Sheffer’s set and shows that each postulate can be
proved as a theorem in his algebra. Thus the whole of Boolean algebra
{(and its tremendously important applications in set theory and logic}
can be shown to follow from the two axioms above and these, in turn,
are a direct consequence of the primitive act of drawing a distinction.
Spencer Brown also shows (as does Banaschewski, 1977) how the cal-
culus of indications can be interpreted for logic, in particular the prop-
asitional calculus.

This certainty appears to be a very great achievement, not just be-
cause a simpler propositional set has been found, but because the ax-
ioms can be seen to be related directly to our common experi¢nce, in
contrast to previous postulate sets, whose chiel characteristic has been

an almast total lack of any spontaneous appearance of truth, .. . The ini-
tial equations can be seen to represent two very simple laws of indication
which, whatever our views on the nalure of their self-cvidence, at least
recommend themselves o the findings of common sense.

Spencer Brown (1972, p. xii}.

Before moving on to Varela’s extensions, 1 would like to mention
briefly some of the possible applications of the calculus of indications.
For example, it has been suggested that the calculus of indications can
be interpreted and extended to elucidate other systems of philosophical
logic. Orchard (1975) points to some possibilities. First, there are devel-
opments in propositional logic toward a sentential calculus with identity
{Bloom and Susko, 1972}, This takes the analysis of propositions beyond
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the point at which their truth value is discovered (when all true state-
ments are logically equivalent) to recognize that the propositions might
not be equivalent. Second, Kosok (1966) has attempted to formalize He-
gel's dialectical logic in order to provide an account of the process of
reflection, and this work toe is based on the acts of indication and draw-
ing a distinction. This is part of a more general arca of study, that of
many-valued {rather than merely two-valued) logics—see Rescher (1969)
and Varela (1979h).

Moreover, and potentially this is the most significant claim, it has
been suggested that the laws of form provide an important foundation
for understanding human knowledge. The argument, with variations,
runs that indication and distinction are essential elements in our percep-
tions and conceptions of the world and that the laws of form are there-
tore the laws of our description of the world and therefore of our
knowledge. Spencer Brown thinks that mathematics is a very special
subject in that mathematical forms represent and are derived from in-
lernal ways of thinking and that these have at least as much validity as
knowledge of external reality. “The discipline of mathematics is seen to
be o way . . . of revealing our internal knowledge of the structure of the
world” {Spencer Brown, 1972, p. xiii) and later suggests that we have
“a direct awareness of the mathematical form as an archetypal struc-
(nre” (Spencer Brown, 1972, p. xvi). This must be so, he says, because
(he unprovable statements must vastly outnumber the provable state-
ments, and yet a mathematician doesn’t attempt to prove a statement
unless he or she is quite certain that it can be proved even though he
has not yet done so.

That this is so is important because Spencer Brown is attempting to
sy lore this internal world. He belicves that this is complementary to a
stuay of the outer structure of reality, for “what we approach, in either
vase, from one side or the other, is the common boundary between
them (Spencer Brown, 1972, p. xvii), this boundary being the media
through which we perceive the outside world. Thus the greatest signif-
wance of the laws of form lies in their explanation of this inner structure
ol knowledge in that they reveal the laws that must apply to our de-
neriplions and understanding of the world, based, as they are, on dis-
linction and indication. In this, Spencer Brown is pursuing a similar task
(e thal of the phenomenologists such as Husserl (Section 7.5.1).

422 Varela's Calenlus for Self-Reference

St reference has been a problem in logic since the time of the Greceks,
a1 leads Lo paradoxical slatements such as the problem of the Cretan
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liar. The problem arises because the proposition actually includes itself
as a referent, that is, it refers to itself. These paradoxes tended to be
ignored, but Russell and Whitehead (1927) found that they were actually
crucial to the Principia Mathematica. Unfortunately, they could not pro-
vide any solution for them and therefore created a set of rules, the
theory of logical types, to prevent such propositions from being consid-
ered.

Self-reference is also of central importance in the domain of living
systems (Varela, 1977a), and particularly human beings, who have the
capacity to build images of themselves, to be self-reflective. Varela was
motivated to undertake his study because of his work on autopoiesis, in
which epistemology must be self-reflexive since it is, itself, part of the
area that is its subject, that is, knowledge.

The calculus for self-reference {CSR) has its genesis at a fairly ad-
vanced point in the calculus of indications {CI) where forms are allowed
to enter their own expression (re-entering forms). That is where the
value of an expression cannot be determined immediately because it is
included within that expression, e.g.,

F=71 or f=71|

The similarity to self-reference is immediately apparent; the form is sel{-

referring,

The second of these two examples is unproblematic since ﬁ is
essentially a double negation and so is equivalent to f. However, the
first is contradictory, since [ must be equivalent to its own negation.
Spencer Brown had to bring in the concept of time to overcome these
problems by making f at one time depend on its own value at a previous
time. This approach has been developed by Gunji and Nakamura (1991)
and Gunji and Kon-no (1991}. Varela (1975), however, introduced a new
state (apart from the marked and unmarked states) which is autono-
mous and self-indicatory, i.e., it cannot be brought into being by the
ebserver. The new state is now marked by the mark .

Varela reinterprets the whole calculus of indications employing this
new state as a third arithmetic value. The initial axioms now become:

.
pulE.

Initial 1: Dominance 17

Initial 2: Grder :|\| =
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Initial 3: Constancy j] A

Initial 4: Number dd = 2

Varela then shows that the whole system of arithmetic and algebra
remains coherent and consistent with this third value. It should be
noted, however, that the system now implies a three-valued logic rather
than the traditional two-valued logic.

The self-referential examples from the calculus of indications be-
come

f= ] and /= ﬂ =

At first sight this seems an important development and it has been
used by Kauffman (1978) and Schwartz (1981) but, in a later paper, Var-
¢la and Goguen (1978) say “1 do not now think that this represents a
very satisfactory solution to the handling of re-entering forms,” and list
{hree reasons:

[. All infinitely re-entering forms are expressed by the same value
(ie., :| ), and we cannot therefore study the differences be-
tween those forms.

2. Certain forms in the CI no longer hold in the C5R and yet have

great intuitive meaning, e.g., pl p | = , which expressed
the law of the excluded middle—everything must be p or not p.

3. In trying to produce a corresponding three-valued logic, certain
difficulties made the results unsatisfactory.

For these reasons, Varela explored other formalisms, which are dis-
sussed in Section 4.3. Turney (1986) has also proposed another interpre-
lation of Spencer-Brown's re-entering forms.

4.0 Evaluation of the Laws of Form and CSR

Il must be said to begin with that, despite their apparent novelty and
depth, the laws of form have made very little impact within logic and
mmulhematics. This, in itself, does not refute the arguments—autopoiesis
b made little headway in traditional biclogy—but there are few suc-
venslul applications or developments to point to, and there are also a
number of potential criticisms.

Buth Cull and Frank (1979) and Kohout and Pinkava (1980) have
e strong criticisms of the laws of torm and Varela’s extension to the
L SR The main ones are that there is no new original work, simply a
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reinvention of Boolean algebra in an obscure notation; that the notation
itself is suspect; that the laws of form do not really solve Russell’s par-
adox, as has been claimed; and that where the laws might be applied
there are better methods. Kauffman and Solzman (1981) replied, rebut-
ting some of these criticisms.

The main argument concerns the notation. It is claimed that Spen-
cer Brown has two values (the marked and unmarked states) but only
one symbol, | . The unmarked state is symbolized by the lack of a
symbol—the blank page. It is thus not clear where it (the blank symbol)
is ar how it is manipulated. This both makes the notation look unusual
and allows Spencer Brown to make some illegitimate moves. Moreover,
the one symbol | is used both as a value (a constant) and as an oper-
ator. If this notation is replaced with conventional notation (e.g., | =
1, = 0) then the primary axioms are seen to be basic Boolean
operations such as disjunction or Boolean algebraic identities such as
the excluded middle.

The reply to this is that the notation may be unusual, but this does
not make it illegitimate. It is a notation based on geometry—the geom-
etry of the plane and the rectangle—so it does follow ruzles and is con-
sistent. It does make implicit assumptions about how it is to be read,
but so does conventional notation (e.g., from left to right along a line).
The mark does play a dual role, but it is part of the theory that a dis-
tinction both names and values, and the same happens in conventional
notation (e.g., in 3 X 4 the 3 is both constant and operator—"three times

)

Cull and Frank (1979, p. 202} claim that at least two symbols are
required to convey information, yet this is at the heart of Spencer
Brown's work; drawing a distinction does create two states, but it is
necessary to name only one of them, the other being distinguished by
virtue of not being named. As for Russell’s paradox, it is accepted that
the CI does not actually solve it, but it does offer interesting ways of
expressing self-reference.

My own main criticism is the fundamental idea of a “perfect” dis-
tinction. It was argued above (in Section 4.2.1) that as logic and knowl-
edge rest on basic distinctions, if the laws of form follow from the act of
making a distinction, then they could be seen as shaping logic and
knowledge. However, 1 have my doubts as to whether this is really cor-
rect. Maybe it is the other way around. We value logic and therefore
wish to prove its postulates; the postulates can be shown to depend on
the two axioms, which are therefore necessary; the axioms depend on a
perfect distinction; therefore we must assume the existence of perfect
distinctions tn order to validate logic,
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But this does not prove that there are, or that we use, such things
as perfect distinctions, and [ myself am very doubtful about this. If we
¢xamine the physical world, it seems clear that there is a valid distinc-
tion between the table and not-table, although even here the distinction
may not be so clear at the atomic or subatomic level. When we come to
the social world and such concepts as good/bad, dominant/submissive,
vompetitive/cooperative, can we really say that each of these distinctions
is crystal clear and that people can be assigned to the different categornies
without any problem? The apparent usefulness of fuzzy set theory (in
which the distinction is taken to exist but the boundary not to be perfect)
secems to show that we cannot, and T think it would be of great interest
tu see how CI would have to be medified for it to lead to fuzzy set theory
rather than classical set theory.

In summary, The Laws of Form is a very stimulating and rewarding
work, but one that has not vet established its own validity either theo-
relivally or empirically. It is certainly worthy of serious study.

4.3, Varela’s Other Mathematical Representations

In later papers other approaches are developed. Varela and Goguen
(1978} consider the set of all the expressions possible in the Cl in terms
ol an ordering based on the inclusion of one form within another. This
iludes infinite forms. Such a set is termed a lattice.

Goguen and Varela (1979) stress that there are two ways in which a
distinction may be drawn and a system observed. We may choose to
{fivus altention on the system in its environment, treating it as a unity
willy given properties, or we may choose to focus on the interial consti-
tutian of the system and view the environment as merely a background
source of perturbations. These two views are, however, complementary,
amd in fact one can flip from one to the other as one moves through the
lirvels of a hierarchy, from the cell to the organ to the organism to the
population. At each level the distinction switches from the constitution
teeihe unity,

I'hey then show how there is a similar complementarity or duality
i The mathematical forms of trees and networks. A network (mathe-
nuilcally, a directed graph) consists of nodes and links between them.
A nelwork can be used to represent the connections or relations among
elements ina system. If we follow the permissible connections or links
Ihiong v the network, we trace the possible sequences of states of the
syslem, Those sequences or paths can be represented by a branch-
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ing tree {mathematically, a reachable, loop-free pointed graph), the
branches of which show the possible choices at each node. The tree thus
unravels the dynamic possibilities of the network.

This is illustrated in Fig. 4.2, which shows a network consisting of
four nodes (A-D) with six links (1-6) between them, and a complemen-
tary tree. The tree shows the possible paths starting from node A. Note
that the tree is infinite.

They use this formalism as an illustration of the general comple-
mentarity described above and conclude that it is exemplified by the
distinction between reductionism and holism, which should not be seen
as conflicting alternatives, but as complementary descriptive view-
points,

a A Network

o
4 e
ACDA/\ACDB \

b ATree
FIGURE 4.2. Nelwork Representations,
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4.4. Computer Models of Autopoiesis

Larly on, Varcla, Maturana, and Uribe (1974) developed a computer
model to illustrate the autopoietic organization (see also Zeleny and
Pierre, 1976; Varela, 1988, 1991b}. As mentioned in Section 3.3.2, Ma-
turana was willing to call this model “living.” The model is a type of
vellular automaton, that is, its universe consists of a (infinite) grid of
volls, each of which represents a particular type of component. The
model specifies rules for the generation and disintegration of these com-
ponents, and also (in this case) for their movement around the grid.
Varela (1988} has used another automaton to iHustrate organizational
vlvsure,

In the autopoietic model the cells are initially occupied by “sub-
sirates” representing basic chemicals needed by a cell. These can move
around the grid. There are also one or more “catalysts.” A catalyst can
vonvert substrate into “links”—the equivalent of components of the cell
membrane—and can also move around. Links can bond with one an-
vther to form chains. Unbonded links can move, but bonded links can-
nol. Substrate can move through chains, but catalysts cannot. Links,
lwmded or not, may randomly disintegrate into substrate. The formal
riehes of the model are given in Table 4.1

Dynamically, the catalyst starts to generate free links in its neigh-
borhood. These move around and bond with one another to form a
vhain, which often closes on itself, creating a boundary around the cat-
alyst, which cannot penetrate the links. The result is a “cell” which ful-
IHls the autopoietic criteria. Substrate can pass through the bonds and
ne flows in and out of the cell. This means that more links can be formed
side. At some point, a link in the boundary disintegrates, leav-

'TABLE 4.1

Rules of the Aulopoictic Model
L nmposition A catalyst and two substrates generate a link, leaving the catalyst
unchanged. A hole also results.
Vamalenation A free link can join the end of a chain, two (bonding) chains may

juin together, or two tree links may join.

T isinley ralion A link, bonded or unbonded, disintegrates into two substrates in
available wholes.

Oitler rules The components move randomly across the surface subject lo a
precedence order (catalyst, free link, subslrale), bonded links are
fixed, and only substrate can move through links.

Links disintegrate at random.
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ing a space, but usually the free links generated inside fill the gap and
recreate the boundary.

This is illustrated in Fig. 4.3, which shows successive stages of
transformation in a computter run performed by the author, At time ¢t =
134, a cell has been formed around a catalyst. Substrate is inside. At
t = 135, a link disintegrates, leaving two single-bonded links, a new
free link is produced by the catalyst, and the catalyst moves into the
hole thus formed. At t = 136, nothing changes, but at t = 137, the free
link moves into the gap, recrealing the boundary. The cell has reformed
in a new shape. This illustrates the basic model but a great variety of
examples may be generated by varying particular parameters such as
the rate of distintegration. With more than one catalyst, several cells can
be produced, and these may even join up to create multicellular entities.

........ Qeee. . ...... I 1€ 1C 1 S
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Time = 134 Time = 135
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Time = 136 Time = 137

FIGURE 4.3. Four Successive Times in the “Life” of an Autopoietic Model.

* = catalyst; + - single-bonded link; - -~ substrate; «r - Jdouble-bonded link; 0 =

free link; = hole,
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The model as a whole behaves as an autopoietic system. All the
interactions are defined purely by the properties of the components and
their local neighbors; there is no overall control, and yet the result is the
establishment of a dynamic unity with a self-defined boundary produc-
ing its own components.

Although this work is quite old, there is currently a resurgence of
interest through the development of a new area known as “artificial lifc”
(AL) (Langton 1988; Langton et al., 1991; Varela and Bourgine, 1992).
This, in turn, is part of the exciting new field called complexity theory
(Waldrop, 1992; Kauffman, 1993) which, in many ways, is a rediscovery
of the basic systems ideas of emergence and order but with more effec-
tive mathematical and computing tools.

The idea of artificial life is analogous to artificial intelligence {Al),
namely, that the logic or organization of “living” can be separated from
the material base in which we normally experience it, and that, in par-
licular, life, or lifelike behavior, can be realized computationally, i.e., in
computer models (Emmeche, 1992}, In other words, the aim is to create
lite as it could be rather than as it actually is. While this new venture is
vontroversial (it produces debates similar to those of the strong version
ul Al), itis clear that autopotesis is highly relevant—first, because of its
avparation of structure from organization and its recognition that the
autopoietic organization can be realized in arbitrary structures, and sec-
ond, because of the computer model we have just examined.

4.5, Conclustions

In this chapter we have looked at alternative representations of auto-
puicsis, Mathematically, we have seen attempts to model self-reference
Iy using the laws of torm, but it is not really clear at this point how valid
or uscful this has been. We have also seen a computer model of auto-
|oiesis—or is it really an autopoietic, and therefore living, system? This
dehate, covered in Section 3.3.2, should now be more clear.

[ the next section of the beok, we move on to the cognitive aspects
ol asilopoiesis, initially the nervous system.
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Theories Of Cognition



The Organization of
the Nervous System

A1, Introduction

IPart T of this book introduced the concept of autopoiesis in the physical
domain and its implications. Equally important, and developed at the
same time, are Maturana and Varela’s work on the nature of cognition
in autopoietic systems and their analysis of the organization and work-
ings of the nervous system. Most of the original papers are by Matur-
ana, so 1 will generally refer only to him.

Section 3.2 describes Maturana’s theories about the nervous system
and cognition. Section 5.3 explains the neurophysiology of the nervous
wystem and some of its most important characteristics. The main con-
seqjuences of this characterization of the nervous system, particularly
lhe nature of perception and intelligence and the development of lan-
guage as a subject-dependent domain, wiil be described in Chapter 6.
The philosophical implications of Maturana’s cognitive theories are con-
sidered in Chapter 7.

5.2 The Nervous System and Cognition

In pencral usage, cognition refers to the process of acquiring and using
kiowledge, and, as such, it is assumed to be limited to organisms with
n {lairly advanced) nervous system. The nervous system itself is viewed
#n a system that has developed to collect knowledge about the environ-
ment, enabling an organism to better survive,

Maturana’s theories question both of these beliefs (Maturana,
1%/00, 1970b, 1975b, 1978a, 1978b, 1983, 1985, 1988b; Varela, 1971,
477D, 1984b). He began his work in animal neurophysiology, publish-
ing 2 number of well-known papers (Maturana et al., 1960, 1968). This
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tied in with his biological interest in two seemingly unrelated questions:
What is the nature of living organisms? And, what is the nature of per-
ception and, more generally, of cognition and knowledge? A central
breakthrough was secing that the two questions arc in fact linked. Per-
ception and cognition occur through the operation of the nervous sys-
tem, which is realized through the autopoiesis of the organism. As we
have seen, an autopoietic system operates in a medium to which it is
structurally coupled. [ts survival depends on the continuance of certain
recurrent interactions. For Maturana, this itself means that the organism
has knowledge, even if only implicitly. The notion of cognition is ex-
tended to cover all the effective interactions that an organism has. The
traditional dualism between knowing and acting is completely swept
away—acting is knowing, and knowing is acting:

A cognitive system is a system whose organization defines a domain of
interactions in which it can act with relevance to the maintenance of itself,
and the process of cognition is Lthe actual (inductive) acting or behaving in
this domain. Living systems are cognitive systems, and living as a process
is a process of cognition. This statement is valid for all organisms, with
and without a nervous syslem.

Maturana and Varela (1980, p. 13)

I shall argue later that it is better to retain the more conventional
use of cognition, but first 1 shall explicate the development and role of
the nervous system and how it leads to the emergence of language and
the observer.

5.3, The Nervous System

The nervous system is an evolutionary biological development, which
increases the range of behavior that can be displayed by an organism—
its requisite variety. It does not, in essence, change the nature of oper-
ation of an autopoietic system. We can sec how nerve cells (neurons)
have developed as specializations of ordinary cells. If we consider a sin-
gle-celled organism such as the amoeba [Maturana and Varela (1987) and
Von Foerster {1984) are very readable introductions), it displays behav-
ior—for example, movement and ingestion. [t has both a sensory and
an effector surface—in fact they are both the same, its outer membrane.
Chemical changes in areas of its inmediate environment affect the elas-
ticity of its membrane, in turn allowing its protoplasm to flow in a par-
ticular direction, thus leading either to movement or the surrounding of
food. This eventually leads to the dying away of the environmental per-
turbation and the restoration of the status quo.
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A neuron is like an ordinary cell except that it is specialized in two
ways. First, it has developed very long extensions called dendrites, which
connect to many other, otten distant cells. This leads to a separation of
lhe sensory from the effector sites of the cell and allows for the possi-
bility of the transmission of perturbations. Second, it has developed
a generalized response—electrical impuises (although neurons are still
affected by chemical changes)—as opposed to the specific physico-
vhemical sensibtivity of other sensory surfaces. This has two vital
vonsequernces: the establishrment of a universal medium (electrical activ-
ity) into which all the differing sensory/effector interactions can be trans-
lated and the development of internal neurons which connect only to
other neurons, responding to this electrical activity. These interncurons
are particularly important as they sever the direct relationship between
sensor and effector and vastly expand the realm of possible behaviors
of an organism. In humans these have grown to outnumber sensory/
motor neurons by a factor of 100,000.

The other main physiological feature of the nervous system is the
neuron’s method of connection—the synapse. The synapse is the point
ol near contact between dendrites and other cells {neurons or ordinary
vells). Any particular neuron/cell has thousands of synapses, each con-
tributing a small amount to the cell's overall activity. A synapse is ac-
tuaily a very small gap across which chemicals called newrotransmitters
van flow, triggering an electrical exchange. In effect, therefore, these are
the sensory and motor surfaces of the neuron.

This organization has a nuraber of consequences, which 1 will
brieily outline. Some will be discussed more fully in later chapters.

h34. Maintaining Internal Correlations

What is it that the nervous system actually does? In the amoeba, a
vhunge in the sensory surface is triggered by the level of a chemical in
(he environment. This leads to motor changes and the movement of the
wrpanism through the environment. The process continues until the
vancentration is reduced and the balance between sensor and effector
relurns to the previous level. To the observer, the amoeba has moved
ur captured a prey. To the amoeba, state-determined structural changes
have occurred restoring an internal balance or correlation between sen-
sury and effector surfaces.

For Maturana, the nervous system functions in precisely the same
way. It acts 50 as to maintain or restore internal correlations between
nensory and effector surfaces. That it does so through an incredibly com-
fex system of interacting neurons makes no difference to its fundamen-
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tal operation. Touching a hot plate stimulates certain sensory neurons.
These trigger motor neurons, leading to the contraction of a muscle.
This in turn results in withdrawal of the hand and removai of the sen-
sory stimulation. Internal balance is restored.

5.3.2.  Organizational Closure

As was discussed in Section 3.1, the nervous system has a closed orga-
nization. As observers, we see a hot plate and a hand moving quickly
away from it. It appears that the nervous system is an open system,
receiving an input from the environment and producing an appropriate
response. Yet, in view of Section 5.3.1, this account would be mistaken.
The nervous system is in a process of continuous activity, the state of
its components at one instant determining its state at the next. Thus
states of relative neuronal activity are caused by and lead to further
states of activity in an uninterrupted sequence. This scems clear for in-
terneurons, which connect only to other neurons, but do not the sen-
sory and effector surfaces constitute some kind of open interface to the
world? Maturana argues that they do in an interactional sense, but not
in an organizational sense.

The sensory surface is triggered by something in its environment,
and its activity contributes to the activity of the whole. This may lead to
motor activity compensating for the disturbance. The result is a further
change to the sensory surface, not directly, but through the environ-
ment. The hand moves, the temperature falls. Relative activity leads to
relative activity. This is equally true for sensory and effector surfaces
that interact inside the organism. Excessive internal temperature leads
to sweating and eventually to a restored temperature. In all cases ner-
vous achivity results from, and leads to, further nervous activity in a
closed cycle.

Another way of saying this is that the nervous system is structure-
dependent. Its possible and actual changes of state depend on its own
structure at a point in time, not on some outside agency. At most, such
an agency can only act as a trigger or source of perturbation. It cannot
determine the reaction of the nervous system. This can easily be shown
by recognizing that it is the structure itself that determines what can be
a trigger for it. For instance, only systems with light-sensitive neurons
can be affected by changes in light.

The points made in Sections 5.3.2 and 5.3.1 (i.e., the maintenance
of internal correlations and organizational closure} apply equally to or-
ganisms that have no nervous system. That the amoeba 13 affected by
cortain chemicals, and that they lead to particular changes, is deter-
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mined exclusively by the structure of the amoeba, not by the nature of
the chemical. The next two points, however, are particular conse-
quences of the nervous system.

5.3.3.  Plasticity

A crucial feature of the nervous system is its plasticity—that is, the fact
that its structure can change over time. This is because of the interneu-
rons, which disconnect the sensory and motor surfaces, severing their
ane-to-one relations and vastly increasing the range of states open to an
organism. It is this plasticity that allows changes in behavior, including
that which we call learning. This plasticity affects not mainly the struc-
lure of connecticns between neurons and groups of neurons, but rather
(he pattern of response of individual neurons and their synapses. Such
changes occur both because of the specific activity of interacting neurons
and through the general results of chemical changes in the blood supply.

5.3.4.  Interactions with Relations

Apart from introducing plasticity and thus change and development of
Iehavior, the main feature of the nervous system is that it connects to-
pether cells that are physically separate within the organism. One vital
result of this is that it allows the organism to act in response fo the
relations between events rather than the simple events themselves. An
organism withowt a nervous system interacts only with isolated physice-
chemical occurrences. However, in organisms that have nervous sys-
tems connecting many different sensors, neurons develop that are
tripgered not by single events but by the relations that hold between
events occurring simultaneously or, indeed, over time. Von Foerster
(1984) gives an illustration of a network of neurons structured in such a
way that it responds only to the presence of an edge—that is, a sharp
discontinuity between light and dark.

This may well be the most important consequence of the nervous
wyslem. [t enables organisms to interact with the general as well as the
particular and leads to the possibility of abstract thought, description,
and eventually language and the observer as will be shown in the next
i hapter.



Language and the Emergence
of the Observer

6.1. The Emergence of the Observer

The nervous system allows the relations that occur at the sensory sur-
lace to be embodied in a particular pattern of nervous activity, With the
growth of the interneurons, this pattern no longer has a direct effect on
ihe motor surface but constitutes a perturbation for the internal nervous
system itself. The state of relative nervous activity becomes itself an ob-
ject of interaction for the nervous system, leading to further activity.
This is the basis for a further expansion of the cognitive domain, a do-
main of interaction with its own internal states as if they were indepen-
dent entities. This is the beginning of what we term abstract thought.

The widened repertoire of behavior and the potential for change
and development constituted a significant evolutionary advantage and
stimulated an enormous expansion of the internal nervous system.
Structurally, this development involved the nervous system projecting
itself onto itself—the various sensory surfaces having corresponding
arcas within the cortex and these being functionally connected to one
another and to various mediating structures. The human brain is vastly
more responsive to its own intemal structures than it is to its sensory/
effector surfaces.

The next important emergence appears to be that of description and
language. Maturana's ideas here are strikingly similar to those of G.H.
Muad (1934) although apparently developed independently. The evo-
lulionary developments outlined above lead to organisms with well-
developed nervous systems capable of wide-ranging and adaptable be-
havior. Such organisms are structurally coupled to their environment
and to other organisms within it. Complex sequences of mutually trig-
pered behaviors are possible. Always, however, such behavior is, ulti-
malely, structurally determined within each organism (Rosseel and van
der Linden, 1990),
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Within this context, Maturana distinguishes two types of interac-
tion between organisms. In the first, the behavior of one leads directly
to the behavior of the other, for example, fight/flight or courtship. The
second is less direct. The behavior of the first organism “orients” a sec-
ond organism, i.e., directs its attention to some other interaction that
the two have in common. The orienting behavior stands for or repre-
sents something other than itself. What is important is that the behavior
symbolizes something other than itself, and its success depends on the
common cognitive domains of the organisms. This leads Maturana to
describe the domain of such behaviors as corsensual, and the interactions
as communication.

Orienting behavior is thus symbolic; its significance lies not in itself,
but in what it connotes or implics. In a very crude way, such a behavior
is an action that is a description of the environment of an organism. It
is the basis for the emergence of a new domain of interactions—the do-
main of descriptions—which in turn forms the basis of language. Ini-
tially these symbolic gestures are closely related, through metaphor and
metonymy (Wilden, 1977), to the activity that they connote. However,
the nervous system can interact with the corresponding states of neu-
ronal activity as if they were independent entities and thus generate
descriptions of descriptions in an endlessly recursive manner. In this
way the symbols become further removed from their origin, and the
domain of essentially arbitrary signifiers that we call language emerges.

As a result of this process and a concomitant development of the
neocortex, organisms have arisen that can make complex and recursive
descriptions of their descriptions, and thus they become observers.
Moreover, within this linguistic domain a description of the self is pos-
sible, and thus descriptions of the self describing the self and sc on. 5o
is born the self-observer and self-consciousness.

To summarize Maturana’s views so far: Autopoietic systems are
structurally coupled to their media. Their behaviors are based on im-
plicit presumptions or inferences about their environment and are thus
cognitive. A nervous system does not alter this basic situation, but docs
permit the emergence of wider realms of interaction, culminating in the
self-consciousness of humans. Initially, the nervous system severs the
direct connection between sensory and motor surfaces, allowing a wider
range of changeable behaviors and interactions with relations rather
than jsolated events. Increasing encephalization (i.e., development of
the brain) under evolutionary pressure widens the renge of possible be-
haviors to include abstract thought, orienting behavior, and the domain
of descriptions. Finally, descriptions of descriptions and descriptions of
self through language generate the observer and self-consciousness. At
each stage emerges a domain of new and different interactions—inter-
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actions with retations, with internal nervous activity, with descriptions,
with descriptions of descriptions, and finally with self-descriptions. All

are made possible by the underlying biology, but none are reducible to
it.

The linguistic domain, the observer, and self-consciousness are each pos-
sible because they result as different domains of interactions of the ner-
vous system with its own slates in circumstances in which these states
represent different modalities of interactions of the organism.

Maturana and Varela {1980, p. 29)

6.2. Consequences of the Theory

0.2.1.  Nervous System and Organizational Closure

As explained in Chapter 2, an autopoietic system is organizationally
vlosed and structurally determined; its changes of state depend on its
own structure at a time and are not determined (although they may be
sclected) by events in the enviromment. The same is true of the nervous
system, even though it itself is not autopoietic. Every state of nervous
aclivity leads to and is generated by other such states. This is true de-
spite the fact that the sensory/effector surfaces appear to be open to the
vnvironment, The correctness of this counterintuitive view will be illus-
Irated by a number of examples. Further discussion occurs in Section
I1.3, which examines Varela’s later work on embodied cognition.

First, let us examine studies of color vision in pigeons by Maturana
cb al. (1968). It might be expected that there would be a direct causal
relation between the wavelength of light and the pattern of activity in
the retina, and that this in turn would create the experienced color. In
fucl, it was not possible to directly correlate light wavelength and neu-
ronal activity, The same nervous activity could be generated by different
lipirt situations, while the same wavelength of light could lead to differ-
v experiences of color {this is practically illustrated in Maturana and
Virela (1987), pp. 16-20. See also Thompson et al., (1992)]. However,
Ihere was a direct correlation between retinal activity and the experience
ol the subject. In other words, a particular sensory activity always gen-
eriles the same experience even though it may be triggered by different
environmental situations.

Second, consider the sensory and effector surfaces of the nervous
syslem between which lies an environment. Imagine a very simple ner-
vors system with one sensor connected to one interneuron connected
1 lurn to one effector, 1If the effector were itself connected directly to
he sensor, then the closed cireular operation would be apparent. 1t is
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not, but neither are the other neurons in this simple system connected
directly to each other. They are connected across a small gap—the syn-
apse—which therefore forms the environment between each pair of
neurons. Moreover, each neuron can be seen as having its own effector
and sensor surfaces. In principle, therefore, the relations between the
sensory and effector surfaces of the nervous system are no different
from those between any two neurons. What is different is that we, as
observers, stand in one environment and not the other, and it is not
apparent to us that functionally it is just as if we are standing within
one of the synapses.

Third, let us examine the idea that the environment does not deter-
mine, but only triggers, neuronal activity. Another way of saying this is
that the struclure of the nervous system at a particular time determines
both what can trigger it and what the outcome will be. At most, the
environment can select between alternatives that the structure allows.
This is really an obvious situation, of which we tend to lose sight. By
analogy, consider the humming computer on my desk. Many interac-
tions, ¢.g., tapping the monitor or drawing on the unit, have no effect.
Even pressing keys depends on the program recognizing them, and
pressing the same key may have quite different effects depending on
the computer’s current state. We say, “I'll just save this file,” and do so
with the appropriate keys as though these actions in themselves bring
it about. In reality the success {or lack of it) depends entirely on our
hard-earned structural coupling with the machine and its software in a
wider domain, as learning a new system reminds us only too well.

As adults we are so immersed in and successfully coupled to our
environments that we forget the enormous structural developments
(“ontogenetic structural drift,” in Maturana‘s words) that must have oc-
curred in us, although observing the helplessness of young babies
quickly brings this home. It is still easy, however, to imagine that the
environment has caused us to become adapted to it, but this is as mis-
taken as to believe that the existence of tree tops caused the develop-
ment of giraffes.

6.2.2.  Perception and Intelligence

Maturana’s approach brings out characteristically novel insights into
these domains {Maturana and Guiloff, 1980; Maturana, 1983). In both
cases he asks not, what is this phenomenon as an entity or characteris-
tic, but what is this as a process generating the observed phenomena?
His analysis of perception has been introduced in Section 6.2.1. The
process of perception does not consist of our grasping or representing
an objective world external Lo us. Rather, it invalves the opdrations of a
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closed neuronal network, which has developed a particular structure of
sensoryleffector correlations through a history of structural coupling.
For the observer who sees the organism and its environment in apparent
harmony, it seems that the organism must be responding to perceived
changes in the environment. But the internal situation is rather like a
robotic production. Each robot (neuron) is programmed to perform its
vwn specific actions in orchestration with the others. While these ac-
lions are coordinated there appears to be purpose and communication,
but as soon as they become unsynchronized the resulting ludicrous
spectacle reveals how fragile is this ilusion.

Similarly, intelligence is normally seen as an objective property of
« person or animal, like weight or strength, which can be measured in
an objective way by, for example, solving problems or puzzles. Matur-
ana argues that we must ask how behavior that observers call intelligent
is generated. His answer is that it must be the result of a history of
structural coupling with the environment and/or other organisms, and
that therefore any behavior that is successful within a domain of struc-
lural coupling is intelligent. lntelligence is neither a property of the or-
ganism or some part of the organism, nor is it directty observable. The
word intelligence connotes the structure resulting from coupling in vari-
ous domains, and it is manifest only in particular instances of coupled
ur consensual behavior.

There are a number of implications. First, all cultures, as consensual
domains of biologically successful behavior, imply equivalent although
not identical intelligence in their members. Secondly, intelligence in
peneral cannot be measured and certainly cannot be compared across
cultures. 1) tests reflect only interaction with a particular culture and
van record only the extent of an organism’s coupling to that particular
Jdomain, and thus to the observer (test creator) who specifies it. They
vannot therefore measure the organism’s potential for structural cou-
[thng in other domains, or in general. Third, specific intelligence is not
heritable, for it is developed in the ontology of a particular organism’s
voupling. At most one can say that the general capacity for coupling in
a particular domain (e.g., the linguistic) is genetically dependent.

0.3 Language as a Consensual Domain

liest as it is mistaken to believe that the nervous system operates by
manipulating the environment, it is equally mistaken to view language
ds duenotative, that is, as objectively indicating and pointing to an exter-
nal world. Linguistic behavior is connaotative. ‘The observed communi-
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cation of meaning and the practical efficacy of language do not reside in
the words and terms themselves but reflects similarities in the organ-
isms’ structures developed through their history of interactions.

As explained in Chapter 3, organisms that interact repeatedly with
one another become structurally coupled. They develop behaviors that
reciprocally trigger complementary behaviors, and their actions become
coordinated so as to contribute to the continued autopoiesis of each.
Moreover, the particular behaviors or conducts are divorced from what
they connote; they are symbolic and thus essentially arbitrary and con-
text-dependent. They only work to that extent that they reflect agree-
ment in structure, and this is what Maturana means by a domain of
consensual action. They rely on a consensuality (rather than explicit con-
sensus) among those involved (Harnden, 1990):

When two or more organisms interact recursively as structurally plastic
systems, each becoming a medium for the realization of the autopoiesis of
the other, the result is mutual ontogenetic structural coupling. . . .- The
various conducls or behaviors involved are both arbitrary and contex-
tual. . . . I shall call the domain of interlocked conducts thal results from
ontogenetic structural conpling between structuraliy plastic organisms a
consensual domain. . . . A consensual domain is closed with respect to the
interlocking conducts that constitute if, but is open with respect to the
organisms or systems that realize it

Maturana (1978, p. 47)

The consensual domain is thus a domain of arbitrary and contextual
interlocked behaviors. Much animal behavior involves coordinating ac-
tions of this type, e.g., courtship, nest-building. Some may be instinc-
tive, e.g., the dance of bees, but most is fearned through the structural
drift of the organism through its life. This learned consensual behavior
Maturana terms linguistic, although it is not yet language. It is distin-
guished by its symbolic nature—i.e., that the action stands for some-
thing other than itself. For an observer, such coordinating conducts can
be seen as a description of some feature of the organism’s environment.

