


For the past two decades, ‘complexity’ has informed a range of work across the 
social sciences. There are diverse schools of complexity thinking, and authors
have used these ideas in a multiplicity of ways, from health inequalities to the
organization of large-scale fi rms. Some understand complexity as emergencefi
from the rule-based interactions of simple agents and explore it through agent-
based modelling. Others argue against such ‘restricted complexity’ and for the
development of case-based narratives deploying a much wider set of approaches
and techniques. Major social theorists have been reinterpreted through a complex-
ity lens and the whole methodological programme of the social sciences has been
recast in complexity terms.

In four parts, this book seeks to establish ‘the state of the art’ of complexity- 
informed social science as it stands now, examining:

• the key issues in complexity theory
• the implications of complexity theory for social theory
• the methodology and methods of complexity theory
• complexity within disciplines and fields.fi

It also points ways forward towards a complexity-informed social science for the 
twenty-fi rst century, investigating the argument for a post-disciplinary, ‘open’ fi
social science. Byrne and Callaghan consider how this might be developed as a
programme of teaching and research within social science. This book will be par-
ticularly relevant for, and interesting to, students and scholars of social research 
methods, social theory, business and organization studies, health, education, urban
studies and development studies.

David Byrne is Professor of Sociology and Social Policy in the School of Applied 
Social Science, Durham University.

Gill Callaghan is Lecturer in Sociology in the School of Applied Social Science, 
Durham University.
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This book explains how and why applying complexity to study social phenomena
is as necessary as it is political. I urge anyone interested in developing an empiri-
cally, theoretically and politically driven interdisciplinary research programme, 
which involves methods that can take account of context, agency and temporality,
to read and re-read this book.

Associate Professor Emma Uprichard,
Centre for Interdisciplinary Methodologies, University of Warwick, UK

Brilliant, sober, critical, rigorous, balanced, timely – that is how I describe Byrne 
and Callaghan’s new book. The complexity turn is over; the race for the social 
sciences is on; not all complexity approaches are equal; we need trustworthy
guides to establish the state of the art. This book accomplishes that task.

Professor of Sociology Brian Castellani,
Centre for Complexity in Health, Kent State University, USA

This excellent book is an accessible and concise guide that helps to make sense
of the many ways in which social complexity can be understood. Byrne and 
 Callaghan have undertaken a major and successful eff ort to dissect the manyffff
works in this realm and provide the reader with a solid foundation for future 
research. 

Associate Professor Lasse Gerrits,
Faculty of Social Sciences, Erasmus University Rotterdam, the Netherlands
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Every resultant is either a sum or a difference of the co-operant forces; their ffff
sum when their directions are the same – their diff erence when the directions ffff
are contrary. Further, every resultant is clearly traceable in its components, 
because these are homogeneous and commensurable. It is otherwise with
emergent, when, instead of adding measurable motion to measurable motion,
or things of one kind to other individuals of their kind, there is a co-operation 
of things of unlike kinds. The emergent is unlike its components insofar as
these are incommensurable and it cannot be reduced to their sum or their 
differences.ffff

(Lewes 1875: 412)

Complexity theory has been around for a long time. In a form which is readily 
recognizable in terms of the contemporary discussion we can find the idea devel-fi
oped in the late nineteenth century by G.H. Lewes and others in response in large
part to the emergence – itself a key word – of evolutionary theory based on the 
work of Darwin and Russell. Warren Weaver’s statement of the 1940s deploys the
word ‘complexity’ itself and is often regarded as the foundation of a broad scien-
tifi c (in the widest sense of that word) interest in complex systems in general:fi

This new method [statistical modelling] of dealing with disorganized com-
plexity, so powerful as an advance over the earlier two variable methods, 
leaves a great fi eld untouched. One is tempted to oversimplify, and say thatfi
scientifi c methodology went from one extreme to the other – from two varia-fi
bles to an astronomical number – and left untouched a great middle region. 
The importance of the middle region, moreover, does not depend primarily on 
the fact that the number of variables involved is moderate – large compared 
to two, but small compared to the number of atoms in a pinch of salt. The 
problems in this middle region, in fact, will often involve a considerable num-
ber of variables. The really important characteristic of the problems of this
middle region, which science has as yet little explored or conquered, lies in
the fact that these problems, as contrasted with the disorganized situations
with which statistics can cope, show the essential features of organization

Introduction



2 Introduction

(original emphasis). In fact one can refer to this group of problems as those 
of organized complexity (original emphasis).

(Weaver 1948: 539)

The turn to complexity was founded in attention to reality itself rather than the devel-
opment of formal abstract mathematics, relevant though concepts derived from the 
mathematical description of dynamic systems may be to our understanding. Atten-
tion to complexity precedes the development of the mathematical formalisms of 
catastrophe theory and chaos theory, although the publication of popular science 
books stimulated by those developments played an important role in the resur-
gence of interest in the fi eld. It certainly drew the attention of one of us to it and fi
resulted in the publication of Complexity Theory and the Social Sciences – An –
Introduction (Byrne 1998). 

According to Publish or Perish1 that book has been cited 748 times so far. Paul
Cilliers’ important ‘theoretical’ text Complexity and Postmodernism (1998) of the 
same year and which has profoundly infl uenced complexity thinking has been cited fl
1,558 times. A search in Web of Science, which is considerably more restricted in
its coverage than Google Scholar found 111 social science or related references 
with the phrase ‘complexity theory’ in the title, 67 of which were journal articles. 
When the search was extended to looking for the phrase in ‘topic’ it located 591 
references, 445 of which were journal articles. A search for books by the term 
‘complexity’ in Amazon generated nearly 50,000 results in the fi eld ‘society, pol-fi
itics and philosophy’, 30,000 of which were in the field ‘social sciences’. Refifi  ningfi
this search to ‘complexity theory’ still generated nearly 2,800 titles in social
sciences. So complexity theory is up and running by any standard. The purpose of 
this book is to conduct a review of what it is doing in the social sciences as of now,
the time of writing being 2011 to 2012. What it is doing, it is doing in a very wide
variety of locations. A Web of Science search for ‘topic’ in the field ‘socialfi
sciences’ and inspection of article abstracts covering the period from 2006 to 2011 
found articles which demonstrated a serious engagement with complexity in more
than 80 social science journals, and many had special issues devoted precisely to
the application of ‘complexity theory’ to a discipline or field.fi

A majority of the articles are in journals covering the ‘applied fields’ of the fi
social sciences rather than in discipline-focused journals, although discipline-
focused journals and indeed interdisciplinary journals have run special issues on
complexity. Complexity theory seems to be of particular importance in relation to 
management in all its aspects, to governance and public administration, to health
care and service delivery, to education, and to the interface between the social and 
the natural considered in ecological terms. This does not surprise us at all. As one
of us has recently asserted (Byrne 2011b), it is precisely in the application of 
social sciences that we fi nd innovation and open-minded thinking. The papers fi
organized by theme which emerged from the ‘Complexity, Science and Society’ 
conference held in Liverpool in 2005 (Bogg and Geyer eds 2007) support this con-
tention, although that collection also includes important framing contributions. 
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Complexity theory represents an important challenge to the disciplinary silos of 
the twentieth-fi rst-century academy. We will argue, following the Gulbenkian fi
Commission on the Future of the Social Sciences (1996), that the future of useful 
social science is at the very least inter-disciplinary and probably post-disciplinary.
Complexity science provides a central element in the foundation of such a
post-disciplinary programme. Indeed it may well render the dominant frames of 
reference of some disciplines, and particularly neo-classical economic theory, 
wholly redundant. In any event it is here, it matters, and we need to know ‘what 
it is’, ‘what it is doing’ and ‘how it is doing it’. Answering those questions is the
purpose of this book. That said, we have not produced a neutral commentary on 
‘the state of the art’, although defi ning the state of the art is an important part of fi
our task. The proper and original meaning of the phrase ‘the state of the art’ is a 
description of where things are at. Well we intend to provide that. But we are also
in the business of asserting where things should be going. We have our own strong
views about the proper future trajectory – to employ a word that will recur fre-
quently in this text – of the complexity frame of reference in the social sciences. 
We write to describe, we hope fairly, but also to prescribe. 

Defi ning complexity and complexity ‘theory’fi

. . . a simple system is one to which a notion of state can be assigned once and 
for all, or more generally, one in which Aristotelian causal categories can be 
independently segregated from one another. Any system for which such a 
description cannot be provided I will call complex. Thus, in a complex system,
the causal categories become intertwined in such a way that no dualistic lan-
guage of state plus dynamic laws can completely describe it. Complex systems 
must then process mathematical images different from, and irreducible to, the ffff
generalized dynamic systems which have been considered universal.

(Rosen 1987: 324)

There is a lot in this quotation from Rosen. First it makes it plain that when we talk 
about complexity we are talking about systems. Complexity is a property of sys-
tems. What then is a system? The Oxford English Dictionary (OED) Online gives 
us rather a lot of defi nitions of that word. The following is a selection from this set.fi

1 An organized or connected group of objects. 

a A set or assemblage of things connected, associated, or interdependent,
so as to form a complex unity; a whole composed of parts in orderly 
arrangement according to some scheme or plan; rarely applied to a sim-
ple or small assemblage of things (nearly = ‘group’ or ‘set’).

2 Physics. A group of bodies moving about one another in space under some 
particular dynamical law, as the law of gravitation; spec. in Astron., a group 
of heavenly bodies connected by their mutual attractive forces and moving in 
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orbits about a centre or central body, as the solar system n. at solar adj. and n.1

Compounds 3 (the sun with its attendant planets, etc.), the system of a planet 
(the planet with its attendant satellites).

3 Biol.

a A set of organs or parts in an animal body of the same or similar struc-
ture, or subserving the same function, as the nervous, muscular, osseous,
etc. systems, the digestive, respiratory, reproductive, etc. systems; also,
each of the primary groups of tissues in the higher plants.

b With the or possessive: The animal body as an organized whole; the
organism in relation to its vital processes or functions.

4 In various scientifi c and technical uses: A group, set, or aggregate of things,fi
natural or artifi cial, forming a connected or complex whole. fi

a of natural objects or phenomena, as geological formations, mountains,
rivers, winds, forces, etc.; also of lines, points, etc. in geometry.

b of artifi cial objects or appliances arranged or organized for some specialfi
purpose, as pulleys or other pieces of mechanism, columns or other 
details of architecture, canals, railway lines, telegraphs, etc.

c with reference to business and social organizations and the operations or 
interactions they involve.

Some of these defi nitions include the word ‘complex’ but some instead describe fi
systems which are not complex in the sense defi ned by Rosen. So we can think of fi
organisms and most of the social world as complex in Rosen’s sense but a mecha-
nism or communications system (as machinery) is merely complicated. A compli-
cated thing can be taken apart into its bits and reassembled from those bits.
Another way of saying that is to say it can be analysed and integrated, which
means crucially that it can be described by a mathematical system founded on
linearity. A complex one can’t be analysed and integrated either in reality or in 
mathematical representation. The physics definition above appears to describe afi
complicated system which can be understood in terms of Newton’s Laws which
depend exactly on the mathematical process of analysis (diff erential calculus) ffff
which he devised for that purpose. However, once we have three bodies in play, 
then Newton’s methods, as Poincaré (who is important in the history of complex-
ity) demonstrated in the early twentieth century, do not work. An interesting word 
in the OED defi nitions is assemblage. We will be coming back to that. For thefi
moment let us agree that a system is a set of inter-related elements and that a
complex system is one in which, in plain English, the whole is greater than the
sum of its parts.

Rosen emphasizes mathematical description. We agree that this is important
but it is not primary. There have been a number of books written by mathemati-
cians and physicists, for example Strogatz’s Sync (2003) and Johnson’s Simply
Complexity (2009) which start from the mathematical formalisms describing the 
emergence of Order Out of Chaos, the title of Prigogine and Stenger’s seminal 
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book (1984). There are two problems with that kind of approach.2 First, it tends to
assert, in the fashion which has bedevilled Western thought since Plato formulated 
the myth of the cave, that mathematics gives us a way of describing the ideal tran-
scendental world which exists beyond the imperfect reality we know through 
experience. Not a bit of it – we stand with Aristotle here in terms of the nature of 
what is to be known, if not always in terms of method. Second, it always leads to
an endorsement of what Morin (2008) has called restricted complexity, complexity 
understood only as the emergent product of interaction among simple agents – 
as micro-emergence. This is more than a matter of conceptual argument because 
one of the most important methods of constructing (a word we use very deliber-
ately) descriptions of complex systems, simulation in the form of agent-based 
modelling, is predicated on the notion that the complex emerges from rule-based 
interactions among simple elements. We deny neither the reality of restricted com-
plexity nor the at least potential value of agent-based modelling. Rather we assert
with Morin that there is another form of complexity, both in the nature of reality
and in the way we can approach reality, in other words both ontologically and 
epistemologically, which he calls general complexity. The world of general com-
plexity is composed of complex systems which are not just the product of simple
interactions but have properties which are not to be understood in those terms and 
have to be addressed as real in and of themselves. So here whilst noticing and 
using mathematical formalisms we yield no precedent to them. As Hayles put it in
her account of chaos,3 one of the key words in addressing complexity:

It should not be surprising, then, to find other sites within the culture that alsofi
embody the presuppositions informing chaos theory. . . . The question of how
such isomorphisms arise is not easily answered. Let me say at the outset,
however, that I do not assume they are the result of direct influence betweenfl
one site and another. In particular I am not [her emphasis] arguing that the t
science of chaos is the originary site from which chaotics emanates into the
culture. Rather, both the literary and scientific manifestations of chaotics arefi
involved in feedback loops with the culture. They help to create the context 
that energizes the questions they ask; at the same time they also ask questions 
energized by the context.

(Hayles 1991: 7)

The idea of complexity precedes the development of mathematical formalisms 
describing catastrophe and chaos, and complex systems can be described other 
than through such formalisms. Whilst measurement and quantitative description
are absolutely valid tools in the development of a social science of the complex,
the development of systems of equations, however sophisticated, may well have
very little to tell us about the social world. We do not dismiss them out of hand, or 
at least do not completely dismiss them, because some work (Peter Allen’s 1997 in
particular) has been done using them which is useful and informative. However, 
they are at best part of the toolkit, not an ideal standard to which social scientists
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must aspire.4 Here we want to stamp very fi rmly on one criticism which is oftenfi
advanced in relation to discussions of complexity in the social sciences. That is
that the use of these ideas is ‘merely metaphorical’. Of course they are metaphors, 
but to paraphrase the title of Lakoff  and Johnson’s book (2003), metaphors are ff
what we live by. Let us quote from two mathematicians (and an experimental biol-
ogist in the form of Cohen) who understand this very well:

Mathematical descriptions of nature are not fundamental truths about the 
world, but models. There are good models and bad models and indifferent ffff
models, and what model you use depends on the purposes for which you use
it and the range of phenomena which you want to understand . . . reductionist 
rhetoric ... claims a degree of correspondence between deep underlying rules 
and reality that is never justifi ed by any actual calculation or experiment.fi

(Cohen and Stewart 1995: 410)

Mathematics is also seen by many as an analogy. But it is implicitly assumed 
to be the analogy which never breaks down.

(Barrow 1992: 21)

A model is a metaphor, a theme to which we will return particularly in our discus-
sion of simulation approaches. Any description of reality is metaphorical. There 
are two, and it is very important to stress this, diff erent ways in which such descrip-t
tions are of value to us. One which Crutchfi eld (1992) calls the engineering mode fi
is whether or not such a description works in prediction, an essentially pragmatic
position. The other which he calls the mode of science is whether or not it is an
accurate description of reality, in more formal terms we can say is isomorphic 
with reality. Both approaches seek to establish models which can be used for pre-
diction but whilst the scientist requires fundamental underlying laws, the engineer 
wants the bridge to stay up and bear loads. The issues underlying these different ffff
purposes will be revisited throughout this text.

It should be plain here that the position we adopt dismisses as irrelevant the
kind of criticisms advanced by Sokal and Bricmont (1998). Certainly the term 
non-linearity became current in consequence of the forms of description of phys-
ical and chemical systems developed by applied mathematicians attempting to
deal with phenomena which could not be dealt with through conventional linear 
modelling. However, these approaches can be considered to be developments of a
Newtonian mindset, although the inability of that approach to provide more than 
local accounts (see Nicolis 1995) is a fundamental challenge to that argument. The
development of regression models which have so dominated quantitative social
sciences of a non-experimental form, which means the overwhelming majority of 
quantitative social sciences other than psychology, is completely predicated on
straightforward linear modelling and eff orts to get beyond this by deployingffff
non-linear equation systems;5 these have been, with some exceptions, generally
unsuccessful. The blunt point is that non-linearity is a product of emergence. 
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We need to start from emergence and develop a science that fits that crucial aspectfi
of complex reality.6

We have stated our position, at least in a preliminary fashion, in relation to
what we mean by complexity and complex systems. Let us turn our attention to
‘theory’. Again it is useful to begin with defi nitions from the OED. The following fi
are relevant for our purposes:

3 A conception or mental scheme of something to be done, or of the method of 
doing it; a systematic statement of rules or principles to be followed.

4 

a A scheme or system of ideas or statements held as an explanation or 
account of a group of facts or phenomena; a hypothesis that has been con-
fi rmed or established by observation or experiment, and is propounded or fi
accepted as accounting for the known facts; a statement of what are held to 
be the general laws, principles, or causes of something known or observed.

b That department of an art or technical subject which consists in the
knowledge or statement of the facts on which it depends, or of its princi-
ples or methods, as distinguished from the practice of it.

5 In the abstract (without article): Systematic conception or statement of the 
principles of something; abstract knowledge, or the formulation of it: often 
used as implying more or less unsupported hypothesis (cf. 6): distinguished 
from or opposed to practice (cf. 4b). of in theory (formerly in the theory):
according to theory, theoretically (opp. to in practice or in fact).

Here none of these quite fi ts what we will mean by theory when we talk aboutfi
complexity ‘theory’. We can construct a defi nition which corresponds to ours byfi
cutting out elements from the set above but none of the above works on its own.
So for us we agree that theory will cover ‘the formulation of abstract knowledge’
but when we talk about complexity theory we mean something other than the 
formulation of hypotheses and want to challenge the distinction between theory
and practice. Of course these various meanings of ‘theory’ are wholly valid and 
we will pay particular attention to what Merton (1968) called ‘theories of the mid-
dle range’, although not always in precisely his terms. However, what we mean by
‘theory’ when we refer to ‘complexity theory’ is really ‘ontology’, which the OED
defi nes thus:fi

a Philos. The science or study of being; that branch of metaphysics concerned 
with the nature or essence of being or existence.

Castellani and Haff erty put it like this and we agree with them:ffff

Social complexity theory is more a conceptual framework than a traditional 
theory. Traditional theories, particularly scientifi c ones, try to explain things.fi
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They provide concepts and causal connections (particularly when mathemat-
icised) that off er insight into some social phenomenon . . . Scientififfff c frame-fi
works, in contrast, are less interested in explanation. They provide researchers 
eff ective ways to organize the world; logical structures to arrange their topicsffff
of study; scaff olds to assemble the models they construct. When using affff
 scientifi c framework ‘theoretical explanation’ is something the researcher fi
creates, not the other way around.

(Castellani and Haff erty 2009: 34)ffff 7

In other words when we say complexity ‘theory’ we mean by theory a framework 
for understanding which asserts the ontological position that much of the world 
and most of the social world consists of complex systems and if we want to under-
stand it we have to understand it in those terms. We will work with an ontology
defi ned by Reed and Harvey (1992) as complex realism based on a synthesis of fi
critical realism after Bhaskar (1979) as a philosophical ontology, and complexity 
as a scientifi c ontology. For us complexity theory is an ontologically founded fi
framework of understanding and not a theory of causation, although it can, as we 
will show, generate theories of causation.

The foregoing discussion represents a preliminary shot at saying what com-
plexity theory is. We have a good deal more to say on this topic, including a devel-
opment of the argument that there is not one ‘complexity theory’ but rather two
sets, described in Morin’s terms as restricted and general. We also have to say
what complexity theory is doing and how it is doing it. So it is now appropriate
to outline the organization of this book towards those multiple purposes.

We begin in Part I of the book with an extended review of: Complexity Theory 
and the Social Sciences – the state of the argument. The nature of Complexity
Theory and of its modes of application to social science, are not uncontested. Two
alternative forms will be critiqued in order to lay the foundations for the approach 
taken in this book. On the one hand there has been a massive development of what
Morin (2008) called ‘restricted complexity’ which understands the complex as the 
emergent product of interactions among simpler ‘agents’ and relies to a consider-
able degree on simulation – Hayles’ (1999) ‘platonic forehand’ – as a means for 
representing and exploring the social world. The major consequence of this has 
been the development of a literal ‘social physics’ particularly in Economics but 
also in other social sciences. The recent UK Engineering and Physical Sciences
Research Council (EPSRC) call for complexity research on social issues was
absolutely set within this paradigm. On the other hand, Complexity Theory is
often identifi ed as inherently ‘post-modernist’ in terms which dismiss the possibil-fi
ity of systematic social inquiry that can in some way produce valid representations
of the social and thereby inform any useful account of social causality. Within the 
fi eld there is no simple consensus about the nature of a post-modernist account.fi
For example, while Cilliers’ seminal work (1998 and 2001) is often identified asfi
endorsing this post-modernist framing, in our view he actually endorses a position
which is wholly reconcilable with Reed and Harvey’s (1992 and 1996) synthesis
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of complexity theory and critical realism into ‘complex realism’, a meta-theoretical
position which remains within the modernist programme of progressive thought 
whilst at the same time rejecting the canons of reductionist positivism. That
approach in turn corresponds well to Morin’s call for ‘general complexity’ in con-
trast to a ‘restricted complexity’ which remains in important respects merely 
reductionist. Whatever one’s views in relation to these arguments, they are of great 
importance and Part I of the book will be devoted exactly to their clarification and fi
exposition. We very much belong to the ‘complex realist’ school and therefore 
endorse the necessity for ‘general complexity’ as a framework for social science 
but the debates matter and they need to be rehearsed in full. 

Chapter 1 will provide an introduction to the general conceptual apparatus and 
terminology of complexity theory. This book is not intended as an introductory 
text but some specifi cation and description is appropriate and that will be donefi
here. Chapter 2 will review the arguments between restricted complexity and gen-
eral complexity and relate these to the history of development of complexity 
approaches. Although this is something of a simplification, the contrast will befi
developed in relation to the diff erence between the US style of social complexityffff
which tends to see methods developed largely in physics and applied mathematics
as automatically transferable to the social world (Sante Fe style) and a European 
tradition which has a much clearer relationship with philosophical arguments
(Prigogine and Stengers 1984). This chapter will argue for the need for a general
complexity approach and show how this can work in terms of an engagement with
the character of social emergence and the capacities of human agency. Chapter 3 
will develop the ontological arguments about the nature of social reality which 
began in Chapter 2 with the arguments between restricted and general complexity.
It will take up the debates as to whether or not complexity represents a turn
towards a post-modern concept of science, drawing inter alia on the clear critique 
of the post-modernist claims in relation to the social sciences developed by Smith
and Jencks (2006). Here we will develop the account of the complex realist ver-
sion which moves beyond arguments between positivism and relativism towards a
notion of knowledge which is real but bounded. An explicit contrast will be drawn 
between the way in which complex realism addresses the construction of knowl-
edge as necessarily being a process in which reality itself plays a part and actor 
network theory ontologies which are wholly constructionist in form. Actor network 
theory (ANT) is an important inter-disciplinary framework in contemporary social
science but it remains essentially constructivist and denies reality a voice in the
construction of knowledge. To argue with ANT is useful for framing an account of 
the distinctive methodological foundations of complexity science as a basis for the
development of complexity compatible methods in Part 3 of this book.

Part II will address the implications of complexity theory for social theory 
broadly considered. It will explore ideas in social theory that have significantfi
resonance with a complexity account and will use the founding concepts in
complexity – of systems, interaction and emergence – to consider how these ideas
are manifest in more traditional social theory. In this way it will seek to bring the 
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insights available to us from an extensive and sophisticated body of work to illu-
minate a complexity-based understanding and to identify those issues and prob-
lems that complexity theory has less to say about. It will deal with work that can
be understood as complexity consistent, even if not using its formal language.
Part II will draw on the fi eld of social theory to enrich complexity explanations asfi
a basis for the general complexity account established in Part I of the book and 
as a foundation for methodological discussion of Part III.

The argument will be developed in the fi rst instance through an examination of fi
the use of theories of social change that take an evolutionary form (Sanderson, 
1994). We will pick up on the distinction established earlier between restricted and 
general complexity and will consider how traditional social theories mirror this 
division in their discussion of systemic change and the potential for prediction.
Using the key concepts of complexity theory, and addressing Elias’ charge against 
sociologists ‘retreat. . .into the present’ (1987) Part II will consider the contribu-
tions of those theorists who work explicitly and in less prescribed ways, with
systems embedded in history. The following chapters will consider how themes of 
stability and the immanent nature of change have been explored in social theory, 
focusing particularly on the work of those concerned with understanding social 
systems, including Parsons (1951) and Bourdieu (1977, 1990), as well as
more recent, explicitly complexity-based accounts such as Luhmann (1995) and 
Walby (2007). 

An introductory chapter will establish the context of the use of evolutionary 
ideas, restricted and general complexity focusing on the role of systems, interac-
tion and emergence. It will establish a macro-scale discussion of the issues in
system development as preliminary to detailed discussion of how systems are
constituted in Chapter 4 and Chapter 5. Chapter 4 will focus on how structure has
been discussed as a core element of system description. There has been consider-
able attention in social theory to the discussion of systems, subsystems, and fieldsfi
as structural contexts. Here we will develop a discussion of those forms to con-
sider how they defi ne the role of institutions and the production of regularities, fi
frequently as rules, in both reproduction and change. Such accounts seek to solve
the problem posed in creating a meaningful role for action with greater and less 
success. The implications of this defi cit for complexity-based social science willfi
be discussed. Chapter 5 will take this forward by considering issues of the rela-
tionship between systems and agency. Deriving convincing accounts of agency
has been problematic in social theory and the mirroring tendency for agency-
centred accounts to exclude structure is widely acknowledged. Problematised by
Dawe (1970) as ‘the two sociologies’, it is a continuing focus of sociological
debate. In some complexity work this problem seems more acute, with applied 
approaches such as ANT yielding no role for deep structure. Yet voluntaristic, 
agentic accounts leave us with a diffi  culty in explaining reproduction. This ffi
chapter will seek to draw on explanations of individual and collective agency
through negotiated order (Strauss et al. 1963) and embodiment (Bourdieu, 1977, 
1986, 1990; Merleau Ponty, 1962) to understand how far they can contribute to
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explanations of relative permanence recognisable to complexity accounts. While
time and place are necessarily present in the previous chapters, Chapter 6 will
examine how these fundamental elements of context have been deployed in those
discussions. Relations of time and place have been increasingly scrutinised and 
their signifi cance for complexity theory has been considered (Adam 1995, 2003). fi
In recognising the signifi cance of the interaction within the local (defifi  ned spatiallyfi
and as networks) across time as underpinning emergence, this chapter will both
expand upon and bring us forward to a position from which we can evaluate the 
utility of the evolutionary notions we started with.

In Part III we will move from theory to methodology, to a careful consideration
of the intellectual foundations of social science as a project concerned, in the
words of the Gulbenkian Commission on the future of the social sciences, with
‘. . . systematic secular knowledge about reality that is somehow validated empir-
ically’ (1996: 2). That is to say we will address the issues which arise in ‘research-
ing the complex social’. These issues have been explored by Byrne (2002b) and 
have been associated with a complexity-based programme of case-oriented 
research (Byrne and Ragin eds 2009). We will review how complexity theory can 
inform empirical research and how it helps us move beyond the quantitative and 
qualitative divide. It is in the methodological arena in relation to applied social
research that we fi nd a real move beyond disciplinary boundaries (see Byrne fi
2011b). We will show how complexity theory-based work is already providing a 
methodological foundation for this and describe examples of research practice 
which are founded on the complexity framework. Part III will conclude with a
specifi cation of a new programme of methods for social science in the future. fi

Chapter 7 will pick up from the arguments presented in Chapter 3 and Part II of 
the text and take them forward in terms of the development of a methodological 
programme for the social sciences which is compatible with the complexity
framework. It will argue for a concentration on narratives, since what is of interest
to us is all of the past history, current condition and future potential of complex 
systems and any description of these has to be understood in narrative terms.
A crucial contention will be that we must understand narratives precisely as
descriptions of the trajectories of complex systems and that such narratives can be
constructed in both quantitative and qualitative terms and preferably together as 
complementary. There will certainly be no rejection of measurement but, follow-
ing Byrne (2002b), measurements will be understood as relating to attributes as 
descriptions of the traces of complex systems rather than as accounts of variables
with a reality outwith those systems. In Chapter 8 we will turn towards the search
for causality – a fundamental task of any science which seeks both to explain and 
to be useful. The chapter will begin with a synthesis of MacIver’s (1942) insist-
ence on the distinctive character of social causality since any account of this must
take account of human agency (resonating back to Part II of the book) with critical
realist accounts of causality in terms of retroduction. It will draw on the arguments 
presented in Byrne and Ragin (2009) to the eff ect that systematic case comparisonffff
based on careful process tracing provides a basis for understanding complex and 
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contingent causation. That is to say we may be able to specify the range of 
future possible states of complex social systems and see what actions – agency in 
practice – might produce one future state rather than others. In Chapter 9 we will
work through the key methods of social science in terms of their deployment in 
relation both to ‘pure’ science and, and more importantly, in application in the 
social practices of contemporary life. Our purpose will be to review a range of 
methods to consider the implications of a complexity ontology for how evidence 
is both constructed and interpreted. We will foreground the two approaches of 
QCA and Negotiated Order, already identifi ed as permitting quantitative and qual-fi
itative complexity-based enquiry. The remainder of this chapter will work through 
the tool box of social research and examine all methods, both quantitative and 
qualitative, in relation to how we can use them when we are informed by the 
complexity frame of reference. 

Part IV will review the current state of the central disciplines of social science 
and look beyond them to a post-disciplinary future. It will include systematic
considerations of the way in which both disciplines and fi elds (by which we mean fi
for example Urban Studies, Health Studies, Business and Management) have
begun to employ the complexity approach as a basis for understanding and devel-
opment forwards. The chapters in this part will mainly comprise reviews of the 
increasing volume of studies which deploy complexity theory in real research and 
argument. We would note that, as the Gulbenkian Commission both predicted and 
requested, much of the most interesting and exciting work has been done outside
the boundaries of traditional disciplines narrowly defined. The implication of fi
these developments is that the future of the social sciences lies not in an ever 
increasing refi nement of disciplines considered as relatively isolated and discretefi
intellectual projects but in a much more unifi ed generic social science explicitlyfi
founded on complexity theory. 

Chapter 10 will review the ways in which the complexity frame of reference has 
been deployed across the disciplines and fi elds of the social sciences. Disciplinaryfi
examples will be drawn from Economics and Geography and the review will extend 
into the fi elds of Urban Studies, Education, Public Administration, and Businessfi
and Management. There is an ever increasing amount of both ‘theoretical’ and 
empirical work in these areas which is explicitly informed by complexity theory. 
Examples from each of these areas will be presented and the chapter will attempt 
to provide a guide to the wide range of work which is now available. Chapter 11 
takes up the Gulbenkian Commission’s (1996) argument for a post- disciplinary 
‘open’ social science and considers how this might be developed in terms of the
organization of social science as a programme of teaching and research. We very
much agree with the argument of the Gulbenkian Commission that the future of 
the social sciences is post-disciplinary and that this is in considerable part a con-
sequence of the need to turn to complexity in order to get beyond the limitations 
of the social science disciplines as currently constituted. Here the consequences of 
this position will be developed in a fashion which also takes up Khalil’s (1996)
argument that rather than constructing an intellectual distinction between the 
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social and the natural, what is required is a recognition of the difference between ffff
the real and the artifi cial. This resonates with the increasing emphasis in actualfi
social science on work in necessarily inter-disciplinary fields. Here the impli-fi
cations of this will be developed by an examination of how work around health 
can be conceptualized in a complexity frame. It will also be necessary, and con-
structive, to use this example as a way of addressing both the internal politics of 
academic organization and the relationships between research in complex systems
and the social context both within which that research takes place and which is in
turn shaped by that very research itself. 

The Conclusion looks forward towards future developments with a particular 
emphasis on the consequences which fl ow from the ways in which the complexity fl
frame of reference implies not merely a breakdown of disciplinary boundaries
within the social sciences but across the project of scientifi c inquiry as a whole.fi
Here we will take further the issues of refl exivity beyond simply the way knowl-fl
edge and the social are mutually constitutive, into a broader discussion of the
actual ethics and politics of social research in a complex social world.

This book can be read in diff erent ways by diffffff erent readers. For those who are ffff
already engaged with complexity theory, Chapter 1 can be omitted. It is there for 
those who need an introductory guide to the framework and its terminology. The 
rest of the book hangs together as a whole. Chapter 2 and Chapter 3 establish our 
take on what the complexity frame of reference should be. That take colours the 
whole of the text so it is important that readers engage with it. We are absolutely
convinced that it is the right take but others may disagree. Part II is essential read-
ing, not just or even most for those with a pre-existing engagement with social
theory. The territorial ambitions of those who are coming to the social scientists
from other intellectual domains, notably but not exclusively econo-physicists, 
mean that they really need to get their heads around these central themes. Without
that engagement their work can be dangerously naïve when they work on social
issues and attempt to model the social world. The chapters in Part III of the book 
are about how to do complexity social science, and that empirical engagement 
requires an understanding of the nature of social causality and a presentation of 
methods which are complexity congruent. We are both applied social scientists
and frankly we have little sympathy with any social scientifi c project which doesfi
not recognize the constitutive nature of social science work. We are not just 
describers, we are makers and the most important mode through which we make 
is in application. There are important issues about for whom we apply but apply 
we must. Part IV is a guide both to who is doing what and our way of showing,
through engagement with the crucial fi eld of health, how that doing represents a fi
new way of doing science in general. Finally we tell you what we think the com-
plexity take implies.

To conclude this introduction we want to say something important about the
actual mode and style in which we are writing. For us the production of knowledge 
of any kind is a process of dialectical synthesis, of drawing together ideas and 
accounts of reality from a range of sources and setting them against each other in
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order to derive a new and improved understanding. We are deliberately and explic-
itly dialectical and if we do not constantly refer to the logic of thesis, antithesis and 
consequent synthesis, nonetheless it underpins our whole approach. There is of 
course another way (albeit one closely related to the dialectical mode), in which 
this work is a work of synthesis. We draw deliberately and extensively on the work 
of others. After all, the book’s subtitle is The state of the art. We have to see what
people are saying and use that material to give a coherent account of what is being
done with complexity in the social sciences. However, we have not confined our-fi
selves to reproduction of others’ accounts, central though those accounts are to 
our work. The dialectical element in our synthesis is our explicit effort to make ffff
sense of them and to develop a coherent, if not entirely prescriptive, statement as 
to the nature of complexity theory and how social scientists may draw on that in
doing their work both in the description of social reality and in its ongoing 
 construction.



Part I

Framing the issues
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Complexity has its own terminology and draws on a range of disciplines and fieldsfi
as sources for it. It is useful to actually list key expressions and work through them,
clarifying what they mean and recognizing that meanings, although generally 
related, may be multiple and sometimes even contradictory. No one discipline
owns this stuff . Lots use it. Here we will outline the various ways in whichffff
concepts are understood and actually employed. We began this process in the
Introduction, where we paid careful attention to the terms: system, complexity, 
emergence, and theory. We will return here in more detail to the idea of a complex 
system and to what meanings we might attach to the term emergence, but some 
other terms require introduction. What follows is a glossary with a commentary 
on use and contradictions.

Non-linearity

First let us deal with the idea of non-linearity. In conventional quantitative accounts
of causality we fi nd that change in the value of an efffifi  ect is proportionate to changesffff
in causal elements. The simplest expression of this is through a linear equation where:

Y = a + bX

Here changes in the value of a single causal element X generate proportionate
changes in the dependent element Y. We can have multiple causal elements thus:

Y= a + b
1
X

1
 + b

2
X

2
 + . . . b

n
X

n

We can transform one or more causal elements, as is commonly done in econo-
metrics, thus:

logY = log X
1
 + X

2
1/5

The effect of transformation is to render a non-linear relationship linear in the sense ffff
of turning a curve into a straight line. We can do this when we can differentiate and ffff
in reverse integrate the expression which we have converted into a linear form 
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through transforming its elements into some derivative of them. What this really 
means in practice is that if the value(s) of the causal elements change by any given
amount we can predict the change in the value of the dependent element. What-
ever the transformation, we still end up with a linear relationship where the con-
sequences of changes in the causal elements are proportionate to the scale of those
changes. Linearity is foundational to ‘Newtonian’ science by which we mean sci-
entifi c accounts in which we can describe a current state in terms of values of fi
parameters and have a covering law, a universal/nomethetic specification, whichfi
describes how that state will change if values in the parameters change. Note that
a linear relationship is constant across time and space. It holds always and every-
where. When Newton indulged in his hobby of science (as opposed to his activi-
ties as would-be magician) he established both the idea of laws of this kind as the
way in which reality should be described and understood, and developed (simulta-
neously with Leibnitz) a mathematical system, the differential calculus, whichffff
could be used to handle trajectories of objects through space and time. The deriv-
ative of a function at a point is a description of how much a value is changing at
that point and is in eff ect the slope of a tangent to a curve. If of course the relation-ffff
ship is simply linear then it is the slope of the line itself. However complex the
slope, even across multiple dimensions, in a function which can be differentiated ffff
and reverse diff erentiated, that is integrated, we can always establish the derivativeffff
so long as we know the actual form of the equation (function). 

However, what we are dealing with when we deal with complexity are non- 
linear systems. Wikipedia describes mathematical non-linear systems thus:

In mathematics, a nonlinear system is a system which is not linear, that is, a
system which does not satisfy the superposition principle,1 or whose output
is not directly proportional to its input. Less technically, a nonlinear system isl
any problem where the variable(s) to be solved for cannot be written as a 
linear combination of independent components. A nonhomogeneous system,
which is linear apart from the presence of a function of the independent var-
iables, is nonlinear according to a strict defi nition, but such systems are usu-fi
ally studied alongside linear systems, because they can be transformed to a
linear system of multiple variables.

(http://en.wikipedia.org/wiki/Non-linear)

So, non-linear relationships are diff erent. Here we can have changes in effffff ectsffff
which are disproportionate to the changes in the causal element(s). This may be a
threshold eff ect so that change in the effffff  ect is proportionate to change in causalffff
element(s) until a particular point is reached when the change becomes dispropor-
tionate. The exploration of such eff ects is the domain of catastrophe theory. Thisffff
is a branch of pure mathematics and as such is a subset of bifurcation theory but 
it also has applications, for example in relation to describing the way ships may
capsize at sea. Ships have an equilibric dynamic in general, that is to say they will
roll under wave pressure but will revert to an upright position. However, if the
wave pressure is so great or something operates to reinforce it, for example the 

http://www.en.wikipedia.org/wiki/Non-linear
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fl ooding of the car deck of a ro-ro ferry as with the noted case of thefl Herald of 
Free Enterprise, then a small excess past a threshold can result in capsizing. This
would be a catastrophic transformation of the state of the system.2

Catastrophic functions are a special case of a mathematical non-linear form. 
Other non-linear forms include general deterministic chaos where very small varia-
tions in the value of input parameters can generate very different output values in affff
system of equations. The classic example of this is the mathematically projected 
description of the state of weather systems where a very small difference in the value ffff
of initial specifi cation of parameters – quantitative descriptions of the state of the fi
system – can result in very diff erent outcome states of the system across time. Thisffff
is the so-called butterfl y effflfl ect. This does not mean that a butterflffff  y flflfl  apping its wingsfl
can cause a hurricane. Rather it describes how a variation in the specification of the fi
value of an initial parameter which is as tiny in magnitude as the force of a butterfl y’sflfl
wing fl ap can across time in the development of a deterministically chaotic systemfl
produce very different outcome states. Note that it is the predictive description inffff
mathematical form of weather systems which is chaotic. Weather systems them-
selves are actually complex rather than chaotic. That is they have a set of potential 
states rather than a single determined state but that set is not massively large.

Non-linearity is very important. Nicolis pointed out the implications of it for 
science in general:

We have repeatedly stressed the diffi  culties arising in the solution of nonlin-ffi
ear problems. We therefore give up the idea of obtaining exact results of a 
global character and limit our attention to the local behaviour [original r
emphasis] of the solutions in the vicinity of the bifurcation point.

(Nicolis 1995: 96)

The bifurcation point in a mathematical description of a non-linear system is a 
point at which future trajectories of the system diverge dependent on shifts in the 
values of input parameters. There is no exact mathematical method which can 
cope with non-linearity. Instead applied mathematicians, those mathematicians
who seek to construct mathematical descriptions of aspects of reality, are forced 
back on what they call ‘qualitative methods’. By this they mean modes of numer-
ical analysis which generate approximate descriptions. The development of digital
computing power has led to modes of iterative analysis in which in effect approx-ffff
imate representations are thrown at reality until one which fi ts well enough isfi
established. This is a very crude description of iterative numerical analysis but it 
is not wrong. In effect we have in place a kind of experimental mathematics rather ffff
than a mathematics based on exact deduction within a given algebraic system. Of 
course exact algebras inform numerical analysis but in the end numerical analysis 
transcends the deductive basis of algebra. It is, in the very real sense of the word 
pragmatic, a pragmatic approach.

The implication of non-linearity is not that law-focused Newtonian science is 
wrong but rather that it is limited in its rightness. For some things it works and 
works very well but it cannot stand as an approach to the whole of reality. Note 
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that non-linearity is only one of the challenges to a universalist Newtonian  science.
The development of Quantum Physics challenged it in reality as a description of 
physical phenomena at the levels of the very small and the very large. That was a
challenge in terms of its capacity for describing empirical reality. Gödel, by 
demonstrating that no algebraic system could prove itself and that therefore such 
systems were inherently incomplete, mounted a fundamental attack on the notion
that mathematical deduction could represent a universal platonic truth. Non- 
linearity challenges the universalism of the Newtonian conception at the level of 
the real world which we inhabit and experience. Poincaré, who was not only a 
great mathematician but also a great popular educator, understood this very well 
at the beginning of the twentieth century but those who sought to make Newtonian 
determinism the foundation of all science, and in particular the logical positivists,
simply did not grasp the implications of what he had to say. We should.

Before moving on from non-linearity to emergence, we should pay some atten-
tion to this word ‘chaos’. If we look at dictionary definitions we fifi  nd that they gofi
back to the Greek origins of the word and in particular to the sense of it as describ-
ing a primordial state of disorganization out of which the world as we know it 
emerged. The notion of ‘order out of chaos’ is an archetype in the Jungian sense. 
Indeed creation myths, for example Genesis, typically describe the construction of 
our reality from chaos and there is of course a sense in which contemporary cos-
mology takes a similar position in regarding the Universe as we know it as the
product of an ordering mechanism derived from the big bang. It is very important
to say that even in this primordial sense chaos is not a synonym for randomness.
It is a source from which order emerges. That is precisely what the term chaos 
means in science and indeed beyond. As Hayles put it: ‘In both literature and sci-
ence, chaos has been conceptualized as extremely complex information, rather 
than as an absence of order’ (Hayles 1991: 1). Randomness means perfect unpre-
dictability. Chaos is about diffi  culty in prediction but allows for the possibility of ffi
prediction. This actually matters a lot, not least because the development of prob-
abilistic methods in the social sciences has led some to maintain that the world is 
inherently probabilistic and that knowledge can only ever be probable rather than 
certain. We will return to this theme in our methodological discussions subse-
quently but there is a real diff erence between recognizing that our knowledge, and ffff
in particular our knowledge in relation to causation, is generally incomplete – we 
don’t know enough, and the assertion that it can never be complete because of 
some fundamental and random indeterminacy in reality as a whole. 

Emergence

We have already given an account of this term as it was coined by Hughes in the
nineteenth century. Here is another:

A striking difference between linear and nonlinear laws is whether the prop-ffff
erty of superposition holds or breaks down. In a linear system the ultimate 
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effect of the combined action of two diffffff  erent causes is merely the super-ffff
position of the eff ects of each cause taken individually. But in a nonlinear ffff
system adding two elementary actions to one another can induce dramatic
new eff ects reflffff  ecting the onset of cooperativity between the constituent ele-fl
ments. This can give rise to unexpected structures and events whose proper-
ties can be quite diff erent from those of underlying elementary laws, in the ffff
form of abrupt transitions, a multiplicity of states, pattern formation, or an 
irregularly markedly unpredictable evolution of space and time referred to as
deterministic chaos. Nonlinear science, is therefore, the science of evolution 
and complexity.

(Nicolis 1995: 1–2)

So we can see a clear link from non-linearity to emergence. Note also the use of 
the word ‘evolution’ in Nicolis’ statement. That means we are going to have to 
consider change through time. Evolution implies of course increasing complexity 
and indeed that may well be what happens but, in a more general sense, when we 
deal with pre-existing complex systems what we have to consider is morphosis,
change of any kind, and in particular metamorphosis, change of a radical kind 
which does not, however, involve the termination of the existence of a system.
Emergence is a term which has attracted a deal of philosophical attention. Deacon 
makes a point which has general application:

. . . although explanations of emergent phenomena cannot be completely 
 rendered in terms of the physical properties of their constituents, the phys-
ical laws governing these constituents are not superseded or violated in
emergent phenomena. What is not provided by these physical properties 
and laws and is critical to emergent properties is an additional account of 
the confi gurational regularities aff ecting constituent interactions. (original 
emphasis)

(Deacon 2007: 93)

Note that the idea of emergence is not inherently holistic. That is to say it is not the
simple opposite of reductionism where we explain the properties of a whole in 
terms of the properties of the components of the whole. We cannot turn this around 
and pay attention only to wholes. Nonetheless we must add the whole into  Deacon’s
account. Newman put it like this:

Causal theories of emergence suggest that emergent properties are properties 
of structured wholes which have a causal infl uence over the constituents of fl
the whole . . . suggesting that one of the emergent properties that a system can
have is the power to exert causal infl uence on the components of the systemfl
in a way that is consistent with, but different from, the causal inflffff uences thatfl
these components exert upon each other.

(Newman 1996: 248)
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So we are dealing with emergence in which the interactions among components
both with each other and with the whole of which they are part are constitutive of 
properties of systems. Note that we are dealing here not only with interactions 
among components at the same level but also with downward effects, the reverseffff
of the analytical programme. Sometimes we have to explain parts in, at least to
some degree, terms of wholes. We are moving here towards a discussion of struc-
ture and this is a theme to which we will return. It is worth refl ecting for a moment fl
on the word ‘interaction’. In Newman’s account this refers to the way sub- 
components of a system work with each other and with the system as a whole. The
fi rst of these, the way sub-components of a system work with each other, has muchfi
in common with the way in which the idea of interaction is used in statistical mod-
elling. In the simplest case of interaction the relationship between two variables is
diff erent depending on the value of a third variable. So for example Byrne ffff et al.
(1986) found in a study of the relationship between housing conditions in social
housing and the health of individuals, in general the better the housing conditions
the better the health. However, for people over the age of 65 we found the reverse 
relationship, i.e. the better the housing conditions the worse the health. There was
a simple explanation for this complex fi nding. There was a special category of fi
social housing in the form of sheltered accommodation for the elderly and access 
to this uniformly good housing stock was in large part a function of pre-existing 
poor health. Another mechanism was in play. In a statistical model it would be
necessary to fi t an interaction term between housing conditions and age to accom-fi
modate this. Interaction is the tribute statistical modelling pays to complexity.
However, note that whilst interaction terms can (with diffi  culty and only to affi
very limited degree) cope with complex relationships between elements we might 
consider to represent descriptions of a system’s state, they cannot cope with rela-
tionships between those elements and the system as a whole.

A lot of discussion of emergence ignores the whole. So for example we find fi
Nicolis saying:

Nonlinear Science(‘s) ... aim is to provide the concepts and the techniques
necessary for a unifi ed description of the particular, yet quite large, class of fi
phenomena whereby simple deterministic systems give rise to complex
behaviours with the appearance of unexpected spatial structures or evolution-
ary events.

(Nicolis 1995: xiii)

Note the phrase ‘simple deterministic systems’. Likewise Holland in a book with
the title Emergence asserts that: ‘It is the thesis of this book that the study of emer-
gence is closely tied to [the] ability to specify a large complicated domain via a
small set of “laws” ’ (Holland 1998: 123). Here he does not mean laws in the sense
of invariant nomothetic scientifi c laws in the classical sense but rather rules for thefi
behaviour of entities. It is from the interaction of these entities with each other in 
terms of these rules that we see emergence. A simple example is provided by the
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way iterations in ‘the Game of Life’ using a cellular automaton generate complex 
entities across time. Johnson’s Simply Complexity defi nes complexity as: ‘. . . thefi
study of the phenomena which emerge from a collection of interacting objects’ 
(Johnson 2010: 3–4). Yes, that is simple complexity (Byrne 2005), which is the
same thing as what Morin (2006, 2008) calls restricted complexity, but not much 
of the social world can be dealt with in that frame of reference. We really need to
think about ‘complex complexity’ (Byrne 2005) or to use Morin’s more elegant 
term ‘general complexity’. That means there is more to emergence than the prod-
uct of the interaction of objects or even agents, something which as we shall see is
important when we consider simulations in the form of agent-based models as a
mode of investigating the complex.

Here it is useful to consider what Deacon means when he talks about ‘three
levels of emergent phenomena’ (Deacon 2007). For Deacon first order or super-fi
venient emergence describes: ‘. . . higher order properties of an aggregate, such as 
statistically or stochastically determined ensemble behaviors’ (Deacon 2007: 97).
The liquid properties of water molecules in the mass provide an example and 
whilst it is possible to provide a description of these properties in terms of statis-
tical thermodynamics and quantum theory, as Deacon points out relational prop-
erties of aggregates are not symmetric across levels. In other words the liquid 
properties emerge from relations among molecules and are not properties of mol-
ecules in isolation. His second order of emergence is distinguished by the role of 
time, in eff ect by irreversibility in the form of an arrow of time:ffff

This diff erence is not merely adding levels upon levels as in the way sol-ffff
id-state physics reduces to atomic interactions that reduce to elementary par-
ticle interactions and so on. It rather involves nonlinear systems that exhibit
an internal causal recursivity and ultimately a self-undermining dynamic that 
causes prior states of the system to be irreversibly replaced and superseded.
This recursiveness is the basis of their irreducibly diachronic asymmetry.

(Deacon 2007: 101)

Deacon introduces the idea that second order emergent systems can be autopoie-
tic. We will deal with autopoiesis in a subsequent section of this chapter but for the 
moment we will consider it simply to mean that systems can self-organize.

Deacon’s third order emergence:

. . . inevitably exhibits a developmental or evolutionary character. It occurs 
when there is both an amplifi cation of global inflfi uences on parts, but also afl
redundant ‘sampling’ of these influences and reintroduction of them across fl
time and into diff erent realizations of the system. Under these conditionsffff
there can be extensive amplifi cation of lower-order supervenient and also fi
lower-order chaotic/self-organizing relationships due to the nondegradation 
of their historical traces which get repeatedly re-entered into the system. 
Whereas second-order emergent phenomena exhibit locally and temporally 
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restricted whole-to-part infl uences, third-order evolutionary emergent phe-fl
nomena can exhibit amplifi cation of these efffi  ects as well, doubly co-involvingffff
the link between levels and scales of behavior.

(Deacon 2007: 106)

This is rather a convoluted way of saying that third order emergence can involve 
radical changes of kind in the nature of systems, although it does provide us with
an account of how the actual history of interactions of components with each other 
and with the system as a whole is crucial to such change. What it does not as yet 
admit is the infl uence of factors beyond any discrete system. Even more and of fl
crucial significance for us as social scientists it does not admit reflfi  exive agency.fl
We will deal with the issue of factors beyond discrete systems by a critique of the
idea of autopoiesis. Agency will be central to our consideration of the relationship 
between complexity theory and social theory in general. 

Far from equilibric systems

Complex systems, to put together two words which we spend some time consider-
ing in the introduction to this book, are often described as far from equilibric. 
What does this mean and what does it imply? First, let us spend a little time
 considering the actual history of the idea of system in science. There are lots of 
locations for the term, including of course in the social sciences themselves (and 
we will deal with this in detail in Part II of this book) and in the biological sciences, 
both in relation to the physiology of particular organisms and in relation to the
interactions of organisms with each other and with all aspects of their environ-
ment in ecology. However, let us begin with a consideration of the idea of system
in physics and consequently in engineering. Newton’s physics was a means of 
describing objects in motion. The objects had properties and were subject to forces,
and an account of their trajectories could be established provided the values of 
the properties and forces were known. However, in the nineteenth century the 
development of heat engines, originally of course steam engines, led to a neces-
sary interest in thermodynamics, essentially to a consideration of the relation-
ship between motion and heat, not for single objects but for whole systems. As
Prigogine and Stengers put it:

The study of the physical processes involving heat entails defi ning a system,fi
not as in the case of dynamics, by the position and velocity of its constituents
. . . but by a set of macroscopic parameters such as temperature, pressure, 
volume and so on. In addition we have to take into account the boundary 
conditions that describe the relation of the system to its environment.

(Prigogine and Stengers 1984: 105–6)

The key point being made here is that systems have to be described both by descrip-
tions of their properties as a whole, macroscopic parameters, and by descriptions
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of the way the system relates to factors in the environment within which it is
located. Let us consider for example the heat engine that is a nuclear power sta-
tion. Here nuclear fi ssion is a source of heat which is tapped to generate electricity.fi
The fi ssion has to be controlled by a damping mechanism because otherwise itfi
would run on until all the fi ssionable material had been transformed and would in fi
eff ect take the form of a slow sizzling nuclear explosion and would release radio-ffff
active products to the atmosphere, exactly what happened at Windscale, Three
Mile Island and Chernobyl. The systems which are used to prevent this happening
are usually in the form of a graphite moderator which controls the passage of 
neutrons in the reactor and a coolant system which draws heat from it to perform 
work driving steam turbines. These systems impose negative feedback. They oper-
ate to keep the system as whole within boundaries which do not involve a radical
shift in its condition. It remains a controlled heat engine rather than a slow bomb. 
However, if the controls break down then the heat generated causes positive feed-
back which rather than damping down the system causes it to transform into the
other state. The breakdown may be a function of factors internal to the system 
itself – Wigner energy in the case of Windscale, coolant escape at Three Mile 
Island, a failed safety test at Chernobyl. However, it might also be caused by exter-
nal factors as was the case with the tsunami overwhelming the safety back-up
generators at Fukushima. In all these cases we had a change of state of the system
of the nuclear reactor with disastrous consequences.

Systems can be equilibric, close to equilibric or far from equilibric. An equi-
libric system stays as it is. A close to equilibric system should move back towards 
a stable condition if disturbed from it. For example a bridge should have damping 
elements which ensure that it tends back to its original position if disturbed by
winds. Far from equilibric systems can change radically. Reed and Harvey describe
them thus:

In the absence of signifi cant perturbations, a dissipative system will usuallyfi
follow a ‘normal’ linear trajectory. Of course there will be the usual boundary
testing, but in the absence of any sustained increase in environmental energy, 
the system will return to its original point of reference. At some point, how-
ever, this stable regimen is disrupted, and, if the internal movement of the 
system is propitious, the system’s stable behaviour gives way to random fluc-fl
tuations. . . . Abandoning its original trajectory, the system destabilizes and 
exhibits a so-called ‘pitchfork bifurcation’ pattern, one similar to the struc-
tures Feigenbaum (1983) has described. That is, once destabilized, the system
begins to fluctuate between two or more new points. The oscillation continuesfl
until it abandons its original path and takes one or more of the alternative 
points as its path of development.

(Reed and Harvey 1996: 385)

Another way in which we can describe systems is as isolated, closed or open. Iso-
lated systems exchange neither energy nor matter with their environment; closed 
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systems exchange only energy; open systems exchange both energy and matter.
It is worth noting that this classification does not include a consideration of infor-fi
mation. Any living system, particularly but not exclusively animate systems, also
engages in exchanges of information with its environment. Human systems with
their absolute dependence on communication are information exchangers par 
excellence. We might consider that the kind of systems which are of interest to us
are far from equilibric, open and, to use a term coined at the Santa Fe Institute for 
the study of complexity, complex adaptive. Adaptive means that they change as
the result of experience. That necessarily implies an exchange of information with 
their environment. We should also add that they are evolutionary in that emer-
gence allows for them to change in a radical fashion whist retaining their systemic 
integrity. The terms metamorphosis is exactly appropriate as a description of such
changes. Change occurs within the possible phase space of the system(s), which 
is the subject of the next section of this chapter.

First we have to assert that saying that systems can be far from equilibric does
not mean that they cannot operate within domains of relative stability for long 
periods of time. It means rather that they have a potential for radical change, not 
that that potential is always instantiated. So Sawyer’s dismissal of the relevance of 
the idea of far from equilibrium for the social world is profoundly misconceived.
Indeed when he argues that:

. . . the role of sociological infll  ows of information, power, or monetary goods – fl
through mass communication or external network links is generally much 
less signifi cant than internal interactions within the system . . .. Althoughfi
there are exceptions – client states that are unpopular with their people can 
be maintained with massive and continuing economic support from a super-
power – most states are internally self-organizing and self-maintaining and 
are at equilibrium rather than far-from-equilibrium.

(Sawyer 2005: 19)

one is fi rst inclined to wonder just what planet he is living on and what he makesfi
of the idea of globalization. More immediately we must note that of course far 
from equilibric systems are self-maintaining and self-organizing whilst also 
being open to infl uences as we shall see from other systems. Actually a statefl
dependent on control from outside, on negative feedback, is in fact closer to an 
equilibric system at least in terms of that description. Social orders do change 
and states change with them, look for example at the radical reconstruction of the
social order of the world’s largest state, China, in the last 20 years of the twentieth 
century.3

Phase space and attractors

A phase space (also state space – the two terms here are synonymous) is a space
in which all possible states of a system are represented. It is described in terms of 
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dimensions which correspond to the parameters describing the state of the system.
So, if we have four parameters describing the system, the phase space is four 
dimensional and if we have n parameters it is n dimensional. Parameters are usu-
ally considered to be fundamental properties of a system as a whole as described 
by Prigogine and Stengers above. An attractor is something towards which a 
dynamical system evolves over time. When the system is close to an attractor it
tends to remain in that location. Attractors are locations within the phase space of 
the system described in terms of coordinates in the multi-dimensional description
of the system. Of particular interest to us are strange attractors because the form 
of a strange attractor can correspond to the way in which we describe a system. 
Take the Torus attractor, which expressed in three dimensional space looks like a 
doughnut. If the system is located within a torus attractor its phase space location
may change but only within the boundaries defi ned by the attractor and those do fi
not allow for a radical change of location, only incremental change. This means 
that its parameter values change but not to such a degree that its location in the 
phase space is shifted in a radical way. Such a change would be a phase shift and 
would mean that the system had changed the kind of thing it was: it would have
undergone a qualitative change. The Lorenz attractor, which expressed in three 
dimensional space looks like two doughnuts at right angles to each other and 
connected at one edge, allows for two radically different locations in phase space,ffff
for changes of kind. 

The idea of phase space was devised in relation to physical chemistry by
Gibbs. The notion of attractors is a concept in abstract dynamics in pure 
mathematics. However, both are used, indeed one originated in, the domain of 
applied mathematics. When mathematics is applied it is considered to be isomor-
phic with reality itself, in other words it stands as a description of reality. For 
Aristotelians like us, in contrast to Platonists, this does not mean that mathemat-
ics prescribes the form of the world but rather that it serves as a useful way of 
describing it, as a metaphor. So we can think of location in a phase space which 
we might describe in terms of a set of measurements as being the current state of 
a system at a time point, and the track of all locations in the state space as being
the trajectory of the system. For the kinds of systems which interest us, complex
adaptive systems, then for much of the time they will be in much the same area 
in the state space but sometimes they will move to very different locations. We ffff
might say that they swap attractors. Such a swap, or phase shift, represents evo-
lutionary change, a change of kind, a metamorphosis. Note that this sort of 
description implies that the systems of interest to us are not chaotic systems in
which small changes in parameter values would produce very different locationsffff
and do so very regularly. Indeed we might ask if the idea for the social world of 
a chaotic system, as opposed to a chaotic mathematical function, has much value.
It does work within limits for describing the evolution of weather systems over 
short periods of time4 (although even for weather systems in a complex planetary
atmosphere there is not a very large set of possible states without a radical change
in the state of the planetary atmosphere itself) but is inappropriate, for example,
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for describing the state of climate systems which remain stable over very long 
periods but (and that is a very important but) can change radically in a relativelyt
short time period if key parameters – control parameters – change their value by
a suffi  cient amount. The state space considered as a whole can be regarded asffi
containing all the possible states of a system and the mapping of the actual loca-
tions of a system through a state space over time is an account of the trajectory 
of the system.

DeLanda in his interpretation of Deleuze’s ideas pays considerable attention to 
phase space and the notion of attractor in a way which introduces themes to which
we will return in subsequent chapters in this part. First he identifies the mathemat-fi
ical description of a phase/state space in a very particular way, i.e. as a manifold, 
at least in the original usage of that term to describe:

. . . N-dimensional curved structures, defi ned exclusively through their intrinsic fi
features. . . A Deleuzian multiplicity takes as its first defifi  ning feature these two fi
traits of a manifold: its variable number of dimensions, and, more importantly, 
the absence of a supplementary (higher) dimension imposing an extrinsic coor-
dination, and hence an extrinsically defi ned unityfi . (original emphasis)

(DeLanda 2005: 12)

DeLanda goes on to identify:

. . . a more intimate relation between the geometric properties of manifolds 
and the properties which defi ne morphogenetic processes. The resources infi
this case come from the theory of dynamical systems where the dimensions
of a manifold are used to represent properties of a particular system, while 
the manifold itself becomes the space of possible states which the physical
system can have. (original emphasis)

(DeLanda 2005: 13)

We might describe this, somewhat simply but nonetheless usefully, as the tak-
ing of a topological turn. This has very important implications for us in relation 
to a distinction Deleuze draws between metric and topological spaces. DeLanda
shows how in the former we can defi ne locations in exact measurements based fi
on coordinates which have all the properties of a conventional number system. 
We can specify diff erence quantitatively. In the latter we can only understand ffff
diff erence in terms of location and proximity. This transforms our understand-ffff
ing of levels of measurement because it allows for both nominal distinction and 
ordering (locating in space diff erently and relatively) but exact continuous ffff
(scale) level measurement cannot be applied to topological spaces which 
include the spaces of possibility for systems. DeLanda’s definition of attractor is fi
helpful to us here: ‘Attractors . . .. May be defined as special subsets of statefi
space, that is as limit states (or a limit set of states)’ (original emphasis) 
(DeLanda 2005: 80). 
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The idea of multiple attractors within a phase space has the most profound 
implications for our understanding of causality. DeLanda puts it like this:

. . . a space with multiple attractors breaks the link between necessity and 
determinism, giving a system a ‘choice’ between different destinies and mak-ffff
ing the particular end state a system occupies a combination of determinism
and choice. (original emphasis)

(DeLanda 2005: 35)

We will return to this theme throughout this book. 
So far we have considered single systems but what about when we are dealing 

with multiple systems, what Prigogine (1997) called ensembles of systems. We
can describe not just the locations over time of a single system in state space but
the locations of multiple systems. This gives us a way of thinking about the kind 
of thing a system is, in other words a way of thinking about the process of classi-
fi cation and the nature of categories in a typology. The actual mathematical tech-fi
nique employed in numerical taxonomy, cluster analysis, is based upon the
description of cases (systems we might say) in terms of attributes and the expres-
sion of those attributes as a set of coordinates describing a location in a multi- 
dimensional space. A cluster is formed by calculating some sort of difference ffff
among cases and locating cases with small diff erences from each other and large ffff
diff erences from other cases into the same cluster. In phase space terms the casesffff
in the cluster, the members of a kind, are located in the same attractor. This notion 
will be important for us when we come to consider methods of doing complexity-
informed social research but for the moment let us note that it gives us a complex 
systems-informed take on the crucial scientific process of classififi cation, of fi
sorting things out. This way of thinking relates to DeLanda’s discussion of species
and natural kinds (2005: circa 57). He argues that biological species cannot be
understood as a natural kind which has a pre-existence beyond the actual individ-
ual organisms which constitute the species and which display considerable 
variation although being members of the same species. The species is constituted 
by its members and the existence of the species is a consequence of the existence
of the members of it. A cluster generated by a cluster analysis is precisely a set
which have relations without being identical and the actual most commonly
deployed method of clustering, hierarchical fusion, exactly assembles clusters as
aggregates of entities which have characteristics in common without any neces-
sary identity in relation to any characteristic, but are nonetheless distinctive from 
other aggregates.5

To bridge forward to the discussion of social theory in Part II of this book it is 
useful to note here how Smith and Jencks define attractors:fi

Attractors, then, are not particularly strange. They are a diverse group of 
topographies, mappings, routes, regularities, successful outcomes, capabili-
ties, knowledge forces and powers that pattern complexity. Conversely, they
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are negatively defi ned by no-go areas, obstacles, deserts, extravagant use of fi
energy, propensity to catastrophic predation, poverty, ignorance, powerlessness, 
lack of freedom and opportunity.

(Smith and Jencks 2006: 12–13)

For them this social landscape, or we might say phase space, has the character it
does because we ‘. . . inherit a signifi cant degree of freedom won for us by evolu-fi
tionary change’ (Smith and Jencks 2006: 12). We agree and it is precisely that 
degree of freedom, that possibility of agency, which is fundamental to the social 
and to the possibilities of social futures.

Autopoiesis, boundaries, structure and hierarchies

in complex systems

An autopoietic machine is a machine organized (defi ned as a unity) as a net-fi
work of processes of production (transformation and destruction) of compo-
nents which: (i) through their interactions and transformations continuously 
regenerate and realize the network of processes (relations) that produced 
them; and (ii) constitute it (the machine) as a concrete unity in space in which 
they (the components) exist by specifying the topological domain of its real-
ization as such a network.

(Maturana and Varela 1980: 78)

The term autopoiesis has an etymology which means self-producing.6 It was
coined by the biologists Maturana and Varela to describe the characteristic of liv-
ing things as complex systems because living things actually do generate them-
selves on the basis of an interchange of energy and matter with their environment. 
They do not stay the same but emerge, continually change even if only in a limited 
way and cease to exist. So far so good. However, Maturana, and following him
Luhmann, have gone beyond this by constructing an epistemology based on
Maturana’s theory of perception in which autopoietic systems are in effect closed ffff
in terms of information, and in epistemological terms can have no privileged 
knowledge of their environment. 

Frankly to us this seems rubbish. Frogs and humans see the world in different ffff
ways but the world is there to be seen and shapes what we see. Indeed if we recog-
nize that humans are cyborgs, then we have to acknowledge that our very tools 
extend our capacity to see the world as the basis for interpretation of it. That state-
ment covers not only instruments in everyday life, but also the very tools of com-
plexity science themselves, and in particular our use, in whatever fashion, of 
computing technologies (see Byrne 2002b). We agree with Cilliers (perhaps putting 
it rather more strongly than he does by our use of the word rubbish), when he says:

. . . I have a certain unease with the strong influence of ideas based on thefl
concept of autopoiesis. A strong emphasis on the ‘operational closure’ of 
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complex systems is at odds with the central insight that complex systems 
are open systems which constantly interact with their environment in
rich ways.

(Cilliers 2008: 31)

DeLanda in his very useful commentary on (thereby rendering intelligible) Deleuze’s
propositions discusses the idea of assemblage. He distinguishes between systems 
where the parts must be related to each other for there to be a functioning system 
and those systems which, while complex, can be constituted in diff erent ways. The ffff
latter we can call an assemblage:

A seamless whole is inconceivable except as a synthesis of these very parts, 
that is the linkages between its components form logically necessary relations 
which make the whole what it is. But in an assemblage these relations may be
only contingently obligatory while logically necessary relations may be inves-
tigated by thought alone, contingently obligatory ones involve a considera-
tion of empirical questions such as the co-evolutionary history of two species.
(original emphases)

(DeLanda 2006: 11)

Organisms, at whatever level, are examples of systems where the components
have logically necessary relations:

. . . the component parts are constituted by the very relations they have to
other parts. A part detached from a whole ceases to be what it is, since being
this particular part is one of its constitutive properties. [in contrast] A whole 
in which the component parts are self subsistent and their relations are exter-
nal to each other does not possess an organic unity.

(DeLanda 2006: 9)

The biological cell, the form which Maturana and Varela use as the foundation of 
their arguments, plainly has components which now exist only in terms of their 
relationships to each other. The emphasized now is necessary because crucial
organelles in complex cells, mitochondria and chloroplasts, had an existence orig-
inally separate and the incorporation of them into complex cells was of enormous 
evolutionary signifi cance. However, even if we recognize that cells or organismsfi
at any level interchange all of energy, matter and information with their environ-
ments, they do have a kind of structural holism. Humans can live without legs or 
arms but not without functioning livers. We cannot function in a full normal way
if quadriplegic although we can function in ways, in contemporary societies where 
there are the resources to maintain us if quadriplegic, which retain our capacities. 
When we get beyond the integrity of our bodies into any social form which 
requires social relationships then we are certainly dealing with assemblages
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rather than organic wholes. The family provides an excellent example. It can lose
members, acquire them, split, reform and yet still something which we can recog-
nize as a complex system continues to exist.

What then are the complex systems which we might describe as assemblages?
How can we say something useful about how they are constituted and maintained 
and known? Again Cilliers is very helpful to us. In an important article he dis-d
cusses ‘Boundaries, Hierarchies and Networks in Complex Systems’ (2001). Here
he reviews the idea of autopoiesis and draws on Zeleny (1996) to do so. Zeleny 
defi ned an autopoietic system thus:fi

. . . A system that is generated through a closed organization of production
processes such that the same organization of processes is regenerated through
the interaction of its own products (components) and a boundary emerges as 
a result of the constitutive processes.

(Zeleny 1996: 123)

The crucial word here is ‘boundary’ because if we follow Maturana and Luhmann,
then the boundary sets the complex system apart from the rest of the world.
However, Cilliers picks on the way in which Zeleny developed the notion of 
boundary:

All social systems, and thus all living systems, create, maintain, and degrade
their own boundaries. These boundaries do not separate but intimately connect 
the system with its environment. They do not have to be just physical or topo-
logical, but are primarily functional, behavioral, and communicational. They 
are not ‘perimeters’ but functional constitutive components of a given system.

(Zeleny 1996: 133)

This is an ontological statement and we agree with it completely. It defines bound-fi
ary in a way which allows systems precisely to be open, indeed it asserts that
the boundaries are actually elements in a system which enable and maintain that
very openness.

Cilliers presents his own take on the nature of boundaries:

Boundaries are simultaneously a function of the activity of the system itself,
and a product of the strategy of description involved. In other words we 
frame the system by describing it in a certain way (for a certain reason) but
we are constrained where the frame can be drawn. The boundary of the sys-
tem is therefore neither purely a function of our description, not is it purely a
natural thing.

(Cilliers 2001: 141)

This statement is both ontological and epistemological. We agree with its take in
both terms. It is ontological because it asserts that systems are both real in that
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they exist and simultaneously (particularly social systems) have a reality which is
constituted by our actions in defi ning them. It is epistemological because it assertsfi
that we know systems by defi ning them in terms of boundaries but that reality has fi
a voice in setting those boundaries and constrains our definition. This approach isfi
wholly in accord with the general line of critical realism after Bhaskar. In contrast
with positivism this recognizes that our scientifi c (in the widest sense of the mean-fi
ing of that term) descriptions of reality are social constructions. In contrast with 
relativism it recognizes that they are constructs made from reality and therefore 
shaped by reality. And of course these very descriptions then have a constitutive
role in social reality going forward.

There is a very strong resonance between Cilliers’ account of systems and their 
relationships and the notion of assemblage. With explicit reference made to
social systems, and in particular to the way in which social systems can be con-
stituted across space and do not necessarily have a common social location, he
remarks:

. . . non contingent subsystems could be part of diff erent systems simultane-ffff
ously. This would mean that diff erent systems interpenetrate each other, that ffff
they share internal organs. How does one talk then of the boundary of the
system under these conditions?

(Cilliers 2001: 142)

The resonance with Simmel’s classic discussion of The Web of Group Affiliationsffi
is very strong. If we think of systems as assemblages then the possibility of 
interpenetration seems obvious. Elements of diff erent systems can be in multipleffff
systems and can join or leave those systems. We can see this at the micro-
level in relation to the shifting group affiliations and actions of individualffi
human beings. On another scale this perspective can inform the macro-historical 
interests of international relations in that nation states can belong to multiple
alliances for diff erent purposes, e.g. to the European Union, NATO, a language ffff
community and so on, and that some of these memberships can be changed with-
out changing others. For example the accession of Slavonic speaking nations of 
central and southern Europe to the EU and in some cases to NATO was associ-
ated with a reconstituting of those complex systems and with the disintegration
of the complex systems which they left, the COMENCON, the Warsaw Pact, or 
the former Yugoslavia. However, they remain Slavonic, literally the peoples of 
the word, alongside Russians, Ukrainians, and Belo-Russians. That language
community has in the past had enormous historical salience and it might well do
so again. 

Let us turn to the idea of structure. Westergaard in a thoughtful reflection on thefl
historical trajectory of intellectual positions in UK Sociology remarked that: ‘. . . 
“structure” is only a metaphor, but useful to denote persistence and causal force’ 
(Westergaard 2003: 2). We agree completely about persistence and causal force 
but actually think that structure is of course a metaphor, as are all our descriptions 
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of reality of whatever form, but that there is something real which we are
describing. Cilliers identifi es structure as an emergent but allows it no prior reality:fi

Structure is the result of action in the system, not something that has to existt
in an a priori fashion. (original emphases)

(Cilliers 2001: 14)

We agree that structure results from action but think that here Cilliers is missing 
two important points. The fi rst relates to the way systems have a history and wefi
might see structure in any given system as being the product of past actions (inter-
actions) and having a causal potential in relation to the possibility of future actions.
The important notion of path dependence expresses this idea in a straightforward 
fashion. The second relates to the way in which any system, interpenetrating with
other systems as Cilliers allows, has to take account of the nature of those other 
systems and of its own relationship with them. In the social world one way of 
describing the overarching environment within which all systems operate and 
within which they are contained is social structure. Of course such structures are
malleable and subject to transformation, not least to transformations driven by 
human agency which may be individual – think charisma – or more generally have 
a collective character – think revolution. So we want to allow both a historicity to
structure within systems and the notion that the structure of containing systems,
generally expressed in discussions of complexity as nested systems, has an influ-fl
ence on the trajectory of systems contained within it. Here of course we are deal-
ing with determination and we will return to what we might usefully mean by that 
word in a moment. 

When we talk about systems being nested it might suggest that this necessarily 
implies a hierarchy of systems. We do not agree. Here we need to think about
both sub-systems within any system, constituted of course by both reality and 
ourselves, and about the way systems relate each other. With regard to the first, fi
the issue of internal hierarchy within any given system, we find Cilliers’ position,fi
articulated in an argument with the classic conception of hierarchy within sys-
tems expressed by Simon (1962), entirely persuasive. Cilliers in effect opts for a ffff
middle way between on the one hand Simon’s argument that hierarchical systems
contain substantial redundancy and can therefore be modelled in ways which are 
simpler than a complete reconstruction of the complexity of the system and on 
the other the view, often associated with autopoiesis, that complex systems have
no central control systems. The essence of his position is that systems must have 
structure, however temporary and plastic that structure is. However structure is 
not strong:

The classical understanding of hierarchies tends to view them as being nested.
In reality however, hierarchies are not that well structured. They interpene-
trate each other, i.e. there are relationships which cut across different hierar-ffff
chies. These interpenetrations may be fairly limited or so extensive that it 
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becomes diffi  cult to typify the hierarchy accurately in terms of prime or ffi
 subordinate parts.

(Cilliers 2001: 143)

We have no problem with this but we do not think that this means that systems
cannot be nested, so long as we allow for interpenetration precisely in Cilliers’
terms, and do not specify a unidirectional downward pattern of causation. So 
when Reed and Harvey say:

Such ontological layerings and their dialectical interactions produce a nested 
reality that is composed of layered entities. Moreover, these reciprocal deter-
minations give the hierarchies an overall irreducible complexity. The world as 
a whole and its hierarchical structure are both open and greater than the sum 
of their parts. Were it otherwise, science as we know it would be impossible.

(Reed and Harvey 1992: 358)

with specific reference to Bhaskar’s critical realist ontology and in framing their fi
own synthesis of this with complexity theory as ‘complex realism’, they open up
the idea that systems can be layered both internally and with reference to other 
systems but without imposing any unidirectional determination or control. Hier-
archy matters in complex systems but interpenetration, layering, and multi-direc-
tional causality means that we cannot describe causal processes in terms of any
one direction of cause.

We can develop this argument by reference to what is meant by the word ‘deter-
mine’. Williams (1980) conducted a careful analysis of the Marxist dictat: base 
determines superstructure. He paid particular attention to the word determine and 
pointed out that whilst it can mean: if A then exactly B; it can also mean to set the
limits for. This corresponds very well with the ontological frame of complexity 
theory where there are multiple possible states for the future of a complex system 
but these are limited in the possibility (phase) space and what will happen will 
depend on a precise confi guration of complex causes derived both from the inter-fi
nal characteristics of the system and from its whole environment of other relevant 
systems, including systems with which it is interpenetrating and with which it
shares sub-systems.

Before leaving this discussion let us take a turn towards a long-standing socio-
logical tradition which addresses issues which we can identify in terms of assem-
blage, hierarchy, structure and agency – the idea of ‘negotiated order’.

The notion of negotiated order is premised in understanding of how systems 
are not only structure entities, but are also fundamentally shaped in the con-
text of the forces and conditions pertaining at the ‘bottom’ of the hierarchy, 
being created and recreated by the actors located there. Strauss . . . developed 
the concept from fi eldwork in organizations in response to the clash betweenfi
the perspectives of Parsons (primacy of order) and Dewey (primacy of 
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change). Strauss argued that within organizations order is negotiated and that 
this is an ongoing production of the actors involved. Organizational relations,
therefore, although having a structural quality, are the product of this contin-
ued process of making and remaking. The existence of structure is important 
in setting the positions from which individuals negotiate, and, in turn, which
gives these negotiations their patterned quality, but these products are histor-
ical and temporally shaped, always open to review and revision. The order 
that is produced is best described as negotiated because it relies on the daily
decisions of actors within this context . . . In negotiated order we can under-
stand the structures as created, but also as creating the context for action.

(Callaghan 2008: 399)

Castellani (private communication 2012) has suggested that we can regard social
systems in general as negotiated orderings at different scales which have an assem-ffff
blage character in that additions to and/or deletions from the assemblage ‘rework’ 
the negotiated order. We fi nd this argument entirely persuasive and it helps us infi
grasping the character of social systems and in framing our understanding of 
boundaries in systems.

Control parameters

When we use the term ‘control parameters’ we mean elements in a complex sys-
tem which are less than the system as a whole but where changes in those ele-
ments can have an eff ect such that the nature of the system is changed in affff
qualitative fashion. That is to say the system will undergo a phase shift and move
to a new attractor location in the phase or possibility space. The idea of control 
parameters is very important because if we are ever to have an applied complexity 
science then identifying control parameters is essential as a basis for that applied 
science. We have to know something about what we change to make a difference. ffff
The simplest way to think about control parameters is to consider the variate 
 elements (we are very deliberately not using the word ‘variable’) which describe
the dimensions of a multi-dimensional phase or possibility space. Then the
first order parameters are the variates. However, in complex systems we are cer-fi
tainly not dealing with outcomes, states of systems, which are the product of 
changes in variates taken alone. We have to allow, even in this simple mode
of discussion, for interactions among the variables, second order parameters, and 
indeed interactions among interactions, and interactions among the interactions of 
interactions . . . – third, fourth and higher order parameters.

One way of thinking about this is to abandon the ‘hard’ (that is simple and easy) 
sciences’ insistence on continuous or scale measurement. Let us think about meas-
urement at the nominal/categorical level in which the only property of numbers we 
assign are their names. In other words the numbers stand for membership of a set. 
We could indeed use alphameric names but integers coded to an alphameric descrip-
tion are easier to work with. So 1 stands for male, 2 for female and so on. Let us 
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consider that for our cases we have a set of such nominal descriptors and are inter-
ested in an outcome state which we consider might be related to the other descriptors 
in our data set. So we might have for individuals some social location at a point in
time as our outcome. This could be a single variate trace of the condition of the 
system, for example the social class of an individual however defined. It could be a fi
set membership established by a numerical taxonomic classifi cation including mul-fi
tiple variate traces e.g. class, tenure, educational level, household income decile and 
so on. With other nominal descriptors what we can do is construct a multi-dimen-
sional contingency table describing the relationships among all the nominal descrip-
tors in our set including the one we regard as an outcome or dependent.7 The 
statistical method of log-linear analysis works with this kind of data arrangement.

Essentially in developing a log-linear model we attempt to specify some arrange-
ment among the variate traces, including interactions among them of whatever 
order, which can satisfactorily reproduce the pattern of arrangement of cases 
among the cells in the multi-dimensional contingency table, without having to
present a saturated model in which all possible relationships and interactions are 
present. We follow the logic of William of Ockham and try to achieve parsimony.8

Now we might regard the model we generate which is less than the whole system
as a description of a control parameter for the state of the system at that particular 
time point. However, there is a real problem here because we are dealing not with 
a single system but with multiple systems, with ensembles, and our model is merely
a best fi t describing the basis of the state of some systems but not all of them.fi

If instead we generate a truth table, which is nothing more than the expression 
of the values of a set of categorical variables laid out as a line in a spread-sheet,
then we can see all possible confi gurations, a word which will be very important fi
subsequently in this text, for multiple sets of cases. This is the foundation of the
method of Qualitative Comparative Analysis (QCA). The necessary conditions
contained within any confi guration – and it is important to recognize that neces-fi
sity may be (and more often is) a property of combinations of conditions as well 
as of single conditions – can be understood as control parameters for a given set
of systems. Note that QCA allows for the elimination of unnecessary elements in
specifying confi gurations. It does give us an approach, however necessarily lim-fi
ited, to exploring complex causation.

There will be a lot more attention paid subsequently to issues of modelling
complexity. For now we will simply agree with Cilliers who often asserted that
whilst it is impossible to model complexity it is nonetheless necessary to try.

Conclusion

Cilliers says a lot of sensible and true things about complexity theory. Here is one
of his best:

In an editor’s note to a short review article by Corning (1998), the following
statement is made: ‘Until the “complexity science” researchers can develop a
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formal notation in symbols and syntax, while at the same time respecting its
subjective nature [sic], it will not really be a science.’ (197) If this strict, for-
mal and quantifi catory attitude remains the way in which science is defifi ned,fi
then there will be no ‘science’ of complexity. However, our knowledge of 
complex systems is, to my mind at least, undermining such a strict under-
standing of science. It forces us to consider strategies from both the human
and the natural sciences, to incorporate both narratives and mathematics – not
in order to see which one is best, but in order to help us explore the advan-
tages and limitations of them.

(Cilliers 2001: 136–7)

We agree absolutely with this and will argue indeed for a synthesis of measure-
ment and qualitative work, noting on the way that the ‘hard’ sciences remain 
trapped in a very primitive and inadequate understanding of what they are actually 
measuring when they venture into the realm of the complex. That said we think 
that ideas from applied mathematics, which we see as refl ections of reality rather fl
than abstract platonic ideals, are of value to us. We completely agree with Cilliers
(1998) when he remarks that the vocabulary of chaos has had too much influencefl
on our approach to complex systems, not least because as has already been noted 
most complex systems are actually remarkably robust. He turns to Per Bak’s con-
cept of self-organized criticality. We fi nd that quite interesting although we would fi
certainly not subordinate complexity theory to any specific mathematical formal-fi
ism.9 However, the description of the complex world contained in the idea of 
phase or possibility space and of attractor states within that space is very useful.
It is of course a metaphor, both in any mathematized formalism of it and as we 
deploy it. We will have something to say in more detail about the implications of 
forms of measurement and of our understanding of what our measures actually are 
in relation to these ideas. In any event we make no apologies for the use of this sort 
of language, quite the contrary. 

Science as described in the editor’s note on Corning reflects the common mean-fl
ing of the word in English. The German and Slav words wissenschaft and nauk, 
the usual translations of the English word science, have a much wider referent. 
The Gulbenkian Commission on the future of the social sciences defined sciencefi
as: ‘systematic secular knowledge about reality that is somehow validated empir-
ically’ (1996: 2) and that expression, which is a good translation of the meaning of 
wissenschaft or nauk, is what we will mean when we talk about science in this
book. For us one of the great promises of complexity science, of complexity as an 
ontology or frame of reference, is that it off ers the possibility of a transcending of ffff
the sterile arguments between quantity and quality, between the ‘hard’ and the 
‘human’ sciences and opens up the possibility of a unified approach to under-fi
standing. What it means in relation to action is perhaps a more controversial issue
but for now let us say that for us ‘praxis’ covers that agenda. 