Linguistic acts by themselves do not constitute language. For Ma-
turana, the process of using language, or languaging, can occur only
when the linguistic behaviors themselves become an object of coordi-
nation. This in turn can happen only when the nervous system has de-
veloped in such a way that it can interact with its own symbolic
descriptions. Thus linguistic behavior is the consensual coordination of
action. Languaging is a recursion of this, i.e., the conscensual coordina-
tion of consensual coordinations of action.

Once this level of abstraction has been reached—i.e., the descrip-
tion of a description—the entire space of language is opened up, as is
the observer and the self-conscious self-observer. In his carly work Ma-
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turana talked of descriptions and descriptions of descriptions, but now
he refers to consensual coordination of action. This emphasizes his view
that language is not essentially a descriptive domain but always an ac-
tivity, embedded in the ongoing flow of actions.

Having uncovered the genesis of human language, let us move to
the level of its day-to-day use. Maturana (1988b) has developed an ele-
gant description of languaging around the concept of a conversation—
that is, an ongoing coordination of actions in language among a group
of structurally coupled observers. For the individual, such a conversa-
tion is actually a meshing or braiding of language and mood (or emo-
tion). The linkage between these distinct domains occurs because they
are both embodied in the body of the observer. Although often ignored
in discussions of language and meaning, in real conversations our mood
or emotioning is an ever-present background to our use of language. It
conditions our stance or attitude {are we happy or sad, caring or self-
voncerned, deferential or confident, angry or upset?) and thereby the
course of our conversation. In turn, what we say and what is said to us
may trigger in us changes of mood. For Maturana a conversation is an
inextricable linking of language, emotion, and body, and the nervous
system is the medium in which all intersect.

As Winograd and Flores (1987a) have recognized, this view is strik-
ingly similar to that of the phenomenology of Heidegger {(1962). He too
argues that in relating to the world, in existing in the world, our basic
attitude is always a practical one of doing, of acting, of having some aim
in mind. Our consciousness (although we may not gencrally be con-
scious of this) is characterized by our state of mind or mood and by our
understanding of our situation, which may be articulated in language.
Generally, we are immersed in our daily tasks and do not notice most
ol the world as such. In using language within a conversation, we bring
out particular objects and highlight particular properties in the light of
our concern at the time. This will be considered in detail in Sections 7.4
and 7.5,

It is important to note that the driving force behind these develop-
ments is the evolutionary advantage they provide by permitting coop-
eralive and coordinated activity. Thus language itself is ultimately
rooted in cooperative practical activity and its effects, rather than the
abstract exchange of meaning and ideas. It also emphasizes that lan-
puage is itself an activity and of course is not restricted to verbal actions
alone. Tt is interesting to compare this with Habermas’ analysis of lan-
puage.

For Habermas (1979), too, language is a practical activity that arises
aut of the need for the social coordination of action. This idea has im-
porlant conseqitences tor the underlying nature of language, namely
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that for utterances to be practically successful they must make, at least
implicitly, certain claims as to their validity. Over and above being com-
prehensible, they must be true in their description of the external world,
right according to the norms of the social world, and truthful in their
expression of the subjective world of the speaker. Habermas, although
accepting the intersubjective nature of language, remains wedded to the
denotative view of language and communication.

6.4 Typologices of Systems

There are many different ways of classifying types of systems, for ex-
ample, Boulding’s (1956) hierarchy of complexity, Jordan’s (1968) sys-
tems taxonomy, and Checkland’s (1971) systems map of the universe.
In this section T will show how Maturana’s and Varela’s work can pro-
vide a fruitful reconceptualization of Boulding's hierarchy, and I will
also consider different types of “self-referential” systems.

6.4.1. A Reconceptualization of Boulding’s Hierarchy

Boulding offers an intuitive classification of different types of systems
ranked in increasing order of complexity (Table 6.1). This is done by

TABLE 6.7
Boulding's Hierarchy of Complexity
Level Characterisiic Example Discipline
1. Structures and Static Bridge, mountain  Descriptive
frameworks
2. Clockworks Predetermined Clocks, machines, FPhysics, natural
motion solar system science
3. Control Closed-loop Thermostat, Cybernelics
mechanisms control homeostasis
4. Open systems Structurally self- Flames, cells Theory of metabolism
maintaining
5. Lower organtsms  Organized whole,  Plants Botany
functional parts
6. Animals A brain, ability Birds, mammals Zoology
to learn
7. Man Self-consciousness, Human beings Biology, psychology
knowledge,
language
8. Socioculitural Roles, communi- Families, boy History, sociology,
systems cation, values seouts, clubs anthropology
9. Transcendental  Inescapable God? Theology

systems unknowables
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specifying a number of different levels, characteristics, and examples of
each, as well as relevant academic disciplines. At first sight, the levels
and examples seem very plausible. However, as Checkland (1981, p.
106) has noted, there is no explicit definition of the scale of “systems
complexity” underlying the hierarchy. What is it that actually distin-
guishes one level from another? Without this, we cannot really judge
the correctness of the classification. I propose an answer to this prob-
lem, based on Maturana’s and Varela’s work. I suggest that the under-
lying dimension is the way in which the system’s organization is
characterized by different types of relationship. Each new level brings in a
different relation, or relation of a relation, as well as involving those at
previous levels.

Table 6.2 shows the hierarchy reconceptualized in these terms.
Most levels are the same, but certain inconsistencies in the original are
cleared up. At Level 1 we have structures and frameworks characterized

TABLE 6.2
A Hierarchy of Complexity (Developed from Boulding)
Lowvel Characteristic  Type of relations Example Domain
1. Structures Static Topalogy Bridge. Mechanistic
and {constitution) mountain systems
frameworks
2. Simple Dynamic, Order Solar system,  Dynamic
mechanistic open clock, syslems
systems flame
Voo Seli- Negative Specification Thermostat,
regulating feed- body
systems back tempera-
ture
system
1. Living Self-produc- Autopoiesis Cell
systems tion
o Multicel- Second-order  Structural coupling  Plants, fungi
lular system autopuie- between cells
sis5
61 Organisms Closed Interaction with Animals . Linguistic
wilh organiza- relations {except | domamn
nervous tion spunge)
syslems
Y Observering  Language, Relations of Humans Consensual
systems self-con- relations domain
sCious-
ness
K Sacial Third-order Structural coupling  Families, ant Social
syslems autopoie- betwewrn colonies domain
5i% anganisms
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by relations of constitution (see Section 2.3.2), that is, spatial or topo-
graphic relations. Level 21 call “simple mechanistic systems.” These are
dynamic and involve relations of order. Unlike Boulding, 1 include sim-
ple cpen systermns, such as candles, here. Boulding put these in the same
level as cells which, in the light of autopoiesis, is clearly wrong. Level 3
consists of self-regulating systems such as a thermostat or the body’s
temperature-regulation system. These systems maintain certain quan-
tities as constants through negative feedback. Because of this, they are
characterized by relations of specification. That is, they maintain variables
at specific levels.

At Level 4 we reach living systems whose organization is character-
ized by relations of autopoiesis. That is, a relationship among the rela-
tions of typology, order, and specification. This replaces Boulding’s
Level 4 of open systems, which incorrectly included both flames and
cells. Level 5 consists of multicellular systems, which involve relations
of structural coupling between cells—whal Maturana calls “second-order
autopoietic systems,” such as plants and fungi. This is a more precise
definition than Boulding’s “lower organisms.” Level 6 consists of organ-
isms that have nervous systems which allow them to interact with pure
relations—that is, relations between events rather than isolated events
alone (Section 5.3.4). This category includes all animals except the
sponge. Again, Boulding was inconsistent in using plants as an exam-
ple, but animals as a level.

Level 7 brings in systems which can observe, that is, make descrip-
tions and self-descriptions. This involves specifying relations between re-
lations and requires language. Note that Level 6 animals can have
linguistic fnteractions such as a duet of birdsong, but Maturana argues
that this is not full languaging (Section 6.3). The main example is human
beings. Finally, we have Level 8, social systems. These are characterized
by relations of structural coupling among organisms—that is, organisms co-
ordinating their behavior with respect to others. Examples are social in-
sects such as ants, animals such as gorillas, and humans, with our soctal
systems such as families (Section 8.4). Note that Maturana does not
claim that social systems are autopoietic, but that they are the mediom
for the operation of autopoictic systems.

6.4.2.  Classifying Self-Referential Systems

Autopoiesis focuses our attention on self-producing, self-referring sys-
tems, but as Teubner (1993, p. 16) has noted, there is considerable con-
ceptual confusion around such terms in the general systems literature,
and even, on occasions, within Maturana’s and Varcela’s work. What is
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the difference between, for example, seli-reference, self-production,
self-organization, self-regulation, self-observation, circular causality,
tautologies and contradictions, and autocatalysis? While not claiming a
complete analysis of such systems, | offer the categorization in Table 6.3
as a start.

The first type I identify as self-influencing systems. These are sys-
tems including what are often called causal loops or circular causality—
that is, patterns of causation or influence that become circular (for in-
stance, the larger a population, the greater the number of births, and
thus the larger the population). This creates a positive loop leading to
exponential increase or decrease and, more commonly, there are nega-
live loops which lead to stability. The second type are seff-regulating sys-
lems, which are organized so as to keep some essential variable(s)
within particular limits. They rely on negative feedback and specified
limits. The next type I call self-sustaining systems. These are systems that
are organizationally closed but not self-producing. Their operations
close in upon themselves so that they are necessary and sufficient for
their continuance. A good example is the gas-heater pilot light discussed
in Section 3.3, Here, the pilot light heats the thermocouple, which con-
irols the gas, which allows the pilot light to function in the first place.
Once started, it sustaing itself.

After this we have autopoietic systems, which are self-producing of
both their components and a boundary. Next come self-referential or self-
trferring systems. To avoid confusion, I restrict these specifically to sym-

TABLE 6.3
A Classification of Closed Systems
[RYLR Characteristic Example
Ywell-influencing Circular causality, causal Size and birth rate of
loops population
‘wll regulating Maintenance of a particular Thermostat, body
variable temperature
Ywll sustaining Organizational closure bul sas pilot light,
not self-production autocatalysis
"wll producing Autopoiesis Cell
twell referential (self- Symbolic reference ta self “This is a sentence,”
referring) (pictorial or linguistic) Escher’s "Drawing

Hands,” Magritte’s
“The Ireason of

Images”
twrlt cpnscious Able toinleract wilh A person saving, “I
descriptions of self acted selfishly today”
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bolic systems that can make reference to themselves. These are gener-
ally linguistic or pictorial and involve all the many paradoxes anfi
tautologies (Hughes and Brecht, 1978). Pictorial examples are Escher’s
drawing (“Drawing Hands”) of two hands drawing each other z.md Ma—
gritte’s pictures, one (“The Treason of Images”) of a (smoking) pipe with
the words (in French) “this is not a pipe,” and another (“The Human
Condition”) in which the picture contains a picture of part of the scene
in the larger picture. Finally, there are self-conscious systems, whi.ch can,
through language, create descriptions of themselves and then interact
with these descriptions, thus recursively generating their conscious
selves.

One noticeable omission i3 a category of self-organizing systems.
This seems to me redundant within Maturana’s terminology. Each sys-
tems embodies a particular organization—it is what specifies the system’s
identity—and this organization remains the same so long as the system
maintains its identity. What is implied by self-organization is actually
structural change, and here | would use my other categories, depending
on the particular type of change involved.

Philosophical Implications

7.1 Introduction

Il is especially important that we consider the philosephical implications
ot Maturana’s work. All theoretical work in the natural and social sci-
vnces has philosophical implications in that, explicitty or implicitly, it
vmbodies particular epistemological and ontological presuppositions.
However, most work does not produce results which, in themselves,
have philosophical implications. This is not the case with autopoiesis
and the allied theories of cognition since they constitute, inter alia, a
theory of the observer. That is, they claim to define the possibilities
and limitations, biclogically, of cognition and therefore of observation,
description, and knowledge. This, of course, makes them highly self-
relerential, for the results must apply equally to the theory that gener-
ated them. This, in itself, does not cause a contradiction, but it does
place a premium on consistency. Maturana himself is very well aware
ol all this, and has continually made explicit what he sees as the radical
philosophical implications of autopoiesis.

These cognitive theories lead to an antirealist position, according
tv which we can have no claim to objectivity, in the sense of subject-
independent truths—we have no access to an objective reality. Our be-
liets and theories are purely human constructs which constitute rather
than reflect reality. This position has been termed constructivism. This
vhapter seeks not only to explain Maturana’s developing position but
#lst (unlike previous chapters) to critique it, since it seems most
appropriate to link the two activities together. Section 7.2 provides a
briel overview of the main positions within the philosophy of science—
Fealism, empiricism, and idealism. Section 7.3 explains the main
ldeas as recorded in the early works on autopoiesis and the nervous
aysiem, and Section 7.4 presents his ideas as developed in later
work, Section 7.5 concludes that Maturana’s radical position cannot be
taintdined and that his work is best seen as an example of the recent
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developrment of critical realism as seen in the works of Bhaskar (1978,
1989).

7.2, An Outline of the Central Philosophical Worldviews—
Empiricism, Realism, and Idealism

Maturana contrasts his own views with those which he claims “are gen-
erally held by scientists, both explicitly and implicitly” (1974, p. 457),
namely that

1. We exist in an objective world about which we can make valid
statements that are independent of us as observers.

2. We can gain valid knowledge of this world through our sense
organs, and the result is representations of reality that we use to
guide our behavior.

This view might best be termed the naive realist or common-sense
view and may characterize the views of unphilosophical scientists.
Within the philosophy of science, however, there are a range of sophis-
ticated cpistemological positions, none of which involves such a simple-
minded objectivism. This section presents a simplified sketch of some
of the main epistemological traditions in order to facilitate a discussion
of Maturana’s work. It draws on Quthwaite (1987), Hamlyn {1987},
Harre (1986), Keat and Urry {1982), and Bhaskar (1989).

Tf we distinguish among three possible domains—the world inde-
pendent of ourselves, our perceptions of the world, and our ideas and
theories—then we can distinguish three broad paradigms with a long
history in philosophy: realism, empiricism, and idealism. These differ
centrally in placing primary importance on the world, on our percep-
tions, and on our ideas, respectively. While empiricism is essentially
epistemological, realism and idealism also have ontological implications.

Empiricism, beginning with Locke and Hume and culminating in
positivism, has been the dominant view in the Anglo-Saxon world. It
was a reaction against the grand religious and rationalist systems and
holds that valid knowledge must be based on our observation and ex-
perience of the world as we find it, rather than, on the one hand, ab-
stract rational or introspective ideas (rationalism and idealism) or, on the
other hand, unobservable causes or theoretical entities (realism). Clas-
sical empiricism developed from Hume's view of causation as purely a
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vunstant conjunction of events.” In this view, scientific laws and theories
simply connect up the regularities that occur within our observations
and perceptions rather than explaining why they occur. Indeed, phe-
nomenalists hold the view that nothing other than the phenomena per-
ceived by our senses exists. This tradition culminated in positivism and
eltviorism—holding that scientific, and indeed rational, knowledge
must be based solely on empirical facts. These would be explained as
vxamples of universal laws developed as hypotheses and confirmed by
prediction and experimentation. The individual subject or observer is
merely a passive reflector or channel for the phenomena of reality.

Idealism in its many forms has an even longer history. It empha-
sizes the importance of ideas and thought either in shaping our individ-
ual experience of the world (e.g., Kant) or as existing in themsetves
(Mato, Hegel). Recent developments in this tradition have cffectively
destroyed the empiricist belief in the fundamental role of observation
and focused attention on the role of the subject or community of subjects
in developing knowledge.,

This has occurred at a number of levels. First, it has been shown
that our perception of the world is very much an active construction
rather than a passive reception of sense data and thus reflects us as
much as the world (Hanson, 1969). Second, it has been argued that sci-
entific observation is theory-dependent; that is, our theories determine
what experiments to perform, what instruments to construct, how to
interpret the results, and generally how to conceptualize the world
{Kuthn, 1970; Feyerabend, 1975; Popper, 1972). No experience or obser-
valion can be free of our presuppositions. Third, particular theories or
stutements cannot be evaluated in isolation but are part of complex par-
adigms (Kuhn, 1970), which are essentially incommensurable. Fourth,
wicnce is essentially a social activity, and scientific development takes
place through the judgment of the scientific community (Woolgar, 1988).
Ihese various, quite radical, critiques of the objectivity of empiricism
have generated no single dominant view as to the nature of scientific
theories. Tshall describe certain positions under the terms conventionalist
and constructivist.

Conventionalism argues that scientific theories cannot be wholly
determined by the nature of the world and our observations. The choice
ol theory is to some extent subjective and conventional. Two particular

*That is, that in saying A caused B we are not making a positive assertion about an
oparalive relation, merely noting that the prior occurrence of A has always been as-
aon lited with the oeeurrence of B3,
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connected examples are pragmatism and instrumentalism. Pragmatism, as
developed by Peirce (Buchler, 1955), James (1948), and Dewey {1931),
pointed out that science is essentially a practical activity, both in itself
and in being useful in solving people’s problems. The meaning of terms
comes from their use or the effects that they have, and statements are
judged true not because they correspond to some cxternal reality but
because they solve the problem or cure the doubt at the time. Instru-
mentalism {Duhem, 1954; Rapoport, 1969) also denies that theories cor-
respond to the world or have representational meaning, arguing that
they should be seen as purely predictive devices or instruments, m-
proving our manipulative power over the world.

Constructivism (Von Glasersfeld, 1984; Boyd, 1984) refers to the
more radical idea that our theories and, indeed, our experiences of the
world are essentially constructed by us; we construct the world that we
experience, either as individuals or as communities, and as our theories
change so does the world we experience. Such a view can be inferred
from Kuhn and is common in social theory (Berger and Luckmann, 1967)
and phenomenology (Heidegger, 1962).

Realism, in naive form, echoes our cominon-sense experience.
There is an objective, independent world, which we experience directly;
our theories describe actually existing entities; they are true or false by
virtue of corresponding to the real world, In this form realism has
rightly been subject to the idealist criticisms outlined above. However,
in recent years a more sophisticated version has developed (Harre, 1970;
Bhaskar, 1978, 1979, 1989; Keat and Urry, 1982; Leplin, 1984}. This new
realism, called by Bhaskar transcendental or critical realism, accepts the
epistemological criticisms that observations are theory-dependent and
that we cannot have pure access to an independent world. It asserts
strongly, however, that such a world does exist and that it is populated
by objects and entities, some of which may be in principle unobservable,
which have causal powers or tendencies. Against empiricism, it argues
that it is the interaction, in complex ways, of these gencrative mecha-
nisms that leads to our observations. Science can no longer be seen as
creating true theories, but as proposing and identifying potential causal
objects, the descriptions of which are at least approximately true.

The methodology of critical realism, described as “retroductive,” is
(Bhaskar, 1979, pp. 144-148):

1. Identify an effect or phenomenon to be explained.
2. Postulate a hypothetical mechanism or structure that, if it ex-
isted, would generate the phenomenon.
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3. Attempt to demonstrate the existence of the mechanism by ex-
perimental activity leading to direct or indirect observation and
by eliminating alternative explanations.

7.3. The Philosophical Conclusions of Maturana’s and
Varela’s Early Works

This section will introduce the philosophical positions contained in the
vatly work of Maturana and Varela. (Section 7.4 will consider in detail
Lhe later work developed by Maturana.)

S Introduction

Unlike many scientists, Maturana and Varela have always been very
aware of the philosophical implications of their work, and have devoted
much time to making them explicit in their own terms. However, as in
their biological work, Maturana and Varela develop their own language
and there is litHe attempt to relate it to already existing concepts and
positions. A main aim of this book is to try (o translate their ideas into
more familiar terms, although 1 recognize that Maturana particularly
might object that any such translation wilt inevitably be distorting. Put
vrudely, Maturana and Varela argue that our descriptions and theories
are human constructs, which reflect our individual and communal sub-
jrctivity rather than an independent objective world.

Maturana began his work by pursuing two questions: what is the
nalure of living organisms, and what is the nature of perception? His
breakthrough was to see that these were in fact intimately connected.
Initially explored in The Biology of Cognition (1970b}, this led to a char-
wterization of the observer as the system in which description takes
place. As humans, we are autopoietic systems, each with a plastic ner-
vous syslem that is organizationally closed. This is structurally coupled
Io the rest of our body and through this to the environment. Both the
body and the nervous system are structure-determined systems; the
vhanges they undergo depend on their own prior structure and can only
be triggered, not determined, by interactions with other systermns. The
vipacity for language has opened up new domains of activity in which
wi may make descriptions, descriptions of descriptions, and descrip-
livns of ourselves, leading to the emergence of the observer. However,
siich descriptions always remain subject-dependent and based on con-
MRS,
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Moreover, science and scientific theories are inevitably expressed in
some form of language (including that of mathematics) and therefore lie
within the domain of descriptions—the consensual domain. Such de-
scriptions are not determined by the nature of what is described, but by
the describer. They cannot, therefore, reflect an objective reality; they
must remain subjective constructions. This has clear implications for on-
tology, epistemology, and methodology.

In this section Maturana’s early ideas will be expounded, largely in
his own words.

7.3.2.  Ontology, Epistemolegy, and Methodology
7.3.2.1. Ontology

Ontology deals with the nature of existence. That is, what kinds of ob-
jects and entities do we take to exist in the world and what are their
modes of existence? In other words, what might be the object of our
descriptions? Here we find Maturana’s most radical assertions, which
can be put forward in the following argument:

A. All our perceptions and experiences occur through and are me-
diated by our bodies and nervous systems. 1t is therefore impossible for
us to generate a description that is a pure description of reality, inde-
pendent of ourselves.

No description of an absolute reality is possible. Such a description would
require an inleraction with the absolute to be described, but the represen-
tation which would arise from such an interaction would necessarily be
determined by the autopoietic organization of the observer, not by the
deforming agent.

Maturana and Varela (1980, p. 121)

This latter point is because of B:

B. The structure-determined nature of the observer means that in-
teractions are selective rather than instructive, so that the resulting ex-
perience always reflects the ohserver.

... the environment, . . . as an independent domain of perturbations,
can only participate in the selection of a particular sequence of states along
the ontogeny of the organism, from the demain of states that at each in-
stant the structure of the organism makes possible.

Maturana {(1975b, p. 11)

C. We are therefore always, unavoidably, existing within a domain
of subject-dependent descriptions—that is the only reality we can ex-
perience—the reality of the distinctions and descriptions that we make,
We must accept this and alter our view of our world accordingly.
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. . reality as a universe of independent entities about which we can talk
is, necessarily, a fiction of the purely descriptive domain. . . . we should
in fact apply the notion of reality to this very domain of descriptions in
which we, the describing system, interact with our descriptions as if with
independent entities.

Maturana and Varcla (1980, p. 52)

D. Thus the object of our knowledge does not exist except as it is
distinguished by the observer. [t is not just that we cannot access an
existing external reality, but that owr realities are brought into existence
through our activities as observers. .

The question, “What is the object of knowledge?” becomes meaningless.
There is no object of knowledge, . . . we, as thinking systems, live in a
domain of descriptions. . . . Furthermore, this re-emergence of reality as
a domain of descriptions does nol contradict determinism and predicta-
bitity. . ..

Maturana and Varela (1980, p. 53)

E. This is true not just of the everyday world of ordinary people,
but also of the world of science itself, which is equally confined to ex-
ploring the results of its own distinctions.

A universe comes into being when a space is severed into two. A unity is
defined. The description, invention, and manipulation of unities is at the
base of all scientific inguiry.

Maturana and Varela (1980, p. 73)

7.3.2.2. Epistemology

Fpistermology concerns the nature of our knowledge about the world.
How is knowledge (episteme) different from mere opinion {(doxa)? What
are the criteria of validity for knowledge? Can knowledge be objective,
and what does that mean? What are the limits of knowledge? Given
Malurana’s ontology, it appears that we can have no access to an inde-
[ndent world with which to compare our theories and descriptions.
How, then, are we to judge their truth or validity? And how, indeed,
are we to judge the validity of Maturana’s theory itself? Maturana gives
# number of rather different answers to the question:

A. The validation of knowledge is the maintenance of successful
aulopoiesis. False knowledge leads to the destruction of the autopoietic
process. This is because, for Maturana, all activity is cognitive activity
and as such makes implicit presumptions about the world.

Successtul interactions dircctly or indirectly subservient to the mainte-
nance of his living Jaulopoictic - JM] arganization constitute his only final
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source of reterence for valid behavior within the domain of descriptions,
and hence, for truth.
Maturana and Varela (1980, p. 57}

To know is to be able to operate adequately in an individual or cooperative
situation.
Maturana and Varela (1980, p. 57)

B. Scientific statements are validated by the scientific method,
which is used to produce them, not by correspondence to an external
world. Proper scientific methodology includes specifying the observer,
or rather the observer as a constitutive member of a community of ob-
servers.

We as scientists make scientific statements. These statements are validated
by the procedure we use to generate them: the scientific method. . . . 5ci-
ence is necessarily a domain of socially accepied operational statements
validated by a procedure that specifies the observer who generates them
as the standard observer.

Maturana {1978z, p. 28)

The validity of scientific knowledge rests on its methodology, which spec-
ifics the cultural unity of the observers, not in its being a reflection of an
objective reality, which it is not.

Maturana {1974, p. 464)

C. There is one thing common to all domains, and that is logic itself.
This must apply to both the description and that which is described.

In every explanation . . . the reformulation of the phenomenon Lo be ex-
plained resorts to the same notions {identity, exclusion, succession, etc.).
There is, then, a universal logic valid for all phenomenological domains
. . and the validity of our arguments, as the validity of any rational ar-
gument or concrete phenomenological realization rests onits validity. . . .
To the extent that we have been successful (free from logical and expe-
riential contradictions), we can conclude that [the physical space is one in
which] the logic that we have applied in our description is intrinsically
valid.
Maturana and Varcla {1980, p. 121)

7.3.2.3. Methodology

As we can see from B above, methodology is important for Maturana,
as it is a major determinant of the validity of a scientific theory. He sug-
gests that there are four stages (Maturana, 1978a, p. 28):

a) . . . observation of a phenomenon thal, henceforth, is taken as a prob-
lem ta be explained;
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b) proposition of an explanatory hypothesis in the form of a deterministic
system that can generale a phenomenon isomorphic with the one ob-
served,;

¢} proposition of a computed state o1 process in the system specified by
the hypothesis as a predicted phenomenon to be observed; and

d} observation of the predicted phenomenon.

Stated thus, it sounds unoriginal and objectivist, and does not
really reflect the thrust of his subjective, subject-dependent position. We
shall see later how this basic formulation is developed to become more
consistent with the rest of the theory.

7.3.3.  Preliminary Analysis of Maturana's Philosophy

It seems clear that the whole thrust of Maturana’s work places it cen-
irally within the idealist tradition, and more specifically what I called
constructivist. In fact, I shall argue in Section 7.5 that there are remark-
able similarities to the phenomenology of Husserl and Heidegger de-
spite the fact that thesc authors have never been mentioned by
Maturana [although they have by Varela (Varela et al., 1991)]. However,
it is also possible to pick out resonances with many of the other positions
described—in particular, pragmatism and (implicitly) realism.

Maturana’s theory provides a coherent explanation (or generative
mechanism, in his terms) that blends a number of philosophical ideas.
lsut for the main distinctions made in Section 7.2, it is clear that he is
neither an empiricist, in that he maintains that experiences are not in-
dependent of the observer, nor a realist, denying access to or the exis-
lence of independent reality. He argues that what primarily exists for us
hweman beings are the phenomena of our experience rather than an in-
dependent reality (phenomenalism). However, these phenomena are
not necessarily the same for all, but are subject-dependent, generated
by the operation of a structure-determined but plastic nervous system
within a consensual domain. As such, we construct the world we ex-
perience (constructivism). These constructions are not purely individ-
nal, but reflect the intersubjective nature of language and action.
Yilterent domains of experience give rise to different domains of reality.
As observers, we describe and explain our experiences’as part of our
jractical daily existence, and our explanations are judged valid if they
salisly listeners according to the criteria appropriate to their domain,
rather than by virtue of being true or false (pragmatism).

After illustrating this in a more detailed description of Maturana’s
recent developments, T shall argue, against Maturana, that his work is
vopatible with a critical realist approach and that it should be thus
interpreted,
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74, Maturana’s Developed Position

The central tenet of Maturana’s ilcas—that the world we experience is
a subject-dependent crealion—was apparent in his earlier works as out-
lined in Section 7.3, but one of the most developed and comprehensive
expositions is a paper entitled “Reality: The Search for Objectivity or the
Quest for a Compelling Argument” (Maturana, 1988b). An expanded
disenssion of the nature of science and scientific explanation is given in
Maturana (1990).

In Maturana (1988b) he begins by adopting a very pragmatic view
of explanation and its role in our lives—what he refers to as the praxis
of fiving. As humans, we are linguistic animals; all our thoughts and
experiences are mediated through language. And much of our linguistic
activity consists of explanations, to others or to oursclves, of our expe-
riences. It is important to recognize, however, that such explanations
are always post hoc—after the event. We are always already experiencing
and acting in the world before we ever question or explain an experi-
ence. This means that explanations are always secondary to the actual
praxis of living, yet they occur only within it and they feed back to affect
ongoing behavior. Moreover, explanations are always made by observ-
ers to other observers, who must accept or reject them; the circle can
never be broken.

What then is the explanation for explanations? What motivates an
explanation and then makes it acceptable to another person in daily lite?
Not, Maturana argues, its intrinsic truth or correspondence to an inde-
pendent reality but simply whether or not it satisfies the listener accord-
ing to whatever criteria the listener finds appropriate within his or her
own praxis—whether it makes the listener content. A question is asked.
An cxplanation is given. The explanation is always the reformulation of
an experience in our praxis of living and must be accepted by the listener
{who may also be the speaker) through the listener’s own praxis of fiv-
ing. We never hear explanations purely in their own terms; we always
react to them in accordance with our own criteria of acceptance, our own
pre-fudices.

7.4.1.  Paths of Explanation

Maturana then distinguishes between two fundamental ways of vali-
dating or accepting explanations (or, as he calls them, paths of expla-
nation): “objectivity-without-parenthesis” (transcendental objectivity) and
“objectivity-in-parenthesis” (coustifuted objectivity). These two paths (or
explanatory domains, as he also catls them) are primarily epistemological,
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but they also have ontological implications; indecd, he uses the terms
transcendental ontology and constitutive ontology. Each domain is charac-
terized by criteria for validating explanations, assumptions about the
nature of the entities involved, and actions (and therefore cognition)
that are seen as legitimate:

The path of transcendental objectivity corresponds essentially to the
realist view of reality. According to Maturana, the observer following
this path accepts that much of reality takes place independently of the
observer’s activities; that things exist independently of the observer
knowing them; and that knowledge can be gained through perception
and reason. In this domain, explanations are held to gam their validity
by their reference to an independent reality, which is the criterion of
acceptability. They are thus transcendental” in that they precede or are
prior to the observer. The active participation of the observer in the con-
stitution of reality is overlooked, and observers require that there be and
accept that there is a single domain of reality. To the extent that observ-
ers actually generate their own individual demains of reality, these must
of necessity be exclusive, and those of the others negated. In this path,
Ltherefore, observers claim that their own views have privileged access
lo objective reality, using this as a justification for their choices and
avoiding personal responsibility.

The path of constituted objectivity places objectivity or independent
reality in parentheses. It recognizes that we are living systems and that
our cognitive abilities have a biological base. Therefore, we cannot as-
sume that our perceptions correctly represent some independent envi-
ronment. Neither, in neurophysiological terms, can we distinguish
between reality and illusion. As we cannot access an independent real-
ity, we should suspend our naive belief in it. Instead, we should ac-
knowledge that existence for us is constituted by us through our
linguistic distinctions. This is what is meant by “constitutive ontol-
opy”—we can interact only through linguistic entities, and they come
nto being as they are constituted by us.

Exploring this view, Maturana characterizes it as follows:

In the path of objectivity-in-parenthesis, existence is constituted by what
the observer does, and the observer brings forth the objects that he or she
dislinguishes with his or her operations of distinction as distinctions of
distinctions [sic] in language. Moreover, Lhe objects that the observer
brings forth in his or her eperations of distinction arise endowed with the
properties that realize the eperational coherences of the domain of praxis
ol living in which they are constituted. [This path entails] the recognition
that il is the crilerion of acceptability thatl the abserver applies . . that
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determines the reformulations of the praxis of living that constitute expla-
nations in it. . . . Each configuration of aperations of distinctions that the
observer performs specifies a domain of reality.

Maturana (1988b, p. 30)

We as observers always operate in and through a domain of lan-
guage, that is, a domain of consensual verbal and nonverbal behavior
that intersects with the other domains of our experience. In acting
within our praxis of living, we create or construct distinctions and cat-
egories—and thus bring forth the objects of our language. We do so for
many different and nonintersecting domains, and each domain has its
own particular objects and criteria of validity. Examples of such domains
might be physical existence, poetry, music, games and sports, and sci-
ence, each of which is a complex edifice of conventions and distinctions
erected on its own self-referring foundations.

Each domain is characterized by particular operational coherences,
which generate the characteristics of the objects we construct in that
domain, and cach is a domain of explanations created by reformulating
our experiences in that domain according to its operational coherences.
These domains are different but all equally legitimate, so there may be
conflicting yet valid explanations across different domains. The observer
lives in a “multiverse [of] many different, equally legitimate, but not
equally desirable, explanatory realities” (Maturana, 1988b, p. 31). If we
accept this path and recognize the validity of other people’s domains,
then we must be doing so under conditions of mutual acceptance rather
than conditions of mutual negation. Maturana characterizes the emotion
underlying mutual acceptance as “love” (in a nonphysical or spiritual
sense) and claims that it is the basis of social phenomena (Maturana,
1988b, p. 64). This will be discussed further in Chapter 8.

7.4.2.  Operational Coherences

Before looking in more detail at these explanatory domains, it is neces-
sary to discuss the term “operational coherences.” This is used repeat-
edly by Maturana in recent works without any very clear explanation of
its precise implications. Indeed, it seems to play a crucial role both in
his explanation of daily life (as above) and in his characterization of the
nature of science (Section 7.4.4).

What is Maturana trying to get at with this enigmatic phrase? It is
important to reiterate some of the fundamental premises of his whole
position, starting with the intimate bond between knowledge and ac-
tion. (Indeed, they are really just different ways of looking at the same
thing.) Knowledge is effective action; cognition is action that continues
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and maintains autopoiesis. And we must remember that action is not
just observable behavior, but includes any activity of the body or ner-
vous system, such as thinking or reflection. Second, as biological sys-
tems we are structurally determined; all our actions and experiences
must exist in a closed world of self-reference, continually perturbed but
not determined by outside events.

Third, we exist in language and, through language, both experience
and explain our experiences by bringing forth the particular distinctions
that we do. We can communicate these to others because of the history
of structural coupling between us which leads us, within a particular
domain, to create mutually agreed upon distinctions. Finally, our phys-
iology operates in such a way as to maintain internal relationships, that
is, it “seeks” recurrence [i.e., consistence or coherence] (Maturana and
Varela, 1987, p. 231). This occurs at all levels of interactions—physical
autopoiesis, the closed nervous system, the self-descriptive domain of
the observer, and the consensual domain of language.

Thus, in producing an explanation we specify a particular entity,
mechanism, or process and implicitly or explicitly define the way it op-
erates as a structure-determined system. We do this on the basis of our
own subject-dependent experiences in language, not as an objective de-
scription of something independent of us. We define the operational char-
acteristics or ecoherences of the entities as we expect that we would
experience them. Other people will accept or reject these characteriza-
tions to the extent that they share our domain of experiences. The point
about it is that these distinctions and descriptions form a closed set,
building one upon the other but undetermined by an external world in
just the same way as a physical autopoietic system is closed organiza-
tionally. Tf we ask why they appear to “work” so well, the answer is also
lhe same—structural coupling based on effective action. If they did
not “work,” if they were not effective, they would not continue self-
producing.