Morin makes a crucial distinction between two forms of complexity: restricted 
and general:

Restricted complexity made possible important advances in formalization, in
the possibilities of modelling, which themselves favour inter-disciplinarity.
But one still remains within the epistemology of classical science. When one
searches for ‘laws of complexity’, one still attaches complexity as a kind of 
wagon behind the truth locomotive, that which produces laws. A hybrid was
formed between the principles of traditional science and the advances 
towards is hereafter. Actually, one avoids the fundamental problem of com-
plexity which is epistemological, cognitive, paradigmatic. To some extent,
one recognizes complexity, but by decomplexifying it. . . . In opposition to
reduction, [Generalized] complexity requires that one tries to comprehend 
the relations between the whole and the parts. The knowledge of the parts is 
not enough, the knowledge of the whole as a whole is not enough, if one
ignores its parts; one is thus brought to make a come and go in loop to gather 
the knowledge of the whole and its parts. Thus, the principle of reduction is 
substituted by a principle that conceives the relation of the whole-part mutual 
implication.

(Morin 2006: 6)

Morin’s terminology of ‘restricted’ and ‘general’ complexity is somewhat more 
elegant than Byrne’s (2005) phraseology of ‘simple’ and ‘complex’ complexity 
but the distinction being made is the same. There is a form of complexity work in 
relation to social systems which employs modes of explanation with which con-
temporary scientistic science is comfortable. It works with models of social real-
ity based on either the development of non-linear equations or the construction of 
agent-based models. That is to say it attempts to develop accounts of emergent
social reality which can be expressed in terms either of mathematical formalisms
as these develop in an equation driven simulation or sets of rules governing the
behaviour of agents in agent-based simulation. Morin sees this, we might say in
almost parody, as being about not straying beyond a comfort zone. However, in his

Chapter 2

Restricted complexity 
and general complexity 
An outline of the arguments
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specifi cation of ‘restricted complexity’, he misses out one key word. That word is fi
ontology. A key distinction between restricted and general social complexity isl
ontological.1 In this chapter we will examine how conventional ‘restricted’ com-
plexity really does restrict our potential for understanding and acting in the social
world. There are simplistic versions of restricted complexity, generally expressed 
by ‘hard’ scientists who assert the validity of their approaches for understanding 
the social world,2 particularly when they do so in abstraction without any empiri-
cal referent. There are very sophisticated versions of restricted complexity which 
do have a social sensibility but remain committed to an ontological position which
denies an independent reality to the social itself. Both are wrong.

First, we will review very simplistic and exceedingly restricted notions of social
complexity based on what we might call ‘hard science imperialism’ in relation to 
the social sciences. Mostly this sort of stuff  is pretty dumb and easily dismissed.ff
We will then spend far more time on much more sophisticated and interesting 
arguments by social scientists which do explicitly attempt to address emergence
and hence complexity, but do so in a restricted complexity frame of reference. We
will pay particular attention to the way in which such approaches understand mod-
elling. This does not mean that we regard all modelling procedures as useless
either as they stand at the moment or in terms of potential. We agree absolutely
with Hedström’s (2005: 3) dismissal of the ‘fictionalist temptation’ of abstract fi
theory-based models with no empirical connection with social reality. However, 
like Hedström we can see potential in models which deploy real data – he would 
say quantitative but we would say of whatever form – which describes the social 
world as the foundation of investigation. So we will pay attention, here in outline
but in more detail in Part III of this book, to models, both equation-based and 
agent-based, which do have such an empirical connection and which seem to us to
have some value in understanding the complex social.

Let us see what scientistic complexity authorities have to say about the actual
nature of complexity. A couple of quotations illustrate the general position:

Complexity focuses on what new phenomena can emerge from a collection 
of relatively simple components. . . . simple bits interacting in a simple way
may lead to rich variety of realistic outcomes – and that is the essence of 
complexity.

(Johnson 2007: 17)

It is the collective action of vast numbers of components that gives rise to the
complex, hard to predict, and changing patterns of behaviour that fascinate us. 
. . . [a complex system is] a system in which large networks of components
with no central control and simple rules of operation give rise to complex 
collective behaviour, sophisticated information processing, and adaptation
via learning and evolution.

(Mitchell 2009: 12–13)
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Johnson’s and Mitchell’s defi nitions assert that complexity is the result, and onlyfi
the result, of interactions at a simpler level. This is restricted complexity.

The usual vocabulary for discussing emergence deals in the relationships 
between the micro and the macro with the former considered as the constitutive 
base of the latter even if the latter, the macro, is allowed to have causal powers inf
relation to the former, the micro. In the social world this argument is expressed 
in terms of the relationship between the micro in the form of individuals within 
society, and the social considered as the emergent form. Our first reservation in fi
relation to this formulation is that it generally tends to ignore the fact that individ-
uals are themselves complex systems, and certainly more complex in every way
than the agents in agent-based simulations. In particular they possess the power of 
agency both individually and, contra one of the two authorities whose arguments 
we will address in this chapter, Sawyer (2005), collectively. To say that collectivi-
ties possess agency is to say that collectivities have a reality beyond the individu-
als who constitute them. And so we say, not only of formal institutions at any scale
but also of social collectivities based on interests or identities or both. A corpora-
tion is real and has agentic power and so does a ‘class for itself’ or a social move-
ment. The issue of the ontological reality of nested and interpenetrating complex 
social systems beyond individuals, although of course with individuals as elements
in those systems, is fundamental to our argument and the demonstration of this
central point is a crucial function of this chapter and indeed of this book as a 
whole. For the moment we will note that this is not just a matter of the relationship
between the social micro and the social macro, but also and even more crucially 
of the relationship between agency and social structure. 

Emergence in rule-based systems

Holland’s book Emergence (1998) presents a sophisticated and carefully specified fi
account of what we will call ‘restricted complexity’, or more precisely, restricted 
complexity in relation to rule-based models. He said:

First of all, I will restrict study to systems for which we have useful descrip-
tions in terms of rules or laws. Games, systems made up of well understood 
components . . ., and systems defi ned by scientififi c theories . . . are prime fi
examples. Emergent phenomena also occur in domains for which we presently 
have few accepted rules . . .. Most of the ideas developed here have relevance 
for such systems, but precise application to those systems will require better 
conjectures about the laws (if any) that govern their development.

(Holland 1998: 3)

His take on complexity is best expressed in this passage:

. . . much complexity can be generated in systems defi ned by a few well- fi
chosen rules. When we observe emergent phenomena we ought therefore to 
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try to discern the rules that generate the phenomenon. In the particular format
we have developed, we need to fi nd a constraining generating procedure that fi
generates the emergent phenomenon. In so doing we will reduce our complex 
observation of emergence to the interactions of simple mechanisms.

(Holland 1998: 188)

The idea of constrained generating procedure is the basis on which Holland 
 constructs his account of emergent complexity. It describes models which are
dynamic – that is can describe change through time; which are founded on mecha-
nisms which generate that dynamism; and which also constrain the range of possible
outcomes which can emerge through dynamic process. This is how Holland is able
to more or less equate the rules defi ning his systems with laws as they have been fi
traditionally understood, although of course he is well aware that emergence means 
nomothetic laws are not in operation. Although Holland explicitly and absolutely is
dealing with emergence, at the same time there is, if not a reductionist, then cer-
tainly a scientistic colour to his arguments. He looks for parsimony, not in terms
of laws but rather in terms of restricted rules. We might say from the social point of 
view, so what? Holland is a clear writer dealing with a turf of abstraction that need 
not concern us as social scientists but that is not the case. Although he more or less 
circumscribes his range of coverage, his line of argument is in fact foundational to 
the prevailing strand of restricted complexity thinking in the social sciences.

The arguments presented by Sawyer (2005) illustrate this particularly clearly. He
identifi es three waves of social systems theory in terms of Parsonian systems the-fi
ory, the development of a social version of general systems theory, and a third wave 
which:

. . . grew out of developments in computer technology. . . . In the 1990s . . . 
computer power advanced to the point where societies could be simulated 
using a distinct computational agent for every individual in a society through 
a computational technique known as multi-agent systems.

(Sawyer 2005: 2) 

So the actual technique of multi-agent simulation is for Sawyer the foundation of 
a complexity programme in the social sciences. He argues that: ‘. . . it offers theo-ffff
retical concepts and methodological tools that have the potential to speak to unre-
solved core sociological issues’ (Sawyer 2005: 10). Before proceeding to a careful 
review, and we hope demolition, of the arguments advanced by Sawyer and a less
aggressive take on the similar, although in important respects different, line taken ffff
by DeLanda, it is worth noting what Hayles has to say on the subject of simulation,
indeed on the nature of scientistic description of reality in general when she iden-
tifies the dominant contemporary modes of scientistic abstraction as the old gamefi
of the Platonic backhand and the new one of the Platonic forehand:

The Platonic backhand works by inferring from the world’s noisy multiplicity, 
a simplifi ed abstraction. So far so good: this is what theorizing should do. Thefi
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problem comes when the move circles around to constitute the abstraction as
the originary form from which the world’s multiplicity derives. Then complex-
ity appears as a ‘fuzzing up’ of essential reality rather than as a manifestation 
of the world’s holistic nature. Whereas the Platonic backhand has a history
dating back to the Greeks, the Platonic forehand is more recent. To reach fully 
developed form, it required the assistance of powerful computers. This move 
starts from simplifi ed abstractions and, using simulation techniques such asfi
genetic algorithms, evolves a multiplicity suffi  ciently complex that it can beffi
seen as a world of its own. The two moves make their play in opposite direc-
tions. The backhand goes from noisy multiplicity to reductive simplicity,
whereas the forehand swings from simplicity to multiplicity. They share a 
common ideology – privileging the abstract as the Real and downplaying the
importance of material instantiation. When they work together, they lay the 
groundwork for a new variation on an ancient game in which disembodied 
information becomes the ultimate Platonic form. (original emphasis) 

(Hayles 1999: 12–13)

Hayles hits the nail on the head. Scientism always seeks to render its abstractions,
its metaphors as real. To say this is by no means, to reiterate our assertions in the
Introduction and prefi gure an argument we will develop in Chapter 3, a dismissalfi
of metaphor as a means of describing the world. Indeed as China Mievelle con-
cludes in Embassytown a metaphor is a lie which tells the truth. Metaphor is what 
we have. We just have to recognize it for what it is and in particular recognize that 
all descriptions and models of reality of whatever form are inherently metaphorical. 

Holland is a generalist but his approach to simulation has been taken into the
social world as well. The rationale behind this is given by DeLanda:

Simulations are partly responsible for the restoration of the legitimacy of the 
concept of emergence because they can state interactions between virtual
entities from which properties, tendencies and capacities actually emerge.
Since this emergence is reproducible in many computers it can be probed and 
studied by diff erent scientists as if it were a laboratory phenomenon. In other ffff
words, simulation can play the role of laboratory experiment in the study of 
emergence, complementing the role of mathematics in deciphering the struc-
ture of possibility spaces.

(DeLanda 2011: 6)

We might say DeLanda is playing the Platonic backhand and forehand at the
same time.

The ontological status of the emergent social – a fi rst passfi

Sawyer’s Social Emergence: Societies as Complex Systems (2005) and DeLanda’s 
books Philosophy and Simulation: The Emergence of Synthetic Reasoning (2011) g
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and Intensive Science and Virtual Philosophy (2005) are important contributions 
to the complexity argument. Both have interesting things to say and indeed 
DeLanda’s rendering of Deleuze’s notion of assemblage is one we fi nd particularly fi
useful and will be employed as a crucial underpinning to our understanding of 
social complexity. However, in one important and crucial respect they are wrong. 
DeLanda expresses the general position. Sawyer deals with the same issues in
relation to one part, but only one part, of the crucial arguments in sociological 
theory, that is with the relationship between the micro and the macro. As we shall
see the relationship between agency and structure, which can be considered as
macro but also has to be looked at in meso terms, does not form part of Sawyer’s 
account. So let us see what the issue is, deconstructing a crucial statement of 
DeLanda’s:

. . . while an ontology based on the relations between general types and par-
ticular instances is hierarchical, each level representing a diff erent ontologi-ffff
cal category, an approach in terms of interacting parts and emergent wholes 
leads to a fl at ontology, one made exclusively of unique, singular individuals,
diff ering in socio-temporal scale but not in ontological status. . . . It is unclear ffff
to what extent Deleuze subscribes to this idea of a fl at ontology. Some parts fl
of his theory seem to demand such an ontology . . . Yet, elsewhere, he does
seem to talk of totalities. Thus, while I view the realm of the social as a flat fl
ontology (made up of individual decision-makers, individual institutional 
organizations, individual cities, individual nation states) and thus would never 
speak of ‘society as a whole’ or ‘culture as a whole’, Deleuze does talk of 
‘society as whole’ and specifi cally of a ‘virtual multiplicity of society’.fi

(DeLanda 2005: 58 and 89)

We can see this as being an account of the macro emerging from the micro but by 
allowing for individuals being not only individual human beings but also organi-
zations, and even geographical localities (neighbourhoods/cities/regions), and 
politically defined spatial entities – nation states, then DeLanda makes this rather fi
more complicated. We agree that all the entities which matter in the social world 
have a reality and that it is inappropriate to apply a solely downward deterministic
hierarchical arrangement as a description of them. DeLanda seems to allow for 
this when he talks of real entities operating at different socio-temporal scales.ffff
Thus he says:

In a fl at ontology of individuals, like the one I have tried to develop here, fl
there is no room for reifi ed totalities. In particular there is no room for entities fi
like ‘society’ or ‘culture’ in general. Institutional organizations, urban centres 
or nation states are, in this ontology, not abstract totalities but concrete social 
individuals, with the same ontological status as individual human beings but
operating on larger spatio-temporal scales. Like organisms or species these
larger social individuals are products of concrete historical processes having
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a date of birth and, at least potentially, a date of death or extinction. And like 
organisms and species, the relations between individuals at each spatio- 
temporal scale is one of parts to whole, with each individual emerging from 
causal interactions among the members of populations of smaller scale indi-
viduals. (original emphasis)

(DeLanda 2005: 153)

We agree with the treatment of social entities as real ‘social individuals’ but disagree
with the assertion that all such higher order entities emerge only from interactions y
among lower level entities.3 Of course such interactions can be and are constitutive
of higher order entities but higher order entities can be the emergent product of t
interactions at their own levels and/or across levels. Forms of governance are a typ-
ical example. Certainly individual humans as decision makers play a part in, let us
say, a re-organization of a nation state’s structures (Structures) of local governance, 
but existing patterns – path dependency, legal requirements of trans-national politi-
cal entities (say the European Union), the pressures and interventions of political 
parties, all have a role. We would pay particular attention to the development of legal 
forms and restrictions which shape decisions since they set limits on the scope of 
action and, although the product of historical decision making, exist beyond those 
decisions. Essentially we want to write structure into the process, and as we shall see
that is a crucial issue for restricted complexity based on simulations.

For us DeLanda’s social entities are too discrete at any level. This is related very 
closely to Deleuze’s and hence DeLanda’s conception of boundary establishment
through territorialisation. Our notion, after Reed and Harvey (1992) and Cilliers 
(2001), of nested but interpenetrating systems with causal powers running in all 
directions seems more appropriate. We also do consider that there is a ‘social’ at
whatever level from the smallest collective assemblage of human beings to the
level of the world system as a whole. The social we see as emergent but not simply
as emergent from individual interactions. There is a reality within which all the 
entities operate, interpenetrate, and mutually and refl exively express causal pow-fl
ers. Of course there is not one social but many, themselves interpenetrating, but 
we have to recognize in a Durkhemian mode that we exist within a social world 
and that all the entities which are social exist also within that world.4

Sawyer (2005) takes this issue very seriously and has an interesting take on how
to get beyond the kind of atomistic individualism as the source of emergence which 
underpins for example not only the equilibric theories of neo-classical economics 
but also the potentially more open systems potential of, say, rational action theory.
Despite this he is much more restrictive than DeLanda in assigning reality only to
the level of individuals. His focus is on the micro-macro link with the micro defi ned fi
explicitly as a level constituted of individual human actors. He frames the argument 
by a contrast between ‘sociological realists’ and methodological collectivists:

Many accounts of the micro-macro link have explicitly used emergence to 
argue that collective phenomena are collaboratively created by individuals, 
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yet are not reducible to individual action. . . . Most of these accounts argue
that although only individuals exist, collectives possess emergent properties
that are irreducibly complex and thus cannot be reduced to individual prop-
erties. Some of these accounts reject sociological realism and instead take
the weaker position of methodological collectivism. . . . Others defend the 
stronger claim that emergence can be used to ground sociological realism. 
However, emergence has also been invoked by methodological individualists
in sociology and economics. Methodological individualists accept the exist-
ence of emergent social properties yet claim such properties can be reduced 
to explanations in terms of individuals and their relationships.

(Sawyer 2005: 63–4)

It has to be said that in developing his argument Sawyer starts from an odd prop-
osition. He asserts that: ‘Most sociologists, both individualists and collectivists, 
try to avoid hypostatizing or reifying social groups: they accept that the only real 
entities are individuals’ (Sawyer 2005: 66). Only in America (that is the USA), we 
would reply. Indeed the reality of social collectivities, something absolutely
accepted as we have seen by DeLanda, is a core position of classical sociology and 
of the historical sociology which has derived from it. As with his misunderstand-
ing of the far from equilibric character of the social in general, this what we might
call false axiom colours Sawyer’s argument. Sawyer argues for social emergence 
on the basis of supervenience very much in the same way as Deacon (see Chapter 1)
understands this process. So he allows for a methodological emergence in which
we study collective entities and even allows them to have downward causal powers
whilst denying their ontological reality. He summarizes his position thus:

I used the parallel argument of non-reductive individualism to show that 
social properties may be supervenient on individual properties and yet not 
reducible to those properties. This account of emergence suggests that meth-
odological individualists cannot argue a priori that all social properties are 
reducible to individual properties, relations and laws and at the same time
suggests that methodological collectivists cannot argue a priori that a given
social property is not so reducible.

(Sawyer 2005: 98)

For Sawyer this becomes an empirical question. Of course what Sawyer cannot 
admit is social structure, the existence of collective social entities which persist in
some way over and above the actions of individual humans and have a reality
beyond them, albeit a time limited reality – the essence of Bhaskar’s realist under-
standing of mechanism. We will turn to mechanism in a moment but we must also
note that Sawyer cannot admit agency because agency requires consciousness and 
will. Marx’s classic discussion in the Eighteenth Brumaire of Louis Napoleon of 
the distinction between a class in itself and a class for itself demonstrates exactly
the point. A class in itself is a social aggregate, something which has a statistical 
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meaning and where the statistical description is indeed descriptive of the social
order as a whole. A class for itself emerges, absolutely emerges, when the individ-
ual members of a class in itself become conscious of their common position and 
proceed to act on the basis of that common position. This requires consciousness
and agency. E. P. Thompson put it like this:

. . . class is not this or that part of the machine, but the way the machine works
once it is set in motion – not this interest or that interest, but the friction of 
interests – the movement itself, the heat, the thundering noise. Class is a social
and cultural formation (often fi nding institutional expression) which cannot befi
defi ned abstractly, or in isolation, but only in terms of relationship with other fi
classes, and, ultimately, the defi nition can only be made in the medium of fifi time –e
that is, action and reaction, change and conflict. When we speak of fl a class we
are thinking of a very loosely defi ned body of people who share the same cat-fi
egories of interests, social experiences, traditions and value-system, who have
a disposition to behave as a class, to defi ne themselves in their actions, in their fi
consciousness in relation to other groups of people in class ways. But class 
itself is not a thing, it is a happening. (original emphases)

(Thompson 1978: 85)

The centrality of process and relations in terms of the establishment of any social 
ontology beyond the level of the individual seems essential to us. For now we note
that class is indeed a happening but that it is real and very real in its consequences.
It is perhaps, as contemporary economic crisis only too keenly reminds us, the
most important happening but it is of course not the only one. Issues of gender and 
ethnicized/religious identities are also happenings and all are very real indeed.

Sawyer seems to us to be trapped in his method. Although DeLanda is very
keen on simulation he has an ontology which at least in part transcends the limi-
tations of agent-based modelling. Sawyer sees social complexity, complexity in
the social sciences, as absolutely dependent on that set of techniques and therefore
has developed and asserted an ontology which refl ects precisely the limitations,fl
restriction we might say, of the approach in relation to understanding and, as we 
always emphasize, acting in the social world. Let us turn fig  rst to ideas of mecha-fi
nism and then to a discussion of actual examples of ‘restricted social complexity’
to develop this argument.

Mechanisms in the social world – getting beyond

restricted complexity

The core idea behind the mechanism approach is that we explain a social
phenomenon by referring to a constellation of entities and activities, typically 
actors and their activities, in such a way that they regularly bring about the 
type of phenomenon we seek to explain.

(Hedström 2005: ix)
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If we replace phenomenon with ‘system state’ and qualify what is meant by 
‘regular’, then we agree with this specifi cation, although of course we would fi
want to frame the whole idea in complexity language. A complexity translation 
might read thus:

The core idea behind the mechanism approach is that we explain the state of 
a social system at a point in time and explain the trajectory of that system
through past times by referring to a constellation both of internal control 
parameters and of the state(s) of systems with which the system of interest
intersects. We generalize within a scoped range by considering that similar 
constellations might engender the same system state/trajectory for systems
suffi  ciently similar to our system of interest.ffi

Hedström’s development of the mechanism approach is particularly interesting in 
relation to the complexity project because he has a take on the way to do simula-
tions and the possibilities such an approach represents. His style of using real data
as the basis for specifying an agent-based model is certainly a great improvement
on the purely abstract approaches which dominate agent-based work but still 
remains wholly micro-driven. In contrast the understanding of mechanism which 
informs the critical realist programme as developed on the basis of Bhaskar’s
(1979) original specifi cation does provide, as Reed and Harvey assert (1992), afi
basis for constructing an understanding of the complex social which actually
allows for structure and understands generative mechanism as the basis of social
structure. Both Hedström and Sawyer engage with the realist programme and it 
is precisely the ontological status of mechanisms as something more than the tem-
porally specifi c emergent products of micro-interactions which concerns them. fi
Hedström puts it like this:

Most of us agree that individuals exist and that they have causal powers that
enable them to bring about change and to transcend social expectations. The
critical realists believe that this also holds true for society and structure.
Since society cannot be observed as such, a perceptual criterion of ontologi-
cal existence cannot be used. Instead, Bhaskar and colleagues rely on a
causal criterion of existence and argue that society and/or different socialffff
strata have a real ontological existence to the extent that they are causally
effi  cacious; ‘their ffi causal power establishes their r reality’ (Bhaskar 1998 25). 
(original emphases)

(Hedström 2005: 72)

That is a perfectly accurate rendition of the realist position. Hedström, who is not 
a complexity theorist, rejects this approach on the grounds that it asserts that
causal powers exist without being exercised5 and may be contingent. Sawyer’s 
grounds for the rejection of critical realism are diff erently constructed, as theyffff
must be since any meaningful acceptance of complex social emergence must
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allow for causal powers at the emergent level. In fact in his discussion of King’s
assault on the realist position it seems to us that he actually comes to endorse the 
reality of an emergent social which is more than the product of individual action:

Non-reductive individualism shows that even though society is supervenient
on individuals, social properties and social laws may not be reducible to indi-
vidual properties, even if all individuals present and past are included. In 
non-reductive individualism, any given token instance of an emergent prop-
erty could perhaps (depending on complexity considerations) be reduced to 
an individual supervenience base, but if that social property is disjunctively 
realized, then its type cannot be so reduced.

(Sawyer 2005: 90)

Compare this with David L. Harvey’s specification of a ‘complex realist’ take on fi
the world:

. . . the world is composed of a complex array of material entities and causal 
processes which are not immediately available to everyday experience.
Moreover, the structure of scientifi c knowledge and its progressive, cumula-fi
tive nature demonstrates that these entities and their causal powers are ‘onto-
logically stratifi ed’ in that they form several structurally distinct levels of fi
reality which are irreducible to one another. Further, the resulting strata are
emergent realities in that each level is the product of the reproductive mech-
anisms inherent in the more basic strata grounding it: but, for all that, these 
emergent strata are not strictly reducible to those more basic strata and struc-
tures. Finally, these strata are hierarchically structured and loosely nested 
[we might say inter-penetrating] to form an ontologically layered, historically
open system.

(Harvey 2001: 165)

Harvey recognizes, indeed with Reed (1992) identified, the social world as com-fi
posed of complex open systems but otherwise we fi nd it hard to distinguishfi
between the account he articulates and that presented above by Sawyer. Certainly 
the notion of levels works better than an insistence, common to DeLanda and 
Sawyer, only on entities, but otherwise the essence is the same.

Harvey has a really clear grasp of the essential issue which is that social
structures – which is another way of saying the emergent elements of the
macro-social – are certainly the product of historical human action but that they 
pre-exist any contemporary action and shape and determine (in the sense of deter-
mine as limit the possibility) of its outcomes. They are only, to use Bhaskar’s
phrase, relatively permanent but they are real:

. . . social structures, unlike natural structures, are irreversibly evolving constel-
lations. Because of this constantly emerging complexity and the role played 
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by human intervention in these processes, powers are not always exercised in
a constant manner across time. At the same time, social structures and insti-
tutions are time-dependent constellations – i.e. they have evolutionary life 
histories of their own: they are born, are subject to temporal cycles of growth 
and decay, and eventually cast into the dustbin of history. In both instances,
short-term and long-term, social institutions are space-time dependent in
their ability to infl uence human conduct at any given time and place.fl

(D.L. Harvey 2001: 171)

Or as Marx almost put it: People make history but not in circumstances of their 
own choosing. Everything in the social world is the product of something done by
human beings. As we shall see in Part III of this book, we endorse absolutely
MacIver’s (1942) assertion that any account of the social and of causation in the 
social world must be founded in an understanding of the nature and potential of 
human agency. That said, the social has a causal power. An example is absolutely
necessary here, and there is one to hand which has informed the empirical work of 
both of us – health inequalities. These are generally measured in terms of differen-ffff
tial rates of premature death in relation to some operationalization of social class 
for individuals or, at the aggregate level, degrees of material inequality for whole 
social orders. Wilkinson and Pickett’s The Spirit Level (2010) provides a good l
account of the relationship between material inequality and health inequality and 
there is a plethora of socio-epidemiological research which relates inequalities in 
health outcomes to class locations. Death is a matter of individual human subjects.
Other than for suicides and homicides, a term which we might extend to cover 
even the eff ects of war/civil disorder and accidents caused by other people, it is theffff
product of biological processes inherent to an individual’s body. The great major-
ity of us will die because ‘we have something wrong with us’ i.e. as a result of a
biological process in our own body. So why do we fi nd regularities in relation to fi
the class incidence of premature death (premature because we all die some time, 
at least so far in human history)? 

A critical realist take on this is straightforward and has been regularly deployed. 
We can express it for contemporary societies diagrammatically thus:

Capitalist Social Relations

Contingent  Social Inequality 

Inequalities in Health
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Note that health inequalities are contingent because they are expressed diff erently ffff
in diff erent societies in consequence of welfare state structures and redistributive ffff
interventions. In critical realist terms the Capitalist Social Order is a real genera-l
tive mechanism with a specifi c history and situation in point of time, Contingentfi
Social Inequality and Inequalities in Health are both phenomena at the level of the 
actual although the ways in which we measure them, that is to say make them
objects of science, generate empirical descriptions of them.l 6 We simply find itfi
absurd to argue that social forms do not have a reality which transcends the level
of the individual. Indeed the genesis of capitalism, in large part a consequence of 
the impact of a biological intrusion into Western feudalism (the Black Death with
its transformation of population structure) in interaction with new belief systems 
(Protestantism), whilst certainly the consequence of people’s individual actions,
cannot in contemporary life be reduced to or explained by those actions in terms 
of its causal powers. Likewise the degrees of material social inequality, the prod-
ucts of the interaction among cultural forms, political interventions and worker/
employer power relations are the product of human actions, generally of course of 
collective actions, but have real force in the here and now and are not reducible to
those actions. Health inequalities are empirically understood in terms of aggregate
inequalities but they have a determinant influence in relation to the lives of indi-fl
vidual people. Causation is downward, in interaction of course with genetics,
behaviours (which themselves are socially located in relation to hierarchies but 
also vary within structural locations), and just dumb luck aka randomness. The
causal structures are real both in their consequences and in themselves.

We will return to a discussion of mechanisms in Chapter 9 when we explore
issues associated with establishing causality for complex systems. Here we find fi
much to agree with in Kincaid’s take on the micro-foundationalist argument in 
summarizing the argument of Ylikoski which we will refer to there:

Ylikoski argues that on one of the best conceived pictures of mechanisms – 
that outlined by philosophers of biology – mechanisms in the social sciences
argue against various forms of individualism. Mechanisms may certainly
make heavy use of agents’ perceptions, intentions, and actions. Yet noth-
ing about a proper understanding of mechanisms makes explanation in terms
of individuals the full story or the fundamental story. Rather, mechanism 
based explanation is largely achieved through interfiled accounts multiplefi
disciplines linking macro and micro in reciprocal ways. It is individual 
behavior acting in the pre-existing institutional and social context that
is important.

(Kincaid 2012b: 10)

Restricted complexity in action

There are two forms of restricted social complexity in action, and both relate 
to simulations. The fi rst is stupid, wrong, and largely ideological in its impact.fi
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It belongs in the realm of the ‘virulent esoteric chat’ – the description attached to 
contemporary neo-classical economics by Ormerod, although of course that 
 programme with its emphasis on equilibrium is not a complexity programme. We 
refer here to what Hedström above pertinently and accurately described as  fictions.fi
Among these fi ctions perhaps the most important as an intellectual programme isfi
Rational Action Theory (RAT)7 and here Mouzelis is perhaps being too mild in his
critique:

. . . rational choice theory tends to link micro with macro levels of 
analysis via logico-deductive methods that result in the neglect of ‘emergent’ 
phenomena and/or the various socio-historical contexts within which
rationality takes its specifi c forms. In that sense it comes up against the fol-fi
lowing dilemma: in so far as its mainly logico-deductive theorising refuses
to take into account ‘emergence’, history and context its statements (like all
transhistorical, universalistic statements) tend to be either wrong or trivial. 
On the other hand, when rational-choice theory does seriously consider insti-
tutional context, it loses its distinctive profi le and its logico-deductive fi
 elegance.

(Mouzelis 1995: 5–6)

The problem of fi ctiveness applies in general to any simulation which does not infi
some way engage with real descriptions of the social or indeed any other world 
through the use of real data. Sawyer explicitly notes that agent-based modellers 
generally think only of emergence: 

. . . in the reductionist sense associated with economics, rational choice, and 
game theoretic frameworks. Consistent with these paradigms, many agent 
modelers (sic) believe that group properties are best explained by first mod-fi
elling the participating individuals, then modelling their interactions, and 
then running the simulation to examine the processes whereby collective
properties emerge from the microsimulation8.

(Sawyer 2005: 148)

However, whilst he correctly identifi es the reductionist tendency he does not payfi
enough attention to the status of models of any kind generated without data as
fi ctions. Any model is a metaphor, a point which we will reiterate continually, fi
almost indeed continuously, in this text. Models which engage with data do have 
a connection to reality against which their isomorphism with reality can be
assessed. Those that don’t have data have no way of checking out what is actually
happening in the world. To use Hedström and Aberg’s (2005) terminology, they 
have no mode of calibration. This raises a very serious issue because although,
as we shall see, there is a real and rather useful, if limited, programme of using 
equation-based modelling to explore complexity, agent-based modelling remains
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predominantly, although not quite entirely, fictive. Alamfi et al. (2007) in an exam-
ination of the whole history of publication of the Journal of Artifi cial Societies
and Social Simulation, the absolutely dominant outlet for social agent-based 
 modelling, found that fewer than ten papers using evidence-based modelling 
had been published in it. Its sister journal Computational and Mathematical 
Organization Theory had not published any such paper in the four years of its run 
which they examined. As they say, it takes a lot more work to produce an evi-
dence-based piece but, as we shall see, it might be useful whereas the fictions arefi
not useful at all.

The UK’s Engineering and Physical Sciences Research Council (EPSRC) 
recently funded a set of research projects intended to address ‘Complexity 
Science in the Real World’. The intention was to bring the insights of ‘hard 
 science’ complexity thinking to bear on the social world. Originally it was 
specifi ed that the Principal Investigators of the projects must be drawn from fi
EPSRC disciplines, although this specifi cation is not locatable in the currently fi
available descriptions of the programme and its projects. Some of the ele-
ments of self-description of these projects indicate the general style being 
employed:

Social Complexity of Immigration (SCID)

SCID will develop new families of social simulation models, focused on cur-
rently unexplored interactions between different social mechanisms that areffff
thought to be important in society at large. Using novel methods, SCID will
show how some aspects of the target social phenomena can be explained as
emergent phenomena arising from individual social interactions, bridging the 
gap between the micro-evidence about individual behaviour up to macro 
accounts of aggregate trends and patterns.

Explaining, Modelling and Forecasting Global Dynamics: ENFOLD-ing

In this research programme, we will develop new forms of science which 
address the most diffi  cult of human problems: those that involve globalffi
change where there is no organised constituency and whose agencies are
largely regarded as being ineff ective. We will argue that global systems tend ffff
to be treated in isolation from one another and that the unexpected dynamics 
that characterises their behaviour is due to their coupling and integration that 
is all too often ignored. 

We will develop three related styles of model: spatial interaction models
embedded in predator–prey like frameworks which generate bifurcations
in system behaviour, reaction diffusion models that link location to flffff  ow,fl
and network models in which epidemic-like diff usion processes can beffff
used to explain how events cascade into one another. We will apply spatial
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interaction models to trade and migration,  reaction diff usion to military dis-ffff
putes and terrorism, and network models to international crime. We will 
extend these models to incorporate the generation of qualitative new events 
such as the emergence of new entities e.g. countries, coupling them together 
in diverse ways. We will ultimately develop a generic framework for a coupled 
global dynamics that spans many spatial and temporal scales and pertains to
diff erent systems whose behaviours can be simulated both quantitatively and ffff
qualitatively.

Both SCID and Enfolding have a micro-emergent understanding of the social. The 
SCID project partners have been absolutely upfront about what they are doing. 
They say:

Using novel methods, SCID will show how some aspects of the target
social phenomena can be explained as emergent phenomena arising from
individual social interactions, bridging the gap between the micro-evidence 
about individual behaviour up to macro accounts of aggregate trends and 
patterns.

This perspective also characterizes ERIE – ‘The Evolution and Resilience of 
Industrial Ecosystems’. The fourth project ‘The Care Life Cycle – Conceptual 
Framework of The Care Life Cycle’ is somewhat different in that, on the evidenceffff
of publications, presentations etc., it has so far focused on developing a complex-
ity take on demographic modelling, although it seems to have ambitions towards
system modelling in the future. The SCID team includes a set of sociologists who
will generate data, a set of agent-based modellers who will develop agent-based 
models on the basis of that data, and a set of physicists who will develop an equa-
tion-based set of models. The actual approach involves constructing models of 
models:

A diffi  culty with the computer simulation of complex systems is that if theyffi
are made realistic (in the sense of how people actually behave) it becomes
very complex, which makes the simulation hard to understand, whilst if they
are made simple enough to understand and rigorously analyse they can be too
abstract to mean anything useful in terms of real people. This project aims to 
get around this by making ‘chains’ of related models, starting with a complex, 
‘descriptive’ model and then simplifying in stages, so that each simulation is
a model of the one ‘below’ it. The simpler models help us understand what is 
going on in the more complex ones. The more complex models reveal in what 
ways the simpler ones are accurate as well as the ways they over-simplify. In
this way this project will combine the relevance of social science with the
rigour of the ‘hard’ sciences, but at the cost of having to build, check and 
maintain whole chains of models.
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This is restricted complexity in action. There is no sense of structure and agency 
as they operate in the real social world. These projects have fallen into the trap so 
well identified by Hayles:fi

Information technologies seem to realize a dream impossible in the natural
world – the opportunity to look directly into the inner workings of reality at its 
most elemental level. The directness of the gaze does not derive from the absence 
of mediation. On the contrary, our ability to look into programmes like Tierra is 
mediated by everything from computer graphics to the processing program that 
translates machine code into high level languages such as C++. Rather the gaze
is privileged because the observer can peer directly into the elements of the
world before the world cloaks itself with the appearance of complexity.

(Hayles 1999: 233)

But it doesn’t do this as she very fi rmly says. Of course we must abstract and wefi
must model but we have to think about that very carefully so that we have some 
basis for saying what we have done is in some way like the world. It is a metaphor 
but sometimes we have to think similes fi rst. fi

Conclusion

We have fundamental disagreements with Sawyer’s understanding of social com-
plexity, but his well-written book presents us with an excellent and sophisticated 
version of restricted social complexity, and his conclusion provides us with a way
to frame the conclusion to this chapter by opposing his synthesis of argument. For 
Sawyer, structure is micro-emergent and has no distinctive reality or causal pow-
ers. He proposes an emergence paradigm as a dialectical synthesis of a structural-
ist paradigm and an interactionist paradigm. In general we would agree with him 
but for the way in which he frames the idea of structure. For him, not only is
structure inherently and only micro-emergent, but conventional social theories of 
structure are to be understood in the terms defi ned by French structuralism of fi
the 1970s, which we associate particularly with the maunderings of Althusser.
E.P. Thompson knocked this down, kicked it around the ground, and stomped 
it into bloody mush in his magisterial The Poverty of Theory (1978), and our 
approach derives essentially from Thompson’s. 

The problem with Althusser’s structuralism is that it is structure without agency.
We can see this in the early work, for example, of Castells typifi ed by his account fi
in The Urban Question (1977), although Castells later made a turn to a much more 
historicist and agency-based account of urban change.9 Human beings were only
the expressions of structural relations, all was top down. Interaction accounts of 
course challenge this and indeed interaction is crucial for social formation and an 
absolutely necessary focus for any social science. But this is not interaction with-
out intention. In Part II of this book agency will be a key focus and of course not 
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all social action is informed by explicit and thought through agency. We have a 
higher regard for Bourdieus’s concept of habitus, however fl oridly expressed, thanfl
does Hedström (2005: 4). But the point is that human beings do have agency.
Sawyer knows this and does even use the word but he cannot accommodate it to 
his scheme. So in the end we are saying that any general social complexity has to
do things which so far the modelling tradition has not been able to achieve and 
will not achieve unless it addresses them seriously. We do not dismiss modelling 
out of hand. So long as it is not fi ctive, and equation-based complexity modellingfi
is seldom that although agent-based modelling mostly is, then it can play a useful
exploratory role in the project of establishing a complexity-informed social 
 science. But any general complexity social science has to get beyond micro-
determined emergence. It has to allow for structures with causal powers and it has 
to address human agency as capable of transcending narrow rules for behaviour. 
We now turn to the other side of the social science take on complexity, those
authorities who take to very varying degrees a ‘post-modernist’ position on these 
issues. As we shall see, these positions are very varied and one of the most impor-
tant and useful thinkers in complexity, Cilliers, must be addressed here. That we
now will attempt to do.



Complexity theory is defi ned by Castellani and Hafffi  erty (2009) as in essence an ffff
ontological frame of reference. We agree. As such it plainly engages with the phil-
osophical foundations of social science both in terms of the construction of theo-
ries of the social and, crucially, in relation to the methodological foundations of 
social science as an empirical practice. Actually we could omit the adjective ‘social’
in the preceding sentence. Complexity engages with the methodological founda-
tions of all scientifi c practice across all domains and fifi  elds. In so doing it confronts.fi
It has to engage in warfare fought on two fronts. One is the war with positivism. We 
can defi ne positivism fifi  rst in terms of the crude practices of what is often under-fi
stood to be ‘the scientifi c method’ but also have to take on the more sophisticated fi
versions of that approach expressed in the form of logical positivism and deriva-
tives, however refi ned, of that programme. We have, we hope, already done much fi
to knock that enemy out of the game. The whole discussion of emergence and the
rejection of the universal value of reductionist explanation is a fundamental chal-
lenge to positivism and we might, to stretch our military metaphor to breaking
point, say that those arguments have stopped the positivist forces in their tracks. We
hope to complete their destruction in our discussion of causality in Chapter 9.

In this chapter our main focus will be on the post-modernist programme and on 
its relationship, whatever that might be, with complexity. That requires very care-
ful handling. Some of the most important complexity theorists, notably Cilliers,
have drawn on the post-modernist tradition. We will argue that Cilliers is in prac-
tice a very realist sort of post-modernist1 but we should note that others, notably
Rasch and Wolfe (2000) who have important and interesting things to say, are
much more centrally located in the post-modernist camp. Of course complexity, 
and perhaps even more ideas drawn from the imagery of chaos, have been used by 
idiotic ‘post-modernism’, the fl ashy and superfifl  cial assertion that anything goes asfi
knowledge, which informs a great deal of ‘intellectual work’, particularly in rela-
tion to literature and superficial treatments of culture, but also across much of fi
social science as a whole. We might call this pomo. The so-called ‘science wars’
conducted between the positivism of Sokal (see Sokal and Bricmont 1998) and the
‘radical epistemology’ of Social Text were a conflt  ict involving that version of fl
post-modernism.2 That is not what we mean by post-modernism here. 

Chapter 3

Complexity theory and the
philosophy of social science
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Actually, at least Sokal engaged with the pomo nonsense. In practice sophisti-
cated positivism has rather assiduously avoided making ontological claims of any
kind and instead has worked with an entirely conventionalist understanding of the
nature of scientifi c knowledge. That is to say science is understood to be nothingfi
more than the agreements reached among scientist on the basis of their work. No
claim can be made for it as a description of the real. This was certainly the position 
of Ayer and Hempel as logical positivists and even Poincaré expressed this view in 
relation to the fi eld of topology which in many respects he founded. Poincaré’s fi
arguments derived from his feelings, a word he used explicitly in relation to his 
general emphasis on intuitive approaches, about the relationships among Euclidean 
and non-Euclidean geometries. He deployed the geometry which worked for his 
purposes and might be considered to be exactly a pragmatist. In any event the log-
ical positivists, who were rather less sophisticated than Poincaré,3 were absolutely
conventionalists. Logical positivism is dead. After all Karl Popper killed it or at 
least confessed to its murder. Later in this chapter we will consider the contempo-
rary form of ‘conventionalism’ as an understanding of the nature of science, Actor 
Network Theory (ANT), which for us combines a conventionalist epistemology 
with description founded on careful ethnography and from these two synthesizes 
an account of the nature of the production of knowledge. There are elements of 
ANT which we fi nd useful but its fundamental ontological position is wrong and fi
here we will confront that position with complexity to demonstrate this.

Let us return to post-modernism in the more general sense. Katherine Hayles
identifi es the ground for us:fi

. . . where scientists see chaos as the source of order, poststructuralists appro-
priate it to subvert order. . . . To speak of the sciences of chaos as postmodern
science is not in my view to speak incorrectly. It is to speak carelessly, how-
ever, unless one specifi es the tensions that mark a specififi c site and re-mark it fi
with the distinctive dynamics that characterize it.

(Hayles 1990: 176 and 292)

In dealing with any intellectual current it is always best to engage with those who
started it going, to look to the organ-grinders rather than the monkeys. So it is useful 
to see what Gadamer, who in Truth and Method (2004) defid ned the character of a fi
hermeneutic programme that rejected ‘the objectivity of the Enlightenment’, which 
is of course the foundation of scientism, had to say on the nature of knowledge. In
marked contrast with les singes de France who, at least in translation, are not the
most lucid of writers, Gadamer lays his cards on the table in the clearest of terms:

The fi nal confusion that dominates methodology of the sciences is, I think,fi
the degeneration of the concept of practice. This concept lost its legitimacy in 
the age of science with its ideal of certainty. For since science views its pur-
poses as isolating the causes of events – natural and historical – it is acquainted 
with practice only as the application of science. But that is a ‘practice’ which 
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requires no special account. Thus the concept of technology displaced that
of practice; in other words the competence of experts has marginalized 
 political reason.

(Gadamer 2004: 560)

Gadamer turns, as is rather fashionable in contemporary social science4, to the 
Aristotelian conception of phronesis as a way of resolving this dilemma. Our turn
instead will be to praxis. But the question must be put: why this worry about the
nature of knowledge? Why the rejection not just of positivist versions of rational-
ity but of rationality conceived of in any terms? Since we are unregenerate mod-
ernists, social democrats, and endorsers of the possibility of progress, we have to
attempt an answer to that question. This is particularly the case because some of 
those who draw on the post-modernist/post-structuralist turn in relation to com-
plexity, certainly Cilliers, retain a commitment as we shall see to the possibility of 
a complexity-founded scientifi c practice yielding knowledge which is of use and fi
has potential for social engagement. 

Rasch and Wolfe (2000) provide us with an answer in their discussion of the
dilemmas faced by Horkheimer and Adorno in confronting:

. . . ‘the self-destruction of the Enlightenment.’ The dramatic self-immolation
of Western culture, represented for them not only by the brutalities of German 
fascism but also by the relentless instrumentalism of both Soviet Marxism
and American consumerism.

(Rasch and Wolfe 2000: 1)

For Rasch and Wolfe, Horkheimer and Adorno could provide no answer to the 
dilemma faced by intellectuals who wish to promote the ethical programme of 
the Enlightenment (liberty, equality and fraternity is the best summary of that), on 
the basis of rational knowledge claims because rationality could not construct an
ethic and was in any event fatally compromised by the ways in which its means
had been deployed for irrational ends. It makes one wonder which side actually 
won the Second World War, the closest thing to Armageddon so far in world 
 history. Certainly a radical pessimism is perhaps understandable on the part of 
both neo-Conservative and bourgeois ex-Stalinist intellectuals (Leo Strauss and 
Zygmund Bauman standing as excellent representatives of each species) but it
cannot be allowed to go unchallenged. Edward Thompson and Raymond  Williams,
tank commanders in the Italian campaign and the break out from the Normandy 
bocage respectively, would have none of it, considering such vacuous pessimism
a gross insult to those killed alongside them in defeating the irrational use of 
rational mechanisms by the Nazi war machine. A similar understanding underlies
the greatest novel of that war, Grossman’s Life and Fate, which manages to con-
front both the Nazi horror and the realities of Stalinism whilst being capable none-
theless of distinguishing between them in terms of their potential for the future, 
very much the argument Williams advanced against Orwell’s pessimism in his 
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critical treatment of him (1971). For us the words of Thompson’s brother Frank,
killed, perhaps with the connivance of his own side, on a mission to anti-Nazi
Bulgarian partisans, sum up the real alternative:

There is a spirit in Europe which is fi ner and braver than anything that tired fi
continent has known for centuries, and which cannot be withstood. You can,
if you like, think of it in terms of politics, but it is broader and more generous
than any dogma. It is the confident will of whole peoples who have known thefi
utmost humiliation and suff ering and have triumphed over it, to build their ffff
own life once and for all.

(Letter to his parents, Christmas 1944)

Of course these are the enthusiastic words of a young man and romantic in the extreme. 
That makes them no less true. So for us the pessimism of the intellectuals is irrelevant
to the intellectual promise off ered by complexity taken as a tool in the mode of praxis. ffff
We can get past all this and try to do something and to doing that we now turn.5

‘Post-modernist’ complexity

Paul Cilliers, one of the most important theorists writing on complexity, explicitly
adopts the post-modernist label to describe his approach, but he does so for a par-
ticular reason and in a very particular way. First let us consider the reason. Cilliers 
constructs much of his argument around a discussion of the nature of language,
which for him is a complex system in and of itself. In a sense he follows the linguis-
tic turn which has been so important in twentieth-century philosophy and has pro-
foundly infl uenced both the humanities, especially literary theory, and what wefl
might call ‘the human sciences’ approach to the social world. Let us be clear that 
‘the human sciences’ modality is not defi ned by the linguistic turn. Rather itsfi
 central proposition, which we can trace back to Vico in the seventeenth century, see
in the humanistic Hegelian young Marx, fi nd expressed particularly by Dilthey and fi
those influenced by him, notably Weber, and identify explicitly in the social ontol-fl
ogy of MacIver (1942), which will be very important for our discussion of causal-
ity in Chapter 9, is that human beings have agentic powers and that this agency
has profound implications for our understanding of the nature of social reality. 
However, the linguistic turn is important and we can understand it usefully by
considering it as having two versions – the weak turn and the strong turn. The 
weak turn is essentially the position which informs classical hermeneutic textual
interpretation and underpins the deployment of that method in the social sciences.
Pawson and Tilley call this ‘Hermeneutics One’ in contrast with ‘Hermeneutics 
Two’, which informs the strong programme. Both programmes involve interpreta-
tion, but as Pawson and Tilley put it, the weak programme asserts that:

. . . by being witness to the day-to-day reasoning of their research subjects, by
engaging in their life world, by participating in their decision making, the 
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researcher would be that much closer to reality. The hermeneutic approach, it 
was assumed, almost literally placed one in touch with the truth.

(Pawson and Tilley 1997: 21)

This of course is the fundamental meaning of Weber’s term ‘Verstehen’ and it 
explicitly informs both ethnographic and historical sociological method. 

Hermeneutic method is always a mode of interpretation but to understand the 
contemporary mode of employment of ‘Hermeneutics Two’ we have to set it in
relation to structuralism and the rejection of that approach in the form of 
post-structuralism. We have no intention of mounting a full critique of either 
position here6 but we have to note that structuralism in all its forms but perhaps
most clearly in the inane version of Marxism advanced by Althusser (so magiste-
rially demolished by Thompson 1978) was in some ways a positivist programme
in that it argued for a privileged understanding of aspects of reality for those who
could identify the structural relations underlying any aspect of it. Where it dif-
fered in particular from, say, logical positivism was that it argued for an incommen-
surability among diff erent structures, most notably – if in the most contradictory ffff
of fashions – between the structure of language and the structure of reality.
Whilst this poses few diffi  culties for the literary interpretation of texts, it seems ffi
deeply contradictory with any structuralist description of any other aspect of 
reality, for example the structuralist anthropology of, say, Leach (1961) who does
seek to deploy the method to understand real human societies and how they
change.7 Be that as it may we might see the post-structuralist turn which informs 
the strong programme of Hermeneutics Two as involving a renunciation of any
claim to privileged understanding.8 Pawson and Tilley put it like this, remarking 
that Hermeneutics Two:

. . . starts from the point of view that all beliefs are ‘constructions’ but addst
the twist that we cannot, therefore, go beyond constructions. It insists, in
other words, that there are no neutral/factual accounts to be made of the social 
world. (original emphasis)

(Pawson and Tilley 1997: 21)

There is a distinct whiff  of Weber’s ff Politics as a Vocation here and we might want 
to distinguish between the neutral and the factual status of any knowledge claim.
In other words neutral implies a separation of a knowledge claim from how it is 
deployed whereas factual simply means that that is how things are. With the
engagement of social science towards the latter objective we are in complete
agreement.

Let us be clear. Ignorant pomo has argued that the ideas lying behind chaos 
theory (sometimes but less often explicit reference is made to complexity
theory), that is the impossibility of prediction due to the extreme sensitivity
of the future trajectories of systems to initial conditions, validate its argument 
that no knowledge system can describe reality. This is certainly not the position
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of those who have deployed post-modernist ideas in a coherent way in relation 
to complexity theory. Smith and Jencks explicitly denounce such simplistic
post-modernism:

Post-modernism cannot be a full-blown doctrine which says ‘meta-narratives 
have lost their credibility.’ It would be less contradictory and certainly more 
accurate to say that post-modernism holds sway in the social spaces where
meta-narratives are disbelieved. These spaces may be large or constitute
the majority outlook, for example, in the study of culture by European schol-
ars. Or it may be little more than peripheral variation. This is usually over-
looked by academics and is one reason why the scant resemblance of 
post-modernism to complexity theory is entirely illusory. The possibility of a 
transformation from post-modernism to complexity theory is open, but so 
long as post-modernism is academically promoted as a general theory and 
not just as a reaction to Modernism, it remains just another over-simplified fi
meta-narrative which lacks credibility. . . . The illusion is aural; it depends 
entirely on this gross simplifi cation: society human being-in-the-world, cul-fi
ture is primarily constituted in language. This is another version of human as
content-free, the paradigm in which nothing is known and everything literally 
is learnable.

(Smith and Jencks 2006: 135–6)

Cilliers is equally clear in his renunciation of the passivity of the post-modern
as pomo:

An argument will be presented against the view that a postmodern approach
implies that ‘anything goes’. Instead the suggestion will be that the approach
is inherently sensitive to complexity, that is acknowledges the importance of 
self-organization whilst denying a conventional theory of representation.

(Cilliers 1998: 112–3)

What Cilliers wants, and we agree with him absolutely, is a notion of knowledge
as local, contextual, specifi c in time and space. His discussion of the way he uses fi
(no other word will do) Lyotard makes this very clear:

Lyotard rejects an interpretation of science as representing the totality of all 
true knowledge. He argues for a narrative understanding of knowledge, por-
traying it as a plurality of smaller stories that function well within the particu-
lar contexts where they apply. . . . Local narratives only make sense in terms
of their contrasts and diff erences to surrounding narratives. What we have isffff
a self-organizing process in which meaning is generated through a dynamic
process, and not through the passive refl ection of an autonomous agent thatfl
can make ‘anything go’. 

(Cilliers 1998: 114 and 116)
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Keen as Cilliers is on Derrida, and the way Derrida employs the idea of difference ffff
is central to much of his argument and general understanding, he nonetheless is
resolutely realist when he dismisses the argument that a crisis of knowledge is the
result of ‘. . . the disruptive activity of “subversive” theoreticians like Neitzche, 
Heidegger and Derrida’ (Cilliers 1998: 121). No, it is the complexity of reality and 
in particular the complexity of contemporary post-modern society which gener-
ates the crisis in knowledge. Reality has a voice.

It has to be said that we have a considerable degree of scepticism in relation to
the term ‘post-modern society’. Like Lash and Urry (1994) we rather think of the
contemporary world as being one in which modernity is ‘on speed’. It is not that 
the world of the twenty-fi rst century is qualitatively difffi erent from the world of the ffff
twentieth century in the way that the world was certainly qualitatively different ffff
from the world of the seventeenth century. Indeed the world of the early twen-
ty-fi rst century has a great deal in common with its Edwardian (to use the UK fi
term) predecessor before the First World War and the establishment of the Soviet 
system in the Russian empire. Rather it is that the present stage, again like the 
Edwardian era, is one of very rapid change on a global scale. Things happen very 
fast. Like that earlier period it is also one dominated by a plutocracy, not least in 
Russia. We prefer the term ‘late modernity’. That said, the social world, the world 
as a whole, is generally complex and, like Cilliers, we think that the crisis in
knowledge, the challenge to the universality of the Newtonian world view and its
degraded expression in positivism, is a consequence of a general recognition of 
that indisputable and absolute, if the word has any meaning at all, fact.

In clearing the ground here let us conclude with an expressed agreement with 
Smith and Jencks when they say:

. . . complexity theory can be contrasted with humanism, however much their 
language and analytic ambition overlap. Modernist humanism, especially its
political forms, is confounded by the complexity of outcome. Post-modernism 
equates this complexity with the open horizon of interpretation and so dimin-
ishes material cause to the point of insignifi cance. Complexity theory resolvesfi
this non-linear interactive organization in the form of auto-eco-organization.
This is not an answer but rather a general condition for framing inquiry.

(Smith and Jencks 2006: 151)

The idea of auto-eco-organization is a powerful one and to it we will return but first fi
let us follow Cilliers and consider the signifi cance of difffi  erence. In his essay of ffff
2010 Diff erence, Identity and Complexityffff  Cilliers begins by reference to Saussure’sy
theory of language and Freud’s early neurological model of the brain, showing how
both depend absolutely on an understanding of difference as the source of the sub-ffff
stantive output of each system, meaning for language and memory for the brain: 

Such a system of differences can also be used to describe how a complexffff
system works . . . Such systems consist of a number of components which
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interact non-linearly. The complexity of the system does not reside in the 
components but is a result of these interactions. If these interactions were 
ordered, homogenous and symmetrical, no interesting behaviour would arise. 
There has to be asymmetry. This is another way of stating that the relation-
ships between the components are relationships of difference.ffff

(Cilliers 2010: 7)

However, to say this, as Cilliers points out, is not to say enough. It would allow for 
an analytical programme based on an understanding of such systems as merely
complicated rather than complex. Cilliers considers that this corresponds to
 Morin’s understanding of restricted complexity discussed at length in Chapter 2.
However, we do not agree since we think restricted complexity allows for emer-
gence and hence for true complexity, whereas a structuralist account of compli-
cated systems does allow for analytic reduction as a mode for establishing full
understanding of a system. Certainly Cilliers is right when he says that difference ffff
is not enough and his turn to Derrida’s treatment of trace and différance takes usffff
forward. Cilliers understands trace as standing for the individual differencesffff
among a system’s components whereas diff érance can stand for the actual dynam-ffff
ics of the system (Cilliers 2010: 7).

The way in which Cilliers develops this argument is crucial for understanding 
how complexity-informed accounts can make any claims towards being rep-
resentations of reality. Cilliers does not forbid us to make representations. Rather 
he tells us to be careful, in his very important phrase to be modest:

The point to be emphasized is that an abundance of difference is not affff
convenience, it is a necessity. Complex systems cannot be what they are 
without it, and we cannot understand them without making profound distinc-
tions. Since the interactions in such systems are non-linear, their complexity
cannot be reduced. The removal of relationships, i.e. the reduction of differ-ffff
ence in the system, will distort our understanding of such systems. A failure
to acknowledge this leads to error, an error which is not only technical, but 
also ethical. When we pretend that we can understand or model a complex
system in its full complexity, such pretence is not only hubristic, it is also a
violation of that which is being modelled, especially when we are dealing
with human or social systems. Trying to understand complex systems
involves a certain modesty. . . . A complex system is constituted through
the relationships of diff erences. These relationships are non-linear. If the ffff
complexity is reduced, i.e. some of the difference is removed, it distorts our ffff
understanding of the system. Nevertheless, we have to reduce the complex-
ity in order to be able to say something about the system at all. Because
of the non-linearity, the magnitude of the resulting distortion cannot be pre-
dicted. Since we know this beforehand, we have to accept responsibility for 
these distortions.

(Cilliers 2010: 8)
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This is not a renunciation of modelling. Indeed in his 1998 book Cilliers says:t
‘I suggest that complex systems can be modelled’ (1998: ix). Rather it is a recogni-
tion that exact representation cannot be achieved by anything which is less complex
than the system itself and with the added implication that the representation would d
have to possess all the dynamic potentials of the original system. It is worth noting
that, like Poincaré, Cilliers was an engineer and he came to complexity in part through
his work on neural networks in an engineering context. The following quotation from 
Crutchfield tells us something important about the engineering mentality:fi

. . . the epistemological problem of nonlinear modeling can be crudely sum-
marized as the dichotomy between engineering and science. As long as a
representation is eff ective for a task, an engineer does not care what it impliesffff
about underlying mechanisms; to the scientist though the implication makes
all the diff erence in the world. The engineer is certainly concerned with min-ffff
imizing implementation cost ... but the scientist presumes, at least, to be
focused on what the model means vis-a-vis natural laws. The engineering
view of science is that it is mere data compression; scientists seem to be moti-
vated by more than this.

(Crutchfi eld 1992: 8)fi

This is an essentially pragmatist position but it is more than that. Engineers still
cannot model turbulence, the expression in their world of chaos. They work their 
way around it through models which they scale up to reality, having tested them
for ship hulls in tanks and for airframes and bridges in wind tunnels. The turn 
to the material is a recognition of the limitation of mathematical description. 
However, engineering is more than just a way of pragmatically describing. Engi-
neers model in order to make. The end result, say a ship or a bridge, is something 
made by human agency to do something and to do something which has an effectffff
in the world. Human agency becomes material. 

Whilst we agree almost entirely with Cilliers’ approach, we think it lacks a sense
of agency as potential. When we engage with the world we transform it. Marx in 
Thesis XI on Feuerbach, carved as an inscription on his tomb, asserted that:

The philosophers have merely described the world. The point, however, is to 
change it.

Mao Tse Tung, who alongside his undeniable role of monster, was a far from 
unsophisticated student of philosophical Marxism recast this as: ‘We understand 
the world by changing it.’ That is the key issue of agency. O’Connor, in a very 
important discussion of crisis, asserted that in times of crisis (and as we shall see
we can understand crisis in terms of periods when social phase shifts are occur-
ring), it is not a matter of what will happened but of what will be made to happen
(1987). For any system where human agency is part of the source of the nature of 
the system, and thereby a driver of its dynamics, then that is the key factor. We are 
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not just describers of the world. We are actors in it and our actions have constitu-
tive and transformative potential in relation to it. 

Smith and Jencks present an argument for, to quote the sub-title of their book: 
ecology, cognitive processes, and the re-emergence of structure in post-humanist 
social theory. All of those components: ecology, cognitive processes, and the
re-emergence of structure, matter. What Smith and Jencks do is to go beyond 
post-structuralism and beyond the epistemology originating with Maturana and d
expressed in social terms by Luhmann, which separates knowledge completely
from reality itself. These turns are all positive and we very much agree with them 
but let us fi rst present their take on the post-modern programme’s method:fi

The central analytical tool of post-modern criticism is negation or decon-
struction. It has many antecedents in the phenomenological tradition, broadly 
collectable as ‘suspension’, ‘bracketing’, or putting in radical doubt. It is 
always possible to deconstruct in imagination, that is through environmental
disconnection. From an eco-auto-organisational point of view, that the idea
that such negations are always possible in systems environment relations is
questionable. Further, the idea that to negate is to open the possibility of 
renewal becomes untenably optimistic or simplistic. Every such action will
have an eff ect: no negation is costless or innocent; the substitute form willffff
have to draw its energy and resources from what it supplanted and is likely to 
be confronted with the debris of what went before. 

(Smith and Jencks 2006: 7)

The post-structuralist turn in linguistics was an eff ort to free text and language ffff
from rigid determination, from the prison of structural determination. Well for 
text taken purely as text, so be it. However, real systems in the world have an eco-
logical relationship, Smith and Jencks’ way of describing what Reed and Harvey
refer to as the reality of nested systems and Cilliers deals with by emphasizing the
fuzzy and translational/connective role of systems boundaries. As they point out,
the crucial problem facing the human race on this planet in the third millennium 
common era is precisely a consequence of the intersections among human cultural
systems emphasizing consumption, the material claims of such systems in terms 
of carbon oxidation, the eco-sphere, and the planetary atmosphere. Their term, 
eco-auto-organization, is very useful because it brings together the idea that com-
plex systems have an autopoietic element but are not wholly or even substantially
separate from other systems because self-organization for far from equilibric sys-
tems depends on interchanges of energy, matter and information with all other 
aspects of reality in all forms. 

An example serves to illustrate. Both of the authors of the present text come
from a region which played a crucial innovative role in terms of the development
of the technologies and forms of social relation of industrial capitalism, the North 
East of England. This region is often described as being one of ‘carboniferous 
capitalism’. That is to say the extraction and use of coal from deep mines and the 
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transport of this coal to tidewater whence it could be shipped by the mid- 
nineteenth century globally provided a model for energy inputs into human life,9

led to massive technological innovations and in particular the invention of the
railway, and was central to the development of key collective institutions of both
workers in trade unions and capital in the form of insurance and the relationship 
of banks to industrial production. The development of that system required labour 
and the shift of labour from the celtic periphery to industrial Britain paralleled 
exactly the contemporary late twentieth and early twenty-fi rst century shift of fi
labour from rural to industrial China. It enabled a massive improvement in mate-
rial living standards, led to the development of fundamental social institutions,
and of course through its global spread is the foundation of the contemporary 
ecological crisis. The system was one involving the material – few things are more
evidently material than coal, alongside the social in all its aspects and it has had 
the most profound of ecological consequences. Of course it self-organized but it 
did so in relation to material resources, coal close to rivers and tidewater, and the 
development of metal technologies in the production of steel and the use of that
steel in the construction of ships and railways. We can understand technology as
representing applied information as a basis for social transformation. 

Post-structuralism is one thing but we also have to consider structuralism
itself. Davis and Sumara summarize the essentials of the structuralist position
very well:

. . . Saussarian (structuralist) linguistics, Bourbaki (structuralist) mathemat-
ics, and Piagetian and Vygotskian (structuralist) cognitive theories. Each of 
these projects might be characterized as an effort to describe and assemble affff
closed and internally consistent system in which terms, propositions and 
other constructs are rendered meaningful by virtue of their relationships to 
other terms and propositions, not because they are associated with some
aspect of the ‘real’ world. 

(Davis and Sumara 2006: 64)

As Davis and Sumara demonstrate, post-structuralism did not abandon this
insistence on the relational establishment of meaning rather than understanding
meaning through connections to an external real. Post-structuralists maintain the
centrality of diff erence whilst attempting, primarily through the theme of dis-ffff
course, to delineate the power structures within which discourses establish rela-
tions and hence, albeit this is an oddity, the reality of social relations. We say an
oddity because of course it is appropriate to recognize that things become real 
when they are real in their consequences but that drags reality into the establish-
ment of both the frame of reference and our knowledge practices and constructs.
Let us be clear here. It is perfectly possible and indeed essential to recognize the 
importance of relations and diff erence in the constitution of reality without aban-ffff
doning a connection of our constructs with reality itself. Bourbaki mathematics is
at it stands an un-interpreted axiomatic system. Any form of applied mathematics 
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becomes an interpreted axiomatic system when it replaces the abstract entities in
equations with entities standing for aspects of reality itself.

y = a + bx

is the un-interpreted account of a straight line.

v = u + at

is the interpreted description of the relationships among fi nal velocity, initial fi
velocity, rate of acceleration and time. v, u, a and t stand for real entities. 

From our realist perspective it is fine to be interested in social connections,fi
discourses in relation to connections, and difference as constitutive of entitiesffff
so long as there is an eff ort to relate these constructs to reality itself  Davisff
and Sumara are quite right when they assert a degree of communality between 
structuralist/post-structuralist accounts and the complexity frame of reference 
BUT complexity is a realist programme or it is nothing. Every engagement with 
the real takes it away from the logic which says only relations in abstract systems
give meaning. Cilliers made an enormous contribution to complexity thinking
but he never really developed an engagement with this issue. Often he is implic-
itly realist: never explicitly so.10 Davis and Sumara (2006: 33) distinguish between
correspondence theories which take a realist position and coherence theories,
with the former being concerned with representation and the latter with pres-
entation.11 Actually an ontological take on complexity theory, the complex 
realism proposed by Reed and Harvey and endorsed by us absolutely requires us
to understand the world as being of a particular form, an essentially representa-
tional position.

Before following Smith and Jencks into an argument with ‘the semiotics of 
the material’ in the form of actor network theory – the most interesting post-
structuralist current, there is one further aspect of their foundational account 
which requires attention. They engage in the most forceful manner with what they 
call ‘the standard social science model’ of the human in all its aspects as abso-
lutely plastic, capable of social development in any direction at all. This assault is
founded on an assertion of the relevance of contemporary neuro-science’s under-
standing of cognition coupled with a version of evolutionary psychology, to the
understanding of the social world and the forming of social theory. For us this 
seems unproblematic and indeed it resonates absolutely with Lakoff and Johnson’sff
turn to Philosophy in the Flesh (1999) subtitled as: The embodied mind and its
challenge to western thought. In the first place of course this is an assault on thefi
idea of human perception and cognition as closed off  from reality, on the basic ff
premises of Maturana and Luhmann which can serve as a foundation for pomo 
relativism. Put very bluntly the enormous ecological success of human beings as
a species derives, argues this kind of intelligent evolutionary psychology, from
the way in with the neurological foundations of our mental capacity enable us to 
grasp the world and engage with each other in collective reactions to it. Ten Homo
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Habilis could take down a leopard and we have gone on from there. At the same 
time, and here again we agree with Smith and Jencks, our mental structures
necessarily determine, a word which we always will use in the sense of delimit the
range of possibilities of rather than in the sense of rigidly prescribe, not only our 
perceptions and interpretations of reality but also our ways of acting in the world. 
Wittgenstein famously said that if a lion could speak we would not be able to
understand him, which can stand as an expression of a rigidly demarcated embod-
ied mind, although a major theme in thoughtful science fi ction has been preciselyfi
the ways in which very diff erent intelligent species might be able to communicateffff
with each other.12 However we parse this, there are limits to our plasticity although 
the whole notion of humans as essentially cyborgs, a key foundation of Hayles’
version of how we became post-human, might suggest that those limits them-
selves are subject to transformation.

Beyond a semiotics of materiality – complexity and

Actor Network Theory

No one would deny that the world is complex, that it escapes simplicities. But
what is complexity and how might it be attended to? How might complexities
be handled in knowledge practices, nonreductively, but without at the same 
time generating ever more complexities until we submerge in chaos? And 
then again, is the contrast between simplicity and complexity itself too simple
a dichotomy? These are the questions explored in this book.

(Law and Mol eds 2002: 1)

A good set of questions, but we agree entirely with Smith and Jencks (2005) that 
the ‘semiotics of materiality’, the underlying foundation of the Actor Network 
Theory (ANT) which informs the work of Law and Mol and the contributors to
their edited collection entitled Complexities, does not provide a coherent set of 
answers to them. The introduction of ‘the material’ into our arguments about the 
construction of knowledge is a move in the right direction but, and this is a very
big but indeed, ANT’s failure to allow for, or actually it would be better to say
ANT’s rejection of, a relationship between the real and our knowledge of it ren-
ders the foundation of their accounts of the complex world fundamentally flawed.fl
Let us allow the ANTs to defi ne their approach in their own words:fi

. . . actor-network theory may be understood as a semiotics of materiality. It 
takes the semiotic insight, that of the relationship of entities, the notion that
they are produced in relations, and applies this ruthlessly to all materials and 
not simply those that are linguistic. This suggests: first, that it shares some-fi
thing important with Michel Foucault’s13 work; second that it may be usefully
distinguished from those versions of post-structuralism that attend to lan-
guage and to language alone.

(Law 1999: 4)
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We certainly agree that relations matter but the key issue is the status of those
relations. For complexity theory relations are real, although our constructions of 
them in terms of scientifi c description are certainly made rather than found. None-fi
theless the key assertion of the position of complex realism which informs our 
position is that reality has a voice. Scientifi c descriptions of any kind are made but fi
they are made from something and that material from which they are constructed 
‘has a voice’ in the accounts of reality rendered by us. In other words we reject the 
ontology which underpins actor network theory. So what is that ontology? Again
let Law speak for the approach:

Contrary to Euro-American common sense, they (Latour and Woolgar 1979) 
are telling us that it is not possible to separate out (a) the making of particular 
realities, (b) the making of particular statements about those realities, and (c) 
the creation of instrumental, technical and human confi gurations and prac-
tices, the inscription devices that produce these realities and statements. Sci-
entifi c realities only come along with inscription devices. Without thefi
inscription devices, and the inscriptions and statements that these produce,
there are no realities. . . . particular realities are brought into being with and 
through the array of inscription devices and disciplinary practices of natural 
and social science. Reality, then, is not independent of the apparatuses that 
produce reports of reality. (all emphases original)

(Law 2004: 31)

And again:

The world as a ‘generative flux’ that fl produces (original emphasis) realities? 
What does this mean? . . . in this way of thinking the world is not a structure,
something that we can map with our social science charts. We might think of 
it instead, as a maelstrom or a tide rip. Imagine that it is filled with currents, fi
eddies, fl ows, vortices, unpredictable changes, storms, and with moments of fl
lull and calm. Sometimes and in some locations we can indeed make a chart
of what is happening round about us. Sometimes our charting helps to pro-
duce momentary stability. Certainly there are moments when a chart is use-
ful, when it works, when it helps us to make something worthwhile: statistics
on health inequalities. But a great deal of the time this is close to impossible,
at least if we stick to the conventions of social science mapping.

(Law 2004: 6–7).

Compare and contrast this with Cilliers:

Boundaries [of complex systems] are simultaneously a function of the activ-
ity of the system itself, and a product of the strategy of description involved. 
In other words, we frame the system by describing it in a certain way (for a 
certain purpose) but we are constrained in where the frame can be drawn.
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The boundary of the system is therefore neither a function of our description,
nor is it a purely natural thing. 

(Cilliers 2001: 141)

Law allows for a momentary fi xing of position. Cilliers, and this is very important,fi
allows us to frame ‘for a purpose’, that is to say he here allows in the potential of 
action, and he asserts that in our constructions (because the setting of boundariesd
on a system is a crucial part of any scientifi c construction) reality has a say.fi

Byrne (2011b) has taken up Law’s arguments in relation to the import of 
his central metaphor, that is of the distinction between navigating by a chart and 
handling a ship in the complex (literally and exactly) waters where tides in inter-
action with weather and the physical confi guration of land and seabed require fi
things to be done diff erently. Well in marine navigation things are done diffffff  erently. ffff
The ship is handled by a pilot. Pilots know how things are for the moment and in
context. Our colleague Jon Warren who taught English as a Foreign Language in 
Suez in an earlier phase of his career tells us that if a Suez Canal pilot is absent
from the job for more than a set period, then before they can take another ship
through they have to relearn the Canal because it will have changed and that the
absence means that the pilot will not be familiar with, will not have learned 
through recent direct experience, the nature of the changes. Fine – the Canal is not 
fi xed. It is, quite literally, a complex system.fi But, and again a very big but, it can 
be known, even if that knowledge is only contextual and specifi c to a time. By thefi
way, the knowledge of an inshore, river, or complex canal pilot is by no means 
merely empirical and rule of thumb, although constant engagement with the
empirical reality of the pilotage zone is very important. Pilots always have to have 
a Master Mariner’s certifi cate of competency and are fully trained in the founda-fi
tional science of the skills which underpin that role. They can know the particular 
because they have a very good and specifi c training in the sciencefi s (the plural is 
important) which describe the generative mechanisms which interact with the par-
ticular to generate specific outcomes in terms of the actual character of the pilot-fi
age zone as it is at a particular point in time, the time duration of the actual 
navigation of a vessel through it. 

There are positive aspects to ANT. The emphasis on the significance of the fi
material is correct. The recognition that non-human actors including in particular 
the instrumentation of science, which instrumentation includes of course the
whole repertoire of investigative techniques of the social sciences and the tools
used in those techniques, have a role in the constitution of scientific accounts isfi
correct. The idea of actants is powerful and useful. Likewise the emphasis on net-
works in relation to the construction of knowledge resonates of course with the 
complexity account. The negative aspect is the ontology. As with DeLanda we are
faced with a shallow ontology, indeed in the case of ANT with an ontology reduced 
really to an epistemology, a theory of knowledge construction, not a theory of the 
real. Note very well that to say this is not to deny the constructed basis of scientific fi
knowledge. However, and somewhat bizarrely, there seems to be little recognition 
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of the fact that what is constructed becomes real in itself and then has agentic
implications. One particular use of ANT, Desrosières’ (1998) excellent account of 
the history and nature of social statistics, actually does assert the reality of the
statistics as generated without admitting the role of the socially real in relation to
the construction of these refl exively agentic measurements. In the end ANT is justfl
another, albeit a sophisticated and to some degree interesting, version of conven-
tionalism. That will not do for us. 

DeLanda revisited

A good deal of Chapter 2 of this book drew on the idea of assemblage as developed 
by DeLanda from Deleuze’s original formulation of the idea. Here we want to
return to argue again against the version of fl at ontology proposed as the basis for fl
treating all entities as assemblages. It is not that we disagree with that idea in and 
of itself and in particular with the version of it developed in commentary by 
 Harman (2010). Certainly DeLanda is deeply and explicitly realist, in a way that 
acknowledges the influence of Bhaskar, and there is little to quarrel with in fl
 Harman’s argument to the effect that the apparent diffffff erences between them on ffff
‘flatness’ is illusory, since they agree on the reality of ‘. . . countless layers of larger fl
and smaller structures [with] equal ontological dignity’ and reject the compression 
‘. . . of all of reality into the single plane of empirical givenness to human percep-
tion’ (Harman 2010: 180). This is not our issue. Rather it is DeLanda’s denial of the 
reality of the social as a nested complex system containing other nested systems
within it. We are happy with what Harman identifies as ‘. . . a vision of the world asfi
chain of ascending and descending compounds, each of them autonomous from the
pieces that create them and equally independent of the wider contexts in which they
are enmeshed’ (Harman 2010: 181). Or rather we are happy with the idea of auton-
omy if not of independence, a theme to which we will return in detail in Chapter 9 
when we consider issues of causality. However, the notion of ascending compounds
does not seem to us to square with DeLanda’s explicit denial of a social real. That 
said, Harman’s commentary on DeLanda’s theory of emergence seems to suggest 
that this denial is in fact deeply contradictory to his general position:

. . . an assemblage tends to have retroactive eff ects on its parts. He (DeLanda) ffff
credits Bhaskar with this point: In DeLanda’s own words: ‘. . . although a 
whole emerges from the interactions among its parts, once it comes into exist-
ence it can aff ect those parts . . .. In other words . . . we need to elucidate . . . ffff
the macro-micro mechanisms through which a whole provides its component 
parts with constraints and resources (original emphasis) placing limitations
on what they can do while enabling novel performances.

(Harman 2010: 185)

To develop the signifi cance of this in a way which points forward to both our fi
discussion of social theory and ‘the methodology of complexity’, it is useful to 
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refl ect on Harman’s explicit contrast drawn between the positions of Latourfl 14

De Landa:

If Latour is the ultimate philosopher of relations, for whom a thing has no 
‘accidental’ manifestations but is thoroughly bonded to all its specific fea-fi
tures here and now, DeLanda is the upside-down Latour: multiplicities are 
non- relational, (original emphasis) and robustly remain whatever they are, no 
matter what their relations might be. 

(Harman 2010: 176)

As we shall see the idea that the social is constituted in large part relationally is
both important in social theory and a basis for one way in which we can seek to
describe emergent social complexity. We refer here to the assertion of a ‘relational 
sociology’ by Emirbayer (1997) and to the value of social network analysis as 
mode of social inquiry. We can reject the shallow ontology of ANT whilst retain-
ing an interest in networks. For us Reed and Harvey’s (1992) conception of nested 
systems is the way to resolve what Harman sees as contradictory positions.

We cannot leave DeLanda here without one further forward noting in relation
to his conception of attractors. We will return to this in our methodological
discussion of description in Chapter 8 but here would note that for him attrac-
tors seem to take on some of the properties of the Platonic mathematical real.
We reject this absolutely. Mathematical formalisms, including topological
formalisms, are modes of description – modes of description which have enor-
mous value but which do not constitute some transcendental reality. When
DeLanda says:

As is well known, the trajectories [in state space] always approach an attractor 
asymptotically, that is, they approach infi nitely close but never reach it. This
means that unlike trajectories, which represent the actual states of objects in
the world, attractors are never actualized, since no point of a trajectory 
reaches the attractor itself. It is in this sense that singularities represent only
the long-term tendencies of a system, never its actual states.

(DeLanda 2005: 29)

he is referring to the behaviour of dynamic systems as expressed exactly in math-
ematical terms. For us attractors are real regions in real state spaces, not singular-
ities in abstracted topological spaces. This distinction is of great importance.
Mathematical approaches, among others, can be used to describe attractors but 
real attractors are sets, even if fuzzy sets. To say this is to argue, and argue very 
explicitly, with DeLanda’s rejection of the notion that kinds have any reality above 
and beyond the entities which constitute them. Again for us both can be real. The 
reality of any set, or indeed of any taxonomic scheme, can be challenged of course 
and we will develop this point in our discussion of classifi cation in Chapter 8, but fi
we cannot dismiss the possibility of their reality out of hand.
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Conclusion

The traditional (or modern) way of confronting complexity was to find afi
secure point of reference that could serve as a foundation, a passe-partout, 
a master key from everything else could be derived. Whatever that point of 
reference might be – a transcendental world of perfect ideas, the radically
skeptic mind, the phenomenological subject – my claim is the following such
a strategy constitutes an avoidance of complexity. The obsession to find one fi
essential truth blinds us to the relationary nature of complexity, and especially
to the continuing shifting of these relationships. Any acknowledgement of 
complexity will have to incorporate these shifts and changes, not as epiphe-
nomena, but as constitutive of complex systems.

(Cilliers 1998: 112)

So is there a way of handling science which can start from the position Cilliers
has identifi ed above? We argue, following Reed and Harvey (1992), for a synthe-fi
sis of complexity with realism in the tradition of Bhaskar. As DeLanda notes
(2006: 128), Bhaskar retains a notion of essentialism, particularly in relation to 
classifi cation. Whilst asserting, following Deleuze, his own realism, DeLanda willfi
not allow for this. One of his chapters is indeed entitled ‘Assemblages against 
essences’. With his dismissal of Platonic essentialism we agree but not the notion
that classifi cation into kinds, however contingent and time bounded, is wrong.fi
And that perhaps is the key to the value of critical realism.15 It allows for a contin-
gency in relation to time. We will draw extensively on the idea of complex systems
as assemblages in DeLanda’s (following Deleuze) exact terms, but a crucial 
component of the complexity methodological programme for us is precisely the 
classifi cation of things – complex systems – into kinds as they stand at a point infi
time. Indeed the tracing of the ways things change kinds over time, something
which can clearly be understood in terms of the reconstitution of them as assem-
blages, for us is one of the most valuable of all investigative techniques in the
repertoire of complexity science as an empirical project. For us critical realism 
allows us to try to explore what things – complex systems – are, and how they
became what they are. It allows for classifi catory description and for causal fi
accounts, causal accounts established through a retroductive process.

For us this approach seems to be in line with Khalil’s proposal for a ‘soft foun-
dationalism’, a proposal developed exactly in an argument with anthropological 
anti-foundationalism:

The suggested naturalist foundationalism does not claim or even attempt
to establish a certain one-to-one relation between fundamental principles 
and policy decisions. . . . Soft foundationalism or the inability to provide 
solid, timeless policy recommendations should not be considered a shortcom-
ing. On the contrary, it should be regarded as a sign of strength because it 
provides the hope that theoretical pursuits could account for the complexity 
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of organization and confl icting historical processes. Furthermore, a soft nat-fl
uralist foundationalism would avoid the famous ‘naturalist fallacy’. The fal-
lacy, stated tersely, is the deduction of what ought to be from what is conceived 
to be a matter of natural propensity or natural tendency. The lack of a solid 
naturalist rock makes such a presumed one-to-one correspondence unfeasi-
ble. On the other hand, in light of soft naturalism, the rejection of the natural-
ist fallacy would not lead to an unbridgeable and problematic divide between 
description and prescription.

(Khalil 1996: 7–8)

For us the critical realist programme delivers what Khalil is seeking. It allows for 
eff ective human action and has the potential to provide a basis for human action.ffff
Unger tells us what we need:

. . . a practice of social and historical explanation, sensitive to structure
but aware of contingency, is not yet at hand. We must build it as we go along, 
by reconstructing the available tools of social science and social theory. Its
absence denies us a credible account of how transformation happens.

(Unger 1998: 24)

Why do we need a credible account of how transformation happens? Because 
without such an account we cannot inform our actions in order to achieve the 
transformations we want. All the variants of the post-modern programme deploy 
a radical pessimism against agency. Structuralism denied the reality of agency. t
Post-structuralism in whatever guise denies the possibility of informed agency to
ends. Bluntly put, it is time we got past the personalized rationalizations of those
who tied themselves to the irrationality of Nazism, Heidegger the undoubted 
godfather of post-modernism, or are in some way compensating for a personal 
engagement with the Stalinist project. There is a way forward. It depends on 
agency. Social science conducted in the complexity frame of reference can 
inform that agency. Of course this makes social science ideological in the very
real sense that programmes of knowledge can be used for particular ends. That 
commits us to a class-based conception of universalism. Under those colours we
are happy to run. 



This page intentionally left blank



Part II

Complexity theory meets
social theory



This page intentionally left blank



A considerable body of social theory has dealt with the problems that complexity
theory seeks to deal with in ways that would be recognisable to it. Indeed the very
language of systems, structures context, mechanism, and process transforma-
tions, regularities, confl icts and continuities suggests this common ground. Whatfl
we are not attempting here is a review of social theory per se – this would be too 
ambitious and in any case would not serve to address our core concern to  discover 
insight and resources for developing complexity-consistent social theory. Com-
plexity theory has previously been identified as a framework rather than a unififi  ed fi
theory (Reed and Harvey 1992, Thrift, 1999, Castellani and Haff erty 2009) that ffff
one of us has argued needs further specifi cation in complexity-consistent socialfi
theories, particularly if it is to handle agency adequately (Callaghan 2008). Part II 
of the book will seek to situate some key axes of discussion in social theory that
are helpful in illuminating that complexity frame. To develop such complexity-
consistent theories we need to clarify their ontological and epistemological posi-
tions as a basis for the discussion of practical social theorising that supports
empirical research. We will deal with debates about the evolutionary development 
of society because these system theoretic explanations have developed accounts
of change in terms of causal processes and faced questions about the nature of 
systems as well as the possibilities for prediction that complexity theory faces.
Our focus on structure and agency relationships will take us on to explore how
system regularities are produced, reproduced and changed.

In some respects this refl ects two sides of a divide in the development of com-fl
plexity theory seeking to explain either how order can be discerned in patterns of 
change over the longer term or to recognise and understand the non-linearities that 
emerge from interactive processes in structure and agency (D.L. Harvey 2001). 
We will challenge categorisation of this as a macro–micro divide by exploring the 
ways that structure and agency occur at both levels. In Chapter 6 we will take the 
opportunity to examine the signifi cance of time and space as framing and contextual fi
dimensions of these processes with their own causal power. We begin by refl ectingfl
on the two questions of the nature of the real and how we can know it as funda-
mental to our subsequent discussion. Before we go on to consider the substantive
content of evolutionary social theories we want to establish a view on the role

Introduction



80 Introduction to Part II

theory can play that draws substantially on processes of knowledge building that
are analogous to Darwinian evolutionary theory.