Let us look at an example. A colleague walks into my office and
asks, “what’s keeping you busy?” [ point to a pile of papers and reply,”
vxams to grade.” She smiles sympathetically and walks out. A question
has been asked and an explanation given and accepted. Within the do-
main of education, which we share, I have brought forth a particular
entity, “exams to grade,” as a mechanism capable of generating the ex-
perienced phenomena, my apparent business. These three words carry
with them a whole raft of connotations concerning the exam system,
students, writing exam questions, marking schemes, deadlines, bore-
dom with grading, and so on. These constitute the operational coher-
vnees entailed by giving and grading exams.
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It might be thought that these are objective entities and character-
istics available to anyone, but this is not so. They can only be construc-
tions or reformulations of my experience, although they may be similarly
experienced by others who share this domain. They are different for
those who do not share this domain. For students, “exams to grade”
entail quite different operational coherences—revision, anxiety, past pa-
pers, tesults, and so on. For someone from a completely different cul-
ture, this explanation may make no sense at all. The explanation js
successful because it corresponds to or could generate the observed ex-
perience shared by my colleague and me, not because it corresponds to
objective reality.

7.4.3.  Domains of Reality

In the path of objectivity-in-parenthesis, it must be accepted that there
are many different, equally valid, domains of reality. Each domain is
constituted in three interlocking dimensions—the criteria for accepting
explanations, different operational coherences structuring such expla-
nations, and the actions seen as legitimate. Together, these define a cog-
nitive domain—a domain of possible viable existence. In our daily lives
we experienice many such domains, constantly switching from one to
another. Each is equally rational and equally consistent, and to the ex-
tent that we can choose between them the choice depends only on our
preference—our emotional preference. Maturana emphasizes that emo-
tion or mood is an ever-present condition of our experience in the world
(see Section 6.3).

For example, in the domain of religion, there are many objects, doc-
trines, practices, and actions that all interrelate in well-defined ways.
Distinctions between legitimate and illegitimate actions and the criteria
for accepting explanations will be drawn from the fundamental texts of
the religion and their interpretation by particular officials. In the domain
of sports, the various objects, roles, and actions generate a viable, con-
sistent activity, and legitimate actions and explanations are validated by
the formal and informal rules and the interpretations of referees and
judges. Even our experience in the physical domain is generated by us.
We create distinctions in language, with which we recursively interact,
such as “heavy” or “close” or their more precise scientific counterparts.
However, Maturana does point out that the physical domain is different
from other domains. It is the one in which we realize our existence as
living systems and the one in which all others intersect through the
operattons of the nervous system and the body.

This description appears to be close to the ideas of Schutz (1967} in
phenomenological sociology that individuals experience their lives
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within finite provinces of meaning and that consequently there exist
multiple realities. However, Schutz’s concept is tied to the individual,
experiencing subject whereas Maturana’s emphasis on the consensual
nature of language places him nearer the intersubjective formulation of
Wittgenstein's forms of life (Mingers, 1984).

7.4.4.  The Domain of Science

One of these domains of reality, and thus of explanation, is science. This
domain is particularly important because of the effects it has on modern
society, and it is distinctive in being concerned essentially with expla-
nation itself. Yet ultimately it is only another, equally valid, domain.
Scientific activity and thought is no different in principle from other
daily activity.

All domains of reality are associated with particular moods or emo-
tions (see Section 6.3), and science is motivated by curiosity, a particular
“desire for explaining.” That is, scientists are particularly rigorous in
censuring that an explanation fulfills its criterion for the validation of
explanations—that is, the scientific method. Indeed, this is how science
gains its validity: not from describing or analyzing independent real-
world entities, but by rigorously applying the scientific method to refor-
mulate explanations in terms of the operational coherences that apply
within particular domains of experience.

Since the criterion of validation of scientific explanations is defined and
constituted only in terms of the operational coherences of the domain of ex-
periences of standard observers, it does not entail any supposition about
an objective independent reality. . . . The claim that scientisls make about
the universal validity of scientific explanations [refers| to their validity
through the application of the operational coherences that they entaif in
the world or worlds brought forth. . .

Maturana (1990, p. 20, my emphasis)

The basis for scientific validity is, therefore, a correspondence be-
tween the explanation and our experience; it is the operational coher-
etices of our experience that are captured in the hypothesis. Note that
il is not based on a correspondence between the explanation and exter-
nal reality. Thus scientific explanations are valid because they are the
application of operational coherences, but this is because, at the same
tune, “cvery system or mechanism operates only if the operational co-
herences that it entails are satisfied (Maturana, 1990, p. 32).

Maturana’s early view of the scientific method was set out in Section
7.3.2.3, and in his more recent work it has been made more consistent
with the overall theory, It stili embodies the central idea that an expla-
nalion involves the positing of 0 mechanism that could generate the ob-
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served phenomena. The main development is that it is more recently
formutated exclusively through experiences of the observer rather than
events in the world:

i) The presentation of the experience {phenomenon) to be explained in
terms of what a standard observer must do in his or her domain of
experience (praxis of living) to experience it.

ii} The reformulation of the experience . .. in the form of a generative
mechanism that, if realized by a standard observer . . . would allow
him or her . . . to have the experience to be explained.

iii) The deduction from the operation of the generative mechanism pro-
posed in ii}, as well as from all the operational coherences of the do-
main of experiences of a standard observer entailed by it, of other
experiences that a standard observer should have . . . and of the op-
crations that he or she must realize in his or her domain of experiences
Lo have them.

iv) The experience by a standard observer of the experiences (or phenom-
ena) deduced in i) through his or her realization in his or her domain
of experiences of the operations also deduced in iii).

Maturana (1990, p. 18}

Several of Maturana’s conclusions are worth highlighting. First, sci-
ence inevitably occurs within a community of scientists or observers,
based on communication and consensus about actions and their coor-
dination. Within this consensual community scientists are essentially
interchangeable and are likely to make similar observations and expla-
niations (the standard observer). However, there can be several different
communities, validating different distinctions and explanations. This
view clearly mirrors Kuhn's work. Second, since the methodology only
refers to experiences and activities of the observer, the resulting expla-
nations cannot directly refer to or denote a world independent of the
observer. Scientific validity therefore does not stem from correspon-
dence to an independent world but from correct application of the sci-
entific method and experience of the consequences of our actions:

In fact, scientific explanations do not explain an independent woild, they
explain the experiences of the observer, and thal is the world he or she
lives.

Maturana (1988b, p. 38)

7.5. Maturana’s Philosophy—A Phenomenological Biologist?

In overall terms, however, Maturana’s ideas show an amazing number
of similarities to the phenomenology of Husserl and Heidegger, al-
though he makes no reference to them. Winograd and Flores (1987a)
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have also juxtaposed Maturana and Heidegger in their important book
Understanding Computers and Caognition. Tt is worthwhile demonstrating
these concurrences in detail. First we must sketch the related but differ-
ent concerns of Husserl and Heidegger.

7.5.1.  Husserl’s Transcendental Subjectivity

Hussetl's project was the reformulation of philosophy so that it could
properly form a totally secure foundation for rational knowledge (Hus-
serl, 1970, 1977; a good intreduction is Hammond ef al., 1991). His
method was to follow Descartes and doubt everything that was not ab-
solutely certain in order to discover a foundation that could not be
doubted. Such an ultimate foundation must be both primary {that is, not
dependent on anything else) and apedictic (that is, absolutely indubita-
ble). Does not the existence of the everyday world provide its own cer-
tainty? It certainly appears to be primary in that it seems to exist
independently of us. Yet is this really apodictic? Husser] notes that our
perceptions of the world can be mistaken, and that, in fact, we cannot
actually distinguish between reality and a dream.

Husserl’s response is not to reject immediately the reality of the
world, but to put it to one side and suspend judgment about its exis-
tence. His way of doing this is to put the world “in brackets,” to par-
enthesize it. This is called the “phenomenological epoché.” As
philosophers, we talk as if the world existed, but this is now something
which must be shown. The world “claims being.” If we bracket all that
we normally take for granted, in what Husserl calls the “natural atti-
tude,” what then is left?

If I put myself above all this life and refrain from doing any believing Lhat
takes “the” world straightforwardly as existing—if I direct my regard ex-
clusively to this life itself, as consciousness of “the” world—I thereby ac-
quire myscH as the pure ego, with the pure stream of my cogitations.
Husserl {1977, p. 21)

What is left is the self, the ego which is experiencing the world and
reflecting on this process. In other words, despite suspending the exis-
tence of the whole of the world, there must still be some “thing” which
i~ making that suspension. Moreover, Husserl argues that one now has
access to the pure ego, uncontaminated with the assumptions of every-
day life. This is the transcendental ego, and it is this which Husserl claims
is the proper, indubitable foundation, It is more primary than the world
buecause it remains after the epoché—it exists whether or not the world
does—and it is more primary in the sense that it gives sense or meaning
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to the world. The world is experienced (by me) only through the pos-
sibilities allowed by my ego:

I can enter no world other than the one that gets its sense and acceplance
or stalus in and from me myself.
Husserl {1977, p. 21)

The transcendental ego must also be apodictic since, in doubting
everything there must still be some process, some subjectivity doing the
doubting.

An alternative justification for this approach lies in the problem of
trying to bridge the gap between the knower and the known—the naive
realism of the natural attitude, which takes for granted the correspon-
dence between our experiences and reality.

But how can we be certain of the correspondence between cognition and
the object cognized? . . . How do I, the cognizing subject, know if I can
ever really know, that there exists not only my own menial processes,
thesc acts of cognizing, but also that which they apprehend? How can |
ever know that there is anything at all which could be set over against
cognition as its object?

Husserl (1964, pp. 15-16)

The phenomenological answer is to give up the natural attitude
and its assumptions and instead to explore the experiencing subject
in as uncommitted a way as possible. The method for doing this,
the phenomenological method, is based on the intentional character
of consciousness. This simply means that consciousness is always
consciousness of something. We cannot simply be conscious; we must be
thinking about something. By studying the objects of experience, not in
the real world but in our experience, Husserl aims both to discover a
priori rules or structures that govern our experience and to show that
the ego displays the same structure. This is to be done by gaining pure
descriptions of our experiences by disengaging the ego from the de-
mands of the real world through the epoché.

First, one chooses a particular intentional object and then, after
bracketing one’s natural attitude toward it, begins to describe the actual
appearances and the possible appearances that it could have in con-
sciousness. One also describes the actual and possible ways that it can
be experienced, e.g., the various perceptions one can have of it. This
reveals both what one means or intends by a particular object and how
one constitutes it. This method can equally be applied to things experi-
enced physically, in which case it reveals the various dimensions of our
spatial experience, and to more abstract terms such as “existence” or
“truth.” What do we mean when we use such terms? How do we con-
stitute them? Husserl calls such theories “constitutional” theorics.
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The other step is a description of the subject, the ego itself. This is
done using the same method, and Hussert identifies three key features:
the subject has identity, the subject has individuality, and the subject’s
individuality is based on its experiences {of objecis}. The subject has
identity because it is always the same subject experiencing, constituting,
and synthesizing its life. The subject has individuality because it is dif-
ferent from other subjects; it has its own history of particular experi-
ences leading it to have a particular character or style. Finally, it will
have so developed through the particular objects it has experienced and
might in the future experience, it will have developed a “habituaiity” of
vbjects and types of objects.

This habituality, this set of readinesses to perceive {Vickers, 1968)
and experience particular types of objects (e.g., physical ones), is not
just a secondary effect, but is absolutely necessary for being a transcen-
dental ego. Tt is this ability, developed through our history of experi-
ences since birth, that enables us to synthesize the different sense
experiences of a particular type of object and experience it as such an
object. There must therefore be basic structures of the ego that govern
vur constitution of the world and must be the same as those governing
the external world, for otherwise we could not have experiences of it.

Thus, although we have no access to an independent world, “ob-
jeets exist for me, and are for me what they are, only as objects of actual
and possible consciousness” (Husserl, 1977, p. 65), this does not matter
since we can discover its structure by analyzing the experiencing subject
that generates it for us.

The atternpt to conceive the universe of true being as something lying
outside the universe of possible consciousness, possible knowledge, pos-
sible evidence, the two being related merely extermally by a rigid law, is
nonsensical.

Husserl (1977, p. 84)

;5.2 Heidegger's Phenomenology of the Everyday World

lividegger, who was a student of Husserl's, shares the basic stance of
phenomenology as directing its attention toward the experiencing sub-
jeot, but he moves in the opposite direction. Instead of bracketing the
natural attitude of the everyday world and moving toward purer and
purer experience, he actually makes the everyday world of existence the
tocus of his enquiry. In his first work, Being and Time (English transla-
tion, 1962), he undertakes a phenomenological description of the way
we ordinarily and routinely, indeed subconsciously, experience our
world. Dreyfus (1991) provides an excellent intreduction to Heidegger.
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Humans are entities that can be self-conscious—that js, aware of
their own selves—and, in particular, the way that the self experiences
the world. It is this process of experiencing the world that is the way of
being of humans. Much of the time we are not actually conscious of the
way that our consciousness is working; we are concerned with the result
of the activity that we are engaged in, and not what is happening in the
mind. This is precisely what Heidegger is trving to describe or analyze:
the way in which our self works, of which we are often not conscious
or aware. He refers to this self, this entity that can inquire about itself
as Dasein (literally, “being there”).

He wishes to inquire into (that is, to make clear) the meaning of
being, that is, the ways in which we experience and act on the world as
entities that can actually reflect on our own selves. This must begin by
looking not at scientific or philosophical consciousness but at the most
basic everyday consciousness of existing and acting in the world,
“Being-in-the-World.” (Heidegger’s language is full of compound capi-
talized expressions like this, which can be off-putting.) In so doing,
what does the self (Dasein) come up against? First, all the objects and
things in the world that are not selves; second, other selves; and third,
its own self. Moreover, in relating to the world, in existing in the world,
our basic attitude is always (except in pure contemplation) one of doing,
acting, having some aim in mind, having some concern.

7.5.2.1. Qur Experience of Objects

The world we meet is full of objects, and we can pick out and describe
these objects—measure them, weigh them, analyze them, and sc on.
This is not, generally, how we relate to them. The way that we relate to
or experience them is by using them in our direct activities. Indeed most
of them we do not notice at all because they are not relevant to our
immediate concerns. Generally, objects have been created or adapted
precisely in order to be used, and they form part of a set of objects (Hei-
degger uses the term equipment), usually positioned with regard to their
use. Given our particular purpose at any time, there will be a set of
objects ready-to-hand (their mode of being) for use, and these will be
selected by our conscicusness as and when needed. Then, in use, they
will actually disappear from our consciousness again as we concentrate
on the job in hand. In typing on my word processor, [ am concentrating
on the meaning and am unaware of the keyboard. Generally, therefore,
most of the world does not impinge on our consciousness at all; an ob-
ject is either irrelevant to our task or is s¢ immersed in the task that we
are blind to it.
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We become aware of an object in itself, it becomes an object for us,
when something goes wrong with what we are doing and forces us to
pay attention to the tools themselves. Something is broken or unusable
or is missing or prevents further progress. Then the tool, ils uses, com-
position, and surroundings, become an object of our consciousness. We
now look at them in a different way in order to selve our problems. The
being of such objects is present-at-hand. Just as our usual attitude toward
objects is one of use rather than of analysis or description, so our every-
day experience of space is through our activity rather than objective
measurement. We expertence space through objects and their relations
to one another—"next to,” “on top of,” “beside,” and so on. Objects
exist “in their place,” not at some particular co-ordinate position. Dis-
tances and times are thought of generally and with regard to our activ-
ities, not in absolute terms—"a good morning’s drive.” Objects are close
or far in how easily they can be used—do they have to be collected?
lixed? Found? Or are they close by and ready? Dasein is characterized
by a general attitude toward the world of objects, that of concern, as in
“to be concerned” that something is going well.

'

7.5.2.2. Our Experience of Other People

In our normal daily activities, we encounter others and relate to them
according to their place within the structure of the activity—that is, as
customer, seller, deliverer, lecturer. This is not to say that we thereby
Lreat them the same as objects; rather, we recognize them as other Dg-
seins. Thus part of our Being-in-the-World is Being-with others. This is
part of our nature even if we happen to be by ourselves. We are gener-
ally conscious of only those others whom we actually deal with—not all
others in general—and we may well be physically present with others
{fur example, in a public place) and yet not be interacting with them at
all. They may just be present-at-hand. Heidegger terms our basic atti-
lude to these others solicifude—suggesting the idea of caring for or con-
vern for a person—or its lack.

7.5.2.3. Our Everyday Experience of Ourselves

Generally, we are so immersed in our activities that we do not con-
sciously reflect on our Being. Instead, being involved with other people,
we are constantly comparing ourselves with them and being concerned
about the extent to which we differ. Our concern not to differ leads us
nut to be ourselves, but to be subjected to people in generai—“they” the
crowd, the mass, We take our opinions and beliefs from them {through
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the media). Their way of existing is to emphasize the average and main-
tain averageness. 50, in being invalved in the everyday world, we do
not live our own lives for ourselves, but live lives determined by others,
Nor are we aware of this. QOur attitude toward our own self-knowledge
is characterized by transparency or its lack.

7.5.2.4. The Process of Being-in the Everyday World

We have looked at consciousness of the world and its objects, of other
people, and of ourselves. Now we look at the actual process of being
conscious. This can be investigated by recognizing that we are always
at a particular place and time, being active and trying to bring something
about, We are always “here,” but our conscicusness is trying to get
“there” (Da-sein). [t is not closed off, but open to the world through its
tryving to bring something about. In so doing, consciousness is charac-
terized by its state of mind, or mood (the state it is in) and by its under-
standing (its projecting of its possibilities in the future). These are both
expressed (and experienced) in discourse or language.

We are always in some state of mind or mood. We cannot "not
have” a state of mind. Qur mood reveals, and is a result of, how we
have been doing. We must already be in a mood before we can be con-
sciously aware of what it is. We find ourselves “thrown in” to a partic-
ular situation with a particular state of mind (thrownness). We may go
along with it, or exchange it for another, but we cannot be without one.
States of mind reveal our consciousness as thrown-in, as predisposed in
a particular way. They are prior to thought and willpower. Our mood
will have already shown or affected (disclosed) our Being-in-the-World
as a whole. What we experience is experienced through our meod. Qur
state of mind controls what we can be conscious of, what can matter to
us or be of concern. Things cannot cause us fear or anger or joy unless
our state of mind is such as to allow this. We become afraid of something
before we are aware of being afraid, and by the time we are aware, we
ate already in a state of mind of fear.

Our mood is the state we are in; our understanding reveals our
possibilities for action. In being there, in the world, we point to the fact
that there is a world, of things, others, and self, toward which we act.
At any instant, there are a number of possible ways that we could act—
a number of ways that we could be. It is our understanding that reveals
these possibilities to us. These possibilities are not determined outside
of ourselves, but through our state of mind. They continually occur and
are rejected or accepted. So the world is always a world of possibility,
not of actuality—possible ways of being revealed by our understanding
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that what we are is what we become (i.e., which of the possibilities
occurs) and this then affects the state of mind, which throws up the next
possibilities, and so on.

Having become conscious of something through understanding, we
may decide to make it more explicit, to take it apart, to lay it out and
see how it fits together. We will exemplify this with the world of objects,
trut it applies equally well to the worlds of people and of the self. When-
ever we interpret (or analyze) something, it is always from a peint of
view; given the way that we were going to use it, we always see it as
something. Also, the object is not isolated, it is always part of a whole
complex of things that go together for a particular purpose. We already
have some understanding of what this structure is, although it may be
far from perfect, and of our immediate context. We have some knowl-
vdge of its structure as something. When we have produced an inter-
pretation of something it then has meaning for us. Meaning is always
vreated by the Dasein in its interpretation of the world. Things do not
have meaning in themselves. So te ask for the meaning of something is
to seb it out and explain it from the point of view of a conscious self
active in the world.

7.5.2.5. Discourse and Language

Our states of mind and our understanding are intelligible to us because
they can be articulated or expressed in speech as discourse, Discourse
is communication, but not objective communication from one fixed
bring to another. Rather, it is part of the process of creating shared states
of mind:

Communication is never anything like a conveying of experiences, such
as opinions or wishes, from the interior of one subject into the interior of
another. Dasein-with [the process of being with others] is already essen-
tially manifest in a co-stale-of-mind and a co-understanding. In discourse
Being-with becomes “explicitly” shared; that is to say, it is already, but it
it unshared as something that has not been taken held of and appropri-
ated.

IHeidegger (1962, p. 205)

This has been only a brief sketch of the very early part of Heideg-
yer’s philosophy, but it is sufficient for our purpuose.
"3 Maturana as Phenomenologist

e most important similarity among all three writers is the recognition
of the problematic nature of external reality and the decision to turn
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inward, to examine and analyze the nature of the observer, the person
who experiences and gives meaning to the world. For Heidegger and
Husserl this is at the level of mind and consciousness, while for Matur-
ana it is based on a theory of the biology of the cognizing system. This
general insight is shared by other schools of thought, but there are also
many detatled parallels, which are listed in Tables 7.1 and 7.2. However,
Husserl and Heidegger both move in very different directions and it is
necessary to summarize this debate and locate Maturana within it.

Husserl and Heidegger are both known as phenomenologists, and
vet they focus in diametrically opposed directions (Boelen, 1975). A
good way to locate this difference is to consider Descartes’ famous cogifo
ergo sum—a starting point for both (F. Smith, 1970). We can then say that
while Husserl was concerned with cogito (thought and consciousness)
Heidegger was concerned with sum (being and activity).

For Husserl, there is a road to true knowledge through disinterested
contemplation. Phenomenologists should detach themselves from every-
day concerns in order to gain access fo the pure ideas of the ego’s con-
sciousness. For Heidegger, there can be no such idealist representations
of subject and object. Qur natural attitude, our being-in-the-world, can-
not be expressed in, nor does it consist of, conscious beliefs, ideas,
rules, and intentions. Rather it is a sub- or preconscious attitude social-
ized into us and embodied in our actions and skills. Being, our way of
interpreting and dealing with the world, is inherent in the practices of
our culture and society and is continually enacted by us in an unmindful
way. We cannot uncover the beliefs or intentions behind what we do,
for there are none; there are only skills and practices.

TABLE 7.1
Similarities betiveen Maturana and Husser!

1. Both make the point that our pereeption of the world is corrigible, and indeed that
we cannat distinguish between illusion and reality.

2. Maturana follows a course similar to Husserl's and puls objectivity (rather than the
objective world) in brackets in order to see what remains when one does.

3. Bath crphasize how we are unavoidably constrained to experience our own,
individual, experiential world and that we can never comparc this with some
other, abjective world.

4. They both use the term constitutive to connote the bringing inte being of our
reality.

5. In describing the subject, both pick out identity and individuality as key features.
This indeed is the starting point for the theory of aulopoiesis.

6. Husserl's concept of the habituality of an individual is very similar 1o Maturana's
structural coupling. An individual, through its history ot interactions, develops a
particular structure in relation to its environmenlt, which dvtcmunus the
interactions that it can have.
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It seems clear that in this debate, Maturana is in Heidegger’s camp.
He, too, emphasizes that cognition is not detached cogitation but situ-
ated, practical action. This is brought out even more in Chapter 11,
where Varela’s recent contribution of a theory of embodied cognition
draws on another phenomenologist, Merleau-Ponty, whose work de-
velops further the road taken by Heidegger away from pure conscious-
ness.

To conclude this section, I believe the similarities outlined above do
justify the claim that Maturana is best seen as a phenomenological bi-
vlogist. However, there are a couple of points still to be made. First, in
aligning Maturana with such major philosophers I am not thereby trying
lo validate his work. Not, indeed, am I trying to justify phenomenology.
As will be demonstrated in Section 7.6, I believe there are major prob-
lems with this position. What T am trying to do is to situate Maturana’s
work within conventional academic disciplines both to show that it is

TABLE 7.2
Similarities between Maturana and Heidegger

I. The starting point for both is the involvement of people in their practical daily
lite—concernful activity. This is the basis for language, and olher cognitive
Jomains such as science are essenlially derivative from it and similar in nature to
it. Maturana stresses how language itself emerges through the need tor the
coordination of our practical activities.

- Heidegger’s idea of thrownness is also present in Maturana; sec, for example,
Maturana and Varela (1977, p. 242), where he says that we always have blind
sputs, things that we do not see, which we become aware of only when we are
shocked or dislodged from our normal attitude.

}. Both stress the impartance ol emotion or mood as an ever-present background
which conditions how we experience the world. Maturana’s triad of languoage,
emotion, and body fits well with Heidegger’s description of mood, understanding,
and practical (physical) activity.

4. Both discuss how even the seemingly most objective domain, the physical world,
is vonstituted for us by the practical distinctions that we make in evervday life.

. Both identity a particular, quite simtlar, attitude toward other people as
vonstitutive of the social domain—solicitude, or care for another {Heidegger), and
mutual acceptance (Maturana, 1988b, although in 1980b, p. 15, he alse uses the
term “care”™).

6 Maturana’s idea of operational coherences secms very similar to Hudl_gger s
analysis of understanding, in which he claims [hal we always interpret things with
some degree of preunderstanding and always see them as part of a complex or
svstem of objects and processes that go together.

S Bolh recognize that communication between people is not some objective
esehange of symbols but relics onan already existing similarity of structure
belween the communicators - structural coupling.

K Finally, as the quote at the start of Chapter | shows, Heidegger all but produced
lhc terms .nltupuu L™ and “allopoictic” himseld,

(2]
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not as singular or radical as might at first appear and to stimulate inter-
change of ideas among different domains.

Second, I think that in a particular respect Maturana’s work repre-
sents a distinct advance on classical phenomenology, a major criticism
of which is that it is essentially individvalist and has great difficulty in
generating the intersubjective nature of social reality (Mingers, 1984,
1992a). Here, Maturana begins from an intersubjective position. We are
(as self-conscious beings) constituted through our language, and lan-
guage is inevitably an intersubjective phenomenon. As Wittgenstein
(1978) also argued, there can be no such thing as a private language.
Thus language is essentially a consensual domain of agreements, of
structural coupling that permits the operations of observers.

The work of Merleau-Ponty (1962, 1963), based on both phenom-
enology and the natural sciences such as physiology and psychology, is
very relevant and will be discussed in Chapter 11.

7.6, A Realist Critique of Maturana’s Constructivism

From what has been said, it would appear that Maturana must be decid-
edly antirealist. However, the heart of his methodology corresponds ex-
actly with that of the critical realist view outlined in Section 7.2, namely,
that science should proceed by hypothesizing mechanisms or structures
that, if they existed, would generate the phenomena to be explained.
The central difference is the ontological status of such entities. Realists
argue that, putatively, they exist in a world independent (at least in the
natural sciences) of the beliefs of the observer. Maturana would hold
that they are constructs of the observer, as a member of a community of
observers, which do not represent or denote anything independent.

This difference is reflected in methodological terms. The realist attempts -

to demonstrate the existence of mechanisms retrospectively, while Ma-
turana predicts the occurrence of other phenomena of experience.

In early papers, Maturana conceded the need to assume some sub-
stratum of reality, but more recently he argues repeatedly that there is
no independent reality, not merely that we have no access to such a
reality:

. . . the physical domain of exislence is onc of many domains of reality

that we bring forth as we explain our praxis of living. . .. outside lan-
guage nothing (no thing) exists because existence is bound to our distine-
tions in language. . . . [ am saying that all phenomena . . are cognitive
phenomgna that arise in observing as the observer operates in lan-
guage. . . . Nothing precedes its distinclion; existence in any damain,

even the existence of the observer themselves, is constitubed in the dis-
linclivns of the observer.
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. if we ask for the characteristics of the transcendental substratum on
which, for epistemological reasons we expect everything to take place, we
tind . . . that we cannot say anything about it, not even to refer to it as an
it, because as soon as we do s0 we are in language.

Maturana (1988b, pp. 7980, my emphasis)

What are we to make of this? Are we really to believe that while
Maturana writes an article he believes that he is bringing forth the pencil
and paper that he uses in just the same way as he brings forth the ideas
that he writes down? To believe that we literally create the world we
describe takes us toward the realm of Berkeley’s “to be is to be seen”
but without the all-seeing God, a point also made by Zolo (1992).

Part of the answer is that Maturana uses the words exisfence and fo
vxist in a rather unusual way {Maturana, 1991a, p. 389). From the point
of view of objectivity-in-parenthesis (his point of view), our biological
limitations as observers mean that we can never refer to or describe
something independent of ourselves. But when we do distinguish an
entity in our language or action, it can then be treated as if it were in-
dependent. This, for Maturana, is the only valid form of existence: “1
indicate in the explanatory path of objectivity-in-parenthesis that exis-
terice i3 constituted by what the observer does, and existence refers to
the conditions of constitution of what we talk about” {Maturana, 19%1a,
p. 389). Since we can never get out of language, we can never use “ex-
istence” to connote an independently occurring entity. For us, all that
van exist is what we constitute.

Maturana also makes it clear that he does not (and could not) seek
to explain “reality” (Maturana, 1991a, p. 386). Rather, what he wishes
lo explain is vur experiences since that is all we have access to:

.. every explanation is given by an observer as the proposition of a gen-
eralive mechanism that uses experiences to generate experiences within
the regularities of experienges as an answer to a question that accepts an
explanation as an answer.

Maturana (1991a, p. 390, my emphasis)

Thus, for Maturana, we remain in a closed domain. We begin with
experiences that we wish to explain, we propose explanations of the
operational coherences of our experience, and we make predictions of
other experiences that we or others may have. We can never, in any
way, escape from experience and language to reach the shores of pure
reality,

This is really the heart of Maturana’s radical position, and I will
argue that his position is ubtimately inconsistent. T accept that his ideas
lvad inescapably to the view that we cannot directly access a world in-
dependent of vur perception and language. This does not, however,
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prove that there is no such world, as the arguments outlined below
show (Mingers, 1990).

As Luhmann, who has developed a theory of autopoietic society
(see Section 8.5), says:

If a knowing system has no entry to its external world it can be denied
that such an external world exists. But we can just as well—and more
belicvably—claim that the external world is as it is. Neither claim can be
proved; there is no way of deciding between them.

Luhmann (1990b, p. 67)

Similar criticisms of Maturana’s constructivism have been put forward
independently of mine by Zolo (1992}, Held and Pols (1985a, 1985b,
1987a, 1987b), and Johnson {1989, 1991a, 1991b, 1991c, 1992, 1993a,
1993b). Held and Pols will be discussed further in Section 10.4, as a
similar debate has occurred within family therapy.

7.6.1.  The Constraints of Reality

First, if there were no reality independent of our descriptions, then we
would be free to bring into existence any world that we desired. In fact,
reality constrains the success of our ideas and theories. While we are
free to imagine what we wish, doing so does not make it the case. A
belief in the ability to fly or stay under water for ten minutes will be
refuted by death itself, This is essentially the position of von Glasers-
feld, a writer with ideas similar to those of Maturana, who describes
himself as a radical constructivist. He eschews the idea of correspon-
dence to an independent reality but accepts that reality limits what is
possible and that knowledge may therefore fit or not fit such a reality
(Von Glasersfeld, 1984; Kenny, 1988).

7.6.2.  Contradictions within the Theory

The next point to make is that Maturana’s theories, when taken together
with the claims that he makes from them, are self-contradictory. They
are, in fact, inconsistent on two different levels. The first is common to
all strongly relativist theories. Such positions make an epistemological
claim that all knowledge is velative to the knower {or community of
knowers), that is, that no theory can claim objective truth. However,
since such a theory is self-referential, it must equally apply to itself. If
this is accepted, then we are not compelled to agree with the theory; if
it is Tejected, then the theory is not consistent. This problem is clearly
exemplified in Maturana’s work. On the basis of a study of the biology
of the observer, he claims that we have no access to independent reality
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and that different explanatory domains are equally valid. He must either
accept that his whole theory has no special claim to validity or exempt
his own particular theory from his stipulations, which would be incon-
sistent. As Held and Pols write;

Of course, Maturana is making a reality claim—a general claim about the
nature of the observer or knower; and that is what generates the contra-
diction, for he also claims that each cognitive act produces its own subject-
dependent reality.

Held and Pols {1987b, p. 447, original emphasis)

The second manifestation of the contradiction is that Maturana’s
own theories specifically require that there be an independently existing
world. The notion of something outside the individual subject occurs in
various guises—the autopoietic organism exists within a mediim which
supplies basic chemicals necessary for continued autopoiesis; the ob-
server sees an organism within an environment and the organism itself
occupies a niche, that is, a domain of possible interactions; changes
within a structure-determined system are triggered or selected by a de-
forming agent or by other systems; autopoietic systems become struc-
turally coupled to their medium and to other systems; language, as a
consensual domain coordinating action, requires more than one observer;
and science depends on a community of scientists.

Maturana could, and probably would, argue that these are all dis-
linctions constituted by himseif, the observer, and make no commit-
ments to an independent ontological existence. Against this I would use
the original Cartesian argument as refined by Husserl. Descartes’
method was to doubt the existence of everything but to conclude that
there must, in the end, be someone doing the doubting. Husserl argued
that it was mistaken to infer the existence of an actual person, be it a
mental or physical entity, but that one could infer the existence of some
process or subjectivity making possible the doubt. Equally with Matur-
ana, we may deny reality to all the autopoietic constructs, but ultimately
there must be some observing process generating them, or there would
be nothing.

The third point is that, in describing autopoietic unities, Maturana
snd Varela state that they produce their own boundaries, which the ob-
server may mistake:

Since it is a defining feature of an autopoietic system that it should specify
its own boundaries, a proper recognition of an autopoietic system as a
unity requires that the vhserver performs an operation of distinction that
defines the limits of the system in the same demain in which it specities
them through its autopatesis, If this is not the case, he does not observe
the autopoiclic syslem as a unity.

Maturana and Varels (1980, ;. 109},
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In all these ways, Maturana’s ideas rely on a reality independent of
an individual and therefore equally independent of a group of individ-
uals.

7.6.3.  The Necessary Precouditions for Science

There are philosophical arguments, largely developed by Bhaskar (1978,
1979), supporting critical realism. The main thrust is to ask what the
world must be like for science, as we know it, to exist and be intelligible.
What is presupposed by the activity of science and is thus transcenden-
tal? The answer is a world of entitics independent of our descriptions of
them. These Bhaskar calls the “intransitive” objects of knowledge, in
contrast to the experiences, theories, and descriptions used in the pro-
duction of knowledge (the “Iransitive” objects).

We can imagine the world existing without human beings to ob-
serve it, and therefore with no science to describe it. Our knowledge
suggests that it has been so for most of time. However, is it possible to
imagine us observers existing without a world in which to exist? For
science to occur with no intransitive objects?

Tl is not necessary that science occurs. But given that it does, it is nccessary
that the world is a certain way.
Bhaskar (1978, p. 29)

All views of science accept that it is based in experience, although
they may differ about the nature and cause of experience. Our scientific
experience occurs through scientific activity (the praxis of living, for Ma-
turana) and consists of both perception and active intervention through
experimentation. Moreover, science has a history of change; theories
develop and in time are replaced by quite different theories. All these
characteristics of science are difficult o sustain from a constructivist po-
sitton.

First, in the case of perception realists argue that since it is possible
to have different experiences of an object—to perceive it differently
(e.g., visual illusions}—and since it is necessary to train people to per-
ceive scientific data correctly (e.g., clond chambers or X-rays), then
these objects must be independent of our perceptions. This is a neat
reversal of the subjectivist argument that our perceptions cannot be
trusted. Maturana often argues that the naturc of the nervous system
means that it, and therefore we, cannot distinguish the origin of neu-
ronal activity, and thus cannot distinguish reality from hallucination.
However, he does agree that the observer can so do by observing both
the organism and its environment. Moreover, since we have the possi-
bility of being self-observers, we must at least sometimes be able to do
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so ourselves (for example, to realize that the experience of an amputated
leg is not Teal).

Second, concerning scientific experimentation, Bhaskar argues that
in an experiment we deliberately bring about a sequence of events that
would not otherwise have occurred, at least at that point in time, In
doing so, we cause the sequence of events but not the laws that they
obey. Moreover, we find that these laws apply in situations other than
those of the experiment, as well as in other similarly contrived situa-
tions. This is also assumed within Maturana’s methodology. All of this
implies that the causal laws operate independently of the observer.