The role of social theory

Debates about the role of social theory concern whether social theories do, can, or 
should hold the same relationship to the empirical as (some) theories of natural
science. Indeed evolutionary social theory has been criticized in much the same
way as complexity theory for its utility, described as a metaphor rather than a 
guide to empirical research, although metaphors in science have more promise for 
application than their critics imply (Thrift 1999). In raising the issue here we are
seeking to illuminate one dimension of the role of theory, i.e. its ability to help us
to explore the social world. As the relationship upon which a claim to science
depends, the issue has necessarily concerned social theorists throughout the his-
tory of modernist social science. We begin then by discussing this relationship to
lay the ground for our more substantive interest. 

While social science has long sought common ground with the natural sciences,
the divide established by Dilthey underpinned a divergence in approach and meth-
ods that rejected any simple transfer between natural and social explanation. For 
many pursuing a quantitative programme, the search for positive knowledge 
became manifest in an alliance with the study of Newtonian physics. The attrac-
tiveness of universal cause/eff ect relationships, demonstrated there, was a domi-ffff
nant aspiration and one that was bitterly contested in the paradigm wars of the 
1960s and 70s. Two particular problems emerged from that focus that complexity 
theory can claim to overcome. First, the damaging consequence of such epistemo-
logical division for models of knowledge building. The belief that knowledge 
must, or indeed can, be untainted by the knower has been a continued basis for a
division between empirical research based on a ‘logic of discovery’ and that prem-
ised on a ‘logic of validation’ (Bourdieu et al. 1991). Given that we are arguing 
against a dominant model, we will focus on the ‘logic of discovery’ side of that 
divide. The point that science cannot be conducted absent of the agency of the
scientist, nor its questions established a priori, has been increasingly accepted 
across the natural and social sciences. Bourdieu et al. quote Bachelard, using an
evolutionary metaphor about the development of science itself, ‘The knowing has 
to evolve with the known. It is therefore futile to seek logic prior to and external 
to the history of science in progress’ (Bourdieu et al. 1991: 9). Adopting this 
approach has a number of consequences for the role of the social scientist pursu-
ing knowledge that we will explore further. Second, in drawing its language from 
the natural sciences, social science can adopt inappropriate structures and pro-
cesses. Borrowing concepts from physics and biology such as equilibrium, pres-
sure, force can place often unrecognised constraints on theorising. Rather in 
seeking to develop theory Bourdieu et al. argue that the aim should be to ‘secure 
the epistemological break, and to lead to the principle capable of accounting for 
the contradictions, incoherences and lacunae that this principle alone can bring to 
light in the system of established laws’ (Bourdieu et al. 1991: 30).
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These founding principles represent a fundamental departure from the domi-
nant model that, as our brief discussion above demonstrates, has been underway
for some considerable time in social theory. The discussion that has taken place in
the early chapters of this book has precisely sought to establish the language and 
meaning of complexity theory to ensure that no simple and unreflexive adoptionfl
takes place. So while acknowledging previous attempts to unite the social and 
natural sciences along dominant lines resulted in scientism in the social field, wefi
hold to a world in which those in the natural sciences are making more substantial
adjustments to their world view. This brings us to the discussion of evolutionary
theorising in the nineteenth century, which, rather than borrowing from biological 
science, developed through discursive relations that were mutually productive in
at least some respects.

We will look at the substantive issues raised by evolutionary accounts in
Chapter 4 but here we want to consider diff erent approaches to generating and ffff
evaluating knowledge about the social world that are core to complexity theory as 
a scientifi c ontology. Despite the early adherence to models of knowledge based fi
in physics (and its legacy that can still be detected in policy makers’ distinctions 
between hard and soft evidence) those working in the social sciences have largely
recognised that their subject matter, because it comprehends agency, is ontologi-
cally distinct. This is the central proposition of MacIver (1942) whose discussion
of social causality frames ours in Chapter 8. The major exception to this is
neo-classical economics but even here we see challenges to simple rational action
models and review them in Chapter 10.

If, rather than starting from this now conventional, natural-social science divide 
we focus on how explanations are actually derived, we can see that as an approach
to questions of cause, and the relationship between theory and empirical observa-
tion, evolutionary biology shares much more with social theory than it shares with 
Newtonian physics. The power in what is described in short form as Darwin’s 
evolutionary model lies in the specification of a mechanism which sees cause asfi
both multiple and not always effective.ffff 1 We want to go on to look at how concepts
of systems have been dealt with in social theory but here our focus is on the nature 
of arguments and the mechanisms of change common to both. The principle of 
natural selection involves interaction between a number of ordinary causes which 
give rise to change that become general as fitness to a specififi c environment fi
improves. We will use Lieberson and Lynn’s (2002) argument, using direct anal-
ogy with a Darwinian approach in some detail below. Starting by recognising the 
problems with a physics model, they present an argument that, although not artic-
ulated in complexity terms, seems to set out a position that is complexity consist-
ent. Contrasting an evolutionary with a positivist mode of theorizing they state:

These mechanisms serve to deal more successfully with a complex system in
which there are often diff erent crucial conditions present. In sociology, some of ffff
us try to control for all of these through statistical means; others try to treat each 
as an historical event that shares a common major condition. Here we have a 
solution that is far more promising. A variety of mechanisms may be called into 
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play. They have something in common: They all fi t into the overriding theory fi
and support its goals; in this case they are part of the theory of evolution.
. . .Evolution operates with neither unique historical events, refl ecting uniquefl
historical causes nor a crass mechanical approach that evaluates a mechanismr
by how often it operates or how much of the variance it accounts for. 

(Lieberson and Lynn 2002: 4)

The continuities with a complexity ontology are evident and extend further in 
implying an approach to knowing that does not regard an inability to predict as a
failure of theory. Evolutionary biology as an explanation based on contingent 
causal mechanisms seeks to frame evidence rather than predict. Theory, then, 
‘should be seen as an inherent refl ection of the way the social order operates and fl
can best be understood (Lieberson and Lynn 2002: 3). Pursuing the promise of an 
epistemology based in evolutionary theory rather than physics, incompleteness in
knowledge then does not undermine the claim to science.

These excerpts from Lieberson and Lynn seem to stand on familiar ground 
with earlier chapters and indeed lead them to similar conclusions about evidence
building: 

. . . a process of events is traced, as say leading from an environmental shift to
a genetic shift as the living entity adapts to the new condition. A massive shift
such that a new species appears would involve many steps along the way.
Tracing these changes would provide evidence to support the claim.

(Lieberson and Lynn 2002: 7)

This not only suggests notions of cause and process that we can recognise in social
theory but, as a consequence, entails an approach to what constitutes knowledge
itself, incorporating observation that has, for want of a better description, been 
termed intuitive, alongside the more widely acknowledged rationalist process.
While the latter sought to expunge the role of the scientist as observer, observation
of how science proceeds has demonstrated the signifi cance of both (Latour and fi
Woolgar 1979). Indeed this process is reflected in the development of evolution-fl
ary biology in the period after Darwin. Rather than a frame of theory imposed to
bring about immediate explanation of existing knowledge, what was true had to be
rethought in response to a new organizing principle. Change in the classificationfi
of species came about as a result of the theory of natural selection, ‘,,, systematic
classifi cation by descent was only possible on the basis of the knowledge pro-fi
duced by using the theory’ (Hirst 1976: 23). The debates and developments in 
evolutionary biology continue to bring new knowledge in this way.

At the level of evidence and of theory development the similarities between 
evolutionary biology and social theory are clear. Knowledge is conceptualised 
as dialogical practice consistent with social theorising discussed in the work 
of Bourdieu et al. (1991). Of course this has a long history in the qualitative 
research paradigm which has worked to acknowledge the constructed nature of 
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categorization and mutability of categories. Those working in the qualitative tra-
dition would recognise theory as an active and dialogical process rather than one 
of hypothesis/proof models as very familiar territory. The work of Glaser and 
Strauss (1967) on grounded theory, and particularly Strauss and Corbin’s (1990) 
modified grounded theory, are based on theory evidence links that recognise bothfi
the agency of the social scientist in looking and the development of theory through 
observation. In realist social theory the approach is acknowledged by Bhaskar 
(1997) as transitive knowledge of an intransitive world. The social scientist does
not reject the real, but acknowledges that ultimate law explanations need to be of 
a different form if they are to serve to know a changing reality. ‘Inspiration’ has affff
role in scientifi c method when made amenable to systematic examination throughfi
a ‘system of intellectual habits’ (Lieberson and Lynn 2002: 2). 

A major implication of this approach is its recognition of the relational nature 
of the real. We will develop this discussion further in thinking about structure and 
agency but identify it here as a thread that also runs through recent work on time 
and place. It is expressed here by Bourdieu (1989) in identifying, with modern 
physics and mathematics, the

real not with substances but with relations (Bourdieu 1968). The ‘social real-
ity’ which Durkheim spoke of is an ensemble of invisible relations, those very
relations which constitute a space of positions external to each other and 
defi ned by their proximity to, neighbourhood with, or distance from each fi
other, and also by their relative position, above or below or yet in between. . . 
Sociology in its objectivist moment, is an analysis situs as they called this
new branch of mathematics in Leibniz’s time, an analysis of relative positions
and of the objective relations between these positions.

(Bourdieu 1989: 15–16)

The implications for relationship between theory and empirical work that are appar-
ent in Strauss and Corbin’s work and in the epistemological discussion conducted by
Bourdieu et al. earlier have some resonances with the ‘quasi experimental’ method 
that Lieberson and Lynn arrive at, in their rejection of a positivist frame. Indeed 
Lieberson and Lynn’s description of the quasi experiment resonates more with the 
configurational methods, case-based approaches and observation through compara-fi
tive structures than the classical experimental design. They usefully point to three 
core issues, which seem also to be central to a complexity framing:

1 Evolutionary theory regards outcome as sufficient support for ideas whereas ffi
quantitative sociology has sought controls and measured correlations.

2 Prediction is not sought because the focus of explanation is a process of con-
stant change and adaptation. The problems faced by Darwinian evolution and 
sociology are similar, leading to similar problems of predictive capacity. 

3 The causal distinction between proximal/distal or immediate and underlying
cause in evolutionary theory allows a distinction to be made between those
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ongoing and long-term structures that, while not themselves visible to obser-
vation, can be extrapolated from observed regularities. 

We can fi nd plenty of support for these principles in work that is well established in fi
the fi eld of social theory. It presents the explanatory project in the way that Bhaskar fi
proposes, while E.P. Thompson’s (1980) discussion of social class takes exactly
this approach to observing regularities and extrapolating causal mechanisms:

If we stop history at a given point, there are no classes but simply a multitude 
of individuals with a multitude of experiences. But if we watch these men
over an adequate period of social change, we observe patterns in their rela-
tionships, their ideas, and their institutions. Class is defi ned by men as theyfi
live with their own history, and, in the end, this is its only definition. fi

(Thompson 1978: 10)

Moreover, both temporal scales and levels are crucial to explaining a particular 
outcome in a complexity frame. While Lieberson and Lynn suggest that the 
 evolutionary biologist would be primarily concerned with the long term and 
underlying process, complexity theory encompasses both those relatively perma-
nent structures and the observation that, given the contingent nature of things, all 
explanations are local. This is the basis, as we identifi ed above, of a challenge to fi
predictive capacity. Furthermore, growing interest in co-evolution acknowledges 
the signifi cance of interactions occurring not only within the social, but also fi
between social and physical worlds. For Lieberson and Lynn a justifi ed change infi
epistemology leads to the possibility of science claims for evidence of the social
based in similarities in the complexity and nature of evidence encountered. If we 
adopt an epistemology based in physics we know that social science can never 
work cumulatively toward proofs. In adopting explanation of an evolutionary
character we can develop evidence to complete our explanations; ‘It just takes 
work and patience’ (Lieberson and Lynn 2002: 5). Coming from another direction
than Reed and Harvey perhaps in the search to reunite social and natural sciences,
they seem to have reached the same destination.

One issue that remains to be dealt with in this specification of the role and fi
nature of theory is the level at which theory works. The challenge mounted above 
against both ‘spontaneous sociology’ and ‘traditional theory’ also argues against 
the notions of cumulative middle range theory that Merton (1967), working in a 
positivist frame, proposed.

A categorization that represents grand theory and middle-range theory as 
 diff erent projects, then, represents a positively framed misconception of the ffff
 purpose of theory. We have discussed evolutionary theorizing because it seeks to
provide insights into the direction and impact of structural forces without being 
a ‘theory of everything’. In the conception of the role of theory that we have
 developed above the relationship between theory and empirical work becomes 
dialogical. There seem to be echoes of this awareness in the discussion Merton
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conducted into the role of social theory. His argument for theories of the middle 
range was an attempt to disaggregate causes in long-term explanations of struc-
tural change from immediate precipitating factors. However, Merton was not 
arguing, as many have since suggested, that ’grand theory’ was not relevant but 
rather, in his positivist mode of thinking, that we did not have suffi  cient knowledge ffi
to propose the correct one. Hence he suggests the prematurity of grand theory 
rather than its irrelevance, interestingly using a developmental rather than Dar-
winian evolutionary metaphor:

This book’s orientation toward relationship of current sociology and practical 
problem of society is much the same as its orientation toward the relationship
of sociology and general sociological theory. It is a developmental orienta-
tion, rather than one that relies on the sudden mutations of one sociolo-
gist that suddenly bring solutions to major social problems or to a single
encompassing theory.

(Merton 1967: 50)

The shift to middle-range theory has appeared to many to be a way of avoiding the 
violence to context involved in the grand narrative approach and has been widely
adopted in relation to empirical research (Pawson and Tilley 1997). However, Sayer 
makes a central point when describing this change in approach in that, while open to
a range of theoretical perspectives, ‘what was and remains ambiguous about these
middle range theories is whether they were intended to leave behind more abstract
social theories or whether they were meant to build on them even if they don’t 
acknowledge them’ (Sayer 2000: 6). Perhaps one way of getting past this dilemma is
to reiterate contextuality as the essential characteristic of middle-range theories. They
seek to describe causality in specific contexts but in a realist frame we can consider fi
the range of possibilities in those contexts as circumscribed/limited by overarching
generative mechanisms. In a realist frame we might consider that general social 
theories are accounts of such overarching mechanisms. As we have argued above,
if the role of theory is to enable those epistemological breaks, the relationship to 
the empirical must remain dialogical. It suggests that the notion of cumulative
social science must be revisited in terms of a relationship to theory that is not one
of simple application but rather a continual process of refl ection. Working in this fl
way implies the development of refl exivity in the form of knowledge generation.fl

So, at the same time as rejecting the simple transfer of social Darwinism, we are 
beginning to see common insights with Darwinian evolutionary approaches to
knowledge that can cast light on the role of theory in exploration of the social. 
Such explanation works through an account of the dynamics of social change 
in terms of the relationship between context and mechanisms – environment
and system through contingency and history. Bearing in mind the strictures of 
Bourdieu et al. (1991) against the ‘contortions’ that Talcott Parsons had to per-
form to develop his grand universal theory, we will take an approach to social 
theory in what follows that seeks just this critical dialogue.



In this chapter we focus on evolutionary social theories as theories that have
sought their explanations in terms of systems as the unit of social change. As
 system theoretic explanations, complex dissipative systems necessarily have an 
evolutionary character. The interaction of conditions in the relationship between 
system and environment establishes patterns and relationships that give the sys-
tem its history, establishing an iterative motion. Regularities reflect the relative fl
permanence of structures, but their openness to change, through interaction, 
means that continuity is a contingent outcome rather than a predictive certainty. 
This very brief summary of the world that complexity theory seeks to describe is 
discernible in the world that social theorists have long worked with, and which, in
one dimension, they have described in terms of evolutionary change. Even when 
not explicitly modelled, the language of evolutionary change runs through a broad 
swathe of social theory. Indeed, as a way of thinking about the development of 
knowledge, evolutionary models seem deeply embedded. Parsons, for example,
conceived of his development of social systems theory as an evolutionary process,
in itself based in a convergence of experiences and infl uences from a range of fl
academic fi elds (1970). He identififi  ed his initial study of biology and his subse-fi
quent engagement with economic theory via Alfred Marshall and Pareto and soci-
ological  theory, particularly the work of Durkheim and Weber as informing an
evolving understanding of the social system.

Two points need to be made at the outset in defi ning the scope of a short chapter fi
on the subject. First we set aside all arguments of the biological determinist type
as representing inadequate understanding of the social, and base our examination
closer to Gould’s (1977) discussion of potentiality rather than direct determinisms 
consistent with Williams’ (1980) discussion of base and superstructure in Marxist
cultural theory. Second, and related to this, we are not attempting an exhaustive 
review of evolutionary theories but rather taking a route through some major 
accounts to consider how systems concepts are dealt with and how they can illu-
minate the study of complex social systems. So we must start from the point made
very straightforwardly by Hirst that ‘Any definition of the term, “evolution” will fi
entail a defi nite concept of evolution, a specififi  c theoretical system, and a specififi c fi
evolutionary process constituted by that theory’ (Hirst 1976: 17). Our approach is 

Chapter 4

Evolutionary social theory
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to focus on those that have relevant things to say about the systems we address. 
We look at the explicit systems theorizing of Spencer, Parsons and Luhmann to
discover what is of value there for our exploration of complex social systems. We 
have dealt earlier with the resonances between complexity theory and historical 
materialism but return to it here to consider an explanation of human systems 
at the level of productive activities and relations in relation to emergence. Our 
approach will be to trace some of the principal debates to consider how complex-
ity treatment of systems both resonates and differs in its concepts of cause, adap-ffff
tation, mechanisms and prediction that we have already identified as core tofi
epistemology of complex systems.

Evolutionary social theory builds on a tradition in social thought that since 
Aristotle has been framed more or less explicitly in terms of ‘biologism’ (Bock 
1955: 129). Spencer, for instance, directly compared ‘the kind of thing’ a society
is to an organism that grows to maturity, reaches limits and divides or is over-
whelmed. Given this heritage it is perhaps not surprising that organic evolutionary
ideas have has been prominent in social theory as both analogy and more system-
atically worked concepts. Social and cultural evolutionary theory, however, has 
frequently used an analogy of gradual organic growth rather than the more dra-
matic shifts associated with natural selection (which even Darwin was initially
reluctant to acknowledge). In the nineteenth century, work on evolution in social 
theory described analogous processes to those of biological evolution and debates
were conducted in a dialogue with natural sciences. These founding ideas are
apparent in Comte’s study of social dynamics, but most explicitly in the work of 
Spencer who published an account of evolutionary progress in 1857. His theory 
related more closely to Lamarck than to Darwin but he read and drew insights 
from Darwin’s Origin and indeed coined the term ‘survival of the fi ttest’ in 1864 fi
to encapsulate the process of selection that Darwin described. Evidence of a pro-
ductive dialogue between social and biological sciences is also apparent in letters
from Darwin to Spencer (Carneiro 1973). More signifi cantly Darwin attributed fi
the inspiration for his theory of natural selection to reading Malthus’ essay on 
population (Hirst 1976). This cross fertilization of ideas continued through the 
nineteenth century with concepts borrowed in both directions. Spencer, for 
instance, identifi es the source of the concept of division of labour, subsequentlyfi
widely used in biological science as:

. . . fi rst dwelt on by political economists as a social phenomenon, and there-fi
upon recognized by biologists as a phenomenon of living bodies, which they
called the ‘physiological division of labor,’ is that which in the society, as in
the animal, makes it a living whole.

(Spencer 1967: 5)

These debates about both areas of common ground and difference within evolu-ffff
tionary theories dried up in response to a distinction made between the subject
matter and methods of natural and social science in the eighteenth century that
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gathered momentum with the dominance of the Newtonian conception of natural 
science. Dilthey’s distinction underpinned a shift away from ideas of necessity
and natural science models of causality that is reflected in the division betweenfl
approaches in social theory of Comte and Weber. We pointed, earlier, to differ-ffff
ences in the character of theory-evidence links in Newtonian science that sepa-
rated physics and chemistry from evolutionary biology and the fact that these have 
subsequently been challenged. Notwithstanding these more recent developments,
the substantive debates within evolutionary social theory refl ect these difffl  erencesffff
about foundational questions of ontology and epistemology, and we can see their 
consequences in disputes about causation as ‘historical’ versus ‘law like’ as well
as in the discussion of macro-micro relations.

System theoretic explanations

Our starting point then is that, as systems theories, explanations with an evolution-
ary character have emerged alongside, rather than deriving from, natural science 
and they continue to play an important role in much social theory to the present 
day. We want to explore the signifi cant difffi  erences within evolutionary theories asffff
a basis for thinking about their implications for systems ontologies and epistemol-
ogies. The body of work of any theorist is a moving target however and we are not 
seeking here to present a defi nitive account of any one or a narrative of theoretical fi
development. Rather than chart the history of evolutionary theory, we will focus 
on aspects of the work of Spencer, Parsons and Luhmann to consider how they can
illuminate and indeed develop a complexity-framed explanation of continuity and 
change and the signifi cant evolutionary dimension of historical materialism of fi
Marx, for its concept in particular in relation to emergence. The point of looking
at this work and critiques of its conceptions of systems is always to examine sig-
nifi cant systems concepts and their resonance for complexity theory.fi

Rather than a survey of the history of evolutionary theory, therefore, we want
to build a picture of work that has been done with these concepts that is relevant 
for us.

Defi ning evolutionfi

The fi rst task for any discussion is to defifi ne the boundaries of interest and infi
focusing on evolutionary theory we find some useful axes for this discussion havefi
been identifi ed in the commentaries by Hirst (1976) and by Sanderson (1990), fi
each seeking to typologize a vast range of work in this domain. Evolutionary the-
ories in general represent an attempt to explain, over long historical periods, the 
nature and meaning of social change. In one sense they are archetypal modernist
attempts to create order out of a narrative of history. In such an ambitious project
it is hardly surprising that the range of interpretations is considerable and that a 
categorization of those theories exposes some fundamental ontological differ-ffff
ences. These distinctions provide some crucial grounds for diff erentiating between ffff
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approaches. Sanderson uses a distinction identifi ed by Toulmin between evolu-fi
tionary and evolutionist theory. Here, ‘evolutionary’ theories describe change in 
terms of successive historical periods (process) while ‘evolutionist’ theories inter-
pret history as the outcome of transcendent patterns with a progressive nature, and 
are therefore teleological. What we have, then, is a distinction between a mecha-
nism type account (that could be consistent with natural selection), identifying the
causes of change but implying no ultimate resolution; and a history that suggests
a master direction in social change. Confusion over this fundamental distinction is
one of the major misunderstandings evident in discussions of specific evolution-fi
ary theories which Sanderson particularly identifies with Giddens’ critique.fi

A notable attempt to combine the two processes was made by Sahlins and 
Service (1960, see Hirst 1976). They describe a specific adaptive process asfi
embedded within a more general evolutionary movement toward successively 
higher forms of development. In this approach ‘specific evolution’ identififi  es thefi
creation of evolutionary stages by adaptive responses leading to new forms of 
diff erentiation. ‘General evolution’ describes a grand movement in a particular ffff
direction and refl ects a general tendency for difffl  erentiation to create successivelyffff
higher evolutionary forms. The relationship between the two is inverse because 
potential is based on the achieved level of adaptedness of a system. The more
perfectly adapted a society is to its environment, the less likely it is to be able to
change, implying a more linear universe than the one we have described. For com-
plexity theory of course the notion of inevitability denies emergence and is there-
fore untenable and the incorporation of a teleological component is problematic. 
Both the mechanisms type explanation identifi ed by Toulmin and the discussionfi
of specifi c evolution by Sahlins and Service permit an interpretation in which fi
causal relations describe contingent, system-environment interactions that are
emergent and adaptive but in which there is no prefi gured outcome. So we need to fi
think about the kind of explanation evolutionary theory offers and here Hirst’s ffff
review of approaches that have used an evolutionary narrative is helpful. He sug-
gests they can be categorised as three types:

1 Progress, teleology explanations, identified with Spencer and Lamarck.fi
2 Histories of successive development which have no meta-theoretical princi-

ple underlying them such as that proposed by L.H. Morgan.
3 Darwinian, abstract general theory of natural selection which applies 

 universally.

These distinctions diff erentiate a range of evolutionary explanations in terms of ffff
their explanatory principles, and while there may be good ground for disputes 
about how complete or mutually exclusive the categorization is, the identificationfi
of dominant type of explanation is useful. Indeed it is suggested that the failure
to distinguish between the motor forces of change in these types reflects misun-fl
derstandings by theorists such as Giddens, whose response has been to reject 
 evolutionary approaches per se (Sanderson 1990). Particularly valuable for us is 
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the distinction between cultural, developmentalist accounts and a mechanism of 
change explanation. We will explore the consequences of this for social theory 
below but fi rst we want to deal with the problems raised by directionality, usuallyfi
conceived in the form of progress, that is so fi rmly embedded in popular as well fi
as some scientifi c discussion of social evolution.fi

Progress, teleology and directionality

We have identifi ed above the inappropriateness of master narratives of evolution fi
and it is worthwhile to take a moment to explore the problems they pose. The first fi
notion that we want to despatch is the idea of progress, which raises a number 
of problems, not least, of course, defi nition. The very concept of progress has fi
been formulated in modernization theories as an inevitable process, involving 
improved adaptation of organizational and institutional structures to better 
 control of the physical and social environment. Historically, anthropologists and 
sociologists have formulated accounts of human history that see those develop-
ments as part of a general progressive development of human kind from lower 
to higher forms of social being. In the twentieth century this has been read as 
productive effi  ciency creating surplus based on technological advance. Suchffi
accounts expose two fundamental sets of assumptions that we want to surface
here. First they present unilinear renderings of history as an onward march with 
specifi c direction, and second they present their ethnocentric value judgementsfi
as universal (see Granovetter 1979, Sanderson 2007). We can read both problems 
in the works of Spencer and Parsons, but also awareness of causation as complex.
Despite the criticism of the teleological dimension of Spencer’s theory, for 
instance, his account of structural diff erentiation, leading to ever greater hetero-ffff
geneity, leaves open the way for contingency. ‘Every active force produces more 
than one change – every cause produces more than one eff ect’ (Spencer 1868: 37). ffff
Parsons was aware of it and claimed to avoid this pitfall by achieving an objective 
basis for his theory in terms of adaptive capacity:

I have tried to make my basic criterion congruent with that used in biological 
theory, calling more ‘advanced’ the systems that display greater generalized 
adaptive capacity.

(Parsons 1966: 110)

Yet there is clear ethnocentrism in Parsons’ judgement of what actually constitutes
an advanced society/profession. Parsons saw North American society as having
reached the furthest point in evolutionary progress based on the weakening of 
ascriptive status in industrial and democratic change, the diversity of its ethnic and 
religious base and its manifestation in the evolutionary concept of citizenship devel-
oped by T.H. Marshall (1950). Parsons’ judgements can now be seen as representing
the dominant ideas of their time whose ideological status, as Williams (1983) pointed 
out, was diffi  cult to recognize. The value driven nature of Marshall’s own work is ffi
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now widely recognised, not least for its assumptions about structural social inequal-
ities of gender. Not only are such theories frequently unknowingly ethnocentric and 
gendered, they raise insuperable problems for any attempt to categorize evolutionary 
stages. Rank ordering societies in terms of any notion of effi  ciency is clearly ques-ffi
tionable. No simple agreed criteria for the defi nition and measurement of effifi   ciency ffi
are available and (setting aside the problem of defi ning a society’s problems objec-fi
tively rather than in terms of its own priorities) the notion of adaptive capacity 
remains impossible to empirically document or measure (Granovetter 1979).

Of course, not all teleological explanations involve ideas of ultimate progress.
Equal weight is given in some theories to darker prospects for humankind. In 
Weber we see an evolutionary account that predicts progression toward a more 
negative future in terms of rationalization and bureaucracy, while for Spencer 
society continues to develop in a progressive way until it reaches its own system
limits and hence its ultimate demise.

So our fi rst distinction lies between progress and other accounts of directionalfi
change which are inherent in the concept of evolution. The idea of directionality 
becomes open to multiple interpretations so that progress explanations are more
appropriately seen as one type of directional evolutionary theory. Sanderson 
(1990) reminds us that although critical of the evolutionary frame on these 
grounds, Giddens developed a directional theory of time space distanciation. Per-
haps we can then formulate the issue more precisely, in Hirst’s terms: ‘There is a 
vast diff erence. . .between recognising teleological elements in social practice asffff
an object to be problematised and explained, and constructing explanations of 
social relations in terms of teleology’ (Hirst 1976: 125).

If, instead of regarding history as a narrative of single direction, we recognize 
direction as produced through iteration of systems processes described earlier, we
can then retain the notion of direction while dispensing with linearity. Anthropol-
ogists such as Marvin Harris have treated history as a ‘mixed bag’, raising the
question of whether there is any discernible directionality in the aggregate of all
changes. In this view history is appropriately represented as multiple adaptations
made in response to multiple stimuli, both originating in the environment and,
internally, in the refl exivity of agency. Change with direction is an aspect of thefl
irreversibility of systems over time which suggests a non-teleological directional-
ity of evolution, paralleling the approach we identified above as Darwinian. There fi
is, in this process, no necessary tendency involved and no master causal process.
The notion of a hierarchy of social forms disappears, as do ideas of purpose. This 
provides us with a notion of directionality, albeit of a non-linear kind, that is inher-
ent in any explanation in which we consider each historical period to be emergent 
from the conditions of the one before. Direction in dissipative social systems,
then, is an outcome of multiple system/environment interactions rather than an 
inevitable unilinear development. 

Working with evolutionary social theory in dealing with how change can be under-
stood as ordered presents us with an equally fundamental question of what consti-
tutes the unit of change. Thus far we have used the language of system/environment
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as taken for granted concepts to allow us to focus on the kinds of change that evo-
lutionary theory seeks to explain. Related to the question of directionality, however,
we need to consider to what in the social world the concept of system corresponds.
We can, here, draw on the work of Spencer as the most explicitly system-focused 
theorist for establishing the frame for its discussion in terms of history, structure
and function. Parsons took the functional discussion forward, attempting to explain 
system reproduction as the work of actors, albeit in accordance with norms that are
functional to it. We will consider Luhmann’s account of the system because it is
constituted in a very different form in terms of both its components and its tempo-ffff
rality. In each, system theoretic ideas are produced that provide both insights and 
challenges for accounts based in complex dissipative systems.

Society as a system: the concept of system

Spencer established evolution as a process which involved society as a system.
Indeed it was Spencer, rather than Darwin, who introduced this way of conceiv-
ing of evolutionary change. The order-seeking property of Spencer’s concept is
immediately apparent in his defi nition of systems as having an internal unity thatfi
distinguishes system from environment, ‘a whole whose parts are held together by 
complex forces that are ever re-balancing themselves – a whole whose moving 
equilibrium is continually disturbed and continually rectifi ed’ (Spencer 1967: 544 fi
quoted by Carneiro 1973: 84). Spencer has been criticized for concentrating on 
equilibrium, but such notions of system and of euquilibria being broken and 
re-established implies an inherent systems property of a moving rather than a 
static condition. Their dynamic character is fundamental as systems operate by
‘seeking through adaptation to establish and maintain an equilibrium in the face 
of a changing environment’ (Carneiro 1973: 80). Moreover, systems and their 
sub-systems operate in the context of an environment that is itself characterized 
by change. In Spencer’s view, social change can be explained as the social system
develops through a progressive process of diff erentiation to create increasingly ffff
complex structures. These structures become stratifi ed in response to specififi cfi
functional imperatives. They are diff erentiated and therefore increasingly spe-ffff
cialized, but their interdependence is essential because it is this framework that 
maintains the coherence of the whole. Spencer describes this by analogy with 
biological processes.

Evolution establishes in them both [social and organic structures – authors’
insertion] not diff erence simply but defiffff  nitely connected difffi erence – diffffff  er-ffff
ences such that each makes the other possible.

(Spencer 1876: 5) 

In discussing systems through an analogy with the biological organism, Spencer’s 
concept of system can be challenged for accepting the constraints that organicist 
theorizing imposes (Bourdieu et al. 1991). However, the analogy is not held to be 
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perfect and Spencer clearly diff erentiates social and biological systems, mostffff
importantly in terms of the function/structure relationship, ‘In the one, conscious-
ness is concentrated in a small part of the aggregate. In the other it is diffused ffff
throughout the aggregate; all units possess the capacities for happiness and mis-
ery’ (Spencer 1883: 479). In making this qualifi cation explicit he acknowledgesfi
significant implications for the kind of functionalism that can be developed. The fi
aggregate can be treated as a ‘whole’ in terms of cultural norms or collective con-
science but there is no organising principle, no simple hierarchical set of rules to 
guide its development. The internal development of the whole is a subject that
must still be explained. In itself, of course, this raises one of the most vexed ques-
tions in social theory, the relationship between structure and agency.

Founded in a rejection of history analysed in terms of individual agency 
alone, Spencer sought social explanation in terms of regularities across time and 
place that could nevertheless be abstracted to provide law-like statements. His
conception of evolution was also concerned with mechanisms of adaptation, and 
the degree to which this was conceived of as unilinear, necessary or endogenous
has been the subject of ongoing debate (see Carneiro, Sanderson, Granovetter). 
Both readings have been persuasively argued and we could present evidence
from Spencer’s work in support of each, Carneiro has refuted critiques of 
Spencer as rectilinear, unilinear, ignoring environment, axiomatic and teleolog-
ical, while Sanderson has argued that Spencer’s inconsistent writing on the sub-
ject leaves only recourse to the theme of developmentalism that runs through his
body of work.

For Spencer, the process of social evolution is conceived as an advance through
successive forms from primitivism to civilization and this is associated with
growth in intelligence, language and hence social progress (1883). The relation-
ship between structure and function sees the two as intimately interrelated and his
discussion of evolution is particularly concerned with these relations (Carneiro
1973). More interesting for us is that we can detect in Spencer, albeit not a particu-
larly developed, sense that the whole is emergent:

Hence arises in the social organism, as in the individual organism, as life of 
the whole quite unlike the lives of the units, though it is a life produced by
them. . . . Systems are constituted by relatively permanent structures, existing
in a relationship with their constituent units but not delimited in time by them: 
By a catastrophe the life of the aggregate may be destroyed without immedi-
ately destroying the lives of all its units: while, on the other hand, if no
catastrophe abridges it, the life of the aggregate immensely exceeds in length
the lives of its units.

(Spencer 1883: 479) 

Systems and their sub-systems continue their process of development across
history and Spencer introduces ideas of criticality, again, through comparison
with biological organisms. The teleological criticism is supported in the inevitable
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process of complexifi cation and difffi  erentiation, which eventually leads systems toffff
exceed their own limits and break down. It is, then, not only possible, but inherent 
in the development of society to return to a condition of simple systems and insti-
tutions. Dissolution occurs when environmental change deprives the social system 
of the necessary energy to maintain established structures and functions. Spencer 
identifi es this as process as initiated when the environment pushes the system fi
beyond the ‘impassable limit’ of evolution, to dissolve, break to simplicity ‘before 
its ultimate demise’ (Carneiro 1973: 94).

There is linearity apparent in Spencer’s work that arises here in the proposition 
of reversibility, as Spencer clearly saw in the evolutionary process an inevitable 
return to simpler structural forms. Translated into the language of dissipative 
social systems, increasing system complexity represents the ability of the system 
to import energy from its environment. What is absent from Spencer’s conceptu-
alization is a concomitant system ability to export internal disorder to its environ-
ment. This absorption rather than exchange of energy explains the basis of 
Spencer’s system as having inevitable limits. It is a major departure from complex 
dissipative systems and in this respect the charge of teleology against Spencer 
seems justifi ed, in seeming to deny emergence. Carneiro has defended this charge,fi
however, arguing that ‘only when evolution is regarded as a unique series of 
 historical events can it be said to be irreversible. And then the argument is proba-
bilistic, not deterministic’ (Caneiro 1973: 92). If evolution is defined, as Spencer fi
defi nes it, as ‘a succession of general states of a system’ the notion of moving tofi
simpler forms of organization, although manifest very diff erently empirically, ffff
could be consistent within complex dissipative systems. The qualification would fi
then be that dissolution would take place only along this dimension of complexity/
simplicity. It would not be inevitable, neither would it re-establish prior forms in 
any sense empirically recognizable as a ‘return’.

However we interpret Spencer’s work, his contribution to theory of an evolu-
tionary form was signifi cant for its discussion of the nature of systems, sub-fi
systems and environments in processes of interaction which involve critical axes
of transformational change as well as adaptation. As we have seen, it departs
 signifi cantly from dissipative systems in its failure to deal explicitly with energyfi
exchange and emergence. Nonetheless his theories, drawing on historical record,
develop an empirically related discussion of systems change in the real world that
inspires a useful dialogue with complexity concepts.

Parsons took up the explicit theorization of systems in the early to mid-twentieth 
century to move the discussion in an idealist direction. Parsons began his own
work rejecting Spencer out of hand, only to return to it as his own systems theory 
developed in line with a gradualist neo-Darwinian synthesis (Harvey and Reed 
1994). He attempted to delineate the basis of relationships between sub-systems,
framed as the symbolic systems constitutive of culture. Like Spencer his early
studies in biology are apparent as an infl uence in his work and he distinguished fl
his interest in the physiological form of the concept and in homeostasis from
Schumpeter’s conception of physico-chemical systems. Parsons directly addressed 
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social and cultural evolution as exhibiting ‘continuities with organic evolution’
(Parsons 1970: 851):

. . . developments in biological theory and in the social sciences have created 
fi rm grounds for accepting the fundamental continuity of society and culture fi
as part of a more general theory of the evolution of living systems. One aspect 
of this continuity is the parallel between the emergence of man as a biological 
species and the emergence of modern societies.

(Parsons 1971: 2)

Parsons used organic analogy quite extensively to model relationships between
roles and functions within organizations (Parsons 1951). As in Spencer, differen-ffff
tiation plays a major explanatory role as structures progressively divide function-
ally to create qualitatively diff erent units within the system. Each unit then evolvesffff
greater internal complexity and the process of increasing structural differentiation ffff
brings about greater independence within sub-systems over time. It is here that 
Parsons discerns the increasing individualism apparent in modern society and the
concomitant need for integrative mechanisms to solve problems of anomie. 

While Spencer identifi ed structure as developing functionally, giving rise to fi
new systems with new problems of adaptation, Parsons was concerned to develop
an account of cultural systems as a way of incorporating the dimension of action 
in explaining how systems functioned. He drew on both Durkheim’s ideas of col-
lective conscience and Weber’s focus on the social action of individuals in terms
of communication of information, symbols and meaning to achieve an account of 
the action of individuals fulfi lling roles. In fi The social system (1951) Parsons 
develops an account of the social systems as the outcome of interactions between
the individuals that comprise it. Although analytically distinct, systems interact in
a hierarchically ordered form in which the individual’s role is defi ned and gov-fi
erned by shared rules of a normative culture. The cultural system sits at the top of 
a hierarchy and feeds down through community, polity, economy, from society to 
personality. Individuals are then conceived as performing multiple roles across 
sub-systems which are complex and interacting. These roles are institutionalized 
through a process of allocation which, if successful, results in system integration.
The social system is internalized in the individual through normative culture, 
which is highly functional, and it is this form of explanation that has resulted in
criticism of Parsons over socialized agents. Sub-systems must be both interpene-
trating and interdependent. Distinguishing analysis of the structure from process,
Parsons used structural forms to identify specifi c points in evolutionary progress,fi
based in four universals of technology, language as a basis for communication,
kinship rules based on incest taboo, and religion.

So society is conceived as a system comprising sub-sytems, each of which is
orientated to achieving defi ned goals. Structure and function are related through fi
diff erentiation creating sub-systems in his formulation: AGIL (adaptation, goal ffff
attainment, integration and latent tension management) which together represent 
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the functional pre-requisites for the system’s survival. The system is conceived 
then as made up of economic, political, social and legal sub-systems in which
needs for economic adaptation, and action to sustain political goals and achieve
social integration, supported by formal legal process, facilitate the maintenance of 
the system as a whole. The question that then arises is how these sub-systems can 
interact to create and maintain stability. As we have seen, Parsons finds the answer fi
in cultural norms, which are shared by actors through socialization. 

Parsons’ early training in biological theory is evident in his approach: ‘action 
process involves combinations of factors that have diff erent functions for the sys-ffff
tem in which they are combined . . . one major aspect of these functions is control
of the cybernetic sense’ (Parsons 1970: 850).

Systems exchange symbolic information with each other to remain in equilib-
rium. The assumption of a homeostatic loop in which stability is restored is of 
course a major point of departure between Parsons’ conception of system and a 
dissipative conception. Parsons used his ‘analytical realism’ (1970: 830) to formu-
late concepts of system and sub-system, drawn from Pareto. His work primarily 
focused on the internal environment and system stability and showed awareness
of, but did not develop, a dynamic analysis of social process. It is here that Parsons
identifi es the genesis of his concern with the relationship of structure and function fi
(1970: 831), although he rejected the structural-functional label, arguing that
structure and function operate at different levels:ffff

It became evident that function was a major general concept defi ning certain fi
exigencies of a system maintaining independent existence within an environ-
ment, while cognate of structure, as a general aspect of such a system, was
process.

(Parsons 1970: 849)

Taking an approach through cybernetics Parsons incorporated stability and 
change in a theory that both maintained the distinction between the processes of 
pattern maintenance essential to system continuity and those of structural change
‘. . . as broadly analogous to the basic biological distinction between physiological
processes by which the state of the individual organism is maintained or changed 
and evolutionary processes involving change in the genetic constitution of the
species’ (Parsons 1970: 851).

In a necessarily highly abbreviated description we have sought to highlight how
relevant concepts of systems and sub-systems are deployed in Parsons’ theory.
There is no doubt that in the process we have not done justice to the full breadth
or sophistication of his argument. Parsons’ own claim to have made an original
and substantial contribution to explaining social systems is focused on two
endeavours: the specifi cation of the nature of systems and their relationships, and fi
the systematic development of a theoretical framework for their analysis. His 
over-emphasis on equilibrium has been widely criticized for underplaying the 
importance of conflict, while his focus on the ideal level seems to have led him tofl
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underestimate the signifi cance of the material to social systems. The problem of fi
the intersectionality of systems is not addressed (Walby 2007). These criticisms
are signifi cant but perhaps more important for our discussion is the charge of rei-fi
fication that has also been levelled at Parsons’ system theory. ‘For Parsons whatfi
adapts is a social system, or at least one of its physical subsystems . . . it presumes 
the existence of something that cannot logically have existence. It presumes the
actual existence of a social system as a thing apart with “needs” and “imperatives” 
of its own’ (Sanderson 1990: 20). This diff erence over the ontological status of ffff
systems is fundamental and is one we will return to later. Although it is a charge
frequently levelled, it is Parsons’ rejection of it that brings resonance from his 
work for complexity theory in arguing that his intention was to develop a rela-
tional theory. This:

. . . very central concept depended heavily on the conception of the abstract-
ness of the subsystem under consideration. Thus a ‘society’ is not a concrete
article but a way of establishing certain relations among components of 
‘action’ that are distinctive relative to the manifold of concrete reality. 