Third, constructivism finds it difficult to explain scientific change
and, a fortiori, scientific progress. If there is no external reality that con-
strains our theories or to which our theories might refer, then why
should we change them and why should we prefer one to another? In-
deed, are we even in a position to compare descriptions that, having
nothing to refer to, have nothing in common? As Bhaskar has argued
(1986, p. 72), accepting that beliets and descriptions are historically and
culturally conditioned {epistemic relativism) does not force us to accept
that all beliefs are equally valid {judgmental relativism). For Maturana,
descriptions are characterized as scientific if they are generated follow-
ing the scientific method (as described above). However, this by no
means overcomes the difficulties. First, it does not avoid the necessity
for choice since competing explanations are produced, yet the method
does not tell us how to make such a choice. Second, it too implicitly
rests on an assumption of an independent world. Even though it refers
only to subjects’ experiences, the movement from Step ii (hypothesizing
« mechanism} to Step iii (predicting novel experiences) is intelligible
only on the assumption of stable, enduring causal structures that have
the same effects at other times and on other observers.

- 8 The Epistemic Fallacy

The second argument concerns the relation between ontology {ques-
lions concerning what exists) and epistemology (questions concerning
what we know). In denying the existence of independent entities on the
hasis of theories about the observer, Maturana is reducing ontological
yuestions to episternoclogical ones {the epistemic fallacy), that is, trying
le answer questions about what exists purely in terms of our knowledge
of or about what exists. While it is true that our knowledge limits what
we can know to exist, it does not follow that it can limit what actually
does exist. The causality, for at least some objects, must be the other
way around—aobservers con know because they exist; they do not exist
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because they know. To thus reduce ontology to epistemology is to mis-
takenly make human beings and their experiences the measure of all
things.

7.7 Conclusions

It has been the argument of this chapter that Maturana's espoused po-
sition is ultimately inconsistent but that it can be successfully recon-
structed in the light of critical realism as follows: There is a single, real,
materially existing world. This has, through processes of evolution, gen-
erated organisms capable of creating distinctions, descriptions, and con-
structs, subject only to their own internal structure. This leads, in such
organisms, to a proliferation of domains of experience and interaction
essentially free from dependence on and determination by the material
world. One of these domains is that of science, in which observers cast
their net of descriptions back onto the world itself. These are free human
constructs, based always on subject-dependent experiences, yet the
world that they relate to is independent of the observer’s descriptions

and existed prior to them. To the extent that the mechanisms hypothe--

sized in scientific descriptions do exist in the material world, then the

praxis of observers based on these descriptions is more successtul. The:

contingent fact that science has been successful in enlarging our domain'
of interactions is, if not proof, at least strong evidence for such exis-:
tence. What can, in any case, be shown is that the fact that our descrip-i
tions are always subject-dependent does not preclude the existence of a;
world independent of such descriptions.

11

Applications Of Autopoiesis



Autopoietic Organizations and
Social Systems

It may be that “Imguistically gencrated intersubjectivity™ and “self-refercutially
closed system™ are now the cafcfroords for & controversy that will fake e place of
e discredited mind—body problematic.

Habermas {1990, p. 385). This is the final sentence of the-book, written

in relation to Luhmann’s autopoietically based systems theory.

8.1 Introduction

The concept of autopoiesis clearly was developed in order to explain the
specific domain of physical, living systems. However, from the start it
has been suggested that other types of entities, particularly human Or-
ganizations {“Organization” will refer to clubs, businesses, etc., while
"urganization” will mean Maturana’s and Varela’s term) and societies
vxhibit the same characteristics that autopoiesis explains in physical, liv-
iny systems; namely, autonomy and the persistence and maintenance of
klentity despite wholesale changes of structure and turnover of com-
ponents. Therefore, might they too be autopoietic? Various authors have
vonsidered this question, and Statford Beer was characteristically enthu-
sinstic m his Preface to “Autopoietic Systems” (1975, p. 70):

| ask for permission actively to enter this arena of discussion. . . . ForFam
uite sure of the answer: yes, human societies are biclogical systems. . . .
any cohesive social institution is an autopoietic system—because’ it sur-
vives, because its methods of survival answer the autopoietic criferia, and
because it may well change its entire appearance and its apparent purpose
in the process. As examples [ list: firms and industries, schools and uni-
versities, clinics and hospitals. professional bodies, departments of state
and whote countries.

This chaptetr will consider the attractions and development of such
ideas, pointing out the serious difficulties involved in the transfer of
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such a physically oriented concept to essentially nonphysical domains.
A number of authors will be considered in detail, but others who have
also discussed social autopoiesis are Benseler ¢t al. (198(); Zeleny (1980),
Roth ef al. (1981); Ulrich and Probst (1984); Baert and De Schampheleire
(1987); Brown (1988); Platt (1989); Burghgraeve (1992); Mevnen (1992};
and Bailey {1994). Espejo (1993} links autopoiesis to Beer’s Viable Sys-
tems Model in analyzing organizations, and Leydesdorff (1993) has an
interesting discussion of a relationship with parallel distributed process-
ing systems—ncural networks—which are explained in Chapter 11.

The central problem is that the autopoietic definition specifies the
production of the components constituting the entity and the produc-
tion of a boundary separating the entity from its environment. The def-
inition does not specify that these must be physical components, but if
they are not, then what precisely is their domain of existence? This chap-
ter is structured by different responses to this central question.

The first group of authors, in one way or another, do not really
recognize that the problem exists but, in my view, simply apply auto-
poiesis naively to the social domain. This includes Beer, Zeleny, and
Robb. The second response is to accept that social systems are not au-
topoietic as such. Varela defines a closed but not autopoietic organiza-
tion, while Maturana argues that they are simply the medium in which
autopoietic systems interact. The third response is to modify or enlarge
the definition of autopoiesis. Luhmann conceptualizes the nonphysical
production of events—society as autopoietic communication. Finally,
autopoiesis can be used simply as a metaphor, generating interesting
ways of seeing social systems without requiring the ontological com-
mitment that they be autopoietic. As an example of this view 1 discuss
Morgan's work.

8.2, The Simplistic View of Organizations and Societies
as Autopoietic

8.2.1.  Autopoictic Organizations

Beer has pointed to the main attractions of applying autopoiesis to Or-
ganizations and societies in the quotation above. Many social institu-
tions, from small clubs, groups, and families, through varying sizes of
Organization, right up to societies, countries, and cultures, exhibit a
tremendous, longterm stability and persistence. Despite significant
changes in their environment and tremendous internal structural
changes of both members and relationships, some such entities have
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maintained a continual identity over long periods of time. In many cases
(v.g., some religions and culture) this is in the face of deliberate and
sustained attempts to destroy them. Are these not precisely the char-
acteristics that the idea of a sclf-producing system can explain?

Beer sees autopoiesis as complementary to his own substantial, bio-
logically based, work on viable systems (1979, 1981}. Beer’s theory de-
scribes what he considers to be the necessary organization for any
system (biological or social} to be viable. The basic model consists of a
recursive nesting of five subsystems. System 1 consists of the basic pro-
ductive units of the Organization, each of which is autonemous. System
2 coordinates the operations of the units of System 1. System 3 is the
central internal control mechanism for the Organization. System 4 is
the intelligence function, scanning the envirenment and planning for
the future, and System 5 gives overall purpose and policy to the Orga-
nization.

Beer argues both that the Organization as a whole is autopoietic and
that the units of System 1 are autopoietic, but that Systems 2 to 5 should
not be. He considers (like Robb, see below) that autopoiesis can give
rise to pathology in Organizations. This can occur in two ways: the Or-
ganization as a whole may lose sight of its overall purposes and objec-
tives, and its primary activity may become its own self-production (i.e.,
il is simply “going through the motions”). Or the systems which should
not be autopoietic (2-5) may become so, Then particular parts of the
Organization become self-serving and self-producing at the expense of
vverall viability.

As well as Beer, other authors casily made the assumption that so-
vial systems could be seen as autopoictic and that human Organizations
vither were or should be designed to be. Facheux and Makridakis {1979),
looking at the design of Organizations, contrast what they call an I'O
vontrol model with an autopoietic model:

. autopoiesis is a characteristic and consequence of autonemy and self-
roference. 1t s a process of creating oneself, Varela's vicws are valid for afl
living systems but take particular significance for sodal systems. (. . In
the rest of ihis section, several other examples will be taken irom four
levels of organizational complexity which illustrate further the concept of
autonomy and the antinomy between autopoietic and 1O type systems.
Faucheux and Makridakis {1979, p. 216}

In a similar vein, Zeleny and DPicrre espouse the idea that Organi-
#ations should be designed to be autopoietic:

- managers as catalysts induce the components Lo make their own de-
cisxions, conduct their own analyses, select their own eriteria, A unrigue
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autopoietic organization, a network of values, norms and precepts, is self-
created, self-maintained and self-grown.
Zeleny and Pierre (1976, p. 163}

The main idea behind these views is that humans are autopoietic
entities and as such autonomous and independent. Traditional types of
Organizations, however, freat them purely as components of the sys-
tem; that is, they treat them as allopoietic. Not only is this wrong in a
moral sense, but it is also not necessarily good systems design. Auto-
poiesis shows how systems can function in a decentralized, nonhier-
archical way purely through the individual interactions of neighboring
components.

Robb, in a series of papers (1985, 198%a—e, 1991, 1992a,b), has ar-
gued the case that there are what he terms “supra-human” systems that
are autopoietic and that this has sericus implications for mankind, as
they are essentially out of our control. In early papers, he suggested
rather simplistically that the components of autopoietic social systems
could be taken to be "mind-sets,” which consisted of “specific goals,
explicit statements of objectives, ideas about organizational structure {in
the operational sense), culture, and so on, and as actions taken in the
organizational context” {Robb 1989b, p. 345). He adds that boundaries
could be defined that would separate different actors in the situation
and even different thoughts within an individual. This characterization
of social autopoiesis has been criticized for the reasons to be discussed
in Section 8.2.2, suggesting that Robb’s formulation “is much too vague
and contentious to stand as a proof that there can be autopoietic social
systems” (Mingers 1989b, p. 350); furthermore, it is suggested that Robb
specify in detail the components, processes, and boundaries of an ex-
ample of a soctal autopoietic system.

Robb responded in a paper entitled “Accounting—A Virtual Auto-
poietic System?” (Robb, 1991) by trying to demonstrate that accounting

does form such a suprahuman autopoietic system. His first step is to .

argue that there is a conceptual problem in recognizing autopoictic s0-
cial systems since these are necessarily wider than ourselves, the ob-
servers. We can be only components of such systems and so cannot
interact with them as unities and specify their boundaries. This leads
Rabb to suggest that at most we can characterize “virtual” autopoietic
systerns, that is, systems that we think behave “as 1f” they were auto-
poietic systems. We should do this by trying to detect particular features
that might be associated with autopoiesis, such as mutual causal feed-
back loops. 1 have some sympathy with this idea, as it does reflect a
difference between social systems and physical systems, and it is ac-
tually quite close to Maturana’s own scieatific method (Section 7.3.2),
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namely, the idea of hypothesizing mechanisms that, if they existed,
would generate the experienced phenomena. However, simply looking
for feedback processes and clusters of interacting components does
seem rather weak.

Robb goes on to be more specific about the nature of the compo-
nents of social systems, agreeing that his previous notion of “mind-sets”
was “admittedly vague” (1991, p. 219). He now develops a view, based
on Luhmann (1986) and Pask (1981) (and Maturana, althcugh Robb does
not actually say so), of conversations in which meanings emerge from
linguistic interaction, are picked up and used in communications, and
then give rise to new conversations and meanings. Thus, “autopoietic
social organization is sustained by the continuous production and repro-
duction of meanings through communication and conversation, and wvice
rersa, in the cognitive domain” (Robb, 1991, p. 220, original emphasis).

This certainly seems a better basis for the ascription of some kind
of autopoiesis to social systems than did the carlier, fuzzy ideas of mind-
sets, and the detailed description of the domain of accounting is quite
interesting. However, as it is based on Luhmann’'s work, which is dis-
vtissed critically and in detail in Section 8.5, anud as there is also a chapter
below on the law as autopoietic, 1 shall not undertake a thorough anal-
ysis here,

8.2.2.  Difficultes of Social Autopoicsis

While the idea of autopoietic Organizations and social systems is very
atractive, fundamental difficulties are involved in such an application.
Il the concept is only being used metaphorically, in order to help our
thinking, then mo great problems emerge—it is simply a matter of
whether or not it is fruitful. To go beyond analogy, however, and claim
(hat an Organization or a society is autopoietic, is to raise contentious
onlalogical claims that in many ways lie at the heart of social theory and
ils debates between objectivism and subjectivism (Mingers, 1984):
namely, to what extent can the terms that we use in social description
(¢.g., “middle class,” “Organization,” “Warwick University”} denote
ubjuctively existing entities as opposed to being constructs of the ob-
werver? This is already explicitly addressed in autopoiesis at the physical
level, where a clear distinction is drawn between the observer’s descrip-
tions and the operational autopoietic system, The problem is more
acute, however, at the social level. Without discussing this difficult phil-
usophical problem in general, a number of aspects particular to auto-
poicsis will be mentioned.
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If the attribution of autopoiesis to social systems is to be more than
a woolly generalization, then we must examine carefully its specific def-
inition. There are three essential clements:

1. Centrally, autopoiesis is concerned with processes of produc-
tion—the production of those components that themselves con-
stitute the system.

2. Tt is constituted in temporal and spatial relations, and the com-
ponents invelved must create a boundary defining the entity as
a unity—that is, a whole interacting with its environment.

3. The concept of the autopoietic organization specifies nothing be-
yond self-production. [t does not specify particular structural
properties and thus shouldn’t need to be modified to deal with
social systems.

In applying these ideas strictly, there are obvious problems. Is it
right to characterize social institutions as essentially processes of pro-
duction and, if it is, what exactly is it that they are producing? If human
beings are taken as the components of social systems, then it is clear
that they are not produced by such systems but by other physical, bio-
logical processes. If we do not take humans as components, then what
are the components of social systems? The emphasis on physical space
and a self-defined boundary is also problematic. While space is a di-
mension of social interaction, it does not seem possible to sustain the
central idea of a boundary between those components that are both pro-
duced by and participate in production, on the one hand, and those that
are not, on the other. Generally, people can choose to belong or not
belong to particular institutions and are members of many at any time.
What is it that would constitute the boundarics of such systems and,
moreover, how can it be said that such institutions act as unities—is it
not only individual people who act?

Opverall, it seems difficult to sustain the idea that social systems are
autopoietic, at least in strict accordance with the formal definition. To
illustrate this more specifically, a detailed critique of a recent paper by
Zeleny and Hufford {1992a) will be presented in Section 8.2.3. In this
paper they claim not only that social systems such as the family are
autopoietic, but, more startlingly, that all autopoietic systems are social
systems. My critique is based on Mingers (1992b).

However, it is possible that the concept can be useful metaphori-
cally in helping our thinking, or that a more generalized version, such
as Varela's idea of organizational closure (Section 8.3), could be fruitfully
applied. A more radical approach is to apply autopoiesis not to physical
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systems but to concepts or ideas. Maturana defines a unity as “an entity,
concrete or conceptual, defined by an operation of distinction” (Matur-
ana, 1975b) and thus opens the possibility of an autopoietic conceptual
system. Such a system might consist of ideas, descriptions, or messages
that interact and self-produce. This approach could be related to con-
cepts of other writers, such as Bateson's ecology of ideas (1973}, Pop-
per's World Three (1972), or Pask’s conversation theory (1976).
l.uhmann’s development of differentiated autopoietic society, which
specifies communication as the basic component, will be discussed in
Section 8.5,

8.2.3. A Critique of Zeleny and Hufford's Social Atitopoicsis

Z¢leny and Hufford's paper aims to demonstrate that systems in three
different domains are autopoietic—the eukaryotic cell {biological), os-
motic growths (chemical), and families {social). The specific arguments
of the paper are that the family, as an example of a “natural social sys-
tem,” is autepoietic; that all natural social systems are autopoietic; and,
linally, that all autopoietic systems are social. I shall deal with the last
vontention first as it is the least sustainable even if it were the case that
the first two were correct.

Zeleny and Hufford conjecture that “autopoietic systems, both ‘or-
panic’ and possibly ‘inorganic,” are necessarily social” (1992a, p. 156).
Thus, by their own earlier demoenstrations in the paper, not only are
{bivlogical) cells social, but so too are (chemical) osmotic growths. What
are we to make of this transference of the social to the realms of physics
and chemistry? Is it not so great a distortion of the underlying idea of
“social” that the term becomes meaningless?

[ would argue that there are at least two elements that must be com-
mon to all definitions of secial: first, it relates to the activity of groups of
entities rather than single individuals; second, it concerns rule-based
behavior rather than physical cause and effect. Thus the behavior of
billiard balls on a table could not in any sense be termed social. The
aathors would appear to agree since they say, “Components and partic-
ipants in autopoiesis must follow rules, interact and communicate—they
torm a community of components, a society, a social system” (p. 157,
my emphasis). While physical systems do consist of groups of com-
ponents, it cannot be said that they follow rules. The essence of rule-
poverned as opposed to cause-and-effect behavior is that a rule can be
broken, or followed in right or wrong ways (Winch, 1958; Wittgenstein,
t978). This is clearly not the case for physico-chemical interactions—
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molecules cannot choose to interact or not: their behavior is determined.
Indeed, Zeleny and Hufford implicitly recognize this when they refer to
“social systems proper (i.e., human systems)” (p. 157, my emphasis).
Thus to extend the term secial to all autopoietic systems is to lose its
essential meaning,

Zeleny and Hufford use the six-point key of Varela et al. (see Section
2.2.1} to identify autopoietic systems. It is not clear that this heuristic
device actually captures the full richness of autopoiesis, but 1 shall re-
strict myself to criticizing Zeleny and Hufford’s application of it. Tt does,
in any case, clearly embody the above definitions: Points 1, 4, and 5 deal
with the boundary, and Points 2, 3, and 6 deal with components and
their production. We must now examine whether Zeleny and Hufford’s
application of these points to the family can be justified without distort-
ing the concept either of the family or of autopoiesis. For each of the six
points (except 2 and 3, which will be considered together) I shall give a
brief quotation from Zeleny and Hufford (1992a, pp. 155-156) and then
my response,

Key Point 1

The tamily boundary is usually well defined. The distinction belween tam-
ily and non-family members is rarely ambiguous or subject to fuzzy inter-
pretation, - Ttis not physical. . . . [[t] might be defined as the members
included ina set. . . . Using “fuzzy” sct theory others outside the nuclear
family have the potential . . . to be included.

[s the boundary distinction actually well defined? Zeleny and Hufford
begin by claiming it is “rarely ambiguous,” but how would one classify
the following: the cousin who lives abroad and is never seen? the in-
laws? the au pair here for three months? the live-in nanny? the girl’'boy
friend (live-in or not)? the divorced wife? the runaway father? What
about other cultures where families can take quite different forms (Ze-
leny and Hufford explicitly have the Western nuclear family as their
model}? Is there any reason to suppose that everyone would agree on
what constitutes membership? Possibly recognizing this, Zeleny and
Hufford then admit that membership may be fuzzy, but if this is the
case then there can be no self-defined autopoietic unity.

Key Poeint 2

The family system is defined through its clearly identifiable and role-sep-
arable components. There are fathers, mothers, children, wage-carners,
homemakers, extended family members, aunts, uncies, cousing, “black-
sheep, and so0 on.”
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Key Point 3

Family members display system-derived properties that characterize them
as family members. Specialization, role-playing, aspirations, preferences,
goals, needs, etc. generate interactions which are different from the mar-
ket-place, church community, or concentration camp.

lHere begins the central problem of the paper, a complete confusion of
the biological domain with the social domain. In describing components
as “mother,” “father,” etc., Zeleny and Hufford continually confuse the
biological individuals with the social roles that may be attributed to
them. The difference between the two should be clear with a role like
“wage-earner,” which may apply to a number of members, but it is
equally true of, say, “father,” which could apply to a biclogical father,
an adoptive father, a foster father, a stepfather, or a single-parent
woman. Moreover, these roles (and therefore the supposed properties
that go along with them) are not objective features of the world but
sucial constructs, developed within a particular (patriarchal) culture at a
particular point in time and continually negotiated, defined, and en-
acted in everyday life.

Key Point 4

The bounidary of the family is defined and maintained by the family mem-
bers themselves. . . . The buundary is maintained through preferential
neighborhood relations and interactions between the components {the
family members).

Z¢leny and Hufford simply state that the boundary is maintained
through “preferential neighborhood relations and interactions between
components,” but what could this mean? First, there are no boundary
components, and second, what does “preferential’” mean here? It could
mean “more frequent,” in which case a neighbor may be more a member
than a distant relative, or it could mean “preferred,” but again friends
may be preferred to relatives.

Key Point 5

The components within the family (the family boundary) are produced
through family interactions. . . - Sons are transformed into fathers, fa-
thers into grandfathers, mothers and fathers produce sons and daugh-
ters. ... To become the “head of the family” is an internal sociul
production. . . . Men and women biologically praduce children,
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This suggestion scems totally confused. As there are no boundary com-
ponents (Point 1) there clearly cannot be any production of boundary
components. They are actually describing the production of nonboun-
dary components, but this notion of production is itself unclear—see
Point 6. Nor is it clear that Zeleny and Hufford’s boundary could con-
tribute to autopoiesis. A physical boundary has a spatial dimension
forming a barrier between inside and outside. This is not the case for a
membership-type boundary; some members are not nearer the outside
than others. 1t may be argued that this can be associated with different
degrees of membership, but this has been dealt with under point 1.

Key Paint 6

All components of the family, boundary or otherwise, are produced by
both biological and sucial production, as in Key Paint #5.

This confusion carries over into the authors” notion of production,
where it is not clear if the processes are biological, social, or both. As
examples of production processes we are given sons being “trans-
formed” into fathers, “head of the family” as a social production, and
men and women biologically producing children. As numerous authors
argue (Maturana, 1988; Varela, 1979; Luhmann, 1986; Mingers, 1989;
Teubner, 1987), the actual production of biological organisms is a biolog-
ical process quite independent of whether such organisms then partici-
pate in a social family. Maturana, as we shall see in Scction 8.4, suggests
that social systems are the medium within which organisms realize their
structural coupling, not the domain of production of such organisms. It
is clear therefore that any attempt to describe social autopoiesis must
locate it entirely within the social domain.

Enough has now been said to demonstrate the incoherence of Ze-
leny and Hufford’s attempt to demonstrate social autopoiesis.

8.3. Varela’s Organizational Closure

It should be pointed out that Maturana and Varela themselves have
never claimed that social institutions are autopoietic. Indeed, they have
not been able to agree among themselves. In the introduction to Anto-
poiests and Cognition they say that they were going to produce an appen-
dix with their views on the social and ethical implications of autopoiesis
but could not agree (Maturana and Varela, 1980, p. xxiv). In the event,
Maturana contributed his own views, which were developed later in
Maturana {1980b, 1958b}.
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Looking first at Varela, he ctearly recognizes the problems outlined
in Section 8.2 concerning social autopoiesis:

_in order o say that a system is autopoictic, the production of com-
ponents in some space has to be exhibited; further, the term production
has ta make sense in some domain of discourse. Frankly, 1 do not see how
the definition of autopoiesis can be directly transposed to a varicty of
ather situations, social systems for example. It scems to me that the kind
of relations that define units like a firm . . . or a conversation . . . are
better captured by operations other than productions. Such units arv au-
tonomous but with an organizational closure that is characterizable in
terms of relations such as instructions or linguistic agrecment.

Varela {1981a, p. 38)

He goes on to develop a less specific version of autopoiesis, which
he terms organizational closure (19794, p. 55), which has the same gen-
cral sense of a closed network of interdependent processes but without
the particular specification of physical processes of component produc-
tion. Such processes could be of many different types, including the
nonphysical or symbolic, such as descriptions, ideas, or general com-
putations of any kind. Two examples of physical systems that are said
{0 be organizationally closed but not autopoietic are the nervous system
and the immune system. Organizationally closed systems retain most of
the important properties of autopoiesis, in particular, autonomy and
structure dependence—that is, the sequence of states they follow is pri-
marily determined by their structure and only triggered by their envi-
ronment. Varela does not, however, specifically develop any social
theory.

Varela's later work on the notion of “embodiment” will be discussed
in Chapter 11,

8.4 Maturana: Society as a Medium for Autopoiesis

a4, Natural Social Systems

Maturana also does not claim that social systems are autopoietic. His
approach is to consider what he calls “natural social systems,” examples
al which are families, clubs, and political parties. He does not make
clear what an “unnatural” social system would be, nor does he give a
definition or general characterization. Instead, following his own meth-
oduology, he sets out to describe a mechanism that would generate the
phenomena we would experience when referring to social systems. He
answers this question in typical fashion;
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. . acoileclion of interacting living systems thal, in the realization of their
autopoiesis through the actual operation of their properties as aulopoietic
unities, constitute a system that as a network of interactions and relations
operates with respect to them as a medium in which they realize their
autopoeiesis while integrating it, is indistinguishable from a nalural social
system and is, in fact, one such system.

Maturana (1981, p. 11}

This convoluted phrasing needs a good deal of unpacking, but in
essence he means that social systems are not themselves autopoietic,
but constitute the medium in which other autopoietic systems exist and
interact in such a way that the interactions become bound up with the
continued autopoiesis of the components, In other words, a group of
living systems (not necessarily human) take part in an ongoing series of
interactions with one another. These coordinations of action contribute
to the continued survival of the individual autopoietic systems. This
generates networks of particular interactions and relations through the
structural coupling of the organisms, and these networks become in-
volved in the continued autopoiesis of the organisms. The resulting sys-
tem (or unity distinguished by an observer), consisting of the living
components, their interactions, and the recurrent relations thus gener-
ated, is characterized by a particular organization—the social organiza-
tion. 1t is also an example of a consensual domain (see Section 6.3}. This
rather bare characterization can be fleshed out by looking at its conse-
quences:

A. What, if anything, distinguishes social domains from other do-
mains of interaction? Or, put another way, do all antopoietic systems
(inclhuding cells) exist in social domains? In one paper, Maturana {1980a)
seems to say yes, suggesting that even collections of cells in a multicei-
lular organism are an example of a social system. I would not accept this
for the reasons put forward in Section 8.2.2, and Maturana himself, in
a later paper (1988b), argues that social systems entail a basic emotional
attitude toward others of mutual acceptance (“love,” for Maturana).

- an observer claims that social phenomena are taking place when he
or she sees two or more organisms in recurrent interactions that follow an
operational course of mutual acceptance. . . . The emotion that makes
pussible recurrent interactions in mutual acceptance is that which we con-
note in daily life with the word love.

Maturana (1988b, p. 64)

This, it seems to me, implies the possibility of choice—cells cannot
choose not to interact with their neighbors—and restricts social systems
to those organisms with a high degree of flexibility with respect to their
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behavior. (In the following discussion T will assume human social sys-
lems.)

In fact, Maturana uses the term social in a rather specific sense. In
saying that social systems are characterized by mutual acceptance, he
distinguishes them from other forms of recurrent interactions in which
humans participate, characterized by other basic attitudes. Thus, for ex-
ample, Organizations are not social systems, because they are work
communities based on task fulfillment, and military forces are not be-
cause they are hierarchical systems based on obedicnce. This does
follow precedents in social science—for example, Ténnies’ (1955} dis-
tinction between Gemeinschaft and Geselischaft and Habermas” contrast of
purposive rational and communicative action. However, it seems to me
an unnecessary restriction of the term seccial. Organization theorists
would argue that there are many different social institutions embodying
many different purposes, but no matter how purposeful or hierarchical
they are, people’s behavior within them is still social. Human beings are
social animals, although at times they can act nensocially (and “inhu-
manly”).

B. A social system, a set of recurrent interactions and relations, is
+n emergent domain—it is not reducible simply to its participants (see
Fig. 8.1). Particular members may join or leave, but the social organi-
sation continues. The relationship between people and the social system
is circular. The participants, as structure-determined entities, have prop-
ertics and behaviors determined by their structure. These properties
and behaviors realize the particular social systems to which they belong.
But this, in turn, selects particular structural states within the partici-
pants, as in all structural coupling. In other words, a social system in-
evitably selects or reinforces behaviors that confirm it and deselects
those which deny it.

C. People are members of many different social systems. They may
vnact them successively or at the same time. These domains all ulti-
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mately intersect in the body and nervous system of the individual and
may wel involve different and possibly contradictory modes of behav-
ior. Membership is very important in human social systems. To become
a member means taking on the behaviors appropriate to the domain
(consensual coordinations of action), becoming structurally coupled,
and then being accepted as such by other members. Decisions about
acceptance and rejection are emotional rather than rational and form an
implicit boundary for the system.

D. The mutually reinforcing nature described in B) means that a
social system is inevitably conservative in the sense that it operates so
as to maintain its present organizational relations. Change can come
about only through a change in the behavior of the participants—it can-
not be imposed by the system. Such change can happen, despite the
homeostasts of the social system. An individual may enter a social sys-
tem and not become structurally coupled to it, instead aitering the be-
haviors of the other members by becoming structurally coupled to them
in the course of coordinations of action that do not confirm the social
system, or already existing members can reflect upon their experiences
in other domains and choose te modify their own bebaviors, thus real-
izing an altered social system. Neither of these, of course, is necessarily
very easy. [t reminds me of George Bernard Shaw's statement:

The reasonable man adapts himself to the world: the unreasonable one
persists in trying to adapt the world to himself. Therefore all progress
depends on the unreasonable man.

Shaw (1925, p. 238)

E. For humans, interaction is essentially linguistic, and {following
Maturana’s description of languaging and conversation, outlined in Sec-
tion 6.3) social systems can therefore be seen as networks of recurring
conversations. Conversations are a braiding of language, emotion, and
bodyhood, and social interactions involve all three. This is in fact the
mechanism whereby the structural coupling of the social system takes
place, since linguistic interactions are inevitably physical, involving the
body and the nervous system.

8.4.2.  Giddens” Structuration Theory

There are other sociologists whose work does, implicitly or explicitly,
relate to autopoiesis, for example, Giddens (1976, 1979, 1984), Cohen,
{1989), Touraine (1977}, and Bourdieu (1977). We will concentrate on
Giddens, who has developed a social theory based on a distinction be-
tween “system” and “structure” and what he calls the process of “struc-
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luration,” by which social structures maintain and produce themselves
vver time. Although there are significant differences, his work has def-
inite resonances with Maturana’s. For example, Giddens’ distinction
between structure and system is similar to Maturana’s between organi-
zation and structure although the use of the term structure is reversed.
Ciiddens is concerned with the continual preduction and reproduction
of social structure through time and is strongly antifunctionalist. Gid-
dens himself mentions autopoiesis as being of interest:

the most relevant sources of connection between biological and sucial the-
ary . . . concern recursive or self-reproducing systems. There are lwo re-
lated types of theory involved here. [The theory of automata] is not of as
much interest to the conceptualization of social reproduction as recent
conceptions of cellutar sell-reproduction {autopuoicsis) . . .

Giddens (1979, p. 75)

His work is now well known within sociology, but it is worth ex-
amining it in some detail both to make clear the similarities and differ-
vnces with Maturana and Varela and as a contrast with Luhmann'’s
vxcessively structural approach (Section 8.5).

The starting point of Giddens’ analysis is that society is radically
different from nature in that it is a human production, and a central
theme in his work is that society is continually produced and repro-
duced through the skilled performances of actors. In some sense, then,
saciety is seen as a system that continually produces itself, not just
through the conscious intentions of members but also through the un-
intended consequences and unknown determinants of action. In trying
to link a theory of action with a theory of structure, Giddens develops
three elements: a theory of the subject, an account of the conditions and
consequences of action, and an analysis of structure as both constraining
and enabling action. I shall look at each in turn, concentrating on struc-
hire.

Action is defined as “a stream of actual or contemplated causal in-
lerventions of corporeal beings in the ongoing process of events-in-the-
world” (1979, p. 55), thereby emphasizing the practical intent of action
as praxis, as do Maturana and Heidegger. Such action is always located
within three dimensions—time, space, and social structure. He then de-
velops a stratified model of action, or rather of the acting subject, with
three levels of consciousness:

Discursive consciousness Rationalization of action
I'ructical consciousness Reflexive monitoring of action

l Ineonsciousness Mativation of action
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Practical consciousness refers to the normal, everyday awareness that
we have of our conduct through reflexive monitoring. It points to the
intentional and purposive character of behavior and draws on social
knowledge that both enables and justifies the action. Much of this
knewledge, however, is tacit—the actor may not be able to formulate
and explain it conscicusly. To the extent that actions can be consciously
explained and justified, Giddens talks of discursive consciousness and the
rationalization of action, while at the other end of this spectrum we have
the motivational needs and wants of the actor which may largely reflect
UMCOHSCIONUSIESS.

Action, however, goes beyond the conscious and unconscious in-
tentions of the actor to link up with social structure. Actions have un-
known and unanticipated consequences, some of which serve to
reproduce the social structure. At the same time, it is the social structure
that conditions and enables, in an unacknowledged way, future actions.
This situation is similar (but not identicat) to using a language. In speak-
ing we draw on the already existing structure of a language and, at the
same time and by the same act, help to reproduce it.

This leads on to social structure itself, and here Giddens distin-
guishes among structure, systemn, and the process of structuration. Tak-
ing social structure first, this does not describe empirically observable
patterns or regularities as in structural-functionalism but underlying
sets of rules that generate the observed regularities, more like classic
structuralism:

Structures exisl paradigmatically, as an absent set of differences, tempo-
rally present only in their instantiations, in the constituting moments of
social systems. [They involve] a ‘virtual order” of differences. |Theyv| do
not exist in time—space.

Giddens (1979, pp. 64-63)

This almost matches Maturana and Varela for opaqueness! The term
paradigmatic stems from the linguistic distinction (originally by Jakobson;
see Jakobson and Halle, 1956) between two dimensions of meaning—
the syntagmatic (metonymical) and the paradigmatic (metaphoric) (see
Wilden, 1977, Chapter 2). In the syntagmatic dimensien, a term gains
meaning through its combination with other terms in time or space. In
the paradigmatic dimension, it gains meaning by its selection from other
possibilities within a code or set of rules. For example, in the sentence
“fetch me the hammer,” the word “hammer” is combined (syntagmatic)
with “fetch me the” {it could have been “where is the hammer™ or
“hammer in the nail”), and selected from other possibilities (paradig-
matic) such as “screwdriver” or “cup of tea.”
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Structure is thus seen as similar to a code or set of rules thal governs
possible selections of social action. It is constituted as an “absent set of
differences,” again referring to the linguistic idea that the elements of a
language can be characterized only by their difference from other ele-
ments, not by reference to externat reality (Saussure, 1960). The rest of
the definition emphasizes that structure is not empirically observable as
such but is exhibited only in particular social interactions. In fact, struc-
ture should really be seen as the structuring properties of social sys-
tems—"“these properties can be understood as rules and resources,
recursively implicated in the reproduction of social systems” (Giddens,
1979, p. 64).

Moving now to social system, this is more straightforward, This
refers to the empirically observable regularities and relationships among
actars and groups through their social actions and practices. “Social sys-
tems, by contrast to structure, exist in time-space, and are constituted
by social practices. The concept of social system . . . refers to repro-
duced interdependence of action” (Giddens, 1979, p. 73). Social systems
therefore display a syntagmatic patterning in time and space. This ob-
servable patterning comes about through the virtual (unobservable)
structure governing their activity. Giddens also refers to institutions as
parts of social systems. By this he means particular practices that are
widespread in both space and time (“deeply sedimented,” to use his
phrase). This would include traditional social entities such as the family,
but also more diffuse customs and practices concerned with, for exam-
ple, sports, working, politics, and sodial customs.

The relationship between system and structure is provided by the
concept of structuration, a twofold process, which Giddens sometimes
refers to as the duality of structure (Fig. 8.2). First, structure organizes
the practices that constitute a social system—actors draw on the struc-
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tural rules and resources in the production of interaction. But second, it
is precisely and only these interactions that reconstitute {and possibly
modify) the structure. “The structural properties of social systems are
both the medium and the outcome of the practices that constitute those
systems” (Giddens, 1979, p. 69).

In examining structuration, we can focus our attention either on the
way actors draw on the social structure (Giddens terms this strategic con-
duct) or at the way structural rules are reproduced through sociai inter-
action (institutional analysis). Cohen points out (1989, p. 89) that it is also
necessary to analyze the pattern and development of social systems (sys-
tems analysis) in themselves, bracketing both their reproduction of struc-
ture and actors’ employment of structure. I might add that one could
also analyze (although it might actually be the same thing) the pattern-
ing and development of structure, separate from systems.

Finally (in this brief introduction to Giddens’ work) he distin-
guishes three dimensions of social practices, which are reflected at both
the structural and interactional levels. These three are signification (and
communication), domination (and power), and legitimation (and sanction).
These are not separable but are three different aspects of practice. Sig-
nification concerns the production of meaning in interactions. Structur-
ally it tnvolves sets of semantic rules, and interactionally it relies on
intersubjectively shared interpretive schemes. Legitimation concerns
not what acts mean, but whether or not they are appropriate or accept-
able. It involves moral and social rules structurally and norms and sanc-
tions interactively. Domination refers to the structuring effects on
interaction of inequalibies of resources. At the interactional level it
emerges as the power of agents to bring about desired consequences.

8.4.3. Giddens and Maturana

Structuration and autopoiesis certainly have a number of prima facie res-
onances.

1. Both place the production and reproduction of systems at the
center of their theories, in particular the idea that systems can
be recursively self-producing,

2. Both maintain that explanations should be nonfunctionalist and
nonteleological but concern the actual historical interactions and
processes that have occurred.

3. Both draw a clear distinction between that which is observable,
having space-time existence (structure for Maturana, system for
Giddens), and that which is not but is still implicated in the con-
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stitution of the system (organization for Maturana, structure for
Giddens). Giddens” term virtual seems a good one here.

4. Both take an essentially relational view and distinguish the same
three types of relations (see Section 2.3.2): constitution/space, or-
der/time, and specification/paradigm.

5. Both stress the primary nature of action as involved, practical
activity in the world and de not try to divorce thought and lan-
guage from bodyhood (or emotion, in Maturana’s case}.

6. Both recognize the intersubjectivity, the shared, preexisting
meanings (the consensual domain) involved in secial interaction.

However, on closer examination a straightforward assimilation of
autopoiesis to structuration theory is not possible, tor reasons to be out-
lined below. The comparison should be, not with autopoietic structure/
organization but with Maturana’s social theory.

Can Giddens’ “system” be taken as an example of Maturana’s and
Varela’s “structure”? It is observable, existing in time—space, constituted
by particular social practices, institutions, and their relations and repro-
duced through time. The first question is, what are its boundaries? How
is it distinguished as a unity? Does it correspond to a society, a nation,
a culture, a particular economic system {(e.g., capitalism), or what? As a
unity, what would its properties and its domain of interactions be? Ma-
lurana and Varela argue that a unity is distinct from its components—it
has emergent properties. Second, can social practices be seen as pro-
vesses of production? Practices certainly interact with one another across
space and time, but it is not clear that they actually produce one another.
This would need, at the least, a good deal of exemplification and clari-
l[ication.

Moving to the comparison between Giddens’ “'structure” and Ma-
lurana’s and Varela’s “organization,” again the surface similarities dis-
appear. As Maturana and Varela use the term “organization,” it is
simply descriptive of a particular abstract concept, a particular combi-
nation of relations. It has no causal or enabling powers; it does not gen-
vrate the particular behavior or properties of the unity’s components. In
the case of physical autopoiesis, the components have properties and
boehaviors that follow physical laws. Giddens’ structure is quite differ-
enl. It is not so much a descriptive concept as a causal form that may
nut have physical existence but nevertheless permits activity within the
syslem.

It seems to play a role similar to that of natural laws in the physical
system (see Fig. 8.3), determining the properties and behaviors of the
social system. “Determining” is not quite the right term—it should be
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FIGURE 8.3. Physical Autopoiesis vs. Giddens’ Social Structure.

“allowing” or “enabling.” Social structure does not determine what will
happen but what can happen.

Chess provides a reasonable analogy to illustrate the difference be-
tween the terms. The game relies on a set of rules that both allow and
constrain what can happen. These rules do not essentially have physical
existence, although they are written down. Besides the formal rules,
there exists a large body of generally accepted knowledge, known to a
greater or lesser extent by various players. The rules and knowledge are
equivalent to Giddens’ structure; they enable the game to occur. In con-
trast, an illustration of Maturana’s organization might be a particular
combination of relations between pieces—for example, stalemate by rep-
etition or perpetual check. The organization itself has no force, but if
such a combination occurs then, because of the rules, certain conse-
quences follow.

Thus, 1 would argue that Giddens’ structure is not similar to Matur-
ana’s organization, but this does leave open the possibility, as shown in
Fig. 8.3, of demarcating an organization appropriate to social systems.
Luhmann’s autopoietic social theory can be interpreted in this way (see
Section 8.5).

As mentioned above, a more fruitful intersection is with Maturana'’s
analysis of social systems, As we have seen, for Maturana social systems
are not autopoietic but are the medium for interaction and structural
coupling constituting a social organization. They are consensual do-
mains consisting of networks of recurrent interactions and relations.
They are separable from the people who realize them in that people may
come and go but the social organization carries on. This seems to me
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highly compatible with Giddens’ “system” and “structure” (see Figs. 8.2
and 8.3). Maturana’s natural social systems are Giddens' institutions
within the social system, and Maturana's socinl organization is Giddens’
structure. Both envisage similar closed relations between the two—for
(iiddens, system interaction reproduces social structure, which enables
interaction; for Maturana, system interaction constitutes social organi-
ration which selects interaction.

I would suggest that Giddens’ analysis provides a more detailed
picture of the consensual domain of social organization. It specifies that
the constituents are not just interactions and relations in general but,
specifically, social practices in the system and rules and resources in the
structure. Moreover, he suggests the main dimensions of these interac-
lions: signification, power, and legttimation. On the other hand, 1 think
Maturana’s concept of structural coupling and his explanation of the bio-
lugical foundations of language and social interaction through the ner-
vous system and bodyhood provide useful support for structuration
theory.

8.5. Luhmann’s Autopoietic Society
Based on Communications

Having discussed Maturana and Varela, who do not say that society is
autopoietic, we now move to someone who claims that society is the
production not of physical entities but of communications. Niklas
L.uhmann is one of the major German social theorists ot the last thirty
years. He has had a large and wide-ranging theoretical output devel-
oping a detailed theory of social systems in general and modern society
in particular. This is founded in general systems theery and particularly
the work of Parsons, who tried to reconcile action theory with systems
theory. Luhmann’s use of autopoiesis (from the early 1980s) does not
represent a radical departure for him; rather, he has been able to incor-
porate the ideas quite neatly into his own theory of the differentiated
suciety.

His work up to autopoiesis is well covered in The Differentiation of
Society (1982a), while his major work developing autopoiesis is Soziale
systeme (1984a). There are a number of papers outlining, in a fairly sche-
matic way, his use of autopoiesis (Luhmann, 1982b, 1983, 1984b, 1985b,
[986, 1987a, 1993) and, most usefully, a book—Ecological Communication
(1989b)}—in which he uses his theory to analyze the ways in which eco-
Jogical problems may or may not impinge on society. He has also pro-
duced an analysis of the nature of risk in society (1993a,b) based on
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autopoiesis. He has participated in major debates with Habermas, doc-
umented in Luhmann and Habermas (1971) and most of Habermas’
other works, especially Habermas (1990). Bednarz (1988) and Geyer and
van der Zouwen (1991} argue for Luhmann’'s development of social au-
topoiesis, Blom (1990) provides an informed review of Luhmann’s con-
cept of social structure, Gastelaars {1992} applies autopoiesis to the
sphere of public prevention (government activities intended to prevent
specific diseases), and Kickert (1993) to public administration. Luth-
mann'’s particular application of autopoiesis to the law has itself gener-
ated a major debate, which will be covered in Chapter 9.

Grasping Luhmann’s ideas poses problems similar to those in-
volved in interpreting Maturana’s writing. He uses common words
(e.g., “communication”) in special ways which are only briefly ex-
plained and his writing is highly abstract, offering very few illustrations
or examples.

8.5.1.  The Differentiation of Society

It is best to begin with the fundamental driving force of his theory, the
idea that modern society is necessarily becoming a functionally differ-
entiated one. (The particular nature of “society” for Luhmann will be
brought out later.) Society, as a system, is faced by an environment (all
that is not society, not just the physical environment) that is inevitably
more complex than itself. For it to survive, it must somehow match its
variety to that of the environment. (This is essentially Ashby’s {1963)
“law of requisite variety.”) There are only two ways to go—it must re-
duce the complexity of its environment, or at least that which it experi-
ences, by isolating itself and reducing its possible interactions, or, it
must improve its own variety and become increasingly complex itselt.
Society, like living systems in general, has followed the latter route and
become increasingly differentiated internally.

Internal differentiation means simply that the system develops a
greater number of its own subsystems. This can occur in different ways
and has done so through the evolution of society {Lu hmann, 1982a, pp.
232ff). Initially, it was on the basis of segmentation—the generation of
many essentially identical subsystems, such as villages in the middle
ages. The next stage was differentiation by siratification, by which society
split into unequal subsystems forming a hierarchy such as peasants,
clergy, and nobility. Modern society can be seen as a development from
stratified to functional ditferentiation: subsystems become established by
the particular tasks that they carry out—for example, the economy, pol-
itics, law, science, education, and religion. These subsystems become
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highly autonomous, distinguishing themselves from their environments
self-referentially. Society no longer has a center or controlling subsys-
tem, but becomes the indeterminate outcome of the interactions among
these independent but interdependent domains.

Luhmann brings in autopoiesis by arguing that ail these subsystems
and society itself are autopoietic unities and are thus organizationally
closed and self-referring. In doing this, he recognizes the problems in
defining social autopoiesis, in particular the exact nature of the compo-
nents and the processes of their production (Luhmann, 1986, p. 172).
He is happy to accept that social systems do not consist of or produce
the (physical) people who participate in them (indeed, he argued this
before he made any mention of autopoiesis; see Luhmann, 1982a, p. xx).
S0 in what sense can they be autopoietic? His answer is similar to Var-
¢la’s in suggesting that there can be closed, self-referential systems that
do not have physical production as their mode of operation. These in-
clude both social systems and psychic systemns (human consciousness).
He differs from Varela in that he calls all such systems autopoietic,
whereas Varela restricts that term to living physical systems.

8.5.2.  Autopoiesis as the Production of Communications

50 what are the elements of social systems that continually produce
themselves? Not conscious thoughts, nor behavior or actions, nor even
language, but communications, or rather communicative events.

Social systems use communications as their particular mode of antopoietic
reproduction. Their elements are communications which are recursively
produced and reproduced by a network of communications and which
cannot exist ouiside such a network.

Luhmann (1986, p. 174)

Each subsystem defines for itself what is and is not a communication for
it and then consists of networks of particular communications, which
always refer to previous communications and lead on to other ones.
Saciety as a whole encompasses all the communications of its subsys-
tems.

It is important to understand what Luhmann means.by communi-
cations since he uses the term in a very specific sense. He stresses that
il is not what we might normally mean by a communicative act, such as
« statement or utterance by a particular person. Indeed, it is at a differ-
ent level from people and thetr thoughts and actions. For Luhmann,
(hese are not part of the social system at all, but its envirorunent. He
characterizes a communication as an event consisting of three indissolu-
Do clements—information, utterance (communication or action), and
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FIGURE 8.4. The Three Elements of a Communication.

understanding (comprehension)—which can enable further autopoietic
operations to occur. The terms in parentheses have also been used by
Luhmann. Each of these elements is said to be a selection, that is, one
possibility chosen (but not necessarily by a person) from many. It is the
operation of the autopoietic system which defines and makes the selec-
tions (see Fig. 8.4). _

Broadly speaking, information is what the message is about; it is
the difference that makes a difference (Bateson, 1979}. Utterance is the
form in which it is produced—how? By whom? When? And understand-
ing is the sense or meaning that it generates (which can include mis-
understandings) in the receiver.”

*Luhmann developed these categories from a lypulogy by Buhler (see Luhmann, 1986,
p- 188, note 2). Buhler's scheme (1982, p. 147; sec also Habermas, 1992, p. 57), pub-
lished originally in 1934, was a classification of the three relations that a linguistic
expression may enter. It has, first, a relation of expression fo its sender ur communi-
cator; second, a relation of representation to objects or states of affairs; and third, a
relation of appeal to ils receiver. These, then, are supposed to correspond to
Luhmann’s utterance, information, and understanding, although it seems to me that
utterance includes both the relation and the actual linguistic expression. Note that
Luhrmann is critical of the traditional transmission model of communications with self-
conscious senders and receivers (as is Maturana—see Chapter 6},
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There must be at least two parties involved, the communicator and
the communicatee (my terminology}, but these may well not be individ-
ual people. All these elements are generated or coproduced together as
a unity, and this event allows for the possibility of further communica-
tions. Itis important to stress that all three aspects are distinctions made
by the system—the system determines what is information for it, how
it may be embodied, and how it may be interpreted. This is the closure
of autopoietic systems.

Of the three, understanding stands in a special relation to the other
two. Understanding draws the distinction between information and ut-
terance (Luhmann, 1982, p. 183} and recognizes that they are selections
in different dimensions. Information is the “what” of the communica-
tion—it is produced by the system out of the perturbations the system
undergoes, and the system determines whether it originates or refers
vutside the system to the environment. The utterance is the “why now,”
the “how,” and the “who" of the communication and so is inevitably
self-referential. Again, these distinctions are made by the communica-
tion itself, which is attributed to an agent rather than being the con-
scious production of an agent. It is this distinction between information
and utterance that allows for an arbitrariness between the two and pro-
vides the possibility of further autopoietic production, for without it un-
derstanding would simply be perception rather than communication.
This distinction between information and utterance is very similar to
that between the propositional and illocutionary content of utterances
analyzed by Austin (1962), Searle (1969), and Habermas (1984).

Luhmann gives almost no actual examples of communications, but
[ would suggest the following within various subsystems. In the law, a
legal communication might be the judgment of a court. It contains a
particular selection of information {the nature of the case, the main con-
siderations, reference to laws and previous decisions—earlier commu-
nications); it is presented in a particular way (a speech, a written
judgment); and it is interpreted in particular ways. The judgment as a
whole leads to further communications, both directly through its con-
sequences and indirectly as part of case law. In science, a communica-
lion is about a new theory or the results of a particular experiment.
Again, it is a particular selection of information (reference to preyious
results, definitions of what is or is not acceptable); it is presented either
in a paper in a journal, or at a conference, or at a demonstration; and it
is understood in certain ways and leads to further communications. In
the everyday world of work, a communication may be @ memo or phone
vall and the understanding it generates in the recipient. It may provoke
a further communication either in reply or to others. Even the absence
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of a reply may be taken as a communication and may generate further
ones.

We can visualize the whole system as an ongoing network of inter-
acting and self-referring communications of different types and see how
they can be separated from the particular people invol‘ved.. The people
will come and go, and their individual subjective motivations will dis-
appear, but the communicative dynamic will remain.

Communications, Luhmann argues (1986, p. 177}, are not the same
as individual communicative acts, but are more fundamental. This is
because, first, actions need not be inherently social whereas communi-
cations are social, although this does verge on the tautological since for
Luhmann the social is defined as a system of communications. Second,
social actions already presuppose communications in the sense that they
rely on or raise the expectation of recognition, under.stan.ding, and ac-
ceptance by others. In other words, a social action 18 inevitably already
a communication. Yet, third, a communication is more than simply an
action. [t involves and therefore includes the understanding of another
party and so goes beyond the individual action to form the link neces-
sary for social operations. A communicative act in itself leads to not.hmg;
it is only when it generates some understanding in another that it can
trigger a further commu nication.

Having looked at the structure of communication, how are the dy-
namics of autopoiesis constituted? Essentially it is a network through
time of communications referring to other and past communications and
leading to new ones (Fig. 8.5). However, it is quite a different form of
production from physical autopoiesis, for communications are events.
They occur at a point in time and then disappear. They may feave
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FIGURE 8.5. Communication as an Onpoing Process: Synthesis of Utterance, Infor-
mation, and Understanding,
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lraces—mernories, papurs, filmy—Dbut these are not the events them-
wlves, What is vital is the generation of the next (communicative) event,
for without this autopoiesis stops, and that this event is different from
the previous one. So communicative autopoiesis is not a production of
structure or pattern or repetition but of networks of differentiated
vvents.

Looking specifically at the relationship between communications,
[ whmann suggests (1986, p. 175) that they will be either heteroreferen-
tinl or autoreferential (Fig. 8.4). A later communication distinguishes be-
(woen the information and the utterance of an earlier communication. It
ihen concerns either (hetero-) the information {questioning it, denying
it, or enlarging on it} or {auto-) the utterance (asking how it was said,
why it was said, or who said it). In each case, the later communication
makes its own particular distinctions (or selections) among these varied
prossibilities.

We can see here the relationship of communication to meaning
(l.uhmann, 1985b, p. 7; 1990a). Events (especially communications} refer
to and are related to many other events and possibilities. The produc-
ion of communications is precisely this selection from the manifold pos-
wibilities—distinguishing what it is by what it is not. It is these related
vvents and possibilities that constitute meaning. Meaning is the open-
niess of all possibilities——al] the relations, distinctions, and denials that
could be generated—a very Husserlian construction, It is that which
provides the newness of and difference between communications. On
the other hand, a particular communication closes this off; it fixes one
pussibility in order that something might actually happen. Autopoietic
communication can thus be seen as meaning-processing {(Luhmann,
1989b, p. 17), generating distinctions to convert the open field of mean-
my into the particular information or utterances that thereby constitute
a society. For a related but not identical analysis of information and
meaning based on autopoiesis, see Mingers (1993a, 1993b) and Kampis
and Csanyi (1991).

8.5.3.  The Autopoiesis of Society

A social system comes inta being whenever an autopoietic connection of
communications occurs and distinguishes itself against an environment by
restricting the appropriate communications. Accordingly, social systems
are not comprised of persons and actions but of communications.
Luhmann (198%b, p. 145)

Having grasped Luhmann’s ideas about how social autopoiesis ac-
(ally operates, we can now return to see socicty and its subsystems
work as a whole (Fig, 8.6). As explained in Section 8.5.1, society differ-
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FIGURF 8.6. The Differentialed Society and Its Environment.

entiates itself into subsystems each of which is an autopoietic network
of recursive communications. Society itself is also autopoietic, consisting
of all these communications plus all others not specifically involved in
subsystems—the communications of the “lifeworld”—the everyday
world of action and communication (Luhmann, 1986b, p. 36). As such,
it distinguishes itself from its environment—that which is not commu-
nication. Thus, not only the physical environment but also people and
their consciousnesses are in the social system’s environment. Society is
a closed system in that it cannot communicate directly with its environ-
ment since the environment, by definition, does not communicate.
Events happen in the physical world (e.g., pollution), but this does not
affect society until it becomes the subject of a communication—"society
cannot communicate with but only abeu! its environment according to its
capacities for information processing” (Luhmann, 1989b, p. 117). This
does not mean that society is totally isolated—it is like examples of phys-
ical autopoiesis, organizationally closed but interactively open. The en-
vironment (especially people) can trigger or irritate society, and society
may then generate a communication, but its nature and form will be
determined by society or a particular subsystem, not by the environ-
mental disturbance.

In a similar way, the subsystems also distinguish themselves within
society and specify their own internal environments. They too form
closed networks of communications, each one being able to process or
deal with communications of its own type only. Luhmann analyzes their
workings with the terms codes and programs. He argues (1989, pp. 30ff)
that cach subsystem utilizes a particular binary code representing the
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good/bad or positive/negative for that subsystem. For example, the code
for the law is legaliillegal, for the economy to pay/not to pay, for science
truth/falsity, for paolitics the holding/not holding of office. The code
provides the basic guidance for a subsystem, for without it the self-
referential operations would be entirely undetermined. The code itself
is just the particular categories, and it therefore requires some means or
criteria for assigning events to a category. This is the program—the rules
for coding. This separation is one way in which variety can be increased
since it allows the program to be changeable even though the code is
not. For example, the historical development from natural to positive
law involves a shift from defining legality by religious or natural criteria,
which were unchangeable, to criteria defined by society, which are thus
open to change.

For subsystems, the other functional subsystems exist as part of
their environment and there are much greater interactions and depen-
dencies among subsystems than between society and its environment.
The subsystems have become autonomous and independent, but at the
same time more interdependent since they rely on the existence of the
other subsystems to carry out particular functions. Interactions among
subsystems are reasonably well defined; legal communications can give
rise to economic enes, which in turn can trigger political ones. When a
subsystem is triggered by its environment and generates a communi-
cation about a particular matter, this is called resenance. Going further,
Luhmann uses the metaphor to describe the resonance of society as a
whole, that is, the subsystems with each other (Fig. 8.6).

For example, a discovery in science such as genetic manipulation
may lead to political decisions about limits of acceptability, resulting in
new laws governing its use and, eventuaily, economic activity; each of
these feeds back to the scientific subsystem. Moreover, these effects may
be disproportionate among subsystems; a minor occurrence in one may
trigger a major response in another.

In a recent paper (1992), Luhmann brings in the idea of structural
coupling, a concept conspicuous by its absence previously. He interprets
this (correctly, I think) as the way in which the system’s structure de-
velops to presuppose or expect that certain perturbations will occur in
its environment. In the social case, this will be embodied in the partic-
ular expectations of communication—expectations that, for example,
there will be consciousness and activity. These perturbations (or irrita-
tions, as he cails them), do not, of course, exist as such in the environ-
ment. The system determines what may and may not be a perturbation.

In any event, he suggests that there are several domains of steae-
tural coupling, There is, first, the coupling of communication (i.e., so-
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ciety) to sense-systems, that is, individual consciousness, but not, he
argues, to the general physical world. Then there is the coupling of sub-
systems to society itself. Indeed, this coupling is the ciosest, since the
subsysterns are not something other than society but part of its very
constitution. Nevertheless, they do distinguish themselves through
their operation. Finally, there is structural coupling between subsys-
tems, and here he details a few specific combinations. The economic and
legal subsystems are linked mainly through the law of property and
contract, and politics and the legal system by constitutional law. Events
in these fields generate communications in both the connected subsys-
tems, which then become part of the subsystems” autopoiesis. Although
he does not suggest it, it seems to me that such structural coupling can
go some way toward generating stability among the otherwise autono-
mous and uncoordinated subsystems.

We are thus left with a view ot society very ditferent from the tra-
ditional one. Society is essentially centerless—there is no core or fun-
damental division driving it, and there is no privileged position from
which a rational overall view can be developed. Instead we have self-
defined autonomous subsystems in a constant process of renewal and
redefinition, locked together in a fragile balancing act, resonating
among themselves but relatively unresponsive to society’s external en-
vironment.

8.5.4. Conclusions abeut Luhmann

Luhmann’s work represents a very thorough and detailed, not to say
radical, social theory, but this is not the place to debate its important
implications for theoretical sociology (see Habermas, 1990, pp. 368-386)
or policy science (where there is a detailed analysis of autopoietic theory
and soccietal steering; see Veld et al., 1991). Rather, I will restrict myself
to points concerning the use of autopoiesis and a few more general con-
siderations.

For autopoiesis this 1s a bold attempt to define an autopoietic unity
in the nonphysical domain. It defines the basic components of such a
system—in this case, communications—and holds consistently to this
without confusing domains by, for example, including people within the
system. Production is shifted to events rather than material compo-
nents. Finally, the circular and self-defining nature of the production
netwaork is brought out well, as is the combination of organizational clo-
sure and interactiveness.
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Other aspects are less successful. First, the problem of boundaries
is not properly resolved. For Luhmann, systems differentiate them-
sclves by defining their own communications, so there is at least a dis-
linction between that which pertains to the system and that which does
not, but that is not the same as a boundary consisting of particular
houndary components. For this reason, I would agree with Varela and
say this is a case of organizational closure rather than autopoiesis, re-
serving the latter term specifically for systems that meet the full defini-
tion. Maturana {(Krull ¢t #l., 1989) also docs not wish to characterize
social systems as autopoietic. He recognizes the possibility of there
being an autopoietic communication system, consisting of a network of
production of communications, but argues that the organization of a
social system is different, consisting of a network of human coordina-
lions of action (see Section 8.4).

Second, Luhmann does not appear to use the distinction between
organization and structure, yet this distinction seems potentially very
nseful. If we take the law, there are many different legal systems in the
world, and any particular one changes over time. We thus observe many
different structures but they all, presumably, embody the same basic
organization of closed communication. Luhmann (Krull ef af., 1989) says
that he did not use the term organization because it already had a partic-
ular sociological meaning.

Third, there is a question as to the possibility of autopoietic systems
emerging or developing within an already existing autopoietic system.
Biologically, we can see that second-order autopoietic systems may de-
velop from the coupling of first-order ones (see Section 3.3.1). In
[.uhmann’s terms, this would be equivalent to the various subsystems
establishing themselves first and then coming together to compose
society. This is clearly not what happened, and the problem is, is it
actually possible for it to happen that way? Can there be self-differentia-
lon into autopoietic subsystems?

Fourth, there is no significant attempt to show how societal com-
munication, as an independent phenomenal domain, emerges from the
interactions of the human beings who altimately underpin it. Without
human activity there would be no communication. Maturana is always
carcful to show how new domains arise out of the interactions of ob-
servers, but with Luhmann the observer is lost completely in favor of
the observation. This is an important lacuna with a number of concom-
Hant problems, some of which are also identified by Habermas. How do
communications actually occur? It is one thing to say analytically that
vommunications generate communications, but operationally they re-
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quire people to undertake specific actions and make specific choices. Is
not the claim that “communication produces communication” stretching
the notion of production too far? One communication may stimulate
another, but surely it does not produce or generate it (see also Teubner,
1993, Chapter 2). How does this interaction occur? What factors affect
the selections that are actually made? In general, what is the relationship
between the psychic systems of individual consciousness and the social
system of communication?

Luhmann’s theory would seem to rely on his concept of meaning
as the link between the two. A communication opens up possibilities
through its meaning to people whose selections then generate new com-
munications, However, this appears to be a very individualistic analysis.
N attention is paid to the constituting of these subjects as subjects and
the major role of language. In Maturana's terms, Luhmann ignores the
importance of languaging and consensuality, which provide an already
existing a priorf structure generating an intersubjective domain of in-
teractions. Such an approach would provide a general bedrock in the
lifeworid out of which the particular specialized communicative subsys-
tems can be seen to arise.

Fifth, there is a problem with Luhmann’s avowed functionalism,
Luhmann specifically uses the term “functionally differentiated society”
and appears to argue that this has come about in response to the com-
plexity of society’s environment. This certainly appears to be an adop-
tion of functionalism, which Maturana and Varela (and Giddens)
strongly reject. However, it seems to me that it might be possible to
reformulate Luhmann’s work more in terms of structural coupling and
thus show nonteleologically how society’s particular structure has come
about. :
Finally, I find it difficult to accept the restriction of the social purely

to communication and the supposed separation and purity of the vari- -

ous subsystems. In the economic sphere, for example, it may be that the
ultimate operations underlying it are monetary payments, but if we seek
to explain particular happenings we immediately find that social, polit-
ical, and legal factors are at wark. This is because it is people who make
economic decisions—to buy or sell or invest or lend—and people form
a nexus among all the different subsystems. Their decisions are affected
by their expectations, which are conditioned by communications from
other domains. Moreover, communications can often be said to belong
to more than one domain. For example, signing a loan agreement both
generates a transfer of money and establishes fegal obligations. A re-
search grant is both a communication about academic status and a pay-
ment.
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8.6. Autopoiesis as Metaphor

Finally, we will look at the work of Morgan (1986, Chapter 8), who does
not actually claim that Organizations are autopoietic, but that auto-
poiesis is a useful mectaphor in thinking about how Organizations work.
He develops three ideas.

First, the relations an Organization has with its environment are not
determined so much by the environment as by the Organization and its
own internal self-image or identity. Organizations are continually con-
cerned to re-create and maintain their image and identity by projecting
themselves onto their environments, and what they monitor in the en-
vironment is, in turn, a reflection of their own concerns and interests.
This is more than merely choosing to observe or not observe certain
things but reflects the idea that it is the structure of the system that
determines the interactions the system can or can not have. Organiza-
lions have their own languages and literally cannot interact with some-
thing unless it fits into their perceptual categories.

Second, Morgan identifies “egocentric” Organizations, which are
overly concerned with maintaining their current identity despite it being
inappropriate to their environment. Examples are companies that try to
stick to their traditional practices despite changes in technology (e.g.,
watchmakers) or companies whose activities alter their environments to
their own longterm detriment (e.g., through pollution). Rather, they
should be aware that their structure must be one that allows structural
coupling to their environment and that structure can, if necessary, be
changed without a loss of identity.

Third, in looking at the history of change and development of an
Organization, it should be concerned that its identity is flexible and com-
patible with its environment and context:

The theory of autopoicsis suggests that the pattern of organization that
evolves over time does so in an open-ended and evolving way, Some
torms disappear and others survive through transformations controlled by
the self-referential processes that define the total system.

Morgan (1986, p. 247)

Because Organizations are structurally determined and can only be
Inggered by the environment, their structure may fail to develop in
ways necessary to maintain their autopoiesis, and they may discover
this only when it is too late.

In overall terms, using autopoiesis metaphorically is reasonably un-
problematic—one does not have to agonize over the deep ontological
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problems. Equally, however, the results are merely metaphoric and
have no greater claim on cur attention.

8.7. Conclusions about Social Autopoiesis

In this chapter I have explained both the attractions of characterizing
social systems as autopoietic and some of the problems, and 1 have ex-
plored a range of responses to these problems. | believe that, at the
moment, social autopoiesis remains a highly debatable possibility, no
more. | agree with Varela that applying autopoiesis in a strict sense, to
include notions of production and boundaries, to social systems cannot
be sustained, but that some more general idea of closure may well be
applicable. The problem is to determine unambiguously the nature of
the components, processes, and relations of such a system.

Luhmann’s work, taking the components to be communications, is
the most highly developed autopoietic social theory but is based on a
number of questionable premises, particularly the relations between
communication and actors. On the other hand, Giddens’ structuration
theory addresses the action/structure relationship and seems quite com-
patible with Maturana's work, but needs reworking within an auto-
poietic or at least closure framework. Between these two, I feel that
there is space for interesting developments to take place.

However, the question is particularly difficult because the nature of
the social domain itself is extremely controversial. There are philosoph-
ical disputes over the epistemology of natural science, but at least this
is concerned with a domain of physical existence. How much harder it

is to grapple with the social domain, where there is dispute over the -

nature of social “objects” and even their very existence, and where we
are ourselves observers from within.

1

9

Law as an Autopoietic System

9.1. Introduction

The application of autopuiesis to law has developed from Luhmann’s
work on social autopoiesis, described in Chapter 8. As we saw, he ana-
lyzed soctety into a number of different functional subsystems, each
based on a particular mode of communication. One of these was law.
Luhmann had developed a sociology of law, published in 1972 as
Ruchtssozivlogie, before he utilized autopoiesis. An English translation
appeared in 1985 (A Sociological Theory of Law), and this contained an
extra chapter incorporating the basic notions of autopoiesis. Since then
Luhmann has written further papers (1985c, 1987b, 1987c, 1989,
1992a,b); the idea has been taken up especiaily by Teubner (1984, 1987b,
1987c, 1989, 1990, 1993) and has generated a good deal of controversy
(Teubner 1987a; Cardozo Law Review 13(5), 1992; Amselek and Mac-
Cormick, 1991) within law. Teubner has applied it to the problems of
legal regulation {1985, 1987d), Power (1994) to accounting and the en-
vironment, and King and Piper (1990) have explored this characteriza-
tion of law in a book about how the law “thinks” about children.

9.1.1.  The Attractions of Autopoietic Law

To begin with, what is the attraction of thinking of applying autopoiesis
to law? In broad terms, it is similar to the reasoning for Organizations
and social systems in general—autopoiesis might explain some of the
apparent characteristics of legal systems. In particular, the developing
autonomy and even self-reference of legal systems combined with their
increasingly dynamic and changing nature.

Historically, there has been an evolution within legal systems from
“natural” to “positive” law (Luhmann, 1982a, p. xxxiii and p. 158ff).
Originally, the law merely reflected or enacted norms and values which
were seen as natural—independent of people and societies. These
norms and values stemmed from God, through religion, or just seemed
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to reflect the natural order of the world. The point was that, law did not
determine right and wrong, merely enshrine it. However, with the ioss
of belief in a natural order or religious dogma, the law has been increas-
ingly seen as an internal mechanism for mediating conflict within soci-
ety. Decisions about right and wrong, legal and illegal, are societal
decisions, and law itself becomes involved in positively specifying this.
This allows for a greater contingency; the legal system develops formal
methods for making and altering law rather than relying on externali-
ties; it permits a separation of law and morality (laws could be enacted
which are judged to be immoral); and legality is seen to reside simply
in a law being legal (i.e., having been created following the correct legal
procedures). Note, however, that there is still debate among legal the-
orists as to whether law does have some minimum rational or moral
content (Finnis, 1980).

This development of positive law has led to it being seen as becom-
ing both more autonemous and more dynamic and changeable. Auto-
poiesis provides a mechanism that generates both these characteristics
(Jacobson, 1989; Van Zandt, 1992). The law in most modern states is in
a constant state of change with new and ever more complex statutes
being produced and new and changing interpretations being created
through case law. This occurs partly because of the severing of law from
unchanging natural presuppositions mentioned above, and partly be-
cause of the increasing pace of change in society as a whole, and partic-
ularly its scientific and technical domains,

The legal systems of advanced industrial democracies constantly generate
and transform law in every legal act and communication. A perpetual mo-
tion of norms sharply dislinguishes certain legal systems.

Jacobson (198y, p- 1648}

Thus a characterization of law must be found that can encompass both
the ongoing unity and coherence of a legal system and its constant
change.

The second effect of the positivity of law is increasing autonomy.
Legal matters, rather than being spread throughout society, all coalesce
within the one system. The law becomes responsible for both defining
and implementing legality and illegality. This is done increasingly with
reference to itself—that is, its own regulations and norms for changing
the law and its own previous decisions. Laws have force only it they
have been enacted legally; law has become selt-legitimating (Lempert,
1987). This can be scen with reference to Hart's (1961) distinction be-
tween primary and secondary rules. The primary rules of a legal system
are accepted as binding because they have been gencrated and applied
in accordance with the secondary rules. These secondary rules are, of
course, also created through the legal system.

155

Law as an Autopoietic System

This has generated a longstanding debate within legal theory
(Ewald, 1987) as to whether ultimately law is gelf-depend(e.nt (the lE)]ure
theory view) or is determined externally by society (the socr\).logy o aw;
view). To some extent, autopoiesis could be scen as a pos;slble way\:)
reconciling or overcoming this split by_en\qsagm.g thfz relatl.ons between
an autonomous law and its encompassing society in a different wa‘y.
That said, however, autopoiesis does at first sight seem to stem much
more from the pure theory camp, particular]y. the work of Kelsen (1967).
He argued that law needs no outside foundations, beca.use the very pos-
itivity of law provides its own foundation and the law itself regulatgs 1lts
own creation, a process “in which the law, so to speak, uncea$mg7y
creates itself” (Kelsen, 1967, p. 299 and p. 318, quoted in ()s't, -198,)..
This clearly foreshadows the self-producing nature of autopoietic s‘y b;
tems, although Kelsen perceives there to be a hierarchical structure o
norms and values rather than a circular one, .