(Parsons 1970: 839)

The success or otherwise of this attempt does not concern us here. The relational
basis of systems thinking is a clear thread that can be drawn through social theory,
however, and we will return to it in the chapters that follow.

We now turn briefl y to draw on Luhmann’s approach to systems because, whileflfl
his debt to Parsons is clear, Luhmann takes the discussion of systems in a radical
constructivist direction. Following Spencer and Parsons in seeing evolution as
inherently a concept dealing with systems change and reproduction, Luhmann
proposes a more complex system conception, rejecting function as a relationship
between a problem and its solution and being concerned, instead, with the rela-
tionship between problem or problems and the range of possible solutions. He
develops his account of autopoietic social systems as complex self-referential sys-
tems that reproduce themselves through communication. Everything that can be 
defi ned as social then must be explained in terms of interaction and communica-fi
tion rather than individual agents. Rejecting dualist explanations of structure
and agency in which the individual is the ultimate system unit, systems become
systems of communication and (following Maturana and Varela) they are autopoi-
etic, operatively closed in the sense that environmental pressures create internal
perturbations within the system but do not in any way determine the system’s 
response. It is, rather, the system that adapts to its environment in a way consistent
with its own internal conditions. The relationship between system and environ-
ment therefore is one in which the environment might ‘trigger’ a response but
cannot determine its nature.

The ‘system makes the diff erence between system and environment’ (Rasch and ffff
Wolfe 2000: 36) so that ‘reality’ is eff ectively constituted by the system’s self-ffff
description. ‘The question whether it is the world as it is or the world as observed 
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by the system remains for the system undecidable. Reality may be an illusion but
the illusion itself is real’ ( Rasch and Wolfe 2000: 37). 

The system, then, is defi ned by the network of its production processes rather fi
than by its components. The operations of the system are dependent on structures
which are, themselves, produced by its operations. The core element of the social 
system, then, is communication and each sub-system determines what communi-
cation is relevant to it:

A social system comes into being whenever an autopoietic connection of 
communication occurs and distinguishes itself against an environment by
restricting the appropriate communications. Accordingly, social systems are
not comprised of persons and action but of communications.

(Luhmann 1995, quoted in Mingers 2002: 288) 

Communicative events are constituted in a tripartite information, utterance and 
understanding relationship and it is requiring the third element that the process
can be described as social. It is this that defi nes interaction in that each commu-fi
nicative event involves a decision to accept or reject the communication. These
communication events are the means by which systems reproduce themselves.
They are immediate and have no temporal duration so that there is no possibility 
of reifi ed structure. So autopoiesis takes place entirely at the level of communica-fi
tion and the ‘agent’ in conventional terms does not constitute a relevant unit.

Although the genesis of Luhmann’s system can be discerned in Parsons’ work 
on communication, for Luhmann, people, their consciousness and their actions
alongside the physical environment constitute the environment of the social
system rather than being components of the system itself. He respecifies thefi
system environment relationship and develops the account of systems respond-
ing to triggers rather than determined by external change. It is a theory that 
does not explicitly deal with power relations and one that operates at a deeply
abstract level.

Luhmann’s theory is based on several challenges to traditional systems theory
that are usefully summarised by Knodt in her foreword to Social Systems (1995) as: 

1. the principle of a unifi ed, autonomous subject, 2. the idea of the social as afi
derivative sphere of intersubjectivity, 3. the corollary of communication as an 
interaction between subjects, 4. the notion of communication as a transmis-
sion of mental contents between separate consciousnesses and 5. the corre-
sponding idea of language as a representation of such contents.

(Knodt 1995: xxv)

Society is, functionally, world society, structurally diff erentiated, existing within a ffff
very complex environment. As with Parsons, but in very different form, complex-ffff
ity increases over time through segmentation and stratifi cation so that sub-systemsfi
become highly autonomous and self referential. Society is then ‘the indeterminate 
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outcome of the interaction between these independent but interdependent domains’ 
(Mingers 2002: 285).

The understanding that society is no longer a controlling centre but becomes this
indeterminate outcome addresses the diffi  culty of society asffi a system that Parsons
and other traditional systems theorists have encountered. The representation of a 
single, all-embracing system with component sub-systems creates difficulties for ffi
both conception and empirical work in global society.

Luhmann’s approach is highly radical, not least in the completely new signifi-fi
cance it gives to time. His conception has been criticized as suppressing the time
dimension, collapsing synchronic and diachronic processes (Reschke 2005). This
is a signifi cant issue for complex dissipative systems which have history and arefi
hence not engaged in circular processes. If this time dimension is explicitly added,
the circles of self-referencing elements in systems theory diagrams become ‘spi-
rals’ that move through time and ‘characteristics space’ of (more or less changing)
actors and objects. The more iterative characterization of system change that 
Reschke proposes is of course more consistent with complexity and it is one that
we will develop further.

So far we have identifi ed thinking about systems in terms of their constitutionfi
and relationship to environment and this has brought structure and function to the 
fore as core ideas of reproduction. The mechanisms of reproduction that occur as
adaptive responses within an overarching process of evolutionary change have
been dealt with rather diff erently in these theories, revealing core ontological ffff
 diff erences.ffff

Adaptation, adaptedness and emergence

A central distinction for discussing system change needs to be made between
adaptation and adaptedness as frequently confusing two very different ideasffff
(Sanderson 1990). Adaptation describes a process, perhaps never completed, 
within which the system changes to respond to its environing conditions, seeking
to gain equilibrium; adaptedness encapsulates the extent to which any social pat-
tern can be described as optimal for the individuals within it. Based on this dis-
tinction rests the simple but highly signifi cant point of difffi  erence for social theory, ffff
of whether the process of adaptation necessarily brings about optimal adapted-
ness. The distinction between seeking and gaining equilibrium that we raised ear-
lier in Spencer’s work is relevant here. It is a fundamental distinction for complex 
dissipative systems because to conceive such a condition as possible would, over 
time, imply stasis. It is diffi  cult to imagine an empirical social system that could ffi
conform to such a description and, of course, even Parsons, in seeking to explain
reproduction in terms of order, recognized that no ultimate evolutionary state 
could be achieved. We see its most obvious recent manifestation, however, in the
‘end of history’ account proposed by Fukuyama (1992). 

Adaptation, not surprisingly, is central to both Spencer’s and Parsons’ work on 
evolutionary social theory. Spencer describes it as a process for ‘bringing a system
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into equilibrium with its environing conditions’ (Carneiro 1973: 84). Non-linearity 
is evident in the distinction between processes of direct and indirect equilibration.
Direct equilibration is proportional and gradual, while indirect equilibration is the 
system’s more dramatic response to initial conditions. In the latter, when system
change is impeded by structural rigidities the whole breaks down and is replaced 
by more fl exible systems. System flfl  exibility is therefore critical to ensure survival, fl
and the relationship between evolution and equilibration is conceived as contin-
gent. In Spencer’s work, then, we have an acknowledgement by implication of 
the importance of adaptive capacity rather than adaptedness as a characteristic of 
the system.

We identifi ed the discussion of difffi  erentiation and increasing complexity in ffff
Parsons as the adaptive response of goal-oriented systems. Parsons seems to sug-
gest that systems can, in the process of evolution, develop this adaptive capacity.
He characterized evolutionary social change as a process of increasing structural 
diff erentiation in which a system’s ‘adaptive upgrading’ is a core feature constitut-ffff
ing its longer-term fl exibility and adaptability (Granovetter 1979). These forms of fl
structural diff erentiation constitute the basis of the typologies he then constructed ffff
to defi ne the place of societies in the evolutionary hierarchy. Parsons was primar-fi
ily concerned with adaptedness and he focused less on the system dynamic
explanation that could support an understanding of how societies passed from one
stage to the next. Adaptive capacity is a hallmark of advancement that indicates
not only the ability of the system to shape itself, as Luhmann’s closed system
implies, but also, ‘includes an active concern with mastery, or the ability to change 
the environment to meet the needs of the system, as well as the ability to survive
in the face of its unalterable features’ (see Granovetter 1979: 499). So although 
evolutionary progress is not inevitable but depends on the resolution of problems 
posed by diff erentiation, an assumption is made that short- and long-term effiffff -ffi
ciency are entirely consistent. As Granovetter has argued, the consequence of this
kind of thinking in empirical research was to encourage some in political theory 
to try to develop scales to measure adaptability, while in economics it further 
supported modelling on the basis of rationality.

The concept of emergence, a fundamental dimension of realist-based com-
plexity, is a familiar notion in social theory. It is evident in Durkheim and subse-
quently we fi nd signs of it in Spencer and Parsons. While Parsons initially rejected fi
emergence at a social level because of his commitment to explanation based in
individual action, the social re-emerged in his later work. A more developed 
notion of emergence is evident, however, in historical materialism where we find fi
it in Engels’ discussion in Anti-Dühring (1877), as the transformation of quantity g
into quality, one of two laws of evolutionary change. The concept of differentia-ffff
tion in increasing social complexity is the basis of the example of population
pressure in which structural complexity increases to match the increasing demands
made on the system by a growing population. Population pressure gives rise to
fi ssion, social structures can be suddenly complexififi  ed by reaching critical size fi
and indeed this is the mechanism Spencer identified as the basis of reversion tofi
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simpler forms when critical limits have been exceeded. We suggested that the
notion of ultimate breakdown results from the absence of a dissipative relation-
ship of exchange between system and environment. Carneiro (2000) pinpoints 
this process in terms of systems, working within ‘elastic limits’ which, when over-
stretched, give rise to major structural change. Based in supervenience and 
irreversibility, historical materialism has considerable potential for complexity 
theory. The importance of an emergentist explanation becomes clear.

Historical materialism

Our critique of evolutionary theories so far has focused on the work undertaken 
specifi cally on systems concepts either as a counterpoint or as a basis for analys-fi
ing social systems with complexity theory. An important strand neglected, in con-
sequence, has been explanation that constructs history in terms of mechanisms
based in the material impetus of productive forces and relations that frame com-
plex realism. Change is modelled, not in the inevitable, teleological account that
critics of the German Ideology suggest is evident in Marx, but rather as historical, 
the contingent result of processes in which structural inequalities are practices
operating in an interpretation of determination off ered by Williams (1980). Sys-ffff
tems are reconceived as multiple and intersecting, based on a reading of Marx that
rejects accusations of technological determinism and developmentalism. The evo-
lutionary dimension of Marx’s writing involved both material and relational ele-
ments as the motor of change. The position is very clearly argued by Holland and 
we quote extensively from his debate with DeLanda on this aspect of the nature of 
Marx’s theory:

The capitalist system need not – indeed should not – be conceived as a social
totality (of the kind De Landa assumes Marxism must entail). There are other 
important systems or abstract machines besides capitalism informing social
relations, including systems of racialisation, genderisation, and so forth.
And it must be an empirical question whether – or the extent to which – one
 system becomes dominant with respect to others (and not a foregone conclu-
sion, as in even Althusser’s invocation of the ‘lonely hour of the last instance’
[1969: 113] in which the economic system would always determine which
system is dominant). As De Landa proclaims, from the perspective of a bot-
tom-up methodology, it is incorrect to characterize contemporary societies as 
‘disciplinary’, or as ‘capitalist’, or, for that matter, ‘patriarchal’ (or any other 
label that reduces a complex mixture of processes to a single factor), unless
one can give the details of a structure-generating process that results in a
society wide system.

(Holland 1998: 271) 

Systems are historically emergent from the interactions of relations within and 
between them. Moreover, Holland argues, no single descriptor is adequate
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when systems are interpenetrating. What Marx and, in following him, Deleuze
and Guattari provide is: ‘a bottom-up account of the capitalist system as a self-
sustaining autocatalytic loop growing by positive feedback and probe-head drift’ 
(Holland 2006: 195). 

While challenging DeLanda’s interpretation, Holland argues that its value lies
in reminding us of the dangers of allowing a structuralist interpretation of Marx:

. . . so out of step with the best understanding of material processes in history
available today, thanks to important developments in nonlinear mathematics
and science. Through lenses off ered by De Landa, Deleuze and Guattari and ffff
complexity theory, we are now able to read Marx’s accounts of capitalism and 
primitive accumulation in a new light, and see Marxism as both benefi tingfi
from and contributing to a novel, nonlinear version of historical materialism.

(Holland 2006: 195–6)

The considerable promise of historical materialism has been discussed earlier in
Reed and Harvey’s work. Its utility in reconceptualizing systems’ intersectionality
in terms of social inequalities of gender, ethnicity and class is further developed 
by Walby (2007).

An attempt to incorporate the insights of historical materialism in an explicitly 
evolutionary systems theory has been made in the theory of evolutionary materi-
alism developed by Sanderson (1994). This has sought to respond to criticisms of 
evolutionary systems theory but to use a systems theoretic account that recognizes
the motor forces of change in material relations and activities. Sanderson (1994) 
identifi es evolutionary materialism as a theoretical strategy:fi

a highly abstract set of assumptions, concepts and principles designed to
serve as a broad theoretical guide to explaining empirical reality. Its purpose 
is to function as an orienting device for the formulation and empirical assess-
ment of theories in much the same way that we have identifi ed complexityfi
theory as a frame. As such it contains numerous theories which are linked and 
specifi c propositions (or sets of propositions) designed to explain specififi c fi
phenomena.

(Sanderson 1994: 48) 

Based in an agreement with Harris’ materialist evolutionary theory, Sanderson 
develops a theoretical approach which he claims can explain the most significant fi
events in world history. In a move consistent with Holland’s discussion above he
emphasises that, rather than a single evolutionary process, we are seeking to
document a considerable range of evolutionary processes underway at any point 
in time:

Social Evolution involves processes that occur within social systems of all
levels, for example dyads, age sets, kinship groups, social classes, complex 
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organisations, societies, any of the institutional sectors of societies, and 
various types of inter-societal networks. 

(Sanderson 1994: 50)

This seems a promising frame in seeking to identify mechanisms of both stability
and change in systems in relation to empirical evidence, that can incorporate
power as essentially sympathetic to understanding of complex social systems. The 
theory is based in an understanding of systems as non-linear and non-teleological,
in which the principal causal factors at work are the material conditions of exist-
ence, so that modern evolutionary change is driven by the accumulation of capital. 
Notions of progress or regression become empirical questions based in an histor-
ical time period and particular dimension of social life. Challenging Giddens’ 
claim that there is a lack of concept of agency in evolutionary theory, Sanderson 
points to materialism as considering the course of social evolution to be driven by
individuals acting to further their own interests but as bearers of inequalities in 
power which means that the consequences of their actions are often the unin-
tended (Sanderson 1997: 104). Social structure, then, is a ‘product of human 
intention but it is not an intended project’ (Sanderson 1999: 399). Although not 
explicitly stated, we can read this as an explanation of systems interacting in ways
that have both mutually advantageous and contradictory eff ects giving rise to inev-ffff
itable non-linearity. 

The theory seems promising on a number of grounds and Sanderson has used it
to frame an extensive empirical review of historical change; however, important 
points of departure from a complexity conceived system are apparent on two 
related grounds: the signifi cance of emergence; and of the methodological indi-fi
vidualist approach that Sanderson adopts.

The absence of a concept of emergence is apparent in its starting position that
social evolution is only the response of particular individuals located at a particu-
lar point in time and space to the conditions that they face. It leads to a reduction-
ist formulation with a major claim that, grounded in diff erent motors of change ffff
(individual agency versus random variation), the social has a predictive quality 
that biological systems do not. What is problematic in Sanderson’s account of 
systems, then, is the lack of conception of a relationship between contingency,
history and therefore emergence which leads him to predictions based on 
Kondratieff economic prosperity that rings hollow from the perspective of 2012. ff
While much in Sanderson’s account accords with an ontology of complex social
systems, the denial of emergence and consequent commitment to the predictive
capacity of the social is a major point of departure for us.

The theory serves a second purpose for us in drawing into focus a further and 
increasingly signifi cant body of work in social theory on co-evolution. Returning fi
to the evolutionary account of systems as interpenetrating that Holland has iden-
tifi ed in historical materialism, we have grounds to incorporate this dimension of fi
systems theory in our review. This work has developed both within the social
sciences and across fi elds of biological and social science in the discussion of fi
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co-evolution of genetic structures with cultural forms (Boyd and Richerson 2005). 
In the latter the concept of co-evolution seeks to incorporate biological and social 
fi tness in terms of an interaction between genes and culture. Dual inheritancefi
theory describes how the intertwining of cultural and genetic characteristics can 
bring about eff ects that contradict genetic fiffff tness. Cultural explanations have alsofi
been drawn on to explain individual behaviour that is orientated toward group/
other survival rather than individual genetic survival through conformist transmis-
sion of group values (Dietz et al. 1990). In policy terms it has underpinned 
research into decision making processes in co-evolving physical and social sys-
tems (Gerrits 2008). How these interactions are formulated has consequences for 
the way that we think about structure and agency as well as macro and micro level
processes that we will develop in Chapter 5. Based in accepting Carneiro’s discus-
sion of reversibility alongside Sanderson’s argument that genetic evolution in
humans is not a relevant temporal scale, we nevertheless have to acknowledge that
the co-evolution of ecological and social systems means that it would be impossible
to replay history in the way that Sanderson suggests.

We have foregrounded the problems raised in Sanderson’s methodological 
individualist approach here not only because of its effects in his particular the-ffff
ory but because it is refl ected more widely across the social sciences. The problemfl
is replicated in Guala’s discussion of the foundation of the evolutionary program 
in social philosophy (2010) in developing a rational action account based on
 knavery/game theory, and of course in evolutionary economics founded in Camp-
bell’s (1960) random variation epistemology. While this model of change, in con-
trast to mainstream economics, incorporated cultural change and institutional
contexts, it relied on a neo-Darwinian random selection mechanism to suggest
best outcomes, thereby failing to recognize the significance of power and conflfi ictfl
or the possibility of other forms of action. These approaches have been challenged 
from within institutional economics where the dominant rational actor approach 
has been questioned (Hodgson 2006) while economic historians such as David 
(1985) have long identifi ed the signififi  cance of path dependence as disruptingfi
rational development. David argues that it is only through the study of historical 
dynamic processes that we can adequately understand economic change. Across
social theory these models of human action and interaction have been deeply con-
tested, yet they continue to appear in new fi elds of inquiry such as agent-based fi
modelling without qualification. It is to these assumptions that we will turn as wefi
change our focus to structure agency interactions in Chapter 5.

Conclusion

The purpose of this chapter has been to look at how the character of explanations 
in social theory can contribute an evolutionary account of social change in a 
 complexity-relevant way. We have specifi cally identififi ed some of the divisions infi
social evolutionary theory because of their consequences for the way that systems
concepts have been deployed. As we would expect, if we are claiming a realist
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basis for social science, there are ways these issues have been dealt with over the
history of social theory that illuminate, or pose questions to, the world that com-
plexity theory describes. The discussion of reproduction and system stability in
Spencer and Parsons, and Luhmann’s focus on systems as autopoietic have
brought diff erent ways of thinking about system environment relationships. There ffff
is a debate about the degree to which these theorists are developmentalist,
teleological or employ ordinary causal explanation as well as the particular 
relationships envisaged between cultural/ideal and material factors. We are not 
seeking a defi nitive position on these debates, rather in the dialogical mode of fi
theory development we hope to identify some grounds for a conversation with 
complexity here.

While Spencer, Parsons and Luhmann dealt with systems diff erently, the func-ffff
tionalism inherent within their approaches appears to off er lesser explanatory ffff
potential than complexity theory’s open systems approach. Evolution can be heu-
ristically described as a single process but the models of evolution developed in
social theory recognize interactions of short, medium and long term processes of 
adaptation in which co-evolution brings change that is not usefully defined either fi
as ‘progress’ or ‘regress’. We used Carneiro’s analysis of Spencer to support an 
interpretation of social systems as dynamic wholes interacting with their environ-
ments, including other systems. In such explanations the notion that there could 
be any completion to evolution is clearly inappropriate in assuming a point of 
ultimate fi tness which implies an unchanging environment. It highlights the sig-fi
nifi cance of the temporality of systems that we will develop in Chapter 6.fi

In this chapter we have identifi ed the genesis of evolutionary ideas in biologicalfi
and social theory, originating in a shared discourse in which they dealt with com-
mon concerns about causal processes. This is important, not because it is a claim
to equal standing, but because it demonstrates processes of reasoning that applied 
in both settings, in which the role of theory in relation to the empirical was dialog-
ical rather deductive. In the twentieth century, Hirst pointed out that social evolu-
tionary theories became diff erent enterprises, ‘they have been philosophies of ffff
history or systems of historical generalisations’ (Hirst 1976: 16). Hirst used this
distinction to argue that there can be no genuine common ground between biology 
and social because of their diff erent nature:ffff

Natural selection specifi es a set of relations between the things it designatesfi
by its concepts (mutation of characteristics, selection pressures etc.) and a
range of possible conditions under which they apply. It is a general theory of 
the mechanism by which species are transformed and unlike an historical
generalisation it is not confi ned to a given set of transformations. fi

(Hirst 1976: 26) 

Rereading this work in complexity terms, however, we can identify random 
mutation in biological evolutionary theory as a mechanism-based explanation
analogous to a social conception of conditions of variation in which agency must
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be incorporated. In both, mechanisms are effective as causes in some circum-ffff
stances and not in others, as we saw at the beginning of the chapter.

We want to suggest that evolutionary theories can, with amendment, include
retroductive explanation of systems change which parallels Darwin’s approach 
to scientifi c reasoning. Far from the Social Darwinist substantive theory that fi
the selection process yields ‘best’ outcomes in a normative analysis, we have
based adaptive processes within the context of Gould’s reading of evolutionary
processes that recognises contingency. We can go on to suggest that complexity
theory can perform the role of abstract general theory that Hirst regards as a 
missing foundation for evolutionary social theory. 

In complex dissipative systems the capacity to import energy from environment
gives rise to increased structural complexity, while the system can export internal
disorder to its environment. This explanation seeks to account for adaptation while 
recognizing that this is ultimately adaptation to an ever-changing environment. 
The nature of environment as dynamic also brings forth the discussion of 
co-evolution of social and physical systems and the unintended as well as intended 
consequences of action. Conceived as a process that is ongoing, the notion of 
improvement is unnecessary.

Teleological explanation sets progress explanations according to a principle of 
organisation, a basic identifi able cause. While there is a debate about the degree tofi
which Spencer and subsequently Parsons employed teleological ideas, as we have
seen there is no necessary teleology in evolutionary theory of the biological or 
social kind. Ultimate functionalism is not inherent in evolutionary theory and it is
clear we can use mechanisms of adaptation without drawing any conclusion of 
ultimate success in outcome. While the rationale of functionalism, in as far as it
expresses an adaptive response, may shape system action, there are no simple
unilinear cause-eff ect outcomes to detect.ffff

We have dealt with evolutionary theory as a systems theoretic explanation, of 
the same kind as complexity theory, and have favoured explanation based in ordi-
nary cause over time, and in contexts, replacing notions of teleology and progress
with those of change. Evolutionary social theory is inherently systems theory but, 
in Toulmin’s terms, theories of complex systems are not inherently evolutionist.
The social world, in dealing with agency, has to cope with considerably greater 
complexity than that of random variation. It requires a view of the human agent 
orientated to the future as well as the present, to consider the combination of pur-
poseful and other actions, unintended consequences, individual and collective
agency as they interact across history.



Introduction

The issues we visited in the preceding chapter refl ect a struggle over the history of fl
social science to deal with a complex reality that could acknowledge non-linearity 
while discerning order, at times resulting in teleological accounts that denied 
agency. As we have seen, attempts to use notions of rules and regularities to
explain the causes of reproduction have some explanatory power. We identified fi
earlier in the book that a persuasive causal account can be developed retroduc-
tively at an aggregate level through traces, but also that we need to understand 
those long-term outcomes of processes of change, through an understanding of 
how that change is produced. These sensibilities are evident in the ‘complexity
turn’ (Urry 2005) as not simply a logical, theoretical development but a response 
to a new, ‘ “structure of feeling” . . . Such an emergent structure involves a sense 
of contingent openness and multiple futures, of the unpredictability of outcomes 
in time-space. . .’ (Urry 2005: 3). We need then a science that takes us beyond the
limitations of modernism without falling into the trap of ultimate relativism. Our 
starting point has been that often, in diff erent terms, this reality has been recog-ffff
nized, thought about and worked upon by social theorists whose insights then have
much to off er for complexity theory.ffff

This chapter will take us into discussions in social theory that seek ways of 
dealing explicitly with the epistemological consequences of a world conceived as
real yet constituted by open systems whose very openness gives rise to outcomes 
that can be explained but not predicted. The interrelationship between ontological 
and epistemological position is fundamental and while this was also true when
positivism was ascendant it was not until we left positivism behind that we were
faced with a recursive relationship between the reality we perceive and the way we 
perceive it. The focus of this chapter is on the concerns of social science to deal
with the nature of the world in terms of the action of people within it and the 
eff ects of structures as shaping and shaped by action. This was formulated as anffff
explicit problem by Lockwood in terms of system integration and social integra-
tion and later by Dawe (1970) relating to ‘two sociologies’, in identifying attempts 
by sociologists to deal with the problem of order and the problem of control. 

Chapter 5

Structure and agency



108 Structure and agency

 Historically the discipline had been split into those who interpreted the world 
in terms of the structures that created regularities, in a normative functionalist 
account, and those who saw the world as springing from the action of individual 
agents. While the former challenged the action account for its inability to explain 
continuity, the latter charged their opponents with reifying what were, in essence, 
the practices of human beings over time. The distinction has been discussed by a
considerable range of social theorists who have recognized the need in some way
to incorporate both for adequate explanation, but who, nevertheless, have strug-
gled to provide a convincing account of how that can be achieved. This chapter 
could have reviewed those sophisticated and more and less persuasive accounts
that have been developed over the years by theorists from Parsons or Elias to 
 Mouzelis, Giddens and others, but we work from the premise that these theories 
are wholes and a superfi cial survey would not serve our purpose at all. We havefi
chosen instead to focus on the work of Archer and Bourdieu in the spirit of 
Bourdieu’s approach to theory that we identifi ed earlier as a dialogue, a building fi
and working process. To think about their theories and their value for complexity 
we need to briefl y outline the core tenets of their work and build from their com-flfl
monalities as well as their divergences. We have chosen them because they have
much to off er that is complexity consistent and that will reflffff ect on the principlesfl
we have already worked with. As with the previous chapter our aim is to raise the 
questions and identify the themes that are relevant for complexity theory rather 
than to compare the work of two theorists. We begin with Bourdieu’s framework, 
which develops an explicit relationship between epistemological questions and 
practical social theory as the basis of useful explanatory work. We will then go on
to Archer’s relationship between ontology, and explanatory methodology devel-
oped through critical realism, which involves much more explicit reflection onfl
how agency is produced and is causally effective.ffff

Reading Bourdieu as a complexity theorist

Given our purpose outlined above we will perhaps take some liberties with
Bourdieu’s work to elicit the themes and ideas that are of value to us. It is worth-
while to begin by challenging the misconception that is apparent in literature
about his work, suggesting that he deals only with reproduction and cannot under-
stand change. This misconception comes from the tendency to pay attention to
habitus and to equate habitus with Bourdieu’s account of agency. The theoretical
development of habitus and fi eld, however, comprehends much more than this fi
that makes it fruitful for discussion of complexity-based theory. It recognizes 
refl exivity in agency and posits a complex conception of interaction with fifl eld and fi
the use of several forms of capital. It sets this discussion in terms of a clearly
developed relationship between ontology, epistemology and empirical methods
which needs to be understood to appreciate the conceptual articulation of his
theory. Paying attention to Bourdieu’s discussion of the relationship between epis-
temological and empirical is important here because it underpins our subsequent
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attempt at synthesis through complexity theory. His starting point, as we saw in
the Introduction to Part II, is that concepts have no intrinsic value but must be ‘put 
to work’. Before we go on to look at how Bourdieu frames these concepts we 
will briefl y outline his approach to the status and purpose of theory, because itflfl
has been the treatment of his concepts of habitus fi eld and capital absent thisfi
discussion that has resulted in claims that Bourdieu is structuralist.

Ontology, epistemology – theory and evidence

Bourdieu was particularly interested in epistemological questions and, to under-
stand his approach and the status claims of his theory, we need to appreciate that
it is not an application of grand theory in the way that Parsons and others have
attempted, but rather a formulation developed in dialogue with empirical reality.
His approach is consistent, in this sense, with Bhaskar’s question of: what must 
the world be like for science to operate in this way? (1978) As we pointed out in 
the last chapter any theory of the middle range or grand kind is based on ontolog-
ical assumptions that are often left implicit. A discussion of structure and agency
raises inevitable questions about those aspects of the social world that are real in
the sense that they have causal power, but are not visible to the senses. Bourdieu
acknowledges this reality and identifi es the need to develop theory that canfi
account for what we can observe while recognizing that this means that deep
structures are implicated:

My entire scientifi c enterprise is indeed based on the belief that the logic of thefi
social world can be grasped only if one plunges into the particularity of an 
empirical reality, historically located and dated, but with the objective of con-
structing it as our ‘special case of what is possible’ action as Bachelard puts it, 
that is as an exemplary case in the finite world of possible confifi  gurations. fi

(Bourdieu 1998: 2)

The stance of the sociologist deserves attention, then, not as seeking out the real
in a separate, almost positivist understanding of established theory, but in seeking
understanding in and through application. The researcher’s role, then, in uncover-
ing this reality is to develop a theoretical explanation that can grasp the operation
of those underpinning structures and processes as they are manifest in the real
history of the social sphere.

Bourdieu’s fi rst principle for theorising is that no explanation could provide an fi
account to cover all actions and relations, system structures and practices within a
system of relations. The social scientist is, rather, to treat theory as a, somewhat
plastic, tool of explanation. It must be applied in empirical settings to have mean-
ing or validity but is not imposed upon the empirical so much as developed in
relation to the empirical. Here he points to C. Wright Mills’ distinction between
theory as ‘splitting and polishing concepts’ and theory as generative. His work on
the logic of practice focuses on this gap between theory as logic and theory as
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practice, arguing that to develop theory of the social world we need to understand 
it as practical logic:

. . . based on a system of objectively coherent generative and organising
schemes, functioning in their practical state as an often imprecise but system-
atic principle of selection, has neither the rigour nor the constancy that char-
acterize logical logic, which can deduce rational action from the explicit, 
explicitly controlled and systematized principles of an axiomatics (qualities
which would also be those of practical logic if it were deduced from the model 
constructed to account for it). 

(Bourdieu 1990: 102)

The status of theory then is that it develops ‘models’ of systems of relations, which
stand, as models always do, as metaphors of reality. It is just this relationship
between epistemology and empirical investigation that makes Bourdieu’s work 
compelling for complexity theory, in which the aim is to achieve scientific laws,fi
expressed as normic statements that can ‘give reasoned scientific accounts of fi
 reality’ (Reed and Harvey 1992: 357). It highlights the nature of explanation being 
sought that both rejects the application of a master functionalist logic and takes us
a long way from methodological individualism. As with Bourdieu’s objections to
Althusserian Marxism, the very role of insights from theory is that they are a 
starting point for understanding rather than an eternally applicable description to 
impose on the world. It is here, in positing abstract social theory, that the danger 
of reifi cation lies.fi

We encounter here the recursive relationship between theory and empirical 
work which returns us to our opening concern with the relationship between the 
nature of the world and the nature of social science. An example from the devel-
opment of social science itself helps to illustrate. Bourdieu points to Kuhn’s struc-
ture of scientifi c revolutions as making a sociology of science possible. Whilefi
Kuhn’s insight into the nature of scientific development was radical, he explained fi
punctuated periods of normal and revolutionary science as internal to science 
itself. Bourdieu argues that if we see science as a field in which conflfi  icts betweenfl
‘orthodoxy’ and ‘heresy’ at points of crisis bring about paradigm change (Spencer 
1876: 6), we can, then, break with both the logicism that posits the discovery of a
priori rules and immutable laws and the relativism that treats science entirely as
something that is ‘done’.

What is to be developed then is not simply an account that relates structure to
agency, but one that acknowledges this interaction as much within the scientific fi
enterprise as within other fi elds. The relationships in the fifi eld of scientififi  c knowl-fi
edge are reminiscent of a wider social process, nicely encapsulated in his adapta-
tion of Pascal. Structure and agency are to be understood in this recursive 
relationship and it is through material inclusions, social structures as dispositional
structures, objective chances as expectations that, Bourdieu argues, we develop
practical knowledge.
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Structure and agency

Based on this understanding of how we use theory we can go on to look at the
relationships proposed between structure and agency in Bourdieu, a necessary
discussion if we are to avoid the atomized treatment of the concepts of habitus and 
fi eld that has led to misinterpretations of his work in the past.fi

It may be useful to begin here by establishing a distinction between agency and 
action. Although it is not a distinction made explicit in his writing, it does pinpoint
a diff erence he makes between what people do and the component of that that ffff
describes its conscious, refl exive, creative dimension. Action comprehends bothfl
the refl exivity of agency and the non-reflfl exive, reproductive elements that are fl
consistent with the structural context. What people do is a contingent outcome of 
those structural and contextual elements working in interaction with conscious,
rational and aff ective interpretations of meaning. Structure-agency relationships ffff
involve both current and past actors, whose actions have become sedimented into
structures. Bourdieu adds an important dimension in explaining the actions of 
current agents, that structures do not simply exist as external to, and imposed on,
actors but are embodied within them. What we perceive and how we interpret the 
world is shaped by our experience of it, not simply cognitively, but as we interact 
with it bodily. Our relationship to the social is therefore embodied. The world is a 
diff erent place for women and men, for rich and poor etc. leading to tendencies ffff
based in our position within it that are not necessarily refl exively appreciated. The fl
interaction of these facets of our experience means that it is not possible to iden-
tify structural factors in any simple way as contributing to a way of being as 
aggregate groups. This echoes the discussion of systems by Holland (1998) and of 
intersectionality by Walby (2007). 

The debate about class and patriarchy that was particularly strong in the 1990s
illustrates the point clearly. Moving from a battle between advocates of the pri-
macy of class versus the primacy of patriarchy, a recognition developed that for 
both women and men these structures interact in diff erent ways to produce an ffff
experience of reality that is internalised. Structure is treated as real in the sense 
that it has causal powers which are contingently effective, based on interactionsffff
between structures and agents’ orientations to them. Historically, the evidence is
abundantly available. Actors dealing with structures of class and of patriarchy do 
so from diff erent positions and with diffffff erent interests, even within the sameffff
 family. These structures are both externally imposed and internalized. If this were 
not the case it would be diffi  cult to explain people reproducing structures that are ffi
based on their own subordination.

In his engagement with the nature of theorising Bourdieu, as we have seen,
lays the basis for a relationship between structure and agency that sees them in
interaction, as generative mechanisms which deny simple reduction to containers
of structure and containers of agency in which one occurs prior to the other. Struc-
tural determination does not present us with simple master causes translated in a
correspondence; as Potter highlights, ‘given an ontology of structured depth and 
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levels whereby different causal processes are at work within diffffff  erent temporal ffff
frameworks, determination becomes a much more complex notion (Potter 
2000: 239). We have already noted this interpretation in Williams’ notion of base 
and superstructure in Marx’s theory in which determination is the setting of limits
and boundaries rather than direct and unmediated cause. This brings forth a more 
layered and contingent understanding of the role of structure that works well with 
our complexity frame.

While attempts at analysis are inevitably reductionist in some sense, Bourdieu
is pointing to models of recursive relations between structures and embodied posi-
tions in interaction with cognitive, refl exive responses. This accesses enduringfl
explanatory principles consistent with the notion of the world as emergent, in 
which causes are contingent so that apparently minor local variation can bring 
change in some contexts and not in others. If empirical reality is seen as ‘a particu-
lar case of the possible’ then Bourdieu is identifying the significance of contin-fi
gency that results from causal mechanisms that become efficient in some socialffi
spaces and not in others. Far from a world in which agents could be conceived as
the cultural dopes that Garfinkel identififi  ed as the actors of structural functionalist fi
theory, the signifi cance of agency as strategy and reflfi  exivity is clear:fl

. . .nevertheless if the social world with its divisions is something that social
agents have to do, to construct, individually and especially collectively, in
cooperation and confl ict, these constructions still do not take place in a socialfl
void, as certain ethnomethodologists seem to believe.

(Bourdieu 1998: 12)

Bourdieu’s work shows some clear common threads with critical realism. There is 
no doubt that Bourdieu attributes causal powers to structure and to agency. His
rejection of the term ‘real’ is more concerned with responding to the objectivism 
of some models which treat systems as closed self-reproducing systems. He starts
from the position that objectivist approaches describing reproduction ignore the 
medium of reproduction which is human actors, albeit in reproductive phase 
 acting as the bearers of structures: it is worthwhile to point out here that the lan-
guage used by Bourdieu seeks to avoid common sense definition. The concept of fi
 ‘strategy’ is a case in point. It is an attempt to acknowledge creative action in
 pursuit of goals while disavowing its conventional basis in rational action.

Strategy is introduced as a ‘feel for the game’ which sees actors encountering a
fi eld in which external structures have ongoing force. Indeed it is one in which fi
agents have been equipped by their inheritance and accumulated experience with 
more or less ability (or resources of capital) to handle those structures and play the 
game, but one in which they nevertheless engage as creative, reflexive individualsfl
and members of groups developing, defi ning and redefifi  ning their interests. We fi
will outline the role of the fi eld further below but here we want to point out fi
Bourdieu’s identifi cation of the fifi  eld as the focus of social explanation is a clear fi
indicator of the primacy of relations within which the outcomes are the result of 
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an interaction between regularities of structures (seen as relatively permanent) and 
the refl exive agency of collectives and individuals. At each turn Bourdieu qualififl esfi
action as neither simply reproduction nor as wholly rational and voluntaristic. 
Indeed we have to understand continuity and change in terms of different causalffff
powers in confi guration. He refers to Elias’ fifi  gurational approach in ‘The Court fi
Society’ which saw actors reproducing ‘burdensome ceremonies’ because the risk 
of initiating reform was to upset the precarious balance of power among factions 
within the ruling class. Bourdieu points to similarities with Japanese and French
education systems that we might also recognize in the UK:

... worn out parents, exhausted young people, employers disappointed by the
products of an education which they find ill suited to their needs, are all thefi
helpless victims of a mechanisms which is nothing but the cumulative effectffff
of their own strategies, engendered and amplifi ed by the logic of competition fi
of everyone against everyone. 

(Bourdieu 1998: 27)

In describing this aspect of reproduction his point is that we are not dealing with
structures that have been imposed from above against active resistance, but rather 
that the actual outcome is one which actors have produced, albeit in the context of 
structures that they have not.

Structure and agency are analytically separate but actually embodied. Embodi-
ment does not imply an elisionist approach; indeed, discussed in terms of dialectics
and relations, Bourdieu implies a clear analytical distinction. His core concepts of 
habitus and fi eld are established far from direct approximations for agency and fi
structure, as comprehending a relationship in which habitus is part of action rather 
than agency, and fields comprise both the structural relations sedimented from the fi
past (actors long dead both individual and collective) and those current. This rela-
tional approach is the foundation for elaborating Bourdieu’s central concepts of 
habitus, fi eld and capital. What is frequently not recognized is that, for Bourdieu, fi
the dynamics of this relationship between interests, positions, expectations and 
context mean that the ‘fi sh in water’ is not descriptive of dominant experience. fi
Indeed change is the only constant.

Based on a relational/dialectical approach to structure and agency, habitus
and field then take on quite difffi  erent connotations, making way for a much ffff
more dynamic understanding than is conventionally allowed by critics. It has pro-
vided us with a basis for complexity-consistent appreciation of structure-agency 
relationships which will become important in helping us to think about applying
complexity theory in empirical research as well as for evaluating agent-based 
modelling and the appropriateness of prediction.

We have introduced habitus above as explaining the reproductive dimension
of human action. Rather than agency per se, it is the pre-conscious orientations
to action with which actors are equipped to reproduce the world as it is ‘without 
either knowing they are doing so or wanting to do so’ (Bourdieu 1998: 26). 
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When this is achieved habitus and fi eld exist in ‘ontological complicity’ as wefi
saw above.

For many this essential feature of habitus encapsulates the whole concept of 
agency and here the more nuanced understanding of structure/agency relation-
ships is lost. Individuals are carriers of habitus but this is not synonymous with
agency. Bourdieu consciously uses the language of mechanisms to describe the
process but actively rejects the ‘conspiratorial fantasy’ that can result from sim-
plistic application of mechanistic metaphors. Habitus is not simply external struc-
tures imposed through functionalist rules. Expressed as a system of dispositions
it is Bourdieu’s attempt to ‘escape from structuralist objectivism without relapsing
into subjectivism’ (Bourdieu and Wacquant 1992: 61). 

Bourdieu’s rejection of the notion of ‘rules’ is another point at which we have to 
be precise about his defi nition of terms. He uses rules, not as regulating behaviour fi
so much as a shorthand for describing regularities. Actors are strategic rather than 
rule following. Habitus as a feel for the game cannot be separated from the 
game that takes place in a fi eld of relations in which agents at times rely on thosefi
dispositions but also are always liable to reject, innovate and create.

So what we have is not simply a description of structures that in some way
shape or determine agency and therefore action. We have an explanation of how 
structure enters into action. The analysis is not focused at the individual level but
identifi es individuals as the units of data. As we pointed out above, Bourdieu isfi
looking at what is social and this is expressed in terms of relations. The account
we have developed thus far should make clear that this is neither an argument
against the creative power of agency nor one for methodological individualism.

So we have developed a conceptual reading in Bourdieu that gives habitus a
role in explaining action that must be incorporated with refl exive agency expressed fl
in relation to specific fifi  elds. Elder-Vass (2007b) has actually captured Bourdieu’s fi
meaning in his discussion of habitus as only part of behaviour, in Elder-Vass’
terms the metaphorical rather than the literal sense. Of course the space for multi-
ple interpretations increases with the body of work of the theorist. What we want 
to draw on here is the dimension of Bourdieu’s work, consistent with his relational
ideas, that has promise for complexity theory and its application to researching 
social life. In complexity terms we learn about the mechanisms through which 
actors are constituted to reproduce those structures through their own practices. 
So we interpret habitus as a non-reductionist concept whose embodied nature 
encapsulates, ‘practical sense emergent from experience’ (Lau 2004: 382). We 
hope then to unite with Elder-Vass’ step in co-determining which is wholly con-
sistent with Archer’s emergentist approach that we will turn to later in the chapter. 

Collective action in Bourdieu

The further significant dimension of Bourdieu’s work that needs to be addressed fi
lies in the role of collective agency in reproduction, in which his particular concern 
is to understand class reproduction. Bourdieu sets the discussion of social class 
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ontologically in relational terms: ‘what exists is a social space, as space of differ-ffff
ence, in which classes exist in some sense in a state of virtuality, not as something 
given but as something to be done’ (Bourdieu 1998: 12).

We can, then, describe the relations of class in capitalist society which are
inherent in the structures of that form. Class is not determining but always enacted. 
Bourdieu recognizes two uses of the concept of class: as a sociological category
that is a basis for description; and as a collective actor. The significance of empir-fi
ical engagement with particular understandings of structure become immediately
apparent in the nature of explanation being produced and the agency of change. 
Bourdieu’s response refl ects generally his reaction to those attempts in the 1960sfl
and 70s to draw substantialist lines of demarcation around groups such as social
classes and to develop the reifi ed explanations that Parsonian functionalism wasfi
accused of producing. His own work on class expressly rejects the substantialist
approach in favour of a relational interpretation. He cites E.P. Thompson’s work 
The Making of the English Working Class as an approach that sees class as some-
thing that is ‘done’ and, further, as discernible over time. Consistent with his gen-
eral approach Bourdieu does not set out propositions about class that apply always
and everywhere but rather discusses class through his empirical work, most explic-
itly in Distinction (1987). In this study he investigates relations of class, referring to
Marx, but paying particular attention to Weber’s distinctions between class and sta-
tus, to recognize the signifi cance of the symbolic as well as the material for thefi
reproduction of dominant class positions. So while location in the division of labour 
broadly approximates to dominant, petit bourgeois and working classes, a much
more complex set of relations can be discerned in reality in the distribution of capi-
tal (particularly economic and cultural) as a ‘set of actually useable resources and 
powers’ (Bourdieu 1987: 14). Class reproduction comprehends, therefore, not only 
control over material resources and inheritance, but also the distribution of cultural
capital which is carried out by individuals and institutionalized in organizations that
reinforce it. Cultural capital is important because it is a highly eff ective yet disguised ffff
form of transmission of dominance. So a model emerges of three broad hierarchical 
categories internally diff erentiated according to the diffffff  ering distributions of capital ffff
and by trajectory over time. These locations have existence in social space as a
‘quasi reality’ (Bourdieu 1992: 27) but display neither the gradations of empiricist 
categories nor the sharp cleavages of Marxist analysis. It is a model, however, of 
three interacting dimensions with inherent dynamism that occurs through struggles 
for domination and control. Class does not necessitate a unity or consciousness but 
rather a potential for that unity exists in the social space.

He goes on to remind us of the nature and use of theory in qualifying this point:

Things are, of course, much more complicated, but I think that this is a gen-
eral proposition that applies to social space as a whole, although it does not
imply that all small capital holders are necessarily revolutionaries and all big
capital holders automatically conservative.

(Bourdieu 1992: 108–9).
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Field

The discussion of embodiment and the need to understand agents as both reflexivefl
and embodying structure is only part of Bourdieu’s theory, incomplete without 
appreciation of the operation of these complexes at individual and collective lev-
els within a fi eld. As we saw earlier, the fifi  eld takes on considerable explanatoryfi
importance not as a structure, but rather as a ‘social space’ produced by actors 
rather than being self-producing. Fields are ‘systems of relations which are inde-
pendent of the population these relations define’. So while there are times when fi
habitus and fi eld seem coherent, the fifi  eld is one of relations of force which, pre-fi
cisely because it is the site of transformational struggles, is always dynamic. It has
common features with systems but, Bourdieu argues, rejects the conceptual fram-
ing of systems theory in terms of equilibric, order seeking systems that are asso-
ciated with Parsons’ functional reproduction: ‘While a fi eld could be clearly said fi
to exist before the individual enters because of actions of past actors, it is shaped 
in reproduction or change by current actors’ (Bourdieu 1998: 32).

Field expresses a relationship between structure and agency which reflectsfl
interaction not simply between habitus and field but, reflfi  exivity, habitus and fifl eld. fi
It has history and is emergent in a way that resonates with complexity:

The eff ects engendered within fiffff  elds are neither the purely additive sum of fi
anarchical action, nor the integrated outcome of a concerted plan . . . It is the 
structure of the game, and not a simple eff ect of mechanical aggregation. ffff

(Bourdieu 1992: 17)

And in case we forget and give in to the temptation to treat fields in a ‘literal’ fi
application identifi ed by Elder-Vass (2007), in discussion with Wacquant,fi
Bourdieu gives us this reminder:

. . . (Fields) major virtue, at least in my eyes, is that it promotes a mode of 
construction that has to be rethought anew every time. . .. It forces us to raise 
questions about the limits of the universe under investigation, how it is ‘artic-
ulated’, to what extent and to what degree etc. It off ers a coherent system of ffff
recurrent questions that saves us from the theoretical vacuum of positivist
empiricism and from the empirical void of theoreticist discourse. 

(Bourdieu 1998: 110)

The key to Bourdieu’s emergentist approach lies here. It is in the very acknowl-
edgement of the impossibility of creating fi nal theory to explain everything that he fi
demonstrates his recognition of the actual world as the emergent result of confi g-fi
urations of causes, one ‘case of the possible’ as we quoted above, which in the real
world involves interests in diff erent fiffff  elds that intersect, and may at difffi erent time ffff
cohere or be in confl ict. Indeed, in answering a question from Wacquant about the fl
interrelations of fi elds, his main concern is to avoid ‘theoreticist’ theory and to fi
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reinforce the signifi cance of dialogue between theoretical models and empirical fi
work that is practical social theory.

While drawing on Elias’ fi gurational approach, Bourdieu’s development sug-fi
gests that rather than a structure of relations between people we are dealing with 
a structure of relations between positions. What emerges from this discussion is a
theory that exists to engage with practice. The promise of Bourdieu lies in his
methodological focus and we have a clear approach to empirical analysis. There 
are clear lines of continuity here with Walby’s (2007) reconceptualisation of com-
plex systems in terms of intersectionality. Sharing Bourdieu’s evident dissatisfac-
tion with the conventional conception of systems for its flattened and reductionistfl
representation of class identity, Walby points to class and gender as non-nested 
intersecting systems in a world in which sets of social relations never fully satu-
rate. Such a concept, ‘allows the possibility of analysis of multiple simultaneous
complex inequalities while retaining concepts of social structure and system’
(Walby 2007: 460) and is seeking to address the difficulties that Bourdieu tried toffi
overcome using fields.fi

Bourdieu emphasises that this is the focus of social explanation. It lies ‘not
with individual actors but with the fi eld in which both individual and collectivefi
agency is exercised’. What Bourdieu is developing is expressly not a science of 
the individual. While not suggesting that there is nothing going on at that level, he
is saying social science works at the level of interaction and in this sense
alone we see echoes of agreement with Luhmann in trying to identify what is 
specifi cally social.fi

What often seems to have been neglected in discussing Bourdieu’s theory is the
centrality of his ontological and epistemological frames for situating his concepts
of habitus, fi eld and capital in terms of a relational theory. Reminding ourselves fi
of this foundation, we come to three key interrelated principles of Bourdieu’s 
 theory that make his work particularly relevant for complexity theory; it is 
intended always to be discursive rather than didactic, to incite and invite a dia-
logue; it is empirically based and sees the value of theory in how it helps us to
understand the world rather than for schematic application; and as a result it seeks
explanations that are local, recognizing the significance of interactions, emer-fi
gence and the non-predictability of agency. It is expressly about developing mod-
els and informing questions that help us to look with a particular focus on the
network of social relationships.

Understanding these relationships as complex, based in non-equilibric systems
that are emergent and continually reproducing, but also as changing, seems to be 
the foundation of an approach that we would want to deploy. In addition, in acknowl-
edging the signifi cance of transitive knowledge of fi an intransitive world, identified fi
by Bhaskar, we have considered the issues involved in describing a world consti-ww
tuted by relatively permanent structures but at the same time constructed through 
the experiences and interpretations of actors within it. To understand not only the 
system regularities but their contingent manifestation shaped through meaningful 
action we need to incorporate these sensitivities into our methods and approach.
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We can now go on to Archer’s work to develop our complexity framing further in
terms of agency. We begin with Archer’s central concept of morphogenesis. 

Archer’s morphogenesis

Archer’s commitment to realist philosophy gives her work an immediate reso-
nance as a complexity-consistent theory. Based on her formula social ontology – 
explanatory methodology – practical social theory (1998), she proposes an 
ontology of structures and of agency in a stratifi ed reality in which the transfactu-fi
ality of mechanisms rests on historical rather than pure contingency. This implies
that explanatory methods must involve relational concepts. Archer then sets out to
develop a theory of the relationship between structure and agency that avoids the 
sins of the ‘downward confl ationists’ (1996) such as Parsons, who primarily theo-fl
rized agency in terms of reproducing what is functional to system stability and 
order. As a systems theorist she criticises Parsons’ cybernetic approach, as a model
of centralized direction and goal seeking behaviour of interdependent subgroups 
in which reproduction occurs through simple feedback mechanisms. The widely 
diagnosed problem with this approach, as we have seen, lies in conjuring an
over-socialized actor in whom any real notion of agency disappears. Equally prob-
lematic for Archer are ‘upward conflationists’, those interactionists for whom thefl
world is the product of the action of current agents, but who draw no explanatory
strength from the actions of those ‘long dead’. All of this seems reminiscent of the 
discussion above. Archer goes on, however, to contend that the ‘third way’ taken 
by central conflationists represents an ill-conceived attempt to overcome thesefl
oppositions by the ‘transcending’ structure and agency dualism. Here Archer takes 
particular issue with Giddens (1981, 1995) for his discussion of the duality of 
structure and agency, but also with Bourdieu, on similar grounds (Archer 2003).

Archer developed her morphogenetic approach in relation to critical realism
and the principle of emergence in which structure and agency, distinct and irreduc-
ible, interact to bring forth emergence over time. For Archer, human beings, social 
structures and cultural entities each have own distinctive existences and infl uencesfl
on social outcomes. Morphogenetic social theory identifies roles for structure and fi
agency which can conceive of the effects of both intended and unintended actionffff
in giving the social world its shape. Society emerges from the agency of its actors,
their collective goals, their confl icts and their negotiations. These are not all cur-fl
rent actions but include those laid down in structural forms over time; it is on this 
basis that she reminds us of Comte’s observation that ‘the majority of actors are
dead’ (Archer 1996: 696). The fi rst principle, then, is that structure and agency fi
exist as ontologically separate and explanation lies in mapping the interplay
between them (Archer 1998). It is a significant premise for Archer that these are fi
not two sides of the same coin, as Giddens proposed, a duality, but (following
Bhaskar’s discussion of individuals and society) diff erent kinds of things. ffff

Archer located the seeds of her approach in the sociological work on structure and 
agency that had already been developed by those working in general functionalist, 
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humanist Marxist and interactionist traditions in combination with cybernetics
(1982). The inspiration for her morphogenetic approach comes from the work of 
Walter Buckley, its main proponent in systems theory. Rejecting the structural
functionalist framework, morphogenesis describes a process of system change
that emerges from interaction (as compared with the reproduction of morphos-
tasis) to produce a world that is neither planned nor a result of determinate master 
structures. The morphogenetic cycle instead comprises three analytical phases;
structural conditioning which Archer identifi es as prior to agency; social interac-fi
tion which takes place in the context of the structural condition; and structural 
elaboration, the outcome of the interaction between the two over time. This 
elaboration in turn becomes T1 for the next phase in structural conditioning and is 
the basis for activity dependence. Current structures arise from the actions of 
people in previous cycles so that there is a ‘temporal escape’ of structure from past 
actions: ‘. . . we are all born into a structural and cultural context which, far 
from being our making, is the unintended resultant of past actions among the long 
dead’ (Archer 1995: 253).

Structures, then, play a signifi cant conditioning role upon actors that tend fi
to dispose them to particular courses of action. The ontological separation of 
structure and agency is fundamental as we have identified above so that methodo-fi
logically we are dealing with an analytic dualism, which, Archer tells us, offers affff
better resource for practical research. Morphogenesis is based on the ‘. . . complex 
interchanges that produce change in a system’ (1999: 458) but, Archer contends, 
contra Giddens, that this is not only a process that is unending but also one that
has outcomes. The elaborated structure has properties that, because it is emergent,
cannot be reduced to the practices of the agents producing them. So the significantfi
diff erence from upward conflffff  ationists emerges in that, while all social systems arefl
the results of the action of individuals, their manifestation cannot be reduced to 
the individual. Thus methodological individualism is rejected. This formulation
requires that structure is prior in time because agents must occupy roles before 
they act upon or change them. Archer uses the example of a bagatelle board in
which ‘each subject is involuntarily launched’ (2003: 345). Moreover, time scales 
for structural change are longer term so that there is an ‘endless cycle of-structural
conditioning/social interaction/structural elaboration – thus unravelling the dia-
lectical interplay between structure and action’ (2002: 458). This involves a 
simpler and more discrete set of relationships than that proposed by Bourdieu 
and runs the risk of presenting structure and agency as containers that can be 
separated in empirical analysis. It is a dimension of Archer’s explanation has been
criticized as presenting a mechanical version of structure that under-recognizes 
the signifi cance of the relational (Sibeon 2004: 142). Sibeon further challenges fi
Archer’s focus on present-day structures as the result of past actors for neglecting 
the degree to which current social contexts are dependent on current actors. 
Some useful insights emerge for Elder-Vass’ discussion of Archer’s work on 
organizations as emergent structures, based in an appreciation of the significancefi
of the organizational level as determining roles that are nevertheless enacted 
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 diff erently by their incumbents so that both temporal distance and synchronicity ffff
are required. 

Morphogenesis of agency

Archer’s later work focuses more specifi cally on the agency side of the relation-fi
ship, developing a complex stratifi ed conception of the actor to distinguish itsfi
collective and individual social moments from persons, the personal and social
self. Agency is discussed in terms of a morphogenetic cycle based in a stratified fi
realist conception of human beings. This is of particular interest in relation to 
complexity theory because it deals with how things are and how they change.
Archer distinguishes ‘persons with their strict numerical identity, who are also
Actors as incumbents of roles, and agents through their determinate relationship
to the distributions of society’s scarce resources’ (Archer 2003: 118). Agents are 
collectivities that can be powerful corporate actors as well as less powerful pri-
mary agents sharing the same life chances, so that we are all primary agents by
virtue of being born into social positions. Morphogenesis takes place at the collec-
tive level as groups organize to claim power from existing elites while at the indi-
vidual level the elaboration process means roles are redefi ned. Both agents and fi
actors exist within persons and here we come to the centrality of refl exivity as, for fl
Archer, human beings possess refl exivity as a power. Individuals develop personalfl
identity through the reflexive process of an internal conversation which denotesfl
our ability to monitor ourselves in relation to our circumstances. 

So we start from a range of causally contingent structural and cultural proper-
ties that in the morphogenetic process are prior to agency. Archer seeks then to 
explain how such cultural and structural properties can be understood in relation 
to human projects. Here a separate level is identified: ‘structural and cultural fac-fi
tors do not exert causal powers that become effi  cient in relation to human beings,ffi
but rather in relation to our emergent powers to formulate social objectives’
(Archer 2003: 132–3). These emergent powers arise out of the interaction of onto-
logically distinct but interacting structure and agency so that People’s Emergent 
Powers (PEPs) are established alongside Structural Emergent Powers (SEPs) and 
Cultural Emergent Powers (CEPs). The internal conversation, through which the 
morphogenesis of agency is achieved, is a process that comprises ‘thought as
internal speech; a movement from inchoate premonitions to articulate utterance 
(Archer 2003: 63) combined with listening to ourselves ‘as we phrase our thoughts’. 
The fi rst two stages draw on James’ work on ‘inner dialogue’ while Archer adds fi
the final stage to complete the ‘internal conversation’. The structure is reminiscent fi
of Luhmann’s communicative event although of course here the communication is 
with oneself.

This inner conversation then is ‘a ceaseless discussion about the satisfaction of 
our ultimate concerns and a monitoring of the self and its commitments (quoted in 
Elder-Vass 2007: 331). Archer describes three conversational phases in the inner 
dialogue, ‘discrimination, deliberation and dedication’, in which the individual 
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discerns ‘those enterprises in the natural practical and social order to which it 
feels drawn’ (Archer 2003: 102). The object-self assesses these as possible future 
projects in the process of deliberation in which the subject-self assesses ‘with the
aim of determining whether or not she has the wherewithal to see through the one 
to which she is most drawn’. The process of dedication then takes place as
‘the objective self records a mental balance sheet of what is involved in adopting
a particular ultimate concern, in terms of what will have to be accommodated to 
it or subordinated because of it’ (Archer 2003: 102–3). ‘It is genuinely interior,
ontologically subjective and causally effi  cacious’ (Archer 2003: 16).ffi

We survey constraints and enablement under our own descriptions (which is
the only way we can know anything); we consult our projects which are delib-
erately defi ned to realise our concerns; and we strategically adjust them intofi
those practices which we conclude internally (and always fallibly) will enable 
us to do (and be) what we care about, most in society.

(Archer 2003: 133) 

The major motor force of refl exivity is a mature ability, which relates personalfl
identify and social identity and therefore has causal power in relation to position 
in society. ‘[R]efl exive deliberations constitute the mediatory process betweenfl
“structure and agency”, they represent the subjective element which is always at
interplay with the causal powers of objective forms’ (Archer 2003: 130). Those
forms, nevertheless ‘rebound(s) upon us, aff ecting the persons we become, but alsoffff
and more forcefully infl uencing the identities which wefl  can achieve’ (Archer 
2000: 10). Society enters the self, following Pierce, through the ‘me’ of habitual
action, a voice that is diff erentiated from the ‘I’, and from the ‘you’ of our pro-ffff
jected future wishes. The distinction between the three voices is an analytic one 
that permits the interplay necessary to a morphogenetic process across the 
lifespan of the individual.

So we have morphogenesis of agency in which the role of structure is mediated 
through the internal conversation. We are now clearly dealing with multiple time 
spans for structural change, lifespans in terms of social identity and more imme-
diate morphogenetic processes that are ongoing in the internal conversation itself. 
These cycles must themselves intersect with each other so that morphogenesis
arises out of their interplay. Some questions/criticisms, particularly the role of 
current agents and current parts mentioned above, and the synchronous relations 
that both Sibeon (2004) and Elder-Vass (2008) have identified as under-theorized, fi
deserve attention. Indeed the success of Archer’s integration of founding ideas in 
analytic dualism, and morphogenesis has been questioned by Zeuner (1999) who
challenges the coherence of analytic dualism and systems thinking and argues
that, over time, Archer has taken morphogenetic thinking to dominate so that 
agency itself becomes a morphogenetic cycle which in turn becomes part of the 
social system. The model conjures up an interaction between voluntarism and 
constraint which takes place in conscious deliberation but does not deal with the
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numerous aspects of daily life in which we act without awareness of projects,
reproducing a world through predispositions in terms of tastes and beliefs about
appropriate behaviour that Bourdieu was concerned with. This significantfi
source of reproduction explains the regularities, that actors produce, must be 
incorporated into the explanation.

Collective agency

A fi nal note in the discussion of Archer’s account relates to collective agency,fi
a highly signifi cant feature of reproduction and change to be incorporated in anyfi
theory of agency. We quote extensively from Archer below because she identifiesfi
both argument and counter-argument in her discussion of groups as collective 
actors over time and specifi cally relates to class. The departure from Bourdieu’s fi
approach to the defi nition of social space according to relations is evident and thisfi
pinpoints the issue of analytic dualism. Archer challenges the notion of the dura-
bility of the group:

The real force of the objection thus comes to rest not upon critics maintaining 
that groups can show a greater durability than structures (because they can 
point to ‘teachers’ as a ‘group’ retaining continuity before and after the emer-
gence of state educational systems, or the same for ‘doctors’ as far as the
inception of the national health service was concerned). Rather, what I am 
criticizing is their (implicit) notion that the ‘group’ remains fundamentally
the same, that is, they are pointing to the same entity. If this were the case, as
seems quite persuasive at fi rst glance, then it would indeed prevent one from fi
ever talking about a pre-existent structure and would also eff ectively demol-ffff
ish ‘analytical dualism’ by removing its temporal mainstay which is what
makes events tractable to explanation. Thus, we would be back to the simul-
taneity model of central confl ation. However, this critical viewpoint is fatally fl
fl awed by the naive nominalism with which it treats ‘the group’. It supposesfl
that just because we can use the label ‘working class’ over three centuries of 
structural changes in Britain, that we are talking about the same ‘group’. We 
are not, any more than this is the case for ‘teachers’ or ‘doctors’ above. 

(Archer 1995: 74)

The excerpt raises the question for us of why Archer describes social class in these
terms. While it seems reasonable to suggest that particular occupational groups
change in form and nature so cannot be seen as the same thing over time, it is more 
diffi  cult to apply these ideas to a changing working class because it is diffffi erent in ffff
diff erent material conditions. Given that the defiffff  nition of class under capitalism isfi
precisely a relational defi nition comprehending the producers and exploiters of fi
labour power, it is fundamental to the realist frame (and to the relational account 
we are developing) to argue that these relations defi ne the group, which conse-fi
quently does have continuity. Indeed, elsewhere she accepts that it is consistent to
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say certain social relations are implied by material conditions. Quoting Lockwood,
‘there is nothing metaphysical about the general notion of social relationships
being somehow implicit in a given set of material conditions’ (Archer 1996: 684). 
It is an important point because it is on this basis that Archer contends that
structure is prior and opens the way to understanding structure as immanent
in relations.

Structures that are inherent in the class relationship under capitalism and 
structures (understood as relatively permanent but perhaps less enduring) that 
contain Archer’s examples of change in control and professionalism in groups
can be  diff erentiated, although we might see class position of the profession as affff
significant dimension of its level of control. Here, then, we would want to bring fi
forward the position we have already identifi ed in Bourdieu as explaining howfi
our class position is both pre-refl exively within us and acted upon reflfl  exively, itfl
is a conception based on the experience of class in which,‘each member of the
same class is more likely than any member of another class to have been con-
fronted with the situations most frequent for the members of that class’ (Bourdieu 
1977: 85). This implies neither determined behaviour nor full agentic freedom 
but rather that the outcomes of interactions are uncertain, acted out in every 
social situation.

Archer’s discussion of structure and agency gives us a set of real structures
interacting with agents over time to explain both reproduction and change. It 
offers an explicit systems-theoretic account that coheres with non-linearity, ffff
emergence and therefore of course the signifi cance of history. We have developed fi
an account of Archer’s work that has much to say to complexity theory about 
intended action and of course its unintended consequences, but which, perhaps,
neglects the degree to which our own subjectivity is an outcome of a social world. 
We need to explain satisfactorily how entities possess emergent properties at a
structural level. This has been taken forward very usefully by Elder-Vass (2007, 
2010) and we will discuss this below in the context of his reconciliation between
Archer and Bourdieu. 

Resonances for complexity theory

We have developed the discussion of structure and agency in this chapter primar-
ily through the interesting yet different approaches of two theorists. Our purpose ffff
has been to highlight the issues that a discussion of structure and agency brings
forth for empirical work using a complexity frame that can pay adequate attention
to the dimension of agency. Both Bourdieu and Archer hold to the importance of 
the consistent relationships established between ontology, methodology and 
engagement with the empirical. Both in fact deal with structure and agency as
irreducible to each other. For Archer these foundations lead to morphogenesis 
which seems to lead to a sequential, if cyclical, relationship. For Bourdieu we have
another level in the recognition that current actors come to fields as both carriersfi
of structural relations, and as reflexive actors embodied. fl
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In some respects their two approaches refl ect difffl  erences of focus. Archer devel-ffff
ops a greater emphasis on the voluntaristic and reflexive in her account of how fl
structure enters into agency. Her focus is on the projects, the reflexive elementfl
of human action identifying the dynamic nature of subjectivity, defi ning and fi
redefi ning meaning and our goals in relation to it, perhaps at the cost of the myriad fi
ways in which we unthinkingly reproduce social contexts. This emphasis on
refl exivity and identity raises questions about how far structure can be seen asfl
constitutive. Bourdieu’s main attention is focused on why and how reproduction
occurs through habitus, acknowledging the signifi cance of strategy in relation fi
to refl exive action in fifl  elds. On each side critics have challenged the under-fi
representation of structure or agency, overemphasis on reproduction or change. 
However, we fi nd no major problem in uniting the two.fi

In reading this work for its complexity insights we started from the position 
that theory must have the status of tools with which to develop explanations in
relation to the empirical. This position, taken by both Bourdieu and Archer, 
is highly sympathetic to complexity ways of thinking. The value of theory lies not
in its elegance or comprehensiveness, but rather in its ability to help us to under-
stand situated and embodied experience, here formulated as consistent with a
loosely nested and refl exive reality. The status of theory is then dialogical rather fl
than law-like and this has consequences for the way we treat its insights. We
began, for example, by pointing to Bourdieu’s discussion of the notion of ‘rule’ as
identifying regularities rather than regulating devices. Rules are never the laws by 
which actors’ behaviour can be determined or predicted because regularities are 
always the achievement of actors, within contexts, including those of time and 
place so that their actual achievement is never certain. This is a founding principle 
of a complex realist ontology, yet it is also the basis of the split within complexity
that we discussed in Chapter 2. It is based on the combination of these insights
we have raised questions about the possibilities of ABM. While ABM can per-
haps model the structures through rules that one can learn in a way that might 
approximate to a habitus, it cannot contain that refl exive, creative ‘doing’ of the fl
individual nor the at least equally important dimension of collective agency that
would allow genuine prediction.

We have interpreted Bourdieu’s discussion of the internalization of externality 
in Elder-Vass’ ‘metaphorical sense’ on the basis that habitus is a set of disposi-
tions that tend to causally infl uence us. We are not suggesting that structures existfl
within the individual, but rather, agreeing with Elder-Vass, that there is no con-
tradiction between this and the ontological work of Archer. 

Both Bourdieu and Archer would subscribe to a social sphere as a not necessarily
planned or even wished for outcome of processes of struggle which include con-
fl ict and negotiation between individuals and groups in conditions of difffl erential ffff
levels of power. Both would see structure as having emergent properties while at 
the same time emergence is also evident, for Bourdieu particularly, in collective as 
well as individual action. In these respects both theories seem consistent with a
fl exible realist ontology.fl



Structure and agency 125

What we have in consequence is a way of understanding the significance of fi
process and relations in terms of the interaction between structure and agency in 
which habitus is part of action and only an element of interaction so that causal
powers are historically contingent and the actualization of those powers is shaped 
by context. Fields of relations encompass relatively permanent social structures
but ones that are open to change because of the constant nature of struggle within 
the fi eld. So to conclude, if the world is situated and reality is embodied, we canfi
model a refl exive reality but this becomes diffifl   cult to use as a strong frame for ffi
the prediction of future regularities. It can give us information about tendencies 
without being able to predict their actualization. 

Emergence at all levels

We want to draw briefl y on Elder-Vass’ (2007, 2010) analysis because, while hisflfl
acceptance of Archer’s description of Bourdieu as structurationist seems to us to
miss the emergence and dialectical relations we have found in Bourdieu, the
potential he suggests for marrying insights from Archer and Bourdieu seems
promising for complexity theory. In concluding we want to draw on the common 
and overlapping insights from these theorists that can help us to think about how
social theory that has actually engaged with the world, in terms of the roles of 
class, gender, ethnicity and through which it has investigated institutions of edu-
cational and family life, has worked with the issues complexity theory faces in the
social sciences.

We need to be able to explain individual and collective agency and how the latter,
particularly, sedimented in social structures over time, is in a continuing recursive
relationship with structure. The elaboration/refinement of Archer that Elder-Vass fi
off ers here seems consistent with Bourdieu’s approach through somewhat diffffff erent ffff
language, handling emergent relationships that arise from the actions of actors 
long dead but continuing to manifest in structures that do not simply exist but 
rather must ‘be done’. We can then go on to agree that most of our actions are 
co-determined by habitus and refl exivity. His clarififl  cation that difffi  erent aspects of ffff
the same behaviour can be attributed to habitus or refl exivity, rather than difffl erent ffff
aspects of diff erent behaviours, is a useful one. He suggests that Archer’s internalffff
conversation is a substantial contribution, a theory of refl exivity to complement fl
Bourdieu’s theory of habitus. We can, then, think of action as emergent from the 
interaction of habitus and the internal conversation. It may be that we can, taking 
the relational work of Bourdieu in articulation with Archer’s work on agency,
develop an approach to empirical work that is consistent with complexity framing.

Elder-Vass suggests a further step in his reconciliation, developing Archer’s 
emergentist account from embodiment in its social structural moment to pay
attention to its physical relation to the world:

Like all emergent entities, human individuals are part of a hierarchy of such 
entities, each with emergent causal powers of their own, including in this case
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both the biological parts of human beings and the higher level social entities
composed (at least in part) of human beings. 

(Elder-Vass 2007: 326) 

Presenting a theory of action based on the emergence relation between disposi-
tions stored in neural networks (which he identifi es with habitus) and the mental,fi
refl exive decision making process by Archer, Elder-Vass suggests we can seefl
co-determination that suggests a further dialogue is necessary to accommodate
the co-evolutionary processes we alluded to in the last chapter.

So we have ways of thinking about formulating change, the role of structures 
and the role of agents in terms of systems that are somewhat different from the ffff
order-seeking closed systems that were proposed in some evolutionary theories in
Chapter 4. In common with complexity theorists, the focus of both Bourdieu and 
Archer is to develop a scientifi c approach to explanation that is based in disci-fi
plined observation and the reflexive stance of the scientist in relation to their fl
objects of investigation. Both theorists apply notions of emergence and concomi-
tant irreducibility of layered entities. The resonances with a social ontology of 
complexity theory based on dissipative systems discussed earlier is clear. The aim 
of theory is explicitly addressed as generating models that can be useful for 
describing the world rather than predicting outcomes from complex confi gura-fi
tions of causes in interaction with conditions. Time is crucial, both synchronic and 
diachronic explanations, underlining the signifi cance of system history, itsfi
unpredictability and its irreversibility. Its policy significance for the shift toward fi
modelling for prediction is considerable. 

The chapter has applied a diff erent lens of explanation than the previous chap-ffff
ter, which sought long-term tendential explanations of change in terms of the 
historical evolution of systems, often but by no means necessarily as an expres-
sion of master teleological processes. In this chapter we have focused-in much
more closely to try to understand processes at the level of the agent and this has
been useful in identifying why teleological accounts are unhelpful. Having focused 
a little on co-evolution at macro level in the last chapter we have briefl y pointed toflfl
its processes in closer view to consider the body as social in Bourdieu and identify
the signifi cance of its constitution as organic, as Elder-Vass does, to identify pro-fi
cesses analogous to co-evolution at the level of the agent.

In terms of far from equilibrium systems language, the discussion in this
 chapter has focused on the processes involved in system evolution in terms of 
sensitivity to initial conditions (Reed and Harvey 1992) as actually the unending
process of collective cooperation and confl ict in pursuit of interests that repro-fl
duces or redefi nes its nature at any point in time. Change is frequently not incre-fi
mental and unidirectional in the way that teleological theorists would have us
believe. It can be radical but this is not random, its antecedents can be clearly 
identifi ed in those processes. The court society and the education system mayfi
continue to be organized in ways that suit almost no-one for substantial periods of 
time but their change, when it comes, will result from interaction of forces and 
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interests that we can identify and whose causes we can explain. When it comes,
however, the unintended consequences of these interactions may serve to frustrate
the intended outcomes of its movers. It is a condition we see constantly replicated 
in top down policy-making processes. Modernist notions of progress disappear 
and we have an explanation based in complex social processes, founded in
relations of power that can leave behind the rational actor.



Introduction

We have discussed the significance of a Newtonian conception of science in pre-fi
vious chapters and we meet it here again in a conception of time and space that 
treats them as a frame, a grid of co-ordinates within which social action takes 
place. Positioning time and place as invariant and unilinear, however, removes 
agency as constitutive of both and so presents diffi  culties for understanding socialffi
systems in the complex terms we have identifi ed so far. More recent thinking fi
about place and particularly about time in the natural and the social sciences has
fundamentally questioned those ideas in ways that are particularly useful for us.
For social theory, rethinking their role involves rethinking concepts that have 
dealt with an absolute world, external to and shaping the social world to incorpo-
rate a view of how it is recursively shaped. This chapter will look at how accepted 
Newtonian concepts have been contested in developing theories about the role of 
time and place that seek to respond to observed changing social relations in glo-
balization and to accommodate the insights of post-structuralism. In doing so our 
purpose is, once again, to engage in a discussion with some key complexity-
relevant ideas, and we begin by raising questions about how we can deal with
time and space in causal terms.

As in each of these chapters covering a considerable scope, our ambition is to
focus primarily on the nature of the theoretical ideas underpinning conceptual 
development, setting aside discussion of empirical work with those concepts.
While this seems to run counter to our overarching principle that theory is about 
its application, what we are seeking to distil in this chapter are the ways in which
time and place/space have been conceptualised in theory using ideas consistent
with a complexity frame. The distinction is one identifi ed by Olsson (p.5) quoting fi
Gilbert Ryle: ‘many people can talk sense with concepts but cannot talk sense
about them’ (Ryle 1949: 7–8). Ryle uses a cartographic metaphor describing, 
‘people who know their way around their own parish but cannot construct or read 
a map of it’. Our aim, in keeping with Bourdieu’s second reflexive step, is to viewfl
the parish through the complexity lens.

Chapter 6

Time and place
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Theorizing space and time

The fi rst issue then is the ontological status of space/time in a realist-based com-fi
plexity framework. We can draw on Sayer’s (2000) discussion, in particular, of 
space/place, as in a contingent rather than necessary relation. It is worth remind-
ing ourselves of the objective of theory. This is defined in relation to critical real-fi
ism, by Sayer as rejecting the ‘Humean view of theory as tied to the search for 
regularities among events, rather than to the (realist) search for necessity in the 
form of causal mechanisms, regardless of whether the events they produce are
unique or common’ (Sayer 2000: 120). The value of theory does not lie in its abil-
ity to generalize outcomes precisely because systems are open, and interactions
can bring about quite divergent outcomes which are nevertheless amenable to 
causal explanation. We have already encountered this understanding of theory
in Bourdieu, who saw its role as to understand the empirical as a particular case of 
the possible (1998). Based on a critical realist explanation in terms of confi gura-fi
tions of necessary and contingent relations, and the structures and powers that
express those relations, temporal and spatial relations express conjunctures of con-
tingently related phenomena: 

. . . there is no contradiction in saying retrospectively how I got here and what 
was necessary for me to get here, while acknowledging that beforehand it was 
contingent whether I would. The open nature of social systems and the con-
tingent nature of their reproduction means that the historical and geographi-
cal course of development is always an open question.

(Sayer 2000: 127)

Human beings’ capacity for accommodating different spatial conditions is charac-ffff
teristic of this contingent status. This is the crux of difference in the conception of ffff
systems and the role of agency that we saw as convincing criticism of functional-
ism in the previous chapters. There we drew on Bourdieu’s argument against 
objectification of the empirical world from the stance of the social scientist who, fi
using retrospective analysis, implies that ritual or repetitive acts, that are regular 
in time and space, are inevitable. Yet as we saw there, they are not predetermined, 
their outcome cannot be known because they are the continual achievements of 
actors producing them. In his rejection of the functionalist account of reality 
Bourdieu identifi ed a world more consistent with complexity, and one in whichfi
time and place are crucially involved in those achievements.

An empirical observation of the regularity and therefore the very high proba-
bility of such an event occurring is of a very different character from a predic-ffff
tion, and this makes the notion of social laws problematic. Moreover, Bourdieu
goes on to remind us, to reintroduce uncertainty is to reintroduce time, and with it 
agency, ‘with its rhythm and its irreversibility, substituting the dialectic of strate-
gies for the mechanics of the model, but without falling over into the imaginary 
anthropology of “rational actor” theories’ (Bourdieu 1992: 99).
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This contingent expression of relationships of time and place does not,  however,
imply rejecting a role for necessary relations, as Sayer emphasizes:

Just because the coexistence of A and B in a particular form is contingent,
it does not follow that there is nothing necessary about how, once confi gured fi
in this way, they interact. On the contrary their interactions follow necessarily 
from their constitutions and relative dispositions.

(Sayer 2000: 138)

The discussion of place and time, then, involves rejecting the battle between idio-
graphic and nomothetic explanations, the one focusing on the need to contextual-
ize while the other seeks abstract general laws. The critical realist solution
establishes a rather diff erent status and objective for social science knowledge,ffff
one whose consequences we have been exploring in the last two chapters. It is
summed up for us by Sayer, quoting Bhaskar, ‘Contextualising and law seeking
approaches should . . . be seen not as competing but as extremes of a continuum
ranging across diff erent kinds of objects’ (Sayer 2000: 137). ffff

In this chapter we want to pay attention to the role of space and time in 
constituting meaning while acknowledging contingency based in our recognition
that it is fundamental to human communication to be able to share meaning
across diff erent space-time conditions. Sayer argues the enterprise of ‘theorizing ffff
space’ does not advance because it cannot, because space is contingent, impossi-
ble to theorise beyond context in the way that, for example, class relations can be
(Sayer 2000: 126–8). This view has been widely supported in more recent spatial 
thinking, expressed by Thrift as ‘Contexts have their own dynamics and what
comes out of them is often unpredictable, excessive and certainly is only partly
open to what we call theory’ (Thrift 2008: 10). Yi-Fu Tuan (2008) similarly com-
ments on the lack of progress with a theory of spatiality, suggesting that as a
cultural construct the appropriate academic work on space is taxonomy, compar-
ison and tracing the evolutionary course of concepts rather than theoretical 
development per se.

Those working with time and space regard them as constitutive, so that 
empirical work must pay careful attention to each dimension and to their inter-
action. The relationship between empirical observation and theoretical work 
is of central importance. It must be dialogical because these concepts are neces-
sarily inspired by observation and refined in the process of theoretical explora-fi
tion. We begin with an understanding of space and time that emphasizes
their importance to how resources, in the very widest sense of the term, are 
distributed. As becomes increasingly obvious in conceptual development, space
and time are diffi  cult to separate. However, we begin here by, focusing on each ffi
in turn before reuniting to think about where time-space concepts take us, 
trusting that in doing so we are not ‘putting the machine back together wrong’ 
(Sayer 2000).
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Space

The initial distinction to be made lies between the topographical view of space
and later recognition of its social constitution. Those working with spatial con-
cepts have rejected the agentless form of empty topographical spaces. Soja criti-
cized previous treatment of space as ‘the domain of the dead, the fixed, thefi
undialectic, the immobile – a world of passivity and measurement rather than 
action and meaning’ (Soja 1989: 37). This is fundamental for establishing the 
subsequent nature of the fi eld because it shifted the study of the spatial world from fi
one looking at what is going on within defi ned boundaries to understanding howfi
it is produced and how it produces, refl ecting, in Massey’s terms (1992), thatfl
not only is space socially constructed, but that in its turn the social is spatially
constructed. The implications of this core proposition are summed up by Lee 
(2002):

. . . geography cannot just be added on. It is intrinsically a part of social prac-
tice and it is intrinsically disruptive as it necessarily brings context and 
instance properly to bear. It is there all the time (albeit constantly changing in 
form and infl uence from place to place and from time to time). However, the fl
claim is not that geography matters because of some intrinsic qualities of 
place, space or the geographical imagination which define a separate and fi
defensible fi eld of study. It is, rather, that these inflfi  uences cannot be ignored fl
and that perhaps the most significant formative inflfi  uence of geography on fl
social life is that it cannot but stress instance, particularity and practice.

(Soja 2002: 352)

The shift to understanding the spatial as socially constructed was the basis of 
renewed interest in the nature and importance of space and place for social out-
comes and processes, and hence of interest in geography in the social. Foucault
argued that space was replacing history in pre-eminence social explanation (1986). 
This shift highlighted the active role of space in capitalist production (Massey
1994) and related structural questions about how space is expressed and experi-
enced in terms of class (Bourdieu 1999), gender (Massey 1994) and race (Wilson 
1987, Massey and Denton 1993).

These debates about the nature of space and place were prompted by major 
structural and social change in late twentieth-century globalization, from the 
critique of capital industrialisation and its necessary relations to space, to argu-
ments about the freeing of capital from space in the globalized post-industrial era 
(Lash and Urry 1994). 

In responding to global change, space has also come to be understood in terms
of networks and fl ows as relational. Such changes are characterised as the replace-fl
ment of modernist order with more free-fl oating network societies (Castells 1996)fl
understood as complex and interconnected, constantly bombarded by information 
(Urry 2003). Moving a long way from the original conceptualization as a container 
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for action, the term space has been used to cover them all, with consequences in
terms of confusion and unacknowledged disagreements (Massey 1992).

It would be wrong, however, in describing an overarching change, to give the 
impression that conceptual development has been linear. The identification of fi
space as socially produced has a relatively long history. It was core to the develop-
ing theoretical frames of sociologists such as Simmel who focused on space as
social space and its effects on social interaction, as well as to Durkheim’s evolu-ffff
tionary perspective on the development from mechanical to organic solidarity 
through a changing division of labour (1997). Despite these insights the topo-
graphical view continued to be dominant until Lefebvre’s (1991) direct work on its
social construction. Lefebvre suggested rather that space is produced in interpen-
etrating networks with different temporalities which become imposed on presentffff
space in three dimensions of material interaction, communication and meaning.
These insights became a major resource for spatial theory in the latter decades of 
the twentieth century with a focus on examining the role of spatial practices, par-
ticularly those concerning property and capital (Harvey 2001, Massey 2005), and 
the need to understand both individual and collective/institutional practices as,
over time, infl uential in forming the spatial landscape. In delineating its rolefl
 Harvey drew a distinction between space conceived of as absolute, space as rela-
tive and space as relational that seems highly relevant for our discussion, echoing
the relational focus of structure and agency that was identified in the last chapter:fi

If we regard space as absolute it becomes a ‘thing in itself’ with an existence
independent of matter. It then possesses a structure which we can use to
pigeon-hole or individuate phenomena. The view of relative space proposes 
that it be understood as a relationship between objects which exists only
because objects exist and relate to each other. There is another sense in which
space can be viewed as relative and I choose to call this relational space – 
space regarded in the manner of Leibniz, as being contained in objects in the
sense that an object can be said to exist only insofar as it contains and repre-
sents within itself relationships to other objects.