Following from the autonomy of law is the fact that its self-reference
can generate paradoxical situations that Jegal t'heorlsts find hgrd to ac-
count for (Teubner, 1990, 1993). For example, is the most }JgS]C d.lzitmc—
tion between “legal” and “illegal” itself ”].eg‘al’ ? 1f we say it is legal, \;}e
have a simple tautology, but if we say i.t is illegal, then wePat}reha s; :
negating paradox like the sentence “this sentence is fa]s.eli ‘ l lt ed is
tinction is illegal, then we should not make it, so it is not illegal, an ‘ sc;
on. There are many other examples. As we have seen, laws are lega
only because they conform to other (secgndary) lawis which must themci
selves be subject to their own prescriptions. What if lau.vs were p?asse
which referred to one another but were contradictory or in conflict? .Hof—
stadter (1980, p. 692) gives an example; during Watergate, thfi president
threatened to obey only a “definitive” ruling of thc.St.lprer!r:e Court, ther;
argued that only he could decide what was j‘deflmtwe. And while
write this, President Yeltsin in Russia is claiming powers over the Con-
gress, while the Congress denies that such powers are legal. Evin:’:l
single law could be self-contradictory—for example, a law pasdsed : y ‘1
simple majority specifying that all laws re%trosp(?ctw.ely nee ‘ab\f.vo
thirds majority. Then there are situations in which illegal acts I‘lilg
about changes in the law, which then legitimize the acts—for e?xamp e,
resistance to laws that then brings about their repeal, or revolutions and

‘ 5 d’état that create new laws, ' .
l“UP]‘;'i:a&;—‘lt; Teubner lists a number of concrete examples which might
lead to paradoxes:

‘Wha watches the walvhiman’ as the problem of constitutional juriscflctufn;'
‘the paradox ol sell amendment” in constitutional biws; i q‘ffrlr;m', Ur‘ l'g]}lll}-
must conte wilh vlean hands’; rereni in conllict of laws; iEnorance is no
exetses o the hten teary’ of the Tegal persan, according 1o which
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the State as a legal person must, like Munchhausen, pull itself up by its
own bootstraps by inventing itscif.
Teubner (1993, pp. 4-5)

Such self-referential paradoxes are not, of course, confined to the
law, but appear in other disciplines such as psychology and philosophy
(Hughes and Brecht, 1978). There are various possible responses to the
problem, none of them particularly satisfactory. One easy way out is to
suggest that it is best to simply ignore them as being trivial puzzles of
no real importance. Another is to argue that they are merely a linguistic
problem—they come about merely in our language because of the dif-
ferent distinctions and categorizations that we make. The remedy is
t_hus to tidy up our language by creating particular constructs or distinc-
tions to bring back consistency such as, for example, Bertrand Russell’s
Theory of Logical Types. A third response, more specific to law, is the
radical critique of the Critical Legal Studies movement (Joerges and Tru-
beck, 1989). This is a form of deconstruction which actually sets out to
show that all aspects of the law are in fact full of contradictions and
antinomies.

All these approaches are similar in treating sclf-reference and its
paradoxes as something problematic to be avoided. Tn contrast, auto-
poietic theory treats these phenomena as central and constitutive of real
systems. The law is full of circularity and self-reference, but rather than
being avoided or banned they should be accepted and explored as key
mechanisms in the establishment and development of the law.

9.2, Autopoietic Law

We have already seen (in Chapter 8) Luhmann'’s overall approach to
theorizing society as an autopoietic communicative system and the place
of law within it. I shall briefly recall this before concentrating on law in
particular. Luhmann defines society as consisting of a network of com-
munications which continually regenerates itself. Communications trig-
ger new commgnications in a continuous, self-defining process. A
communicat:on Is not a communicative act nor a particular message but
the connection of an utterance conveying information with the under-
standing it generates. Society consists only of communications and of
all communications. Thus the physical world and even people and con-
sciousness are all external to society, Communications are not entities
but events produced at a point in time; they have a duration, but only
that of their actual occurrence. They do not exist after their occurrence.
When they are completed, their very absence calls for another event or
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else the system can no longer exist. Moreover, (he next event cannot be
a repetition of the first, but must be a ditferent event.

Modern societies are not homogeneous, but have become internally
differentiated. Particular types of communications (¢.g., legal and eco-
nomic ones) have separated themselves out from the rest to form their
own self-defined autopoietic subsystems. These are not outside of or
different from society; they are merely particular communicational do-
mains that have achieved a certain autonomy from the others. Each
subsystem becomes self-defined, operating around a particular distinc-
tion—in the case of the law, that of legal/illegal.

Thus Luhmann has a very radical conception of the legal system. It
contains no laws or courts or parliaments or judges or lawyers or even
defendants as such; it is pure communication:

The legal system . . . consists only of communicalive actions which on-
gender legal consequences—it does not, for example, consist of physical
events nor of isolated individual behavior. . . . It consists solely of the
thematization of these and ather events in a communication which (reats
them as legally relevant and thereby assigns itsclf ta the legal system.
Luhmann {1987b, p. 19)

So, what are legal communications and how do they differ from
other communications? Luhmann tells us, rather unhelpfully, that a le-
pal communication is one that has legal consequences; in typical fash-
ion, he gives almost no actual examples at all. Some that come to mind
are a registration of birth or death, the decision of a jury, the procla-
mation of a new law, the judgment of a court, the payment of a fine,
the issuing of a parking ticket, and so on. The first point is that what
counts as a legal communication will be defined by the system itself.
This is in its very nature as an autopoietic system. The legal system is
any and all legal communications, and its self-definition s its way of
differentiating itself into an autonomous unity. But if we as outside ob-
servers cannot specify this in particular, we can at least indicate in gen-
cral how it operates. '

9.2.1.  Normaiive and Cognitive Expectations

As mentioned in Chapter 8, communications are an integration of utter-
ance, information, and understanding, and each of these is a selection
(rom a “horizon” of possibilities. In order to cope with the complexity
of the world, such selections are often made on the basis of “habit or
expectation” (Luhmann, 1985a, p. 31tf). We do not consider each situa-
lion anew in depth but work on the basis of expectations established
(hrough the history of vur interactions (see also Maturana on living as a
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cognitive activity, Section 5.2). Such expectations will inevitably be dis-
appointed, and this may lead to us changing them (and learning), or we
may maintain them despite the disappointment. This is especially the
case with law, which can be seen as embodying a complex set of expec-
fabions or norms about what should or might happen. It is through their
interaction with legal expectations that actions and events can be incor-
porated into legal communications.

Luhmann distinguishes two different kinds of legal expectation,
normative and cognitive. Normative expectations are embodied in laws
and concern what ought to happen—people ought to pay taxes; they
ought not to steal. Such expectations are general and do not change in
the tight of disappointments. The fact that someone does not pay taxes
or does steal does not change the norm. In fact, normative expectations
are in a way precisely defined by such occurrences; they are “counter-
factually stabilized” (Luhmann, 1985a, p. 33). They function because
they mark boundaries that may be and are transgressed. In contrast,
cognitive expectations concern what will happen: A. N. Other will pay
her taxes or will not steal. These are particular expectations and are
changed in response to disappointments. We are prepared at the outset
for them not to be met, and we learn and change our expectations when
they are not, Distinguishing between normative and cognitive expecta-
tions is not a semantic question but concerns our response to disap-
pointment. If we are prepared to change the expectation, it is cognitive;
if not, it is normative.

Luhmann uses this distinction as the basis for his characterization
of law, for he claims that law is normatively closed but cognitively open.
This is the mechanism by which he reconciles the closure of autopoiesis
with the obvious interaction between the law and its environment.

If normative expectations cannot be changed by events, how can
they be changed? The answer Luhmann gives is that they can be
changed only internally, by the legal system itself. In this sense the legal
system is a closed system:

The autopoiesis of the legal system is normatively closed in that only the
legal system can bestow legally normative quality on its clements and
thereby constitute them as clements. Normativity has no purpose beyond
this {in the sense of an intendable end). Its function is continuous nu;king
possible of self, from moment to moment, from event to event, from case
to case. . . .

[.uhmann (1987b, p. 20)

This is the essence of the way Luhmann depicts the closed nature of the
legal system, which seems to me to work in two different ways: first, it
is only in this way that legality (i.c., having a legal aspect) is conferred
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on external components so that they become part of the legal system,
and second, such norms can be determined only by the legal system
itself.

Luhmann is saying that events and happenings can become the
subject of legal communications only to the extent that they are covered
by or subject to legal norms. The norms specify the conditions that must
apply far something to become legally relevant. For example, at birth a
child acquires particular legal rights. These are normative expectations
about what should happen to a child, and it is only through the possi-
bility of meeting or disappointing these expectations that births can be
said to have legal relevance. What these expectations are, however, is
entirely a matter for the law.

On the other hand, that a particular birth has occurred, or whether
it had occurred at a particular time, or whether a particular child has
been harmed are all cognitive matters. They are contingent facts, which
may or may not turn out to be the case. This is how the system is open,
and this is the source of new legal communications. A new birth does
not acquire legality until the appropriate communication (registration of
birth) has occurred, and this communication {in time} generates more
communications. Always, however, the legal communication concerns
only the legal aspects of the situation defined by the existing legal
norms. Other aspects of the situation generate other communications,
¢.g., economic, political, religious, or simply lifeworld ones.

There are, of course, a multitude of nonlegal norms and expecta-
tions—social, aesthetic, political—which also apply to events and ac-
tions. These are essentially irrelevant to the legal system. The legal
system does not import normative expectations, nor does it export
them, nor does it refer to them in its operations; this is its organizational
closure. Such norms can affect the legal system only if they can become
converted into legal norms. For example, changing societal expectations
about ethical business behavior may generate political communications
lcading to the enactment of a new law, which would then be a legal
communication altering legal norms. The interaction between the law
and other functional subsystems will be discussed below.

Y.2.2.  The Binary Code: Legal/lllegal

It is one of the major achievements and operations of the autopoietic
legal system that it does distinguish its own communications and norms
from nonlegal ones. One way in which legal norms are distinguished
from others is through the binary code of legal/illegal. [Luhmann (1992b)
argues that all the functional subsystems revolve around particular bi-



160 Chapter 9

nary codes, for example, truth/falsity (science), power/nonpower (poli-
tics)]. This is part of the mechanism of legal autopoiesis; all events and
states about which legal communication can occur must ultimately be
categorized as legal or illegal, and this is what drives the system
(Luhmann, 1992a).

The structure that actually organizes the autopoiesis of the system as an
unavoeidable outcome of its own operations is the system’s binary code;
that is, the continuous necessity of deciding between legal right and
wrong. This code is 2 strictly internal structure. To declare something il-
legal does not mean that it belongs to the environment of the system,
Luhmann (1992b, p. 1427)

There is nothing magical about the code, but it is ultimately that which
characterizes legal communications, Questions concerning the legality
or illegality of events or acts are thereby legal communications. Ques-
tions which are not concerned with legality are not legal communica-
tions:

The question of legality is or is not picked up in communication, and by
this very facl the communication takes part in the recursive network of
legal communications.

Luhmann {1992b, p. 1428)

This code is something fundamental to the system. It is not, itself,
one of the system’s norms but is at a metalevel. 1t is that to which all
norms refer in the sense that they all define the boundary between legal
and illegal. Norms (i.c., laws} can and do change, but the demarcation
of illegality is the whole purpose of the legal system. Without it there
would be no legal system. If the binary code itself were to be normative,
then the paradox mentioned in Section 9.1.1 would apply, but the split
between code and norm avoids this. It is also this distancing that allows
for the positivity of law. The code remains the same, but the programs
{the term Luhmann uses in Ecological Communication), which contain the
rules for applying the code to particular events, can change. The term
“rules” can be used here because Luhmann suggests that norms can
often be expressed in a rule-like “if-then” formulation—“if taking the
item was dcliberate (cognitive condition), then the act was theft (nor-
mative conclusion).”

Naote that this code, and therefore the legal system, does not have
a moral or ethical dimension. It is not the same as right/wrong or good/
bad. The law is concerned only with the specification of legality, as de-
termined by its own self-referential communications. Morals and ethics
are nonlegal norms enacted in other parts of society.
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9.2.3.  The Legal Systent and Its Relation to Other Systems: Closure
and Structural Coupling

Once a legal communication is generated, further communications refer
only to legal terms and decisions, for example, “the plaintitf,” “compa-
nies as defined in Section so-and-s0,” “the case of X,” not to the original
external factors. It is in this way that Luhmann can maintain that the
legal system consists only of communications, not people or institu-
tions. It does not matter which particular person (judge, juror, defen-
dant) or institution (legislature, grand jury, court) initiates a particular
communication or, indeed, receives and understands it. It needs only to
be someone appropriate, as defined by the normative expectations of
law. Whether a particular person is appropriate might of course be a
matter of dispute, and thereby the subject of further legal communica-
tions. These, however, would never “escape” the legal system until,
ultimately, an event is triggered which has extralegal consequences—for
example, imprisoning someone would have familial and economic con-
sequences,

However, this normative closure of the legal system does not mean
that it is isolated or interactively closed. it is cognitively open and has
particular interactions with a variety of other systems. These other en-
tities, whether they are people (what Luhmann would call psychic sys-
temis) or institutions or other functional subsystems or society itself are
in the environment of Luhmann’s legal system. They can interact with
it, in the sense that they can perturb it or irritate it, but they are not part
of it, nor can they enter jit—they can only trigger communications. In
his early work, Luhmann’s theory left these relationships underdevel-
oped and could be criticized (Mingers, 1991) for not using Maturana’s
important concept of structural coupling (see Section 3.1.4), but this has
now been rectified {Luhmann, 1992b).

We have seen that the legal system is open through its cognitive
expectations. Indeed, if it were completely closed or isolated it would
cease to operate; it needs continual stimulation in the form of events
requiring legal debate and classification. The normative and cognitive
expectations presuppose that particular perturbations occur in the en-
vironment in the same way that the biological cell presupposes recur-
rent interactions, and through this the legal system becomes structurally
coupled to the various environmentat systems—consciousness, society
as a whole, and other subsystems. Note that these perturbations are not
determined as such in the environment. They are not intrinsically la-
belted “legal perturbation.” Rather, the particular legal structure {of ex-
pectations) determines what can and cannot be a perturbation for it. For
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example, if there is no legal norm about a particular form of pollution,
then it does not exist as far as the legal system is concerned, no matter
how much it actually occurs.

The structural coupling to society and consciousness occurs in a
general way, while that to other subsystems in a specific way. With re-
gard to consciousness, communication is not, as we have seen, either
thoughts or speech acts, but these are a necessary trigger for commu-
nication, And in the opposite direction, societal communication is a nec-
essary perturbation for individual consciousnesses without which they
would not become social beings. As for society, society itself is com-
munication, and the legal system is just a specialized form. Societal (life-
world) communication, e.g., a dispute or argument, can, under certain
conditions determined by the legal system, trigger a legal communica-
tion, and this ultimately generates an effect on the lifeworld, There will
be a reciprocity between the two determined not functionally but his-
torically. The structures of expectation of the legal system are relevant
to events that occur in society, or else they would never be triggered,
although there will always remain obsolete norms no longer relevant
but not removed.

There is more specific coupling with other functional subsystems.
This can happen in two ways. First, therc are particular communications
that are actually shared by different subsystems; for example, the pay-
ment of a court fine is both legal and economic, the enactment of a law
is both legal and political, and the establishment of a patent is legal,
econontic, and scientific. Such communications trigger further and quite
separate communications in all relevant subsystems, More generally,
particular realms of law are oriented specifically to another subsysterr.
For example, with regard to economics there are the laws of property,
contract, corporation, and patent. These do not represent integrations
of these subsystems, but structures that are mutually and reciprocally
compatible.

Madern concepts of property and contract do not integrate or even de-
differentiatc the legal and cconomic systems. As mechanisms of structural
coupling, they organize the reciprocal irritalion of these systems and in-
flucnce, in the long run, the natural drift of structural developments in
bath systems.

Luhmann (1992b, p. 1436)

9.3. Criticisms of Legal Autopoiesis

Needless to say, such a radical legal theory has generated much debate.
Some of the criticism is similar to that concerning Luhmann's general
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theory (Section 8.5.4), and some is specific to law. I will group the main
criticisms using categories similar to those of Kennealy {1987} first,
those concerned with the status of the theory—whether it is a genuine
theory or merely metaphorical or tautological; second, those concerned
with the detail of the theory as an explanation of law; and third, those
that consider the implications of the theory for law’s autonomy and in-
teraction. King (1993) has recently defended autopoietic law against a
number of the criticisms that | discuss below.

9.3.1.  The Status of Autopoietic Theory

The first, most basic, questions concern the status of autopoiesis as a
theory. Does it actually make the strong ontological claims that legal
systems really are autopoietic, or is it better seen simply as a sophisti-
cated biological metaphor (Kennealy, 1987; Diamond, 1992; Zolo, 1992)?
Alternatively, is it actually tautological, developing its own formal ab-
stractions in a way that could never be put to an empirical test (Rott-
leuthner, 1987; Grzegorczyk, 1991; Munch, 1992; Wolfe, 1992)?

The “autopoiesis as a metaphor” view is certainly tempting, as it
removes many of the problems of interpreting autopoiesis in a realist
manner. At first sight it seems highly unlikely that a theory developed
for biological cells should also be able to explain something as radically
different as the legal system, so seeing it as a metaphor is much more
acceptable. We have already seen (in Chapter 8) how Morgan uses au-
topoiesis as a metaphorical way of interpreting and understanding Or-
ganizations, and such a view might be quite revealing for the legal
system. However, it is clear that the main proponents, Luhmann and
Teubner, certainly do not see it as merely a metaphor, and to see it as
such would almost entirely diminish its signhificance. T would suggest
that it is necessary to take the strong claims first and see whether or not
it is possible to sustain them.

The next claim is that the theory is formulated in such abstract terms
that it could not be tested by any empirical evidence—that essentially it
is a matter of definition and is therefore a tautology:

. . autopoietic theory cannot, in fact, be regarded as a description of so-
cial reality, since its object—the legal system—has no real existence, being
merely an object of farmal analysis, voluntarily created by a stipulative
and hence arbitrary definition. . . . Bt is impossible b conceive of rela-
tivnal acls of pure communication as existing, olher than by a formal ab-
shraction.

Greegoreeyh {1991, o TWD)
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The argument here is that the theory is so abstract and analytical that it
cannot describe actual reality. In excluding actors, motives, institutions,
Organizations, and so on and in defining a system as pure communi-
cations, the theory has no empirical content. It is compatible with any
state of the world and produces no hypotheses for consideration.
Munch (1992) also argues that the theory’s self-referential nature leads
it to be contradictory.

It is certainly true that Luhmann’s writing remains resolutely theo-
retical, with very little by way of empirical support, but overall the crit-
icism seems to me to be misplaced. It may to some extent reflect a lack
of understanding of autopoiesis—for example, Munch’s comments
on structural coupling (Munch, 1992, p. 1468}, which he claims is
Luhmann’s invention and destroys the whole notion of autopoiesis, are
clearly quite wrong. We have seen how autopoiesis has been used to
explain a whole range of characteristics of the legal system that are oth-
erwise difficult to explain. We may dcbate about how successful it is
with respect to competing explanations, but it does appear to make em-
pirically testable claims. Luhmann responds to this criticism (1992b, p.
1438) by saying that current empirical methods are not suitable for de-
scribing such complex, self-referential systems as law. Their use would
tend to obscure rather than reveal autopoiesis. However, he sees no
theorctical problem with empirical verification and makes a number of
suggestions of possible hypotheses.

9.3.2. Dves Autopiesis Provide a Valid Explanationt of Law?

As for the substantive content of the theory, there are a whole range of
issues, the main ones being '

1. the question of boundaries (Kennealy, 1987; Diamond, 1992),

2. whether the notion of “production” is appropriate in this situa-
tion (Rettleuthner, 1987; Teubner, 1993, p. 20),

3. the focus on pure communication to the exclusion of all else
(Kennealy, 1987), and

4. whether it is possible to omit people (Jacobson, 1989; Van Zandt,
1992; Wolfe, 1992).

The first two issues are general ones concerning Luhmann'’s theory
as a whole, already covered in Section 8.5.4. To what extent is it a valid
application of autopoiesis as originally specified by Maturana and Var-
ela? As we have seen, the definition of autopoiesis specifies processes
of production, within a boundary, producing both the boundary and the
non-boundary constituents. With the legal system there is no boundary
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as such although there is distinction between legal and nonlegal com-
ponents, and it is not clear that the relationship between communica-
tions is one of production. On the boundary question, there is no doubt
that there is not an actual boundary demarcating the legal system, but
Luhmann does make a strong case, if one accepts communications as
the basic constituent, that legal communications can be clearly distin-
guished from others and that they form a self-referentially closed sys-
tem,

I think that on the question of the production of communications
the theory is less satisfactory. Luhmann defines the notion of commur-
nication as including both that which is transmitted and that which is
understood, and he abstracts it from both sender and receiver. 1t then
becomes highly debatable whether it is reasonable to say that one com-
munication produces another. It may stimulate or trigger it, but surely
it is the sender who actually produces the communication. To take a
trivial example, in the interchange “How are you?” “Very well, thanks,”
I think that it is stretching the notion of production too far to suggest
that the first produced the second. We need to distinguish between the
stimulation of one communication by another and the production of a
communication by an agent (Mayntz, 1987, quoted in Teubner, 1992).

The term production means “bringing into existence,” and it is clear
that one communication cannot, of itself, bring another one inte exis-
tence—this can only be done by an agent. The agent is necessary to
make the selection that constitutes the understanding of the received
message and the selections that constitute the information and utterance
of the next message and actually generate it. Luhmann himself recog-
nizes the necessity of agents: “communication always presupposes an
addressee who is independent and can either accept or refuse the pro-
posed meaning” (Krull ef al., 1989, p. 92). The addressee, of course,
becomes the sender of the next communication.

Varela also argues that the notions of production and boundaries
are not suitable for the social domain (as noted in Section 8.3), and 1
would follow him in this. The implication of this, already discussed in
the general discussion of Luhmann (Section 8.5.4), is that the theory is
better described as one of organizationai closure rather than autopoiesis.
Organizational ciosure simply requires that all changes of state in a sys-
temn lead to further changes of state of the same type within it. Thus
legal communications lead to further legal communications. This would
maintain most of the detail of the theory without requiring the identifi-
cation of boundarics and the production of components.

The third problem identified was the restriction of the system to
pure communivations, and the fourth was that people, in particular,
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could not sensibly be excluded. To many (Kennealy, 1987), the legal sys-
tem clearly includes legal institutions, such as courtts, laws, crimes, and
various legal actors such as judges, juries, criminals, and so on. A the-
ory that has nothing to say about these and actually excludes them from
its definition of a system cannot really be an adequate theory of law.

The omission of actors and their motives is what most critics object
to, and it is also one of the general criticisms (Section 8.5.4). Wolfe {1992)
identifies what he considers to be a central dilemma in Luhmann’s the-
ory. Luhmann is right to move away from the sociology of individualism
or consciousness toward a structural or systems theory, but in so doing,
runs the danger of becoming so abstract that the theory is totally di-
vorced from actual human activity.*

For Jacobson, it is the needs and desires of individuals that provide
the necessary motivation for continually applying and changing the law:

Luhmann misses the methad and motor of comman law self-generativity:
the role of individuals—ordinary legal persons—in generating legal
norms, and the need of individuals 1o keep transforming them.

Jacobson (1989, p. 1681)

Peopte have both a moral desire for rightness and a social desire for
stable communities, and it is these which provide the dynamism of law.
Without this, and given the criticism of communication producing com-
munication outlined above, it is difficult to see why Luhmann’'s system
should keep going.

Van Zandt (1992) makes a similar argument concerning the dyna-
mism of law but goes further in putting forward an interactionist case
that theories about law as a separate system are quite unnecessary. So-
ciety, and societal institutions, are simply the result of the situated ac-
tivities and decisions of innumerable individual actors. These generate
outcomes that cannot be seen as intended or intentional and place con-
straints on further action. These may appear to an individual as some
entity or system in its own right, for example, “the market” or “the law,”
but in reality there is no such thing. There is just the ongoing activity
and its effects on later activity. (For a more sophisticated analysis of the
interaction between structure and action see Section 8.4.1, on Giddens.)
Thus Luhmann attempts to explain something that does not exist any-

*The theoretical work of Habermas (1979, 1984, 1987) is aimed at precisely this point—
how to analyze social action al a level beyond the individual and consciousness. His
theory is based on communivative action rather than communication. Teubner (1989)
presents an interesting comparison of Luhmann, Habermas, and Foucault.
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way—a reification—and the dynamism of law is simply a result of the
interaction of self-interested individuals.

8.3.3.  Autonomy and the Internctions of Law

The autonomy of law and its interactions with the rest of society are two
clearly related questions, but there are a number of different concerns.
Considering first autonomy, there is disagreement about the actual no-
tion of autenomy itself {Lempert, 1987; Nelken, 1987; Luhmann, 1987c),
and Zolo (1992) argues that autopoietic autonomy is tautological since it
is true by definition. The traditional, nonautopoietic view of the auton-
omy of law sees it as a characteristic of the relationship between law and
par'ticular interests within society. The law is seen as open to society
and subject to possible influence and control; autonomy is seen as a
continuum measuring the relative independence of law. It is, therefore,
a normative concept—law should strive to be autonomous and to the
extent that it is influenced and changed by society there is a loss of
autonomy.

For autopoietic theory, on the other hand, autonomy is all or noth-
ing; it is an inevitable feature of an autopoietic system. The law is a
closed, self-defined system—only law makes law—so it is not open to
determination by its environment. It is constantlv changing, but these
changes occur through its own structure and activity, such changes can-
not be identified as responses to particular environmental pressures.
The question is not how to maintain or improve the autonomy of law
with respect to societal encroachment, but how an autonomous, orga-
nizationally closed system comes to have a structure that allows its con-
tinuation in a particular environment. The autopoietic answer to this is
the historical drift of an autopoietic system while being structurally cou-
pled to its environment. This leads us into the form of legal interaction.

The obverse of the question of autonomy is the nature of the inter-
action between law and the rest of society. As we have seen, the ideas
of normative closure and autonomy do not make law noninteractive or
isolated; it is cognitively open to events in its environment. But
Luhmann’s early writings were, I think justifiably, criticized (Kennealy,
1987) for a lack of attention to this area. This has been rectified with the
more recent work on structural coupling and resonance (Luhmann,
1989b, 1992b). However, T do think that there are still some important
debates about the extent to which law is nevertheless open to societal
influence through the legal actors who enact it {Munch, 1992; Rosenfeld,
1992).
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This debate is clearly related to that concerning the exclusion of peo-
ple from the system. The basic argument can be put as follows: Even if
we accept communications and normative closure as the proper theo-
retical characterization of the legal system, in practice extralegal norms
and influences are brought in by people. Communications and decisions
must ultimately be made and interpreted by particular agents who par-
ticipate in society as a whole and so will, consciously or unconsciously,
bring to bear a range of factors. Thus even though legal communications
should in theory be based on legal norms, in practice they will be con-
taminated (i.e., constituted) by nonlegal expectations and influences.

It is easy to find examples throughout the legal system, from initial
enforcement to final sentencing. In theory, the police should enforce all
existing laws equally. In practice, because of finite resources, this is not
possible and decisions are constantly made at all levels as to which legal
norms to apply in particular situations. For example, the police in Britain
typically ignore minor traffic offenses and (in recent years) only give
cautions for possession of soft drugs and first-time shoplifting offenses.
Yet they often invoke obscure and questionable laws to prevent pickets
and demonstrators from traveling on the road. These decisions are
made on political, financial, and moral grounds, not simply legal ones.

Once somecne has been charged, it is up to the Crown Prosecution
Service {in England) to decide whether or not a case should go to court
{(whether or not the next legal communication should order a trial).
Again, there is considerable space for judgment in these decisions and
the possibility of implicit or explicit nonlegal considerations playing
their part. Once a case is brought to court it is clear that financial con-
siderations affect the outcome—having the financial capacity to employ
expensive legal counsel or even to defend oneself at all—and the exis-
tence of legal aid, itself politically controlled, does little to redress this.
The decisions of juries will also not be purely legal. Jurors are ordinary
people without legal training who inevitably bring with them their par-
ticular social backgrounds—class, race, gender, etc.—which will influ-
ence their decision. (Think of, for example, the Rodney King case in Los
Angeles.) Finally, the same will be true of judges (who come from a very
narrow segment of society). They have much influence in directing the
jury and especially in sentencing, and it is clear that they exercise these
powers in both an individualistic and a class-based manner.

In all these examples, it is not that the decisions made are against
legal norms; they are generally all legal rather than illegal. Rather, it is
that the framework of legal expectations is underdetermined with re-
spect to the decisions. There is always considerable space for the exer-
cise of choice and discretion, and this space becomes colonized by the
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structures and expectations of society as a whole. The legal system is
therefore not as normatively closed as Luhmann argues.

9.4, Conclusions

My conclusions about legal autopoiesis are much the same as those con-
cerning Luhmann’s general social theory. His work certainly provides a
stimulating and very fruitful approach toward theorizing the law—wit-
ness the large amount of interest which it has generated. It also seems
to address precisely those features, particularly evident in the law, such
as its self-referentiality that other theoretical positions do not. And it
provides a novel way of viewing the interaction between law and soci-
ety, which can potentially do justice both to the autonomy of law and
to its interactions with and coupling to other systems.

On the other hand, a number of related criticisms seem to me to
have considerable force, in particular, the difficulties of using the auto-
puietic notions of production and boundaries, the reductive nature of
the restriction of the legal system to pure communication, the inade-
quate analysis of the relationship between agents and commumications,
and the infiltration of the Jegal system by extralegal norms and expec-
tations. It seems to me not impossible to deal with most of these points
using a weaker organizational-closure version of the theory and devel-
oping a richer model of the way that agents and communications cn the
one hand and the legal systern and society on the other interact.
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Family Therapy

10.1.  Introduction

Psychoanalysis and psychotherapy indude myriad different ap-
proaches, one of which is family therapy. The latter is characterized by
therapists who work with families rather than individuals, seeing the
symptoms manifested by the individual as related to the interactions of
the family as a system. This approach stems from a basic systems per-
spective and has developed to reflect changes within the systems move-
ment itself,

Section 10.2 looks at the historical emergence of a constructivist per-
spective in family therapy. Section 10.3 explains this position, and Sec-
tion 10.4 discusses criticisms of it.

10.2.  Historical Developments in Family Therapy

Family therapy has always been strongly influenced by systems theory.
Early work (e.g., Jackson, 1957) was based on first-order cybernetics (es-
pecially the work of Weiner, 1948), viewing the family as a self-stabiliz-
ing system and using ideas such as feedback and homeostasis. The root
metaphor saw the family as a smoothly functioning machine with a hi-
erarchical structure of roles and behaviors and the therapist as a me-
chanic able to repair such systems (Hoffman, 1988). The focus was on
the maintenance and stability of the family organization. Duting the six-
ties this was further developed to focus on change in the family follow-
ing the “second cybernetics” (not to be confused with ““second-order
cybernetics”) work on positive feedback and deviation-amplifying pro-
cesses (Maruyama, 1963; Buckley, 1968). The underlying epistemology
was clearly objectivist—the family was an independent unit that could
be objectively analyzed by a neutral analyst.

A major shift occurred during the seventies, based on the work of
Gregory Bateson (1973, 1979), who can be scen as forming a bridge be-



172 Chapter 10

tween the objectivism of first-order cybernetics and the constructivism
of Maturana’s second-order cybernetics. First, Bateson emphasized the
importance of circular and reciprocal chains of mutual causality rather
than linear thinking (such as A causes B). The family was therefore scen
as a system of symmetrical and complementary behaviors and interac-
tions, and notions such as hierarchy, and power and control were aban-
doned. Second, there was a shift away from the metaphors of cnergy
and matter toward those of information, context, and mcaning. Mean-
ing was no longer objectively given but transformed and modified by
context and transmission. Sequences of interactions were repetitive and
circular and could be split up or punctuated in different ways by various
members of the family. Even more radically, this approach pointed to
the importance of the therapist as punctuator and definer of reality, as
part of the system rather than an independent objective observer {(Watz-
lawick, 1967).

This approach was most formalized in what is known as the Milan
method developed by Selvini-Palazzoli ef al. {1978; Campbell and
Draper, 1985; Tomm, 1984). This can broadly be described by three
terms: hypothesizing, circularity, and neutrality. Therapists generate sys-
femic hypotheses involving circular relations among all family members.
These are then investigated by questioning individuals about the differ-
ences and relationships between other family members. The therapist
strives to remain neutral—that is, not to side with any individual in the
family. Interestingly, this group of therapists split up during the cighties
and are now pursuing two different directions (Jones, 1988). Boscolo
and Cecchin have been strongly influenced by Maturana and have taken
up a constructivist position of almost nonintervention, whereas Selvini-
Palazzoli and Prata have moved in the opposite direction, seeking ob-
jective truth and, if necessary, taking an adversarial stance toward fam-
ilies.

The Batesonian approach itself was then superseded by the more
radical ideas of Maturana and Varcla, under the rubric of a constructivist
or “bringing forth” paradigm (Birleson, 1988). Superseded is not quite
the right word—as we shall sce, Maturana’s work has been as conten-
tious in family therapy as it has been in other disciplines and is the
subject of much debate. Other recent trends are, first, that some family
therapists have widened their focus beyond the family to be willing to
deal, at least imitially, with individuals within families and systems
wider than the family from a systemic viewpoint (Wynne ef al., 1986;
Jenikins and Asen, 1992; Jones, 1993). And, second, that there has been
a strong development of feminist family therapy, which has had an un-
easy relationship with systemic therapy (Goldner, 1991).
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10.3.  Constructivist Family Therapy

Maturana’s ideas were brought into family therapy in the early eighties
by Dell (1982a, 1982b, 1985), Watzlawick (1984), and Keeney (1982,
1983). There is a good introduction in a special issue of Family Therapy
Networker (Simon, 1985a, 1985b; Efran and Lukens, 1985), some spirited
debate in a special issue of the Irish Journal of Psychology (Kenny and
Gardner, 1988; Goolishian and Winderman, 1988; Hoffman, 1988; Men-
dez et al., 1988), and other introductory articles by Leyiand (1988), Efran
etal. (1988), Ludewig (1989}, Griffith ¢f af. (1990), and Varela (1989). Ger-
gen (1985) argues for a constructivist position in psychology in general,
Delmonte (1989) has compared constructivism with existential psycho-
therapy, and Wright and Levac (1992) apply Maturana’s ideas to non-
compliance in nursing. 1t is mainly Maturana’s later work that has been
of interest in family therapy. As this is described in Sections 6.3 and 7.4
[ will review it only briefly.

Maturana argues that each person creates and constructs his or her
own world of experience through the distinctions he or she makes, or
“brings forth,” in language. Because of the structural coupling that de-
velops between people and the consensual, intersubjective nature of
language itself, these individual worlds intersect and overlap. But all of
the realities so generated must be respected as equally valid, although
not necessarily equally desirable. There can be no outside, privileged
viewpoint such as that of a therapist. Equally, there is no independent,
objective world to which we can appeal to validate our beliefs or con-
structions. Rather, we must “put objectivity in parentheses” and accept
that there is a multiverse of different realities. Maturana calls this a con-
stitutive ontology, according to which things are brought into being (con-
stituted) by being distinguished, as opposed to a transcendental ontology,
which assumes access to a true reality. Interaction between human
beings takes place through languaging—a complex meshing of language,
body, and emotion. We can describe such interaction through recurrent
conversations in which we participate.

The family constitutes, for Maturana, a social system (see Section
8.4). That is, it forms the medium or environment in which the auto-
poiesis of @ number of individuals is realized. It exists as a set of recur-
rent conversations between its members through their structural
coupling. Such a system is highly conservative in that it reinforces be-
raviors that confirm it, and continued membership requires the main-
lenance of particular patterns. This is 50 even if one or more members
dislike it. Each family is different, each family realizes its own particular
pattern of inferactions, and replays its own particular conversations,
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Moreover, cach member experiences this differently, experiences a dif-
ferent family from the others. All such experiences are equally valid.

One cannot interact with a family as such, only with its members.
The organization of a particular family is constituted by the structures
of its members and, therefore, change can come about only through
change in the members’ behavior. The fact that a family is a closed net-
work of conversations has implications for outside intervention. Any
interaction with an external entity (such as a therapist) acts merely as a
perturbation for the family, which has to find its own compensation.
This compensation depends on the operation of the family as a system,
on the particular structures of its members at that time, and not on their
intentions or the nature of the interaction. This in part explains the com-
mon psychelogical phenomenon of resistance.

What are the implications of this constructivist position for family
therapy? First, families come for help when the realities produced by
their particular conversations become sufficiently unpleasant or dis-
tressing for them. Maturana (Mendez et al., 1988) suggests that this usu-
ally comes about because many conversations attempt to impose one
person’s characterizations and expectations on another rather than ac-
cepting the different worlds that each individually brings forth. Thus,
there are conversations for characterization and conversations for accusa-
tion and recrimination. Characterization takes place when one person has
expectations that have not been agreed upon about the other members’
characters and future actions. This then leads, after the event, to unjust
accusations and recriminations when the expectations are unfulfilled.
Maturana also talks of conversations for coerdinations of action, in which
requests and promises are made openly and agreement sought, whlch
lead to mutually acceptable interactions.

A family may generate a particular closed organization of mutually
antagonistic conversations, with each member viewing his or her own
situation as the objectively correct one:

1f what is brought forth is a network of conversations for mutual charac-
terizations, accusations and recriminations thal are deemed objective,
what is brought forth is a family defined as a network of conversations
that entail impossible demands . . . and it constitutes the organizalion of
the particular family. . . . As such, that organization both realises and
gencrates the existential contradiction of the particular family. . . .
Mendez cf al. (1988, p. 158)

Given such a situation, what now can be the role of the therapist?
It is clear that it must be radically different from that suggested by first-
order cybernetics by both recognizing or defining a “problem” and of
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taking action to alleviate it. Now there can be no single, identiftable
problem for the therapist to define. With objectivity in parenthesis, all
views, all constructions are equally valid. The individual family mem-
bers each bring forth a particular reality, and so will the therapist, but
the therapist's will have no greater claim to validity—it will simply be
another construction.

This may sound similar to the Batesonian argument that reality can
be punctuated in different ways by various people. However, it is much
more radical in that it denies that there is a single independent reality
to be punctuated. Rather, there are a whole set of different realities
being consiructed in parallel and, at times, intersecting and interacting.
There are no objective problems, merely mismatches between different
constructions and the expectations they engender.

What role is left for the therapist? Families come in distress and
nceding help, but what can be done? We must remember a number of
puints: the family members create their own organization, and outside
interactions will only be perturbations—they will be compensated by
the family in accordance with its own organization. The therapist cannot
have “instructive” interactions in which the effect of an intervention is
determined by the intention of the intervenor. The family organization
is constituted by its own members’ behavior, so the only way to change
it is by changing the members, As well as this, the family organization
is conservative of its current organization, so any interactions that the
therapist has with members must be ones that do not confirm the cur-
rent patterns.

Next, the therapist must become involved with the family, must
become part of its conversations and discover the recurrent pattern of
actions that characterize it. But, of course, the therapist can never be a
member of the family, at least the family as it normally is, for families
never remain the same if the components change. For example, a family
with a new baby is a new family; it is not the same old family with a
new member. A new “temporary family” may be created from the con-
versations that involve or are triggered by the therapist. The therapist
can no longer be seen as some outside, independent change agent, but
as someone who participates in the structural drift of the family.

Once involved, how is the therapist to bring about change? The
only way is to disintegrate or destroy the family organization as it is and
for the members to constitute a new one through different behavior. To
accomplish this the therapist must interact with the family members,
individually or as a group, so as to trigger new conversations, which
can be the basis of a more acceptable (to the family) organization. The
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problem with this is finding interventions that do not confirm the pres-
ent family organization and behavior patterns. Maturana calls such in-
teractions orthogonal. The family is constituted by the behavior of its
members, but its members have other, outside, interactions as well as
their family interactions. It is these which Maturana calls orthogonal (to
the family}, while those interactions which are part of the family, and
thereby confirm it, are nonorthogonal.

The therapist must aim for orthogonal interactions that will not
maintain the family as it is but may lead to changes in the individuals
so that they are no longer able to participate in the current family con-
versations. Quite what such interactions might be, of course, vary from
family to family. Discovering successful ones depends very much on the
therapist’s involvement and participation in the family in order to un-
derstand its particular linguistic features. In short, the therapist must be-
come stracturally coupled with the family members. Ultimately, provided
that there is enough commitment to living together, the family is recreated
with an organization that is mutually agreeable and supporting.

10.4.  Criticisms of the Constructivist Position

Unsurprisingly, there have been fierce criticisms of the constructivist
perspective. These fall into two main areas. First, some attack Matur-
ana’s radical epistemology and particularly his argument that there is no
independent reality. These criticisms are generally similar to those dis-
cussed in Section 7.6. Second, some argue that constructivism is limited
by its subjectivism and cannot address questions of social structure and,
particularly, of power.

10.4.1.  Criticisms of Constructivist Lpistemology

Held and Pols (1985a, 1985b) initiated this debate by pointing out that
the term “epistemology” was, apparently unwittingly, being used in
two different ways within family therapy, and, more significantly, that
a constructivist epistemology was essentially contradictory. They fur-
ther argued {Held and Pols, 1987a) that the use of Maturana’s concepts
of structural determinism by Dell (1985) did not avoid this contradiction,
Dell (1987) replied to this, quoting Maturana extensively, provoking a
further response by Held and Pols (1987b). The debate continues.

The general meaning of “episternology” is the study of knowledge
as discussed in Section 7.3.2.2. However, in family therapy the term was
often used differently to refer to a particular view about the world. For
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example, in distinguishing between a view of causality as linear or cir-
cular, reference might be made to a “linear epistemology.”

This habit stermmed from Bateson (1973, 1979) himself, who used
the word epistemology extensively in a number of different senses. In
fact, Dell (1985) outlines five different ways in which Bateson used the
term—as a theory of knowledge (the standard sense); as connoting a
particular view of the world (e.g., that causality is circular); as a biolog-
ical cosmology (i.e., that biological systems “think” and “decide” and
are therefore epistemic); as a science (epistemology is the study of how
organisms think); and as a character structure (what personal episte-
mology someone may have). It is the first two of these that are confused
in family therapy, where the term is used in both the general and the
particular senses. Held and Pols (1985a) suggest that the second mean-
ing is illegitimate, as it really concerns the nature of the world—how the
world is—and is therefore a question of ontology (or metaphysics) rather
than epistemology. In this section, epistemology will be used only in its
standard sense.

However, of more importance than the terminological problems is
the argument of Held and Pols that any constructivist epistemology is
inevitably contradictory. (A similar argument is made in Section 7.6.2.)
They characterize the general constructivist pusition as one that denies
the possibility of an “independent reality [being] attainable by the
knower” and contrast this with the view that “independent reality [is]
sometimes attainable by the knower” (Held and Pols, 1985a, p. 513). In
later papers they refer to these as antirealist and realist positions. They
recognize that there is a range of possibilities within each. In particular,
within constructivism one can distinguish between the claim that our
experience is inevitably structured by ourselves and so may be different
from reality; the claim that there is an independent reality, but that we
can never know it at all; and the claim that there is no independent
reality and all reality is created by ourselves.

Although these differ considerably in their degree of radicalness,
Held and Pols argue that, if taken seriously, they all denv the possibility
of true knowledge of an independent reality. It thus becomes contradic-
tory to accept constructivism and also claim to have a theory of how the
“world really is.” Yet this is just what Maturana (and following on, Dell}
does in putting forward his theories about human beings. Maturana is
making reality claims about the true nature of people.

If. as Dell (1985) sugpests, “afl observations have equal validity” since
“pereeption is noland never can be objective” (p. 16) then on weliaf oirto-
fogical asis {in The common sense) can be maintain thal Maturana’s strue-
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ture-determined wview of the universe is “an enormously comprehensive
and powerful set of distinctions” (p. 17)?
Held and Pols (1987a, p. 468, original emphases)

Dell (1987), in reply, accepts that he may not have himself been
clear and then simply reiterates Maturana’s arguments. These are that
as observers we always operate within language, generating explana-
tions of our experiences; that we must always be aware of our biclogical
constitution and the limits it places on us and, in particular, that all our
interactions are subject-dependent and that we cannot distinguish be-
tween illusion and perception; that there is no independent reality, but
rather reality is constituted by us within our languaging; and that there-
fore explanations, even scientific ones, do not refer to some indepen-
dent reality, but simply explain our own experiences.

Thus, Dell argues, Maturana cannot be accused of making illicit
reality claims since he denies the existence of any such reality and denies
that his explanations could refer to it. This reply is not satistactory to
Held and Pols (1987b) nor, as should be evident from Chapter 7, for me.
Maturana may believe he is making no reality claims, but, in reality, he
is by privileging his own theories over others. He is making both an
epistemological claim that reality is unknowable and an ontological
claim that all observers really do have certain (biological) characteristics.
Debate on this central issue has continued (Coyne, 1985; Cade, 1986;
Bogdan, 1988; Sluzki, 1988; Cottone, 1989; Held, 1990; Oz, 1991; Held,
1991) but I shall consider only two other critiques, those of Speed and
Birch.

Speed {1984, 1991) contrasts constructivist approaches to family
therapy with realist ones, but also relates this to constructivism in wider
fields such as psychology (Gergen, 1985) and sociology {Berger and
Luckmann, 1967), and goes on to advocate a position she calls “co-con-
structivism.” Speed accepts the constructivist notions that pecple con-
struct their own ideas and conversations but emphasizes the social
nature of this process (something with which Maturana would certainly
agree). Language and the conversations that occur in it are inherently
social and consensual. However, she sees a problem in explaining why
particular ideas and conversations occur and not others, why some be-
come dominant and others do not. A similar point is made by Mingers
(1984) in a general critique of subjectivist theories. This, to some extent,
foreshadows the criticisms to be discussed in the next section.

Her answer, co-constructivism, assumes that a structured reality
does exist and that it partially determines what we know. While we do,
as individurals and more generally as members of groups, make our own
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distinctions and thereby construct our descriptions, such choices are
made, often unconsciously, because of structures outside ourselves. Our
membership in particular social and professional groups, our position
in society, and our membership in that society rather than some other,
as well as our own individual life experiences, all lead us to construct
particular descriptions and not others. This view seems reminiscent of
Marx: “Men make their own history but they do not make it just as they
please . . . but under circumstances directly encountered, given, and
transmitted from the past” (Marx, 1935, p, 245}.

Birch’s (1991) paper, although published in the Journal of Family
Therapy, is actually a thoroughgoing critique of the whole of Maturana’s
and Varela’s work, particularly the basic autopoietic concepts, rather
than the later ones used by family therapy. This provoked a detailed
response from Maturana {1991a) and my general conclusions are that
much of the criticism is misplaced, based on a misunderstanding of Ma-
turana’s theories,

10.4.2.  Criticisms of Constructivist Subjectivismn

In this section I will consider a set of criticisms of constructivism in par-
ticular, some of which also apply to systemic approaches in general,
These ¢riticisms concern an apparent inability, or at least unwillingness,
to consider the social and political context of family therapy. There are
broadly four, partly interrelated, criticisms. The main one is that there
is either no recognition of the importance of power, or an objectionable
understanding of it as complicity between the wielder and the sufferer.
The other criticisms all appear within the debate aboul power and so
will not be discussed separately. They are first, that the “multiverse”
argument that all views are equally valid means that one must equally
accept any form of behavior, even violence and murder. Second, the
family tends to be seen as an autonomous entity, isolated from the wider
society. All problems are seen as problems of mismatch within the fam-
ily rather than reflections of conflicts and contradictions within society.
Moreover, there is no recognition of the socially constructed nature of
beliefs and behavior. Third, insufficient attention is paid to the problems
of gender—the theory and practice are unthinkingly patriarchal.

The problem of power is not specific to Maturana but concerns sys-
temic approaches as a whole (Dell, 1989; Hoffman, 1990; Fish, 1990;
Mens-Verhulst, 1991; Jones, 1993). In fact, it goes back to Bateson (1973),
who argued that powur is an inappropriate concept te use for systems.
For Bateson, the idea of power as the ability of one entity to impose
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control over another is a myth. This is because systems always consist
of strongly connected components and causality is always multiple and
circular. No one part of the system can gain unilateral control over the
others; recurrent patterns of behavior always stem from mutual inter-
actions between one or more components. He did recognize that people
might believe this myth but argued that it was a mistaken way of think-
ing (epistemology, for him), as it would always lead to a fajlure of the
system.

For the family, this means that the overall pattern of behavior can
be related only to the family as a whole. No one person can be seen as
having power over the others, and in any relationships which appear to
involve dominance and submission the two roles are complementary—
the submission is as much a “cause” of the dominance as vice versa:

.. . the family is a cybernelic systemn . . . and usually when systemic pa-
thology occurs, the members blame each other, or sometimes themselves.
But the truth of the matter is that both these alternatives are fundamen-
tally arrogant. Either alternative assumes that the human being has total
power over the system of which he or she is parl.

Bateson, (1973, p. 413)

This has led to a reluctance on the part of family therapists to use
terms such as abuser and abused, as they would imply a linear causality.
Milan therapists in particular have avoided blaming one person as the
“cause” of a problem: “participants are caught in a recursive pattern . . .
more like a misfortune, calling for compassion for the persons involved
rather than condemnation” (Fomm, 1984, p. 118). Indeed, Dell (1989)
suggests that family therapy has been remarkably reluctant to discuss
violence at all—Family Process has published only half a dozen papers
on it in 25 years—and yet the extent of family violence and abuse is
becoming ever more clear. More recently, male violence is becoming the
subject of more overt research, particularly from a feminist perspective
(Goldner et al., 1990).

Maturana shares a very similar view of power. His concept of struc-
tural determinism and the impossibility of instructive interactions
means that, for him, one entity can never tofally determine the behavior
of another. This means that power can be exerted only to the extent that
there is submission or obedience: “power is a matter of cbedience, and

. nobody possesses power but is given it in the obedience of those
who obey” (Krull ¢f al., 1989, p. 95). “Power is action through obedi-
ence. . . . We always concede power in order to conserve something,
company, things, prestige, appearances, life” {(Krull et al., 1988, p. 98).
He further links this to objectivity-in-parenthesis. People who do not
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accept this but believe that they have a privileged access to reality use
this to force obedience. Maturana also explicitly denies that the family
should be characterized by power relations as such relations do not con-
stitute the biological nature of the family: “if we describe the family . . .
as a system defined as a network of relations of power, we do not bring
forth a family as a system that exists in the biology of the consulting
people. . . . We bring forth a literary entity (Mendez et al., 1988, p. 162).

So what are the objections to this nonview of power? First, it should
be said that not all systemic therapists accept it. Haley (1976), who
worked with Bateson, always argued that power is a characteristic of
human nature and therefore central to family and social life, and Selvini-
Palazzoli (1986), one of the Milan therapists, now considers that families
are tull of power strategies and “dirty” games.

The first problem, particularly from a feminist perspective (James
and McIntyre, 1983; Taggert, 1985; Goldner, 1985, 1988, 1991; Mac-
Kinnon and Milier, 1987), is that power relationships are seen to be es-
sentially ones of equal responsibility between the dominant and the
subservient party. Yet such interactions are not at all equal in how much
influence each participant has. This is particularly apparent in cases
such as child abuse, rape {rape in marriage in now legally recognized in
Britain}, and wife-battering but is also constitutive of the more routine,
daily interactions of many people because of their gender, class, or race.
Moreover, this systemic attitude often leads to the rape or violence being
seen as due to the victim’s characteristics or behavior—the victim often
takes the blame and sees herself in that way. And, at a most basic level,
a failure to clearly identify an aggressor may endanger someone’s safety.

This problem occurs partly because of the argument that power can
never be linear or unilateral and partly because of Maturana’s belief that
all views are equally valid (although not equally desirable, see Section
12.3.5). Dell (who earlier was seen as a supporter of Bateson and Ma-
turana) has concluded that:

the circular—ausal systemic perspective inevitably must obscure the exis-
tence of lineal power or violence . . . this blindness occurs because the
systemic view is constitutively unable either to distinguish, or to speak of,
“power”, “violence”, “abusers,” or “victims.”

Dell (1989, p. 10}

[ would certainly agree and say that many cases of violence are precisely
that—situations in which one party does have total control over another,
But even in less extreme situations, we do not need to talk of “total
control” to be able to recognize the exercise of power. Bateson, in fact,
does not deny power relations but argues that they are pathological, an
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error of thinking, which should be avoided. The implication of this is
that they can be avoided; however, many would argue that humans are,
by nature, strategic animals (Dell, 1989, pp. 4ff). Even Maturana does
not deny the existence of power relations, claiming, however, that they
are not social relations (which for Maturana would be based on carc and
love) because they are based on obedience and that they are intrinsically
unpleasant and unstable (Krull ef al., 1989, p. 9g).

The second criticism is that both Bateson and Maturana are assum-
ing a very simplistic and individualistic view of power, namely, one per-
son consciously exerting power over another. {See, for example,
Perelberg and Miller, 1990; Goldner, 1991.) Work in sociology has shown
that power is a much more complex phenomenon {(Mingers, 1992c).
Power is ot simply subjectivist (exercised by individuals) nor objectivist
(exercised by societal structures) but relational. It is both coercive and
oppressive (power over) and enabling and productive (power t0); its
offects are both visible and invisible; it can be both intentional and un-
intentional; and it must be analyzed from the perspective of both agency
which does, and structure which enables. Note the two meanings of "to
be able to”—to be allowed to, and to have the capacity to.

Two particularly interesting analyses of power are those of Foucault
(1977, 1982) and Callon and Latour (Callon, 1986). Foucauit argues that
power is immanent throughout society, involved in every interaction
and that it is inextricably connected with knowledge {with which Ma-
turana would agree)—knowledge is power, and power shapes knowl-
edge. Callon and Latour study the practical exercise of power in science
and demonstrate empirically how structures of interest and power are
generated and reproduced.

The third weakness of the systemic view of power is that it fails to
notice that power relationships generally follow particular, socially cre-
ated patterns—men eXercise power over women, whites over blacks, the
rich over the poor, adults over children. These in turn both reflect and
reinforce the basic inequalities of society. 5o long as family therapy fails
to acknowledge these, it will inevitably reinforce them:

By defining, power simplistically, dismissing it and offering no other de-
scription for inequity in relationships characterized by domination and ex-
ploitation, the new epistemology lies in danger of mystifying issues
concerning inequality in social arrangements. These differences in
“power” are not randum or arbitrary, but reflect a person’s position within
the sociceconomic system, based to a large extent on gender, race and
class.

MacKinnon and Miller (1987, p. 147)
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This is one aspect of the more general problem of seeing families as
systems, but systems without a context or environment (James and
Mclntyre, 1983). This leads to the assumption that all family problems
stem purely from the dynamics of the family itself and that they can
thus be solved. The alternative view suggests that society actually cre-
ates paradoxical or contradictory demands on families through the
images that it projects. For example, the enormous pressure for con-
sumption—home ownership, furniture, cars, vacations—cannot possi-
bly be realized by a significant proportion of poorly paid or unemployed
families. Another example is the contradictory demands society makes
on women to be both traditional homemakers and active breadwinners.
This also has implications for the possibility of change. For constructivist
therapy, change comes about by changing the individual’s behavior and
ideas; however, if the difficulties arise from the external structure within
which the family exists, then such change will rarely be successful.

Indeed, it is possible to view the therapist as an agent of social con-
t;ol (MacKinnon and Miller, 1987), implicitly adopting society’s defini-
tion of the nuclear family and its accompanying roles and attempting to
lt::]'mg about accommedations within the family that allow it to meet

em,

10.5.  Conclusions about Constructivist Family Therapy

Cpnstructivist family therapy is based both on Maturana’s general cog-
nitive theories and cpistemology and on his theory of social systems. [
think that it does bring some benefits to family therapy, but, for myself
there are major weaknesses in both areas. J

The benefits are that it focuses attention on the way in which we
individually construct our own versions of reality; it emphasizes inter-
actions in the family as a whole, the fact that different families construct
different realities and the conservative and autonomous nature of the
family organization; and it brings to our attention the therapist’s con-
struction of reality and need for inclusion in the system.

However, epistemologically [ do not accept Maturana’s conclusions
that there is no independent reality accessible to us, and sotﬁally I accept
the criticisms that constructivism incorrectly ignores social and political
contexts,
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Information Systems,
Cognitive Science, and
Artificial Intelligence

11.1.  Imtroduction

This final chapter of applications will look at two related areas: com-
puter-based information systems (IS), and cognitive science and artifi-
cial intelligence. Within IS, autopoietic ideas have so far had only a
limited influence, largely through the work of Winograd and Flores,
who have produced a critique of both information systems design and
artificial intelligence. This is covered in Section 11.2. More significantly,
Varela has concentrated, in recent years, on cognitive science and has
developed a new framework, the enactive approach, based partly on ear-
lier cognitive theories and the phenomenology of Merleau-Ponty. This
is the subject of Section 11.3,

11.2.  Information Systems

11.2.1.  The Language/Action Approach of Winograd and Flores

Maturana’s theories have been imported into the study of computer sys-
tems through the work of Flores and Winegrad (Flores and Ludlow,
1981; Winograd and Flores, 1987a; Kensing and Winograd, 1991). In Un-
derstanding Computers and Cognition, Winograd and Flores assimilate the
phenomenology and hermeneutics of Heidegger (1962) and Gadamer
(1975), the theory of speech acts of Searle (1969}, and Maturana’s cog-
nitive theories to produce a critique of the traditional objectivist, ration-
alist approach to computer systems design and artificial intelligence
(Al). In its place, they suggest an approach based on conversations and
commitments, which they generally refer to as the “language/action ap-
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proach.” However, this name is also used by a group of mainly Scan-
dinavian writers {Goldkuhl and Lyytinen, 1982, 1984; Lyytinen and
Klein, 1985; Lehtinen and Lyytinen, 1986; Lyytinen et al., 1991), who do
not base their ideas on Maturana but rather on Habermas (1979). There
is, however, considerable similarity in the emphasis on language, lan-
guage as action, and speech act theory.

The main outlines are, first, that cognition and thought is not an
isolated, separate mental function but our normal everyday activity—
our ‘being-in-the-world.’ It is embodied in the patterns of behavior trig-
gered by our interactions, which have developed through our structural
coupling. “Thinking” is not detached reflection but part of our basic
attitude toward the world—one of continual purposeful action. Second,
knowledge does not consist of representations, in individuals” heads, of
objective independent entities, Rather, we make distinctions through
our language in the course of our interactions with others, continually
structuring and restructuring the world as we ceordinate our purposeful
activities. Third, what is said does not occur de novo, but is grounded in
our past experiences and tradition—the history of our structural cou-
plings.

Fourth, the most important dimension of our actions as humans is
language, but we must change our view of language from seeing it as
representational and denotative toward sceing it as (social} action,
through which we coordinate our activity. Languaging takes place in
conversations which become the central unit of analysis. Such conver-
sations are networks of distinctions, requests, and commitments, valid
in respect of their acceptance by others rather than their correspondence
to an external reality. Finally, the view of “problems” that computers
can help “solve” must change. Problems are not objective features of
the world, but the result of breakdowns within our structural coupling
to objects or to others. When our activities do not succeed or our coor-
dinations fail, our routine operation is disrupted and a “problem” oc-
curs. This is always against a particular background and for a particular
individual or group, and the nature of the problem becomes defined
only through the attempts to repair it.

These ideas lead to a distinctive view about both the development
of information systems in Organizations and the nature of computers
and artificial intelligence (Smith, 1991). Organizations are seen as net-
works of recurrent and recursive conversations between individuals and
groups of individuals (cf. the family—Chapter 1{)). The conversations
consist of speech acts mainly involving requests, promises, commit-
ments, and declarations coordinating general activities and the conver-
sations themselves, Information systems should be designed to be part

Information Systems, Cognitive Science, and Artificial Intelligence 187

of and facilitate this communicative and coordinating process. They
must be open and flexible, refiecting the changing distinctions and con-
versations generated within a domain rather than imposing an external
and unchanging strait-jacket. A piece of software embodying these prin-
ciples (called “The Coordinator”) has been developed (Winograd, 1987;
Flores et al., 1988).

Equally, Winograd and Flores suggest that the whole objectivist
thrust of computing/Al is misdirected. Developing systems to perform
more and more complex calculations or better processing of chunks of
reified “information” or “knowledge” will not lead to more human-like
cognitive abilities. For this, one would need something radically differ-
ent—a system, capable of significant structural change, which was able
to develop its own readinesses and distinctions through a history of in-
teractions in a domain that was of significance for its own operation.

The reception of this work has been highly polarized, as might be
expected. Shortly after publication, four reviews were published in Ar-
tificial Intelligence (together with a reply—Winograd and Fiores, 1987b),
and these cover a broad spectrum of responses. Velline (1987) writes as
a philosopher, criticizing their characterization of the “rationalistic” tra-
dition of Al and computing and rejecting their criticisms of it. He argues
that rationalism has a perfectly adequate language with which to discuss
its own limitations and that there is no need to adopt any kind of phe-
nomenclogy; that analytic philosophy has at least begun to deal with
the problems of the context-dependence of meaning and that while it is
a difficult problem it has not been shown to be impossible; and that they
simplistically misrepresent the nature of science,

Stefik and Bobrow (1987) are main-line Al researchers in the classic
tradition. They mount a defense by arguing that the criticisms made by
Winograd and Flores may apply to current Al software and algorithms,
but that this does not prove the impossibility of the traditional approach
and that in the future such limitations will be overcome. In general, they
deny the whole basis of Winograd and Flores’ argument, asserting that
symbolic representation will eventually be proved to be sufficient. I am
not sure that they would have so much confidence if they were writing
now (1994)—see Section 11.3.1. Suchman (1987), with an anthropologi-
cal background, is much more sympathetic. She accepts the basic cri-
tique of rationalism—although noting that, necessarily, any such
delineation must be something of a caricature—and the thrust of their
languagefaction view, although she does have reservations about their
mcethod. In particular, she argues that the use of Searle’s speech act the-
ory, and the particular “Coordinator” software, go against the basic po-
sition in being much too explicit and rationalistic. She also points to the
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lack of a strong sodial theory in Winograd and Flores” work and suggests
parallels, particularly with ethnomethodoelogy.

Finally, Clancey (1987) was most enthusiastic about the book. He
came from a background of practically developing expert systems and
found that it was very much in accord with his own experiences, but
provided for him an impertant source of new insights and ideas and,
indeed, changed his way of thinking. He was not wholly uncritical,
however, arguing that there was a role for representationalism when
analyzing reflective thoughi—i.e., when there was conscious reflection
before action. Winograd and Flores” (1987b) reaction to the diverse re-
views as a whole was to claim that they actually validated the approach.
Each reviewer had brought his or her own particular background and
prejudices and interpreted the work in his or her own particular way.
Their work has certainly generated interest in a wide range of disciplines
(Steier, 1987; Ducret, 1987; Strong, 1988; Bowers, 1991).

11.2.2.  Other Autopoietically Based IS Work

Although Winograd and Flores’ book is well known, there has been little
substantive work in IS developed from autopoiesis. Stephens and Wood
(1991) presented a general description of a constructivist approach to
information systems, and Harnden (199(; Harnden and Mullery, 1991}
has outlined ideas for what he calls enabling network systems {ENS).
Harnden and Stringer are currently incorporating some of these ideas
into an architecture for multimedia systems and the design of hyper-
media (Harnden and Stringer, 1993a, 1993b; Stringer, 1992).

Harnden’s work is based on the recognition that there is an enor-
mous divide between the amorphousness of the way people think and
the determinateness and precision of computer information systems
(and other regulated systems of knowledge). As we have seen in Chap-
ters 5 and 6, human thought is essentially linguistic behavior (languag-
ing) and, as such, is context bound and consensual. We understand one
another (to the extent that we do) not because language conveys definite
information per se, but because it is a system of agreed symbols, which
trigger similar reactions among people for whom it is meaningful. Thus
information and communication occur among groups of people who are
structurally coupled. Even so, individuals construct their own meanings
within conversations, depending on their particular structural state at
the time. Any communication or information is thus always dependent
on context—the context of particular groups or individuals who inter-
pret in particular ways, or may not be able to interpret at all.
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In contrast to this, information systems are rigid and closed. Each
one has its own limited set of syntactic and semantic rules and assumes
that users understand and obey them. The aim of an ENS is to provide
an interface between these two very different domains. Its functions
would be twofold-~first, to provide access to many different {and usu-
ally incompatible) information sources (public and private databases,
bulletin boards, etc.) and second, to provide a space for users to explore
their own and one another’s cognitive domains. The latter is the more
interesting. Users, in interacting with the system, will build their cwn
personal domain of constructs and associations based on their own per-
sonal context and history, However, the aim is to be able to link these
local consensual domains through some basic transtation mechanism,
and particularly to link them to the available information sources, Thus
users with their own particular btases or prejudices should be enabled
to access relevant information in an entirely flexible and natural way.

With current advances in multimedia production, Harmnden and
Stringer are focusing on the power of tactile interactive objects that en-
gage a learner in a preanalytical manner, encouraging readiness for in-
terest, motivation, and enjoyment.

Mingers (1993a,b) has used Maturana’s ideas, together with work
by Habermas (1979) and Dretske (1981), to conceptualize the basic na-
ture of information. As explained above, information cannot be pure
objective fact ready to be processed in infoermation systems. Rather, in-
formation is very much dependent on the meaning structure or cogni-
tive domain of the originator and receiver. The problem is then that of
distinguishing between information and meaning. Does a sentence carry
information, which then generates meaning in the receiver, or does it
have a meaning, which may provide information for the receiver?
Dretske chooses the former in c¢reating a theory of how information in
the world triggers meaning and knowledge in people. Mingers com-
bines this with Habermas’ work on communicative action and universal
pragmatics to provide a framework covering both semantic and prag-
matic aspects of information.

11.3.  Cognitive Science and Artificial Intelligence

In this section I wish to explore the later work of Varela, who took an
independent path from Maturana in the late seventies. Varela has pur-
sued developments in several areas: the immune system (see Section
2.4), neuroscience, cognitive science, and artificial intelligence (Al). 1
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shall consider the latter three, which are obviously interconnected, and
we shall see that Varela maintains similar themes, such as antirepresen-
tationalism, but alse espouses a less extreme form of constructivism
than Maturana. His work also moves beyond the realm of science to
explore connections with Buddhism. This is well documented in The
Embodied Mind by Varela et al. (1991}, but I shall not discuss this aspect,
both because | have no expertise whatsoever in the field and because |
personally find it adds little of value.” In the following sections reference
will be made to specific papers, but most of the material is also available
in the book.

11.3.1. The Development of Cognitive Science

One place to begin is with Varela's (1992) analysis of the development
of cognitive science in order to situate the distinctive nature of his work,
which is known as the embodied or enactive approach to cognition. Varela
distinguishes four stages:

1. Foundations {1943-53)
Cognitivism—computationalism (1956— )
Emergence—connectionism
Emergence—enaction

w1

-

11.3.1.1. Foundations

The foundations of cognitive science were set with the development of
cybernetics, which means literally “the science of steering.” This was an
amazingly fertile period, with such people as Weiner (1948), McCulloch
{McCulloch and Pitts, 1943), Von Neumann (1958), and Turing (Hodges,
1983), which laid the foundations for computers, artificial intelligence,
and cognitivism. The central underlying idea was that thinking—cog-
nition—could be explored and explained on the basis of mechanisms,
logic, and mathematics. Tn other words, the brain could be regarded as
a machine that worked on logic and that, ultimately, the mechanism of
mind* was scparable from its biological substratum and could be real-
ized in other media, even abstract ones such as a “Turing machine.”

*These two reasons may well be causally related.
' do not mean to refer to the book by this name by L. de Bona (Penguin, 1979)—
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11.3.1.2. Cognitivism-Computationalism

These ideas formed the backbone of the main cognitivist period, which
started with meetings among Simon, Chomsky, Minsky, and McCarthy
in 1956 and continues, to this day, to be the “normal” paradigm in a
Kuhnian sense. Cognitivism forms around the hypothesis that (human)
intelligence is, like a computer, computational and, in particular, that the
brain processes symbols that are related together to form representa-
tions of the world outside. Thus, according to this view, cognition occurs
by taking in information provided by the environment and forming it
into representations, which can then be processed to provide logical re-
sponses by way of activity. The metaphor is clearly that of the se-
quential, humanly programmed computer or information-processing
machine,

This computational paradigm has been enormously infiuential in
several arcas—psychology, neurobiology, psychoanalysis, and Al-—but
only the last of these will be presented. For a more detailed discussion
see West and Travis (1991a, 1991b). It has formed the basis of main-
stream (sometimes known as “formalist”) Al in which the effort has
been to produce rationalistic algorithms for performing supposedly in-
telligent actions. It is based on four principles: that there is a Cartesian
separation between mind and body, that thinking consists of manipu-
lating abstract representations, that these manipulations can be ex-
pressed in a formal language, and that this is deterministic enough to
be embodied in a machine. In practice, this has two requirements; forms
of representation and methods of search. Thus, it is first necessary to
find some way of formally representing the domain of interest (whether
it be, tor example, chess, problem-solving, or vision) and then to find
some method of sequentially searching the resultant multidimensional
space.

Al has been very successful in certain well-defined domains. Prob-
ably the best known is chess, where a computer can now play at the
grandmaster level. However, cognitive Al systems do not attempt to
mimic the way the brain actuatly works, but try to reformulate situations
into something capable of resclution by an efficient search. They assume
(following Turing) that the successful performance of “intelligent” ac-
tions is intelligence, no matter how it is performed. In recent years, how-
ever, the hegemony of cognitive Al has been breaking down in the face
of continued failure in most domains that have been addressed, and
attacks have been made on the philosophy of Al (Dreyfus and Dreyfus,
1988; Graubard, 1988; Searle, 1990; Denning, 1990). From expert systems
through natural language to robotics, performance at the level of human
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beings has been the exception rather than the rule. Interestingly, it is
the most basic human abilities, such as perception, physical manipula-
tion, and speech that have proved the hardest. Any PC can play a rea-
sonably good game of chess, but ask it to set up the pieces out of the
box and you are, literally, in another world. There are currently two
responses to these difficulties: connectionism and enaction.

11.3.1.3. Emergence—Connectionism

One of the main differences between the workings of cognitive Al and
the brain is that Alis linear and sequential whereas the brain is parallel
and distributed. AT algorithms are simply sequential steps endlessly re-
peated, but the brain consists of millions of neurons working in parailel.
This has two consequences: first, in areas like perception, sequential
processing simply cannot do sufficient calculabions quickly enough and,
second, distributed systems can tolerate localized damage and still func-
tion whereas algorithmic processing cannot.

One response to this has been to begin to investigate parallel dis-
tributed architectures based on densely connected networks of simple,
identical components, a paradigm example being the neural network
(Rummelhart and McClelland, 1986; Dorffner, 1993). In fact, this is not
new—it was first suggested in the foundation years (Rosenblatt, 1962)
but a damning (and ill-informed) report in the early seventies focused
attention on cognitivism. Recently, it has come to the fore because of
the problems of cognitivism alluded to above, because of improvements
in computing power, and because of the growth of dynamic systems
and complexity theory (Waldrop, 1992; Kauffman, 1993). These connec-
tionist models work in almost opposite fashion to cognitivist methods
and are strongly modeled on the brain. There is no overall controlling
center, no prior analysis of the situation, no attempt at formal represen-
tation or search. Rather, the network is repeatedly exposed to particular
stimuli, and its internal connections are modified in a fashion similar to
the modification of neuronal connections. The result is that the network
as a whole “learns” patterns from its environment. It learns, for example,
to distinguish a face in different positions, or ways of conjugating verbs.

There are two main approaches to network learning (Freeman and
Skarda, 1988). In one, the network is “trained” by showing it examples
that can be classified and then having it adjust its connections (or
weights) to minimize the errors made in dassification (Rummelhart and
McClelland, 1986). In the other approach, it is shown unclassified pat-
terns, and it adjusts its weights to each. After learning, when shown a
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pattern again it will “recognize” it, even if distortion is present (Hop-
field, 1982). These systems are powerful precisely in the areas that cog-
nitive Alis not. They work on the basis not of symbols, but of emergence.
Meaning, in this context, is not a function of any particular symbols, nor
can it be localized in particular parts of the network. Indeed, symbolic
representation disappears completely—the productive power is embod-
ied within the network structure, as a result of its particular history.
Leydesdorff (1993) has produced an interesting comparison between
Luhmann’s autopoietic theory of society (see Section 8.5) and distrib-
uted neural networks.

While connectionism overcomes the problems of sequential search
in cognitive Al, Varela argues that it still remains basically representa-
tional, even though the representations may be implicit rather than ex-
plicit. In essence, it still assumes that there is a pre-given, independent
world of objectively definable problem situations and that cognition,
whether human or artificial, involves successful representations of such
a world. This is where Varela, developing earlier ideas (Chapters 5 and
6), argues against such an objectivist view. Rather, the world we expe-
rience is brought forih, or enacted, through the operations of our organi-
zationally closed biclogical and nervous systems (see also Brooks, 1991;
Shanon, 1988, 1991).

11.2.1.4. Emergence—Enaction

First, it should be noted that Skarda (1992) disagrees with the particular
boundary drawn by Varela, while agreeing with the general thrust.
Skarda argues that the difference between the two types of neural net-
work mentioned above is important: the first type, which are trained to
learn defined patterns, are representationalist, but the second type,
which generate their own distinctions, are self-organizing and nonrep-
resentational. Thus, for Skarda, they would be quite compatible with
the enactive paradigm. .

The enactive paradigm is based not only on Varela’s work, but also
that of phenomenologists such as Heidegger (who has already been dis-
cussed in Section 7.5.2) and Maurice Merteau-Ponty. It will be the sub-
ject of the rest of the chapter.

11.3.2.  The Self and Cognition

Varela (1991a) outlines a multilayered model of the idea of a self, and
this forms the underpinning for his development of enaction. The self,
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or the question of the identity of an organism, is not a single, unified
concept. Rather, Varela depicts a number of interconnected levels of de-
velopment, with the problem of self-constitution arising at each level.
These “regional” selves are

biological (cellular identity)
bodily (immunological identity)
cognitive (behavioral identity)
sociolinguistic (personal identity)
collective (social identity)

VR Wb =

Each domain is an emergent level of development—thus, all living
organisms have cellular identity; organisms with self-recognizing im-
mune systems have bodily identity; those with nervous systems have
cognitive identity; and humans have linguistic (personal) and social
identity. Yet, each level faces the same problem—how to organize the
continual reassertion of self in the face of a turbulent environment—and
does so in essentially the same manner,

Level 1 is clearly the level of autopoiesis, and I will use this level to
llustrate the features of self-constitution common to them all. The first
point is the fundamental one of the relations between components and
the whole, as well as the occurrence of emergence. This relates also to
the two fundamental ways of describing a system—internally, by the
interactions of its components, and externally, as a whole within an en-
vironment. Here we see an essentially dialectical relationship between
the localized interactions of components and the global, emergent prop-
erties of the whole (see Fig. 11.1).

There is a reciprocal causality between the two. The interaction of
cell components, in an embodiment of the autopoietic organization,
gives rise to a whole (unity), which is continuously demarcated from its
environment. Yet this global characteristic, in turn, specifies or con-
strains the components to be of certain types (specification), in certain
places (constitution), at certain times (order). This is not a teleological
causality—it either happens and autopoiesis continues, or it does not.

The second feature, and one of fundamental importance for later
developments, is the nature of the relationship between the organism
and its environment. First, it is clear that the organizational closure of the
autopoietic organism does not imply interactional closure; all biological
systems depend on energy and particular chemicals from their milieu.
But what is important, and has not been obvious in the past, is the way
in which the organism itself specifies what, in its environment, is sig-
nificant for itself. An organism exists within a niche of possible environ-
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FIGURE 11.1. Relationship between Local and Global Characteristics.

mental interactions of relevance for its continued self-production. It
embodies a particular perspective.

In Fig. 11.2, we can see an observer viewing an organism interacting
within a context. What we need to distinguish is the context of the or-
ganism as seen from the observer’s viewpoint (its environment) and the
context for the organism as defined by its structure-determined consti-
tution (see Section 3.1}—its world. The structure of the organism deter-
mines the possible interactions that it could have and the subset of these
that are important for it. For example, we saw in Section 5.3.1 how an
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FIGURE 11.2. Relationship among an Organism, [ts Workd, and the Observer's
Environmuent.



196 Chapter 11

amoeba moves toward food through physico-chemical changes in its
membrane. That certain substances can have this effect (and others can-
not) is determined by the amoeba’s internal structure, but that this effect
is relevant for the amoeba is determined by its constitution as a whole.
Thus the signification or meaning of environmental constituents (e.g.,
as food or poison) is never absolute, or in itself, but is always relative to
a particular organism. Each organism defines its own particular world.

Varela refers to the difference between environment and world as a
“surplus of signification” produced by the organism’s perspective. The
environment in general, unrelated to any particular organism, has no
meaning or signification. This is difficult to see as we always, at least
implicitly, do refer either to a specific organism, or to ourselves, human
beings. Bul Varela's point is that the environment, in itself, has no
meaning. The significance of sucrose as a food is generated entirely by
an organism which happens to be able to use it in its ongoing mainte-
nance of identity. Organisms “add meaning” to their environments, and
this is an entirely factual matter, determined by their particular internal
structure and external unity.

Organisms are always having to undertake activity in order to con-
tinue their existence, to replace something that is lacking, to maintain
constant some internal relation. This activity, as described by an ob-
server, Varela (and Maturana) refer to as “cognitive” (see Section 5.2),
even when it does not involve the nervous system. The motivation for
this is to demonstrate the continuity with higher levels, where the term
might more usually be applied. This cognitive activity has two aspects—
it is a coupling with the envirenment in order to maintain autopoiests
and, at the same time, the specifying of a world through the generation
of signification.

Thus, at the biological level, identity is maintained by a continual
interaction with the environment, and this both confirms the organism’s
demarcation and carves out a world. These same two relations, of part
to whole and whole to environment, are also seen at the other levels of
self. Note that, so far, this is not new but simply a reformulation of
autopaietic theory.

Let us skip the second level, immunological identity, and consider
the cognitive identity of the nervous system. The basic characteristics of
the nervous system have been described in Chapter 5, so I will sum-
marize these and then describe more recent research. In essence, the
nervous system provides an internal coupling between effector and sen-
sory surfaces. [t operates as an organizationally closed system, which
maintains constant internal relations by compensating for the pertur-
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bations it receives, both self-triggered and independently triggered. Its
changes of state are determined by its own structure at a time, not by
environmental inputs. Most of the activity is, in fact, triggered inter-
nally, i.e., by the organism’s own bodily movements—all movements
trigger sensor neurons as well as being activated by effector neurons. It
can be said that behavior is the control of perception.

It has become apparent from recent research (outlined in Varela,
1991b) that the nervous system has not developed into simple, clearly
differentiated structures with specific one-to-one correspondences {for
example, in vision, detectors of position, contrast, movement, and
edge), as had been thought. Rather, it has to be seen as a network, or
patchwork, of cooperating, but sometimes temporary, subunits. Even
quite simple reactions can involve large neuronal groupings, which will
change depending on the context:

It has become evident that these different aspects of vision are emergent
properties of concurrent sub-networks, which have a degree of indepen-
dence and even anatomical separability, but cross-correlate and work to-
gether so that a visual percept 1s this coherency.

Varela (1991b, pp. 92-93)

We can now consider the constitution of the cognitive self through
the two relations discussed for the biological self—the internal relations
between part and whole and the external relations with the environ-
ment. As with the cell, it is the organizational closure of the nervous
system that generates the existence (literally, “standing out”) of a self.
And the evidence suggests that this is accomplished in a distributed,
decentralized manner. Many simple subunits (like Minsky’s agents;
Minsky, 1987) can come together and give rise to coherent behavior with
no central controller or overall top-down structure; they form what Var-
ela calls a “selfless self.” “The cognitive self is its own implementation:
its history and its actions are of one piece” (Varela, 1991b, p. 96).

Moving to the external relation, we find the same situation as with
the cell. The nervous system, in a body, has interactions with an envi-
ronment through both its sensors and effectors and generates a similar
(structural) coupling. But, equally, the cognitive self is alse situated, and
has a perspective, and thus generates a world of signification. It bestows
meaning on the events that have significance for it, and environmental
events and characteristics become disclosed only in this manner,
through the intentionality of the cognitive self, Thus, the cognitive self
gains identity only through its situation within a body (its embodiment)
interacting within an environment, and, as it does so, it constitutes a
world of significance in respect to its own self-continuance.
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I shall now leave an analysis of the other levels of the self, e.g., the
sociolinguistic self, to move directly to Varela's enactive view of cogni-
tion, a term also used with a different emphasis by Weick (1979).

11.3.3.  The Embodied Mind and Enaction

The cognitivist program of representationalism, and indeed much of
Western philosophy of mind, has been guided by the Cartesian dualism
between mind and body—mind being a disembodied realm of pure
ideas. However, the thrust of Varela’s (and Maturana’s) work is in the
oppuosite direction, showing how our cognition and thought is inextri-
cably bound to our embodied selves. This is a reversal that has also oc-
curred in phenomenology. We have already seen (Section 7.5) the
beginning of this in the difference between Husserl's pure conscious-
ness and Heidegger’s concernful, day-to-day, activity. This trend was
continued by Merleau-Ponty (1962, 1963), who took phenomenotogy
down to the level of action and perception. Before pursuing this, I
should just note that this concern with the body is also occurring in
social theory more generally (Shilling, 1993; Synnott, 1993) at this time.

In considering perception, and cognition in general, Merleau-Ponty
criticized both what he called empiricist (realist) and intellectualist {ide-
alist} modes of explanation (1962; Hammond et af., 1991). The empiricist
simply takes the world as objectively given and sees cognition as a re-
flection of the world. Intellectualism recognizes that the subject is in-
volved in constituting the experienced world, but is too disembodied
and mentalistic. For Merleau-Ponty, cognition is embedded in our body
and our nervous system. It is the body which “knows how to act” and
“knows how to perceive” on the basis of preformed readinesses and
habits developed through its structural coupling with the environment.
This is what Varela (1991a) means by “embodiment”: the idea that cog-
nition necessarily occurs through and within our bodily structures,
which are themselves coupled to biological and social contexts.

Merleau-Ponty also analyzes the relationship between the perceiver
and the wotld, which he sees as a reciprocal relationship—the world
does not determine our perception, nor does our perception constitute
the world.

. The properties of the object and the intentions of the subject . . . are
not only intermingled; they constitute a new whoale.” When the eye and
the car follow an animal in flight, it is impossible to say “which stasted
first” in the exchange of slimuli and responses. Since all the movements
of the organism are always conditioned by external influences, one can, it
one wishes, readily treat behavior as an effect of the milicu. But, in the
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same way, since all the stimulations that the organism receives have in
turn been possible only by its preceding movements which have culmi-
nated in exposing the receplor organ to the external influences, one could
also say that the behavior is the first cause of all the stimulations.

. it is the organism itself . . . which chooses the stimuli in the physical
world to which it will be sensitive. “The environment (LUlmwelt) emerges
from the world through the actualization or the being of the organism—
[granted that] an organism can exist only if it succeeds in finding in the
world an adequate environment.”

Merlcau-Ponty (1963, p. 13), quoted by Varela (1991a, p. 441) (brackets
indicate Varela’s insertion)

This is the basis of Varela’s theory of enactive cognition—that is,

i} that perceplion consists in perceptually guided actions;

ii} that cognitive structures emerge from Lhe recurrent sensory-molor pat-
terns that enable action to be perceptually guided.

Varela (19%1a, p. 441)

The first point is that perception is neither objectivist nor purely
constructivist, prce Maturana (Varela, 1992, p. 254). Rather, it is codeter-
mined by the linking of the structure of the perceiver and the local sit-
uations in which it has to act to maintain its self.

As seen in Fig. 11.3, there can be no fixed point independent of the
organism, nor can the organism construct its own closed world. The
organism’s activity conditions what can be perceived in an environment,
and these perceptions, in turn, condition future actions. Varela (1992;
Varela et al., 1991, Chapter 8) asscmbles various neurophysiological evi-
dence for this. For instance, in the area of perception, itis clear that color
and smell are by no means simple mappings of external characteristics.
Rather, they are cocreations, dependent on the color and smell “spaces”
constituted by a particular organism’s nervous system and only trig-
gered by external stimulation. Equally, our perception depends for its
effectiveness on movement, as shown by Held and Hein’s (1958) kittens.
Two groups shared the same, artificial, light conditions, but one group
were active and the other group passive. When released, the active ones
were normal while the passive one acted as if they were blind even
though their visual system was unimpaired.

The organism must interact with its environment for its self-contin-
uation, and so the question becomes, how does it happen that the world
it carves out is one which permits its continuance? The answer lies not
in the world, but in the relations between the sensory and motor sur-
faces of the nervous system. How is it that these are such as to permit
effective, perceptually guided action in a perception-dependent world?
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FIGURE 11.3. Perceptually Guided Action: Varcla’s Enactive View.

This brings us to the second of Varela’s points: how action is selected
and how the process generates higher cognitive structures.

Our behavior is seen as a constant switching from one task or activ-
ity to another according to our readinesses for action. How is it that one
is chosen rather than another? This seems to occur as the result of what
might be thought of as a competition between different subnets or
“agents” in the brain. Brain studies have shown that there are bursts of
fast activity followed by more stable patterns as activities stop and new
ones start. At each choice-point or breakdown many possibilities are
available, but eventually the historically conditioned structure leads to
a selection and a new stability. It is next argued that this dynamic inter-
play linking sensor and motor activity gives rise to the higher cognitive
structures. It does not determine them, but does both enable and con-
strain the more conceptual and abstract modes of thought.

The key here is the emergence of the symbol or sign, and thus lan-
guage itself (see Section 6.1}, as a new domain of neuronal activity. Var-
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ela points here to the work of Piaget (1954) and particularly Johnson
(1987) and Lakoff (1987; Lakoff and Johnson, 1980). The latter authors
are concerned to show how language emerges from and reflects our
bodily structure and functioning. For example, much of language can
be seen as either direct metaphor or as developing from metaphor, and
at base, most metaphors stem from bodily activity. Equally, many of our
categorizations, especially the most fundamental ones, arise in relation
to our habitual perceptual and motor activities.

We could go further, but the outlines sketched here of Varela's en-
active cognition are sufficient.

11.4. Conclusions

50 far, the work described in this chapter has not generated as much
debate within either the information systems domain or the cognitive
science domain as it did in law and family therapy. The most conten-
tious work has been that of Winograd and Flores, which certainly gen-
erated much hostility in the Al world when it first appeared. Since then,
it has been much referenced and mentioned in a wide variety of fields,
but my impression is that it has not yet stirnulated a new paradigm with
significant new work. It seems to be used as a token gesture by those
wishing to distance themselves from traditional positions.

Having said that, however, I think that the arguments put forward
in Section 11.3 do show that the representational paradigm in both Al
and cognitive science is coming under increasing pressure in the light
of its generally accepted failure to produce results. Had Understanding
Computers and Cognition been published today (1994), it might well have
sparked a new wave. I think, therefore, that Varela’s work on enactive
cognition, developing from autopoiesis and synthesizing connection-
ism, phenomenology, and current neuroscience, is very exciting and
may well provide a framework for future research in the medium term.
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Conclusions

Science is not powerful because it is true,
it Is true because it is powerful,
Horizon Programme (1986}

12.1.  Introduction

We have now reached the end of our exploration of autopoiesis, and it
1s time to take stock—not by way of an overall judgment and closing of
the book, but by simply recalling where we have been and looking to-
ward the future. Section 12.2 provides a brief summary of the main
stages of Maturana and Varela’s argument, and Section 12.3 reminds us
of the principal debates we have encountered.

First, however, let us consider briefly the nature of the work as a
whole. How does it stand as a work of science, and how does it fit with
Maturana’s view of science? The quotation at the start of this chapter
can be seen to summarize science for Maturana. Science is not effechive
and powerful because it is true, because it corresponds to reality; rather,
scientific theories become accepted as truth because they are effective,
because they are powerful. Cognition is effective action. So autopoiesis
is an explanation presented to a community of scientists; it is the pro-
posal of a mechanism which, if it exists, would generate the phenomena
experienced by them. Its acceptance as an explanation, and thereby its
truth, will depend on its effectiveness, its usefulness, as part of an on-
going conversation among observers. '

12.2. Autopoiesis: a Review

In this first section I will review the main points of Maturana’s and Var-
ela’s work from the basics of autopoiesis to their views on language,
cognition, and reality.
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12.2.1.  Autopoiesis

There is first and of primary importance, as it underlies everything else,
the formal specification of the concept of autopoiesis, and how this ac-
counts for the distinction between living and nonliving systems. The
term itself does not have any mysterious explanatory power; it merely
describes one way in which a set of processes might be connected to cne
another and claims that, if a system were organized in this way, then it
would display the phenomena, such as autonomy and identity despite
structural change, that characterize living systems. There is a distinction
between the structure and the organization of a system. Structure de-
scribes an actual example of a type of system with components and their
properties and relations. Organization describes the subset of these re-
lations that determine the system's identity or type: Autopoietic systems
are self-producing systems—their components participate in processes of produc-
tion the result of which is those very same components. This has several im-
portant implications:

1. The domain of interactions of an organism as a whole, and that
of its component parts, are separate and not reducible to each
other. An organism interacts locally through its components but
this generates, and is constrained by, global properties that are
emergent. This does not mean that biological explanations
should be, or need be, functionalist or teleonomic. Either auto-
poiesis continues, or it does not.

2. Autopoietic systems (and some others) are organizationally
closed. Organizational closure means that the system (strictly,
the system’s organization, which determines its identity) is not
characterized primarily through inputs and outputs. Rather, all
possible states of activity of the system must lead to or generate
other, internal states of activity. Other examples of organization-
ally closed systems are the immune system and the nervous
system.

Organizational ¢losure does not imply interactive closure or isola-
tion from the environment. Clearly organisms do, necessarily, interact
with their environment. The point is that such interactions alse continue
the ongoing process of autopoiesis; otherwise, they would not oceur.
They form part of a circular, self-sustaining process. The result of orga-
nizationa] closure is autonomy—the organization demarcates itself from
its environment and, through its own self-referential processes, main-
tains its self. This also means that the primary domain of biology should
be individual organisms (including cells), not species or genes.
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3. Al composite systems, including autopoietic ones, are structur-
ally determined. This means that the changes that a system
undergoes are determined, instant by instant, by its internal
structure. They are not determined by the nature of the external
action. The environment can act only as a trigger, initiating struc-
tural change and co-determining or selecting its path. The re-
sulting changes are a compensation for the interaction.

This has important implications at the cognitive and linguistic
levels, since it means that there can be no instructive interactions.
Neither symbolic and linguistic tokens nor physical stimuli can impose
their meaning; they can only release meaning that already exists strirc-
turally.

4. Organisms that interact recurrently with an environment or with
other organisms and which have a plastic or changeable struc-
ture develop a relationship of structural coupling. That is, par-
ticular structural states are selected in the organisms and to some
extent in the environment, which are compatible with others.
Organisms develop sets of mutually triggering behaviors that are
suitable tor the maintenance of the organization of each. This is
the basis of both adaption to an cnvironment and, at higher lev-
els, linguistic behavior. The resultant path of structural coupling
is called ontogenetic structural drift.

5. The nature of structure-dependent systems challenges current
notions about the role of information in both biology and psy-
chology. The idea that genes transmit information about the par-
ent organism or that language transmits information from one
organism to another are tundamentally mistaken. This is because
of the impossibility of instructive interactions. Descriptions such
as these may be made by an observer who can see both an or-
ganism and its wider environment, but they do not explain the
actual operations, which depend only en local, structurally de-
termined interactions.

12.2.2,  The Nervous System and Cognition

The analysis of the nature and operation of the nervous system is, in
most ways, simply an extension of basic autopoiesis:

1. The first point is how Maturana and Varcla use the term cogui-
Hon, For them, the continuation of an atlopaietic system implies
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or infers that certain necessary interactions will recur in the fu-
ture. For this reason, they term all autopeietic interactions “cog-
nitive,” whether or not the organism has a nervous system.
Cognition is effective interaction.

2. The nervous system itself is seen to be organizationally closed.
That is, all states of neuronal activity lead to further neuronal
activity. Following points 2, 3, and 5 in Section 12.2.1, this op-
poses the traditional representationalist view of cognition, which
would see the environment as generating representations of it-
self in the brain that would then serve as the basis for cognitive
processing in order to arrive at appropriate behavior. In contrast,
the main activity of the nervous system is to maintain constant
various internal correlations, and the fact that it does allow ap-
propriate behavior is purely a post hoc effect of the structural cou-
pling of nervous system to body and body to environment.
Perception is not the passive receipt of information but the active
construction of a world.

3. The nervous system does, however, allow new domains of in-
teraction to occur. The first domain is that of relations that occur
at the sensory surfaces, rather than isolated physical interac-
tions. From this, brain evolution has led to a domain of interac-
tions with internal nervous states, which act as though they
were independent. This forms the basis for the emergence of
symbolic and linguistic domains and uftimately of language and
self-consciousness. All these domains develop because of the
evolutionary advantages of cooperation and coordination.

4. As already implied, language is not denotative and representa-
tional. That is, words do not carry, in themselves, meaning and
reference. Rather, language is arbitrary and consensuval—it re-
lies on preestablished agreements, usually taken for granted, de-
veloped through structural coupling. Linguistic behavior, or
languaging, involves a braiding of language, emotion, and body-
hood. In language we construct the distinctions that constitute
our world.

5. Varela has developed a framework for understanding cognition
as embodied and enactive, This means that cognition is insepa-
rable from our historically conditioned body and develops
through the perceptual control of our actions.

12.2.3. Philosophical Implications

Maturana in particular has developed an explicit philosophical position
which has become known as radical constructivism:
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1. Aslanguaging animals we always exist in language, in the praxis
of living. Much linguistic activity consists of explanations of our
experiences to ourselves and to others. There are fundamentally
two ways of validating explanations—the path of transcendental
objectivity and the path of constitutive ontology. In the former,
it is assumed that validity comes from some correspondence to
an independent reality, and an observer will claim privileged ac-
¢ess to this domain. In the latter, it is recognized that we con-
struct our domains of reality through our linguistic behavior,
subject to biological constraints. Validity depends on criteria,
chosen by the observer, relevant to a particular domain.

2. There are many different nonintersecting domains of reality—
domains of viable existence. Each is characterized by its own
consistent set of criteria for explanations, valid actions, and op-
erational coherences. Examples are religion, sports, family, sci-
ence, and the physical domain. They are all equally valid,
although not equally desirable.

3. The domain of science is distinctive in being characterized by a
particular concern for explanation itself. There is a strong desire
for consistency and a particular methodology for validating ex-
planations. Even so, science does not explain an independent
reality; it explains our experiences to a community of observers.

4. Following from the above, we can have no access to an indepen-
dent reality with which to compare our explanations. Indeed,
more strongly, no such reality exists, for existence is constituted
by the observer. We bring forth the world with our language,
and outside of language nothing exists.

12.3.  Ongoing Debates

In the preceding chapters we have come across a number of areas of
intense debate—what might be called the “active sites” of autopoicsis.
In this section I shall briefly recapitulate these as a map of current and
tuture research. I shall deliberately pose them as stark, if somewhat
crude, alternatives and shall not recapitulate arguments or conclusions
from earlier on.

12.3.1. Noneelfular Embodinmeits of Autopoiesis

Clearly the example par excelfence of autopoiesis is the biological cell, but
there is much debate about other possible examples of autopoiesis—
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chemical systems, multicellular systems, and above all, nonbiological
systems.

Some chemical systems appear to have some of the characteristics
of autopoiesis—e.g., autocatalytic reactions, osmotic growths, and more
promisingly, self-replicating micelles, although none are yet fully ade-
quate. Autopoiesis is also important in considering the origin of life and
minimal possible cells, with links into Margulis’ theory of symbiosis.
The situation with regard to multicellular (or metacellular) organisms is
in need of major clarification. Do multicellular unities constitute second-
order autopoietic systems in their own right, and if so, what exactly are
their components—cells, organs, or molecules? Or are second-order au-
topoietic systems merely the environment or medium for first-order sys-
tems but not themselves autopoietic?

Most interestingly, can there be nonphysical autopoietic systems
and, if so, would we have to call them “living”? On the first question,
Maturana is clear that there can be. There is no restriction in the defi-
nition of autopoiesis to the physical domain, and Maturana has said that
his computer model is autopoietic. Whether other systems such as law
or societies are autopoietic is of course much more problematic and will
be discussed below. The second question is more open. Given that we
accept an example of nonphysical autopoiesis, such as the computer
mudel, should we call it living? Or should we make living systems a
subset of autopoietic systems, or, indeed, restrict autopoietic systems to
physical ones?

12,3.2.  Representational versus Embodicd Cognition

There is, here, an enormous fault line, which stretches across all the
activity based on the nervous system—perception, cognition, and lan-
guage itself. Put very crudely, there is the representationalist view,
which sees the brain as a system open to the environment-—receiving
information, processing it in the form of representations, and acting ac-
cordingly; which sees language as a denotative and reasonably trans-
parent form of representation; and which sees cognition as a mentalistic
process separable in principle from its material embodiment.

In contrast, the embodied view sees the nervous system as organi-
zationally closed—essentially regulating its own internal relations and
constitutively unable to interact with some independent reality. Percep-
tion is seen as a construction rather than a passive mapping of reality;
language, as closed and domain-dependent, triggering preestablished
correspandences rather than communicating new information; and cog-
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nition as inseparable from its embodiment—indeed, cognition is embod-
ied action. This dichotomy is a reflection of a more general divide, which
has existed for some time within the human sciences, surfacing in de-
bates about positivism, realism, interpretivism, phenomenology, and so
on. Currently, it is to the fore in cognitive science and Al

12.3.3.  The Ontological Debate

Clearly related to the debate about cognition is one about the ontological
status of reality. Is there some stratum independent of human existence
and, if so, what form of access do we have to it, if any? Or are we in-
evitably limited to the realities generated by our own language and ac-
tivity, either individually or collectively? Do we essentially all live in one
world, even though we may experience and understand it differently,
or do we inhabit a multiverse of nonintersecting and incommensurable
worlds?

This debate has raged most fiercely in the field of family therapy,
where it is not merely a matter for interested speculation but has real
consequences for particular families and individuals.

12.3.4.  The Nature of Social Systems and Law

The question here is to what extent is it possible to characterize social
systems and organizations as autopoietic and to what extent would this
be merely metaphorical. Varela maintains that social systems are not
autopoietic but are organizationally closed. Maturana eventually comes
to a similar view, seeing social systems as media in which autopoietic
systems can interact and become structurally coupled. Such a system
consists of particular patterns of behavior forming a closed domain, but
it is open to the entry and exit of participants.

Luhmann, however, finds no problem in conceptualizing societies
as autopoietic, but they are constituted not by people but by communi-
cations. Societies and their component subsystems are networks of com-
municative events, each communication being triggered by a previous
one and leading in turn to another. Different functional subsystems,
such as law, define the nature of their own types of communication and
so demarcate and close themselves off, organizationally, from the
rest of society. People are not part of society but part of its environ-
ment.

This radical theory has triggered much debate about the nature of
law; less, so far, about social theory itself.
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12,4,  Politics and Postmodernism

12.4,1.  Political Implications

I now wish to discuss two debates that have not arisen previously in
this book—the political implications of Maturana’s position and possible
resonances between autopoiesis and postmodernism. The political ques-
tion, which is related to the discussion of power in Section 10.4.2, arises
in part from a review of The Tree of Knowledge by Berman (1989) and a
reply by Maturana (1991b), but has, I think, wider ramifications.

Berman’s critique suggests that Maturana has ended up in an apolit-
ical, relativist position, accepting all social arrangements as equally le-
gitimate and being unable to criticize oppressive regimes such as that of
Pinochet, which forced Maturana himself to leave Chile. At first sight
this is strange, as Maturana has always been very explicit about the eth-
ical implications of his work. It comes about because Maturana’s views
on constituted reality lead to the conclusion that all domains of reality,
all “manners of living,” are equally legitimate from a biological point of
view. Any mode of life that is successful, in the sense of ifs own contin-
uance, is a legitimate biological form.

This Maturana accepts, but he argues that this does not mean that
all such forms are equally desirable. However, we cannet condemn par-
ticular constituted realities on scientific grounds or by claiming that we
are objectively right—to do so would be equally oppressive. Rather, we
must condemn them because of our preferences—because we do not
like them—and we must take responsibility for this choice ourselves and
not justify it by reference to some external truth.

This is a deep question, which leads us straight to moral phitoso-
phy. Are there any (nonbiological} criteria for judging particular social
arrangements, or is it purely a matter for the whim or self-interest of the
individual? If it comes down to individual preference, then are such
preferences purely accidental or are they ordered in some way? And if
they are ordered, are they likely to be related to the society in which the
person lives. I will not discuss this in detail bere, but would argue that
it is not quite as simple as Maturana suggests. The critical theory of
Jurgen Habermas (1978, 1984) is very relevant here. This suggests first,
that there are threc species-wide cognitive interests that transcend par-
ticular societies. These are interests in control of the physical world, un-
derstanding in the social and linguistic world, and self-development and
emancipation in our persenal world. This third interest justifies our de-
sire to free ourselves from social situations that are oppressive, both
physically and mentally. Second, it suggests that most secieties have
been oppressive and as such distort both our individual understanding
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of the world and our collective scientific knowledge. Thus individuals
are not necessarily in a position to make free and rational choices.

12.4.2.  Autopoiesis and Postmoderiism

I shall, in this section, briefly note some resonances or shared concerns
between autopoiesis and postmodernism. I am certainly not claiming
that autopoiesis is whole-heartedly postmodern, but that it can be seen
as a bridge between modernism and postmodernism. Characterizing
postmodernism would require a book in itself, so I shall be most cur-
sory; for more rounded discussions see Best and Kellner (1991) and Ro-
senau (1992). We can distinguish, first, between postmodernism and
postmodernity. The latter, concerning supposed changes in the nature
of industrial society—post-Fordist, postindustrial—does niot concern us.
The former can also be split into theoretical or epistemological postmod-
ernism and cultural postmodernism. Again, the latter—concerning post-
modernism in art, architecture, and aesthetics generally—is not of
primary importance for us. This leaves us, then, with epistemological
or theoretical postmodernism, based particularly on the work of Bau-
drillard (1983), Derrida (1978}, Foucault (1977), and Lyotard (1984). Post-
modernism, taken in a strong form, provides the most radical possible
critique of modernism. It negates everything from particular theoretical
positions through the very idea of having general theories to rationality
and logic itself. Table 12.1 highlights a number of its main elements.

TABLE 12.1
Elements of the Postmodern Approach
Concept Argument
Indeterminacy The world is fragmented and chaotic. No underlying

structures; only the superficial surface. No objective
aecount—multiple realities.

Antirepresentationalism  Both “reality” and schemes of representation are
problematic. Symbols have many meanings and reveal
more about their production than about reality.

Decentering the subject  Individual agency and conscious intention is less
important than the interplay of meaning and
representations.

Textuality Events and actions are all seen as texts to be read and
interpreted in multiple ways, Theory is equally a
narrative or story.

Antirationalism Denies legitimacy to categories such as goodibad, trued

false; shuns methods, as well as coherence and

vnnsistency; valees creativity, spantancity, ambiguity.
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First, there is the view that the world is essentially indeterminate—
it is fragmented, disordered, paradoxical. There are no underlying
mechanisms or structures governing or determining the surface of
events; rather, there is only the superficial, the particular, the fleeting
appearance. Equally, there is no history, no long durée of development
and change, no progress, nothing from which we can learn. There i3
only the here and now, the present, the way things are at this moment
and in this place. There is no global society, only local realities.

Second, postmodernism is antirepresentational; it denies the pos-
sibility of any correspondence between representations and objects rep-
resented. Lash (1990) provides an interesting contrast. He suggests that
for (naive) realism neither reality nor representation is problematic; for
modernism (particularly in art), forms of representation become a prob-
lem focus; but for postmodernism, reality itself becomes a problem. This
follows in part from the first point—there is no independent, fixed real-
ity which can be re-presented and in part from the next point—the
decentering or re-placing of the subject. In contrast to modernist logo-
centrism, which assumes that language can represent external truth,
postmodernists argue that representations reveal more about the pro-
cess of their production than they do about independent reality, Rep-
resentations, or more generally forms of signification, work through
internal differences rather than external similarities. All signs and sym-
bols are inescapably indeterminate, embodying multiple and contradic-
tory meanings and undergeing continual change. Postmodernists
emphasize interest in the marginal and in differences, rather than in
identity and sameness.

Third, postmodernism downplays the importance of the individ-
ual—it decenters the subject—both as creator (author) and as observer
(reader). Instead, attention is focused on the way that the subject is cre-
ated or constructed by the linguistic and cultural position that they (au-
thor and reader) occupy. Individual agency and conscious will are seen
as less important than the interaction of signifiers and differance, and
the distinction between subject and object is denied. Linking to the next
point, texts are not seen as the conscious productions of authors, the
meaning of which is transmitted to the reader. Rather, texts have no
intrinsic meaning; they go beyond their authors, who have no authority
over them. They are open to the multiple interpretations made by read-
ers, all of which are equally valid.

Fourth, postmodernists stress the foundational nature of language
and text (textuality); indeed, social reality {(such as it is) comes to be seen

as a text and theory as narrative or story. Thus all events and actions
can be “read” as texts, and are equally open to multiple interpretations.
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Readers “rewrite” the text each time it is read, and reading is not some
form of knowledge gathering but textual construction within a world of
multiple realities. A modernist theory is just another narrative, not fun-
damentally different from any other kind of story, and major world-
views, such as those of Hegel and Marx, are “grand metanarratives.”

Finally, postmodernism is antirational, denying the methods and
categories of logic and rationality itself. Classical oppositions such as
good/bad, trueffalse, correct/incorrect are seen as su petficial irrelevan-
cies, false impositions on an unordered world. All forms of prescriptive
method are to be abandoned since none have overriding legitimacy and
ta]] constrain creativity and feeling. Clarity and coherence are spurned
in favor of ambiguity, partiality, and ambivalence—texts should stimu-
late and open up, never routinize and close down. Even consistency and
the avoidance of contradiction is seen as less im portant than spontaneity
and desire.

. In what ways can autopoiesis be said to share these characteristics?
First, as Zolo (1993) has said, autopoiesis is certainly postempiricist—it
recognizes only too well the problems of gaining some kind of empirical
grasp of the world. As we have seen, the constructivist view maintains
that we cannot access an objective reality and that we construct, through
our language, the multiple realities that we experience. In contrast to
postmodernism, however, there is a belief in some underlying order—
Maturana’s methodology i1 volves hypothesizing possible ‘mechanisms
or structures that could generate what we experience,

Second, Maturana and Varcla have also been explicitly antirepre-
sentational, criticizing the notion of some grand, freestandiﬁg structore
of concepts representing the nature of the world and the idea that in-
dividual cognition is primarily representational. Instead, autopoiesis
sees self-generated, self-constituting domains of activity and discourse
(explanatory domains) that are autonomous and incommensurable,
each constructing its own self-referential differences and distinctions.
There is also a recognition of the fundamental importance and nature of
language per se. Human beings are constituted by and through their
!anguaging and thereby constitute their worlds, But, as in postmodern-
ism, language is not denotative and logocentric, its symbols represent-
ing an objective world. Rather, language is connotative, closed, self-
contained, and self referential. Language is always language in use, in-
timately connected to our feelings and emotions, and also cognitively
tied to our physical and embodied self.

Finally, autopoiesis goes some way toward deemphasizing the in-
dividual. While it brings out the importance of the observer (as dovs
postmodernism), the possibilities and limitations of observation are very



216 Chapter 12

much bound to our general biclogical and linguistic characteristics. In
the domain of science, the observer is seen as essentially interchangable
with other members of the scientific community, and in other domains
emphasis is placed on the listener, who is free to interpret and accept,
or not accept, what is said. Moreover, Luhmann’s development of
auvtopoietic cormmunication very much decenters the subject, putting
abstract systems of communication to the fore and relegating the
individual to the role of environmental disturbance.

We can interpret this relationship between autopoiesis and post-
modernism in two ways. On the one hand, we could see autopoiesis as
centering around an essentially modernist project—that of developing
scientific explanations for our experiences. But it is one which leads,
through its own logical development, to conclusions which affirm some
of the tenets of postmodernism. On the other hand, we could see Ma-
turana’s later work particularly as beginning with essentially postmod-
ern concerns but then underpinning them with a modernist scientific
approach. In either case, autopoietic theory seems to have a foot in both
camps.

12.5. In Conclusion

What Maturana and Varela have done is enormously important. Ac-
cepting always the limitations of the biological observer, they have
followed their own methodology and hypothesized a generative
mechanism to account for the phenomena of living systems, Through
that mechanism—autopoietic organisms in structural coupling with
their medium—they have articulated the emergence of new domains of
experience, particularly language; the nature of language as a consen-
sual domain; descriptions and self-descriptions; and finally the ob-
server, including seif-referentially an explanation of the very theory
itself. They thus demonstrate, in a coherent and consistent way, how
even our most setf-conscious philosophy emerges from the roots of our
biological origins.

I will close this book with a quotation from a poem by W. B. Yeats,
“Among School Children,” which evokes in me the feeling of auto-
potesis:

O body swayed to music, O brightening glance,

How can we know the dancer from bhe dance?
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