(Harvey 1973: 13)

This tripartite scheme established important distinctions in the conceptualization
of space because it identifi es three ways in which the relationship between neces-fi
sary and contingent relations has subsequently been elaborated. It finds echoes infi
the work on rethinking time that we will look at later in the chapter.

These developments have given rise to both reconceptualization and changes in
dominant focus that have been summarized for us by Jessop et al. (2008) in terms 
of four ‘distinct and largely sequential spatial lexicons of territory, place, scale, 
and network’; each of these, they argue, has competitively dominated attempts to
understand spatial processes at particular points in time. The categories are useful
for framing the debates about spatial concepts because each indicates something
of the relationships that we have been elaborating between structure and agency, 



Time and place 133

particularly the degree to which space can be seen as shaped or shaping and the
possibilities for creative human agency.

Noting the one dimensionality of each of these ‘turns’, they identify a changing 
dominant interest in the fi eld. ‘Territory’ denotes the empty space that we have fi
characterized above as the dominant Newtonian view against which all others
have been formulated as remedies. The concept of ‘place’ was subsequently 
developed to acknowledge the relative dimension of spatiality and deal with iden-
tity, uneven development and diff erentiation within places. Locality studies grewffff
in the context of concerns about social polarization to learn about how actors were 
dealing with the constraints of structural change. The reality of shared physical 
location, implying, for many, shared social locations in terms of constraints and 
oppressions was understood as the social mapping onto the physical (Bourdieu
1999), being placed alongside a recognition that the physical also maps onto the
social (Dorling 2001). Place was then conceived not merely as a structure in 
the sense of structure regarded as a ‘thing’, it was understood as created by and 
constraining agency in the context of relations of power. In many respects the 
objectifi cation of agentless places remains, although some of the literature beganfi
to consider the signifi cance of locality in relation to localism, linking community fi
to place (Cohen 1985, Callaghan 1992). Dramatic changes brought about by 
globalization also inspired scalar thinking to consider the relations between local
and global, national and regional, sometimes thought of as nested levels. Recog-
nition of the interpenetration between them, particularly in the context of new 
technologies, inspired the fi nal turn to networks, completing a relational shift in fi
rethinking the role of place, boundaries and spatial relations. Some influentialfl
post-modern and post-structuralist critiques went so far as to reject structure 
entirely in favour of a geography of networks and flows.fl

Our focus is less on the substance of these debates than on the kind of world 
they describe, moving it seemed from solid, bounded territory to indefinablefi
spaces of networks and relations. Within them, however, are ideas of scale that
could be conceived as hermetically sealed, in which physical boundaries serve to
demarcate the arena of interest from powerful cross-cutting interests that were no
longer physically grounded. This new reality was encountered in dealing with the 
British ‘regional problem’, which was defi ned in terms of industrial restructuring fi
as a result of the disorganization of capitalism and the spatial separation of capital
from the workforce (Lash and Urry 1987). Regional change brought about inter-
nal polarization (Massey 1984) but clearly responded to global restructuring. 
Interregional relations constituted by economic, social, cultural and political 
forces undermined simple notions of regional economies and regional identities.
As Sayer (2000) points out, attempts to provide nested accounts can ‘scramble’
relations in reducing and reconstituting them. The new regional geography sought 
to work with scales, arguing that space and time were constitutive rather than
passive/objective. It involved rethinking the very conceptualization of regions and 
‘the regional question’ in an era of increasingly geographically extended spatial 
fl ows and an intellectual context where space is frequently being imagined as afl
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product of networks and relations, in contrast to an older topography in which 
territoriality was dominant (Amin, Massey and Thrift 2003).

Scalar thinking also faced challenges in focusing on the role of bounded places
as the basis for actions or identities, again confronting the impossibility of her-
metically sealed regions:

. . . simply living in the same region does not confer identity of interest but 
also that in many regions the regional capacity to shift regional development
trajectories onto a ‘higher and better’ path is strictly limited precisely because 
of their location within the structural relations of capitalist development.

(Hudson 2007: 1158)

In questioning the simple coherence of territories as a basis for organization and 
operation of social processes, attention turned to cross-boundary forces and to 
reconceptualizing scalar notions of national, regional and local while retaining 
some of their core assumptions. This was not refl ected in the politics of regional fl
planning, and the continuing importance of both constructs is noted by Allen and 
Cochrane (2007) in their attempt to both challenge scalar ordering and to recog-
nize the significance of a politics of scale:fi

The argument was . . . that . . . any region, is made and remade by political
processes that stretch beyond it and impact unevenly. To assert that regions
are political constructs therefore, is not to suggest that such constructs ‘con-
tain’ in some way the very governance relationship that ‘invented’ them.

(Allen and Cochrane 2007: 1172)

Two geographies are identified, then, one that deals with the outcomes of politicalfi
interventions and refl ects the fact that such defifl  nitions are ‘real in their conse-fi
quences’ (Thomas and Thomas 1928) while the other considers relationships and 
interactions that have no clear boundary consistent with region. This latter sensi-
tivity led Allen and Cochrane to suggest it would be more appropriate to think in 
terms of a ‘more diff use and fragmented form of governance as a “regional” ffff
assemblage, rather than as a series of regional institutions that are territorially 
fi xed in some way’ (Allen and Cochrane 2007: 1172). fi

Recent development in scalar thinking, then, appears to incorporate relative and 
relational dimensions to focus on reconceiving boundaries beyond their dividing
roles, consistent with Cilliers’ (2001) argument that boundaries must be seen not
only as dividing but as connecting, as sites of interpenetration that make it difficultffi
to separate inside from outside in any simple way. While relational thinking has
mostly been associated with post-structuralist thinkers, Harvey, Amin, Massey
and others have clearly developed their work along these lines. Rather than the flat fl
ontology of ungrounded networks, their approaches draw on all three levels. The 
consequences of this view for scalar thinking, particularly in regional geography, 
lie in proposing the relational turn as a challenge to an exclusively territorial 
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focus. Its consequences for policy and application arise in reframing reality to 
include the relevance of multiple perspectives and scales away from simple nested 
hierarchies and toward more fl uid and interpenetrating networks.fl

Thinking about space in relational terms has become a key recent development
in human geography, but one which raises its own problems of definition and fi
theory (Jones 2009). The project is one that we can return to Lee to identify for us. 
It suggests a fundamentally diff erent role from taxonomy: ffff

So the critical point about geography as a catalogue or project of classificationfi
is not that it is hardly the basis of a worthwhile intellectual project but that, 
without relational notions of diff erence and the formative power of spatial scale, ffff
it stands in danger of essentializing people and places as sets merely of internal
relations rather than as complex and never-completed products of difference. ffff

(Lee 2002: 342)

The notions of fl ows and networks, then, that represented such a crucial depar-fl
ture from territorial thinking, are now incorporated in interaction with a material 
world to acknowledge that multiple concepts must be used simultaneously.
Space must be seen in terms of networks and flows, not as alternatives but infl
addition to understanding the role of boundaries as real in spatial confi gurations fi
(Amin et al. 2003). 

This move away from nested thinking that Lee describes is one that very clearly 
seeks to incorporate agency. We started this discussion using the categories of 
Jessop et al.’s (2008) framework because their aim was to address the tendency 
toward one dimensionalism apparent in separate exploration of territory, place, 
scale and networks. They argued that, rather than alternative, each concept contrib-
utes to a fi eld of operation in which structuring principles can be seen in specififi cfi
historical conjunctions and power relations. Their approach seeks to overcome the 
competitive focus on what, they argue, are in fact closely intertwined theoretical and 
empirical issues. Drawing on Geertz’s notion of thick description in ethnographic 
work, they propose an analysis that includes more than one dimension in historically
located and spatially specifi ed and contextualized description, a tendency they sug-fi
gest is beginning to be evident in the use of concepts such as glocalization. These
dimensions are to be subject to a polymorphic analysis and Jessop et al. produce a 
Territory, Scale, Place and Network grid (TPSN) whose aim is to respond to the
challenges of developing complex-concrete analyses that are systematically, reflex-fl
ively attuned to the polymorphy of sociospatial relations (Jessop et al. 2008: 392).

We are not concerned to critique the TPSN framework. It necessarily carries the
dangers of any theoretical scheme (as to be fair is recognized by Jessop et al.) that 
frameworks can be treated as abstractions imposed on the world. Mayer (2008) 
has argued that the framework presents the danger of reifying while Paasi (2008) 
expresses a related concern about its ability to recognize the importance of agency.
In a move consonant with our earlier discussion of the role of theory these criticisms 
highlight a relation between theory and empirical research as more appropriately 
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one of continual reconceptualisation to take account of the changing nature and 
meaning of these concepts in use. For our purposes it sums up a focus on theoret-
ical work on interactions in contingent relations which pays attention to the ways
that space is both constituted and constitutive in multiple dimensions.

These developments in relational thinking are equally evident in an approach by 
Jones (2009) sharing much with Harvey’s thinking on spaces of historical materi-
alism. Jones works with Poincaré’s ‘phase space’ to identify four dimensional
space-time in which dynamical systems perform, that acknowledges the relational
meaning of space but insists on the ‘confi ned, connected, internal and always con-fi
text specifi c nature of existence and emergence’ (Jones 2009: 489). He argues ‘. . . fi
the spatial project for relational thinkers is to replace topography and structure-
agency dichotomies with a topological theory of space, place and politics as
encountered, performed and fl uid (Jones 2009: 492). This emphasis on both thefl
relational and material in the ‘space of the possible’ (Jones 2009: 499) is in clear 
parallel with Bourdieu’s discussion of relations that we discussed earlier. It is
compared by Jones with the relational thinking that, ‘insuffi  ciently problematizes ffi
boundedness, inertia, power, and time – and internalizes spatiality into our cultural
constructions to such an extent that it perhaps loses senses of space as something 
external or given’ (Jones 2009: 499). 

At a theoretical level we see here a challenge to the fl at ontological networksfl
that have been proposed in post-modern relational accounts. Networks are not 
seen here as free fl oating but are grounded in existing and previous historical/fl
spatial material contexts. The approach has obvious resonance with Massey’s
analysis of the sedimentation of rounds of accumulation in capitalist development.
The project merges with the focus that we developed in earlier chapters and 
becomes one of understanding both the roles of objects and their relations as tran-
sitory or relatively permanent, thereby overcoming territorial fi xity and concep-fi
tions of space as solely topological – territory and its governance, now reconceived 
as ‘plastic achievements’ (Jones 2009: 495) in much the same terms as we have
described the structure agency relationship in the last chapter. These perspectives
are evident in much recent theoretical work, in describing relations between struc-
ture and fl ow in Hudson (2007), and reflfl ected in the discussion of process and fl
permanence in Harvey (2004).

Complexity and space

So we have a concept of space that can work with complexity framing. The reality 
of place as container continues to have eff ect, although this is no longer the emptyffff
container of Newton but is reconceived as interacting levels and networks in a 
loosely nested open system in which the outcomes of the processes are never, in
a mechanical sense, determined, but are always actively achieved. Further, the 
refl exive relation between ‘observed reality’ and the production and adoption of fl
concepts, in both academic and policy literatures, itself reflects a recursive rela-fl
tionship that continues to shape the field.fi
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Changes in this conceptualization of social processes and structures in spatial 
relation have responded to changes that have been identifi ed in globalization and fi
in technologies that have had signifi cant consequences for the organization, fi
use and meaning of space. While the relational move has been identifi ed by geog-fi
raphers primarily with post-structuralist interpretations and fl at ontology there isfl
a significant challenge to that view in recent work. The conceptualization we have fi
focused on brings spatial processes into a more active relation that we will argue
is consistent with a complexity understanding of causal confi gurations.fi

Thrift (1999) commented on a surprising lack of interest in complexity theory
among geographers, despite its obvious resonances in dealing with distribution
and the ‘messy’ nature of things. As a theory which is, arguably, ‘about, precisely, 
the spatial ordering that arises from injections of energy . . .. Its whole structure 
depends upon emergent properties arising out of excitable spatial orders over 
time’ (Thrift 1999: 32). Thrift found explanation for that lack of enthusiasm in its
preliminary adoption by quantitatively focused academics mostly inspired by CA 
and ABM (approaches, that we described in Chapter 2 as restricted complexity)
(O’Sullivan 2008). More general complexity work with modelling has been devel-
oped in Sheppard and Barnes’ (2000) challenge to aspatial economic theory. This 
approach models spatial assumptions in a heuristic way to produce multiple ‘cases
of the possible’ but does not seek to predict which will occur (Sayer 2004: 1787). 
Sayer identifi es this approach with the way that Marx approached his analysis infi
Capital as a form of thought experiment (2004: 1787). It is part of a rapid fil eld of fi
development in complexity theory in geography.

We can see there are signifi cant sympathies between the approach to ontologyfi
of the spatial theorists we have identifi ed and a theory of complex social systemsfi
as open and interactive. Our brief discussion has sought to highlight the effects of ffff
conceptions of place, among academics, particularly addressing policy makers as
well as those of actors responding to the material and cultural realities of a par-
ticular social world.

We should note fi nally that while the conceptual development (talk about fi
concepts) that we have discussed here has signifi cantly undermined the domi-fi
nance of the traditional notion of local as a container it nevertheless reappears in 
much empirical literature (talk with them) such as that describing a nested rela-
tionship between local, regional and national levels, as was noted by Allen and
Cochrane (2007): 

. . .in many respects the vocabulary has remained trapped within a framework 
that attempts to identify new territorial settlements, even if the size and nature 
of the territories has changed. . . 

(Allen and Cochrane 2007: 1162)

The power of thinking of space as a setting continued to underpin some objectified fi
approaches to empirical work. The discussion of place as container continues to
have eff ect in policy and planning, as Sayer argues in the ‘place matters’ literature, ffff
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where despite recognition of the problem of understanding how agents make 
 decisions there has remained a tendency to conduct ‘political economy without
ethnography’ (Allen and Cochrane 2007: 134) and to yield explanations of restruc-
turing as the economics of the local.

The selection we have reviewed challenges both objectivist container and flat fl
ontology accounts of networks in favour of a role for emergence based on the 
relationship between structures and agents in particular material conditions and 
relations. While the notion of sedimentation that Massey used may have strong
structural connotations, its purpose was to emphasize that the histories of places,
laid over time in experience of place, matters and, at least in some degree, frames 
the orientations actors within them have.

Time

Our discussion in this part of the book thus far has been structured around two
dimensions of time. We looked across history to evolutionary theories of the
development of systems and at the process of system reproduction in the relation-
ship between structure and agency. While time has been deployed throughout,
it has used a naturalized concept because, with the notable exception of Luhmann,
its theories have largely been developed in that frame. Recent attention has focused 
on the role of time in illuminating social processes, particularly as developed in
the work of Barbara Adam (1990, 1995). Adam’s work challenges the structuring 
of social theory according to Newtonian time and associated dualist thinking, and 
suggests ways of reconceiving it to allow social theory to engage with the greater 
complexity of social reality. While we have refl ected theorists’ rejection of these fl
dualisms in the previous chapters, they nevertheless pervade social scientific fi
thought and, beyond that, policy and practice. They thereby shape the social world 
because, as we identifi ed above, they are real in their consequences (Thomas and fi
Thomas 1928). The relevance of the challenge for complexity theory is clear and we
will develop our exploration of the dimension of time through that work. 

In the remainder of this chapter we will review issues raised for complex-
ity theory by the defi nition and use of time by reflfi  ecting on some concepts devel-fl
oped by Durkheim, Elias and others, but we will focus primarily on Adam’s 
work because this points to the consequences of ontological and epistemological
framing of temporal knowledge to off er us a way of preconceiving time in ffff
complexity-relevant ways.

Just as space was treated as a container, Euclidean time has been taken for 
granted and it is only in recent decades that time has received major atten-
tion in social theory (Nowotny 1992), leading to a wide ranging but largely 
un-integrated fi eld of study (Adam 1990). Pluritemporalism, replacing abso-fi
lute time in the physical sciences, opened a space for reconceptualisation in the 
social sciences that Nowotny argues has allowed social time to be dealt with
alongside physical time in a kind of ‘theoretical agnosticism’ that ignores epis-
temological difference.ffff
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Historically, the Newtonian concept of time framed research in an unreflexivefl
way because its operationalization as clock time became so dominant in Western
industrial societies that it excluded other forms. The linear perspective of 
Enlightenment rationalization marked a development that had significant conse-fi
quences for epistemology, separating observers from their subject matter and 
developing reductionist science: ‘Abstraction from context, objective observation, 
quantifi cation of sense data, the single fifi xed focus, preference for space over time fi
and the association of the “real” with visibility are its innovative features’ (Adam 
2003: 62).

Clock time, as both a consequence of and as an instrument furthering the devel-
opment of capitalism in conditions of increased structural complexity, has become
naturalized. So although multiple concepts of time can be detected in the litera-
ture, they largely remained implicit (Elchardus 1988). Most frequently, where 
time is problematized, the precision and context independence of clock time is
opposed to natural time of the seasons, although as Elchardus points out, the
selection of relevant measures of ‘natural’ time is, itself, social. Seasons are
signifi cant to agrarian societies, while for many in industrialized and post-industrial fi
societies more abstract clock time has become an intuitive basis for social life. As
the creature of industrialization, clock time is accompanied by four other temporal 
strategies: commodification; compression of time; control of time; colonization of fi
time (Adam 1990). For Adam it is the unintended consequences of reflexivefl
modernization that challenge this naturalization and have thus drawn the attention
of social scientists to the sources of time construction and the power relations
inherent within them. While awareness that, used alone, clock time undermines
understandings of social process has a longer history in the work of Durkheim,
constraints on its success in both his and Elias’ work spring from this Newtonian
framing.

Social time/natural time dualism

The primary distinction in social theory between natural and social time was cre-
ated by Durkheim to enable research into the collective rhythms of social life. He 
defi ned social time as a construct that changed across cultures and over history,fi
pointing to its non-essential nature. While introducing radically new thinking, this
established a dualism in which nature as non-refl exive was separated from socialfl
as refl exive systems (Nowotny 1992). The distinction between social time of inter-fl
action and individual time was particularly concerned with the organization of 
collective life in highly differentiated societies in which time becomes a normativeffff
basis for interaction and control. It led to a view that all time is social time because
only humans live an ‘in time’ existence, which has subsequently been challenged 
by research in natural sciences, where organizational aspects of organic and inor-
ganic existence are also found (Adam 1990).

While Durkheim opened the way to an analysis of social time there was little
subsequent attention in social theory to time alone. Durkheim had identified thefi
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contingent nature of time but subsequent work with the concept tended to 
greater abstraction as a universal concept, defi ned in terms of its regularity and fi
predictability. Sorokin and Merton (1937) developed the theory along functional-
ist lines, and time continued to be treated by most theorists as with space, as
external to actors, fl owing inevitably onwards, producing the second dimension of fl
the grid upon which social life was played out. The development in theory, placing 
time at the centre, came in Elias’ work (1992), in which the discussion of time 
and meaning became a signifi cant focus explaining social reproduction. It played fi
a prominent role in examining relationships of structure and agency in his 
fi gurational sociology.fi

Time as continuity/discontinuity and recurrence

Elias considered two forms of time continuity/discontinuity and recurrence. 
He started from the position that the purpose of the concept of social time 
was to allow narrative and meaning to be endowed within those significant indi-fi
vidual and collective processes that constitute history. Social time was conceived 
as a way of developing this meaning as fundamental to both individual and col-
lective identity. Continuity is important as the core of identity in which people 
use shared symbols and memory at both individual and organisational levels,
enabling reasonable expectations of, and orientations to, the future yet without
the certainty of prediction. Its meaning for any account of structure-agency rela-
tionships is then fundamental, and its complexity relevance lies in the emphasis
it places on agency. Interaction, in which structures can be discerned, both in
individual and collective history, as not simply existing but as interpreted and 
reconstructed is a core principle that we elaborated in the last chapter. Time is 
defi ned as:fi

. . . a symbol of a relationship that a human group of beings biologically 
endowed with the capacity for memory and synthesis, establishes between
two or more continua of changes, one of which is used by it as a frame of 
reference or standard of measurement for the other or others.

(Elias 1992: 46)

Timing is redefi ned away from its conventional understanding as objectififi ed and fi
measured in order to denote its essential role, to mark people’s capacity for 
 connecting relations between meaningful objects, thereby creating narrative. 
These core conditions of relative change and sequential ordering are the crucial 
basis of human agency because they allow actors to impose meaning and order 
and to develop the collective co-ordination that we have identified as essential tofi
diff erentiated societies.ffff

This view of time as relational, expressing relationships between continua, high-
lights the selection of criteria for measurement and hence its social construction. 
Clock time, as socially constructed, is a powerful continuum against which agents 
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organize their action. For Elias, time has three dimensions, being understood as
social, individual and natural. Social time has meaning in the coordination of 
organizational, family and informal activities; as individual biological time it is
associated with health and wellbeing; and as natural, the time of the seasons. The
role of time became more clearly implicated in creating order as its constructed 
nature was highlighted through comparative study. In modern society self regula-
tion is pervasive. Neither biologically nor metaphysically inspired, it responds to
demands on the self that originate in the social world, which Elias described as the
civilizing process. Time becomes important as a focus of constraints on freedom 
and the exercise of self-limitation that permeate the actions of individuals 
and organizations in a social world that increasingly requires their subjection to
facilitate disciplined co-ordination.

To explain the mechanism by which this self-control operates, Elias used 
the concept of habitus to denote the internalization of temporal norms that allow 
the organization of social life. These internalized norms ensure continuity in 
reproduction and make the recognition of discontinuity when change occurs, 
manageable:

Temporal norms would seem to play the eminently social role of guaranteeing 
the organisation of work, the systematic satisfaction of reciprocal expecta-
tions in people’s behaviour towards each other, at the same time as they
express evaluations and moral positions in the face of the fundamental expe-
rience of change and the awareness of death.

(Elias 1992: 9)

An unrefl exive habitus allows reproduction to occur without conscious choicefl
but, as we discussed in Chapter 5, is nevertheless a process in which actors must
work to maintain identity at individual and collective levels. Referring back to 
Bourdieu’s image of habitus as a ‘fish in water’ in which he used the metaphor fi
to describe harmony between habitus and field, we can see here the active work the fi
fi sh does in fifi  ltering the water, experiencing events and remaining in harmony. fi
In Elias’ view, this internalization is so pervasive that the inability to break the
social rule of punctuality is not an individual trait but rather as an internalized 
habitus, socially acquired, but which becomes part of the personality structure. 
Internalized self-restraint, as a necessary part of a civilizing process, enables a
smoother fit between individual and social. We could be in structural functionalistfi
territory were it not for attention to time which, Elias reminds us, means that the 
future is open, as knowledge of our history demonstrates.

In a move that is highly resonant with complexity, Elias rejected dichotomous
thinking about natural and social impulses, arguing that they represent, rather, 
a figuration of interdependence, which exists in a tension that is constantlyfi
managed. He challenged, for instance, the opposition of control within work and 
freedom outside of it as imaginary extremes that are never realized. Instead he 
proposed that social actions need to be understood as multiple, interconnecting



142 Time and place

and interdependent. In fi guration, rather than a simple oppression/freedom fi
dichotomy, people subordinate their impulses to what they consider to be over-
riding necessities. Elias’ emphasis on the temporal dimension of refl exivity infl
the creation and use of symbols is the basis on which he incorporates indi-
vidual choice in relation to the social norms to understand how agents work with 
structures. Bringing time into the account, Elias suggests that individuals con-
struct their own time in relation to these social and natural constraints. Refl ectingfl
on this approach, Tabboni (2001) suggests that the study of time offers a better ffff
way to understand structure and agency relationships as they are manifest in
experience, allowing the researcher to understand the unfolding of action, the 
processes of choice making and the signifi cance and efffi  ect of condition and con-ffff
texts. It is an understanding that has been developed in Adam’s research into the
use of time as creative action and meaning in the context of a complex of social
conditions (1995). 

Elias then off ers us an interactive real that challenges Durkheim’s oppositionffff
between individual, social or natural times, pointing to levels of human experience
of change and choice more consistent with our complexity frame. Individual 
experience is conceived, not as a constant struggle between extremes but as built
on choices made out of existing and interpenetrating social and natural times;
we would term it loosely nested and interpenetrating structures. The view that has
strong resonance with our discussion in the last chapter of Margaret Archer’s
internal conversation, dealing creatively with personal projects in relation to 
expectations and previous experience. For Elias time is not just collective
rhythm, as Durkheim conceived it, but also a social construction which varies with
the development of civilization. It is not simply a measure but a means of control 
whose ultimate expression is clock time.

These approaches to time signifi cantly advanced its use in social theory but infi
the end neither overcomes the problems of Cartesian dualism (Adam 1990).
Durkheim’s social time was established in relation to it and, despite his recogni-
tion of the problems posed by dualist thinking, Elias is unable to escape it. His
attempt at synthesis ultimately fails because his analysis is caught in an episte-
mological framework that views reality as something that can be abstracted and 
reduced.

As with space, however, we see signifi cant challenges have subsequently beenfi
mounted to the Newtonian conception of time as absolute, objective and quantifi-fi
able. Adam’s work brings forward developments in natural science that include 
alternative conceptions of time; the relative time of Einstein in which the signifi-fi
cance of the frame of observation becomes relevant, and quantum time with its 
fl ow and its non-reductionist oneness in which the irreversibility of time becomesfl
apparent. These concepts, alongside the rhythmicity of life cycles, processes and 
structures that can be described as iterative (albeit not goal directed) rather than 
repetitive, suggest a more multiple and mutually implicating analysis of time. In 
this conception, human social life forms part of a whole time rather than being, 
dualistically, in opposition to natural time. By undermining structuring in terms of 
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Newtonian/Cartesian dualisms the possibilities for multiple interacting relations
come into view that are fundamental to the conception of reality that complexity 
theory implies.

Time and systems reconceived

We briefl y highlight the work of Luhmann here because he has paid explicit atten-flfl
tion to the forms of time identifi ed by Adam above, and in doing so has proposed fi
an explicitly temporalized system. In discussing evolutionary theories we dealt
with systems operating through time that were conceived as closed and equilibric,
modelling stasis rather than dynamism through feedback loops in which there
was nevertheless a longer-term directionality. Luhmann reworked these closed 
systems with a radical conception of their essential temporal nature. Recognizing
the signifi cance of linear and cyclical notions of time, Luhmann conceptualized fi
time as constituted at every level of existence (Adam 1990). A temporalized sys-
tem is one that deals with the irreversible passage of time by developing structures
which link acts that are by their nature ephemeral. For Luhmann structure is an 
inherently temporal concept because it encapsulates the relationship between ele-
ments ‘beyond their temporal distance’ (Luhmann 1995: 383). This radical 
rethinking proposes systems in terms of events, occurring in the present. The auto-
poietic social system comprises communicative actions that are meaningful as
part of a recursive network of information, communication and comprehension, 
the three elements of a communicative event that we described earlier. Time must 
be understood, then, as diff erence between past and future and distinguished from ffff
chronology and motion. Luhmann’s focus on the present emphasizes that past and 
future are selections. The past is reinterpreted so its meaning is present-specific,fi
while the anticipated future is similarly selected in the context of past/present
interpretations. A core distinction is established between this and abstract, objec-
tifi ed, context-independent, translatable/comparable and reversible ‘world time’, fi
in which he points out that the connection between what lies in past and future
is in principle contingent. These insights are taken forward by Adam, who  
develops the discussion of time in explicitly complexity terms. Defi ning thefi
 problem for theory in the challenge posed by dualisms, she considers those
attempts to overcome in terms of dualities, transcendence and synthesis made by
Giddens,  Luhmann and Elias to have been unsuccessful.

To study time in its complexity, Adam tells us we must seek the relations
between: 

. . . time temporality, tempo and timing, between clock time, chronology, 
social time and time consciousness, between motions, process, change, conti-
nuity and the temporal modalities of past present and future, between time as
a resource, as an ordering principle and as becoming of the possible. Or 
between any combination of these.

(Adam 1990: 13)
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Adam’s critique of work on social time describes a fi eld of ‘conceptual chaos’. fi
Challenging the still dominant position that all time is social time, she argues that
human time and social time must be understood as part of all time to enable us to
think of time beyond Newtonian/Cartesian structure that has constrained social
theory in the past. Elias’ relational time was undermined by disciplinary science,
which can only be overcome by a post-disciplinary approach in which time is the 
common denominator. Adam proposes the alternative of a holographic metaphor 
in which the relationship between part and whole is not reductive but in which the 
whole is encoded within its parts. The holographic principles of: 

simultaneity, mutual implication and complexity, the time aspects that pose
such insoluble diffi  culty for traditional social theory appear manageable for a ffi
theory based on holographic principles. 

(Adam 1990: 160)

This reconceptualization has consequences for time understood in terms of mutual 
implication and as fundamentally interdisciplinary consistent with the view on the 
prospects for social science we identifi ed in the Gulbenkian Commission report.fi
Thinking about the nature of time in this way implies some ‘points of departure’ for 
social theory. Rather than a dualism, Adam suggests a ‘levels’ approach, inspired by
thermodynamic theory replaces the Newtonian frame, accepting multiplicity and 
mutual implication. Identifying that we are, create and experience time simulta-
neously, Adam draws on Mead’s fluid conception of consciousness as a contin-fl
uum grounded in emergence and the principle of sociality (Adam 1990: 163) and on 
Giddens’ (1981) discussion of the time spans of Duree (daily life), Dasein 
 (life-time) and longue durée (history) acting simultaneously on the present. The
irreversibility of time is based in the impossibility of undoing the past, while the
impossibility of knowing the past lies in the mediating role of present knowledge.
This complex understanding of time takes us a considerable distance from the
Euclidean conception we started with.

Rethinking temporal order: the future

This focus on processes of construction and authorship equally alerts us to the
signifi cance of the future to social theory, an interest that is gaining momentum infi
post-disciplinary studies (Adam 2008). Concern with the future has a history in 
social theory dealing with agency where the future, as a time open to influence, fl
is recognized as important in shaping the present. Weber identifi ed, in distinguish-fi
ing action from behaviour, that actors are future orientated, acting in response to 
imagined futures that may never be realized. The refl exivity of actors makes time fl
a core element of explanation so in explaining reproduction we are dealing with 
space-time that is materially instantiated and space-time that may never happen.
In common with Luhmann, then, we can see that to deal with the impact of the 
future on the present requires rethinking time beyond its naturalized linear form. 
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Adam has developed this discussion, in the context of the under-determination of 
the past, to emphasize the importance of the causal directions future to present 
and past in temporality and to allow, then, that the future to present dimension is 
materially constituted and not just in the imaginary, as Adam expresses it the ‘for-
ness of things’ (Adam 2008):

future oriented and future-created knowledge practices have material effectsffff
that reverberate through the entire systems of physical, biological and cultural 
relations and processes.

(Adam 2008: 6)

We come to a conception of time that, in bringing the signifi cance of agency to the fi
fore, but nevertheless recognizing that time is constructed out of and in relation to 
the real refl ects the essence of complexity thinking.fl

Space and time

Having considered the scope of the concepts of space and time in isolation, we can
now respond to an emphasis in each fi eld on the importance of the other in non- fi
reductionist explanation. Our discussion demonstrates how time and space have
been used as alternative frames for the analysis of social systems and of structure
agency relationships. It follows that full explanation relies on understanding them 
in confi gurations. Thus while Jessopfi et al. (2008) discussed four spatial concepts
that required polymorphic treatment in a historical context, we can now extend 
this analysis to the temporal nature of systems, beyond the naturalized historical
context implied. The need to complete this shift is increasingly acknowledged,
expressed here by Jones (2009) quoting Le Poidevin:

One compromise [is] to treat space as nothing other than the fields of force fi
around and between objects, but on the other hand they are something other 
than those objects, and can exhibit a certain shape that explains the behaviour 
of objects moving in apparently empty space. Similarly, we do not have to 
treat time as wholly reducible to changes. Collections of states of affairs,ffff
some of them perhaps unchanging states of affairs, would provide alternative ffff
building blocks of time. Combining these two, we have a picture of space
and time as an ordered series of states of aff airs concerning the properties of ffff
and relations between, concrete objects and their fields of force. The extent fi
to which we think of space and time [and the practices and politics therein] 
as independent of their contents will affect our view of their boundedness ffff
(or unboundedness). 

(Le Poidevin 2003: 238, emphasis Jones)

Recent work on space has argued the need to reconfi gure its relationship to time in fi
order to develop concepts that move on from Newtonian framing, conceptualizing
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instead a fi eld of space-time (Massey 1992). Einstein and Poincaré are drawn upon fi
for their discussion of four dimensional space-time, in which, rather than abstrac-
tion, the focus is on how they are inextricably interwoven. As Amin, Massey and 
Thrift (2003) point out, ‘If space is relational then time enters into it.’ The relation-
ship that we have discussed in terms of structure and agency earlier is approached 
here in terms of continuities and discontinuities: ‘space is not static nor time
spaceless’ (2003: 80). Neither can be conceptualized in the absence of the other. 

Spatial theorists, then, are working with both interdependent and discrete sets
of networks and relations at diff erent spatial scales, existing simultaneously butffff
involved in processes that must be understood over time. Notable attempts to
develop space time concepts in the work of Giddens (time space distanciation)
and Harvey (time space compression) have sought to incorporate this mutual
implication, and much empirical attention has focused on the analysis of processes
of co-presence and stretching over time and place made possible by money econ-
omies and modern technologies. Returning to a distinction identified in Chapter 5,fi
this can also be represented as a development in which system integration is pro-
gressively replacing social integration as the relevant social relations become
founded in expert systems.

Similarly, Adam argues that in developing complex accounts of causality each
dimension needs to recognize the ways in which others are implicated. Geogra-
phers, Adam says, use space time trajectories and Giddens time space distancia-
tion, but both have treated their interaction as a grid rather than curved in the
relative way that Einstein identifi ed. To illustrate the signififi  cance of the reworking fi
she proposes, we conclude with a lengthy quote from Suteneau (2005). This high-
lights the implications of processes of interaction in time and space analogous to
the one we identifi ed in Chapter 4 in terms of transformation of quantity into fi
quality and pinpoints complexity:

What I would like to emphasize here is that the acceleration of interactions 
and their predominantly informational nature do not simply mean that 
things occur faster. If we modelled this process, what we would see is not
simply a more rapid dynamics, as if the model were running on a faster com-
puter. The pace of communication will always interact with the rhythm of 
various parts of our system. Some of these rhythms are biologically condi-
tioned while others are the consequence of psychological or social mecha-
nisms. Many, if not all, of these rhythms may also change when interacting
with each other. Depending on their phasing, these rhythms alone may gen-
erate outcomes that could be very diff erent from each other, encompassing ffff
surprising scenarios. However, the situation is not simple and many other 
factors can be expected to change too, which adds to the diffi  culty of making ffi
meaningful forecasts. We should be prepared, therefore, to face unforeseen 
implications, such as changes in the quality of human communication and 
forms of creativity. 

(Suteneau 2005: 133)
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Complexity relevance

Recent work on time and place has moved from a focus on order/disorder 
 dichotomies to recognize that the simple images of continuous time and bounded 
places are not a suffi  cient basis for understanding social production and repro-ffi
duction. Developments in the study of both time and place acknowledge multiple
relations between causes and eff ect and their frequent disproportionality. Imme-ffff
diately we can see resonance with complexity theory in which both spatial
and temporal dimensions are core and their interaction is the basis of emergent 
social relations.

In earlier chapters we identifi ed the importance of space and time in complex fi
social systems. We highlighted social theory that can deal with system history that 
suggests punctuated, rather than smooth, unilinear development of societies
bounded, even nested, in space. In this chapter we have developed that account 
further in recognizing the importance of time and place in the dynamics of systems.
Those developments in the social world that Urry, Castells and others have dis-
cussed in globalization can be addressed with the concepts of complexity theory in 
terms of the dynamic, non-linear networks in relation to a material world. 

We used time in earlier chapters to emphasize the irreversibility of open 
systems. This was important in supporting an understanding of the practical
and precarious achievement of actors working with structures in recursive rela-
tionships that are, however, iteratively rather than repetitively framed. The exclu-
sion of time in structural functionalist thinking provided a clear illustration of the 
consequences of working with closed equilibric systems. Thinking about time
undermines such abstraction because patterns and regularities can only be detected 
over time (Giddens 1981). Replacing concepts of structures as ‘things’, with pro-
cess, is fundamental to another core idea of complex social systems, emergence.
Emergence is the expression of structure-agency interactions in systems, over 
history, in which these crucial contextual elements of space and time operate in
contingent ways.

In discussing work done within the disciplines of geography and sociology we
have seen challenges to dichotomous thinking and the objective stance of the
observer leading theorists from each discipline to identify their implications for 
politics, ethics and responsibility. For Massey this is evident in as the ways that 
space is represented by powerful agents including the state, as well as the ways
that people experience space collectively and assign symbolic meanings to it.
Adam similarly identifi es the implications of a view of complexity of times as thefi
context for ethics and for theory development:

For today’s social theories this means globalized times and social relations;
technologies based on both Newtonian and non-Newtonian principles; envi-
ronmental hazards created by the scientifi c and industrial way of life outside fi
the control of science, economics and politics; satellites transmitting virtual
realities, pictures of wars being fought across the globe, while real bombs still
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kill and maim people and destroy their lives, to name just a few of these con-
tradictory complexities.

(Adam 1995: 153)

In complexity theory Adam fi nds recognition of the mutual constitution of the fi
material-spatial-temporal. To this triple basis of analysis is added a fourth based 
in Capra’s discussion of the importance of meaning, ‘the evolutionary emergent 
property of the social’, which returns us to the significance of stance, because asfi
Adam notes, ‘social investigators interpret a pre-interpreted world’, so meaning 
must be understood as knowledge practices to emphasize the active construction
of knowledge and the authorship of those constructing it, in comparison with the 
distance between subject and object in Newtonian science. This locates responsi-
bility because a complexity perspective divests us of the ‘view for nowhere’. Such 
practice:

transforms recognition of complexity from a rather non-committal and cir-
cumspect pluralism into a critical and radical social science criterion whose
points of departure are both continuous with and distinct from allied post-
modern and feminist critiques of that tradition of thought. 

(Adam 1995: 151) 

While Thrift noted initial caution in its adoption in geography, Adam has wel-
comed complexity theory for time analysis – its focus on emergent properties, 
non-linear dynamics and feedback loops. As geographers have worked with abso-
lute, relative and relational dimensions of space (albeit competitively), Adam 
argues for the need to acknowledge both the incommensurability and contingency 
recognized by the post-modernists and the importance of ‘unified measure and fi
totalising tendency of quantifi ed spatialized time’ (Adam 1995: 156). To do other-fi
wise, she suggests, is to return to the binary thinking that both post-modernists
and complexity theorists reject.

So we can identify some clear resonances between developments in theories of 
time and place that have signifi cant promise for complexity theory. Both take a fi
holistic and systemic approach that can be best served by post-disciplinary study.
In both the notion of developmentalism, that was identified as central to somefi
evolutionary theories, is replaced by notions of openness, emergence in which
abrupt change is possible, and fi nally both have developed in rejection of func-fi
tionalist equilibric ideas.

This work has substantial implication for theory focusing on emergent and 
co-evolving processes. Structures are no longer defi ned in terms of stability acrossfi
time, rather systems are continually produced and reproduced in the work that 
actors do in the world. Social laws are abandoned in favour of an ontology of 
mutable systems composed of individuals and collectives in the relationships they
are establishing with past and future. Luhmann’s insights point to refl exivity infl
temporalized systems in which structure is conceived as enabling reproduction
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across time. The critical realist basis of complexity theory allows a search for the 
contingent in open systems because it expresses the nature of a social world that
can explain both unique and regular events in terms of confi gurations embedded fi
in time and space.

In both geography and sociology the development of theoretically-informed 
empirical study has faced debates about the role of theory and even suggestions
that it can be abandoned in favour of the empirical search for regularities. Yet in this 
chapter we have seen the constitutive nature of theoretical frames for observation.

This discussion has focused on some of the ways that time and space have
been thought about in social theory that demonstrate growing awareness of a 
world that does not fi t into the Newtonian/Cartesian frame. We have drawn on fi
Sayer and Adam to point to the way that dualisms and the continua that they often
represent can explain some things, but that we need conceptualizations that can 
accommodate more multiple and interacting relationships to be explored. Recent
work with concepts of time and space has adopted just this focus on the inappro-
priateness of bounded dualistic ideas and the need to recognize interactions,
networks and emergence. The study of time and space is, after all, the study of 
social reproduction.
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Part III

Complexity theory
Methodology and methods
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Price has asserted that:

The complexity view is, in its most general articulation, is that modern
 sociology (and all of science) is in need of modifi cation. By correcting inad-fi
equacies in our scientifi c paradigm, we may appropriately and fruitfully fi
 continue to do ‘science’.

(Price 1997: 4)

We agree. Doing science involves doing research. Any science has to have empir-
ical foundations. A central argument in this book is that science, in the general
sense of systematic empirical knowledge about the world, is possible, and that for 
the social world that science has to be founded on an ontological understanding of 
the social as composed of intersecting complex systems. So how can we actually
do social research in order to generate empirical knowledge which is both mean-
ingful and useful? Plainly an understanding of the world as complex means that 
the controlled experiment formed around the hypothetico-deductive frame of 
 reasoning, Hayles’ (1999) Platonic backhand, is of little use to us. No research 
addressing complexity has been conducted on the basis of controlled experiment.
In contrast a great deal of work has been done which seeks to explore, and even
explain, the complex through methods of simulation, Hayles’ Platonic forehand. 
Some, although not all, of this work deserves the status of science since it has
involved simulations calibrated on the basis of real data. This is true of most
 equation-based modelling and of some agent-based modelling. The latter, how-
ever, largely belongs in the realm Hedström (2005) describes as fictive. That is tofi
say it is based on imagined properties of agents and imagined rules describing
their behaviour which are connected in no way other than by assertion with reality 
as it actually is. This sort of thing is not science. We are not here dismissing
 simulation out of hand but in contrast with Sawyer (2005) and DeLanda (2011)
we do not consider that simulation, and especially agent-based modelling as
simulation, is the uniquely best mode through which a complex world can be
investigated, far from it.

Chapter 7

Complexity and methodology

Exploring trajectories through
narratives
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So what do we propose? Let us start with three fundamental tasks of any
 science. These are:

• Defi nition – defifi  ning the nature and form of the real things which are of fi
interest to us.

• Description – presenting accounts of the characteristics of the things of 
interest to us.

• Trending – by this not quite neologism we mean presenting accounts of how
the things of interest to us pass through time, how they change or stay the
same. That is to say we are interested in their trajectories. Trending requires a 
description of how entities change through space and/or time. We are using
the word here for the process of the scientifi c description of change or stabil-fi
ity. Trending is what we do when we map the trajectories of complex systems.
When we trend we construct narratives. We tell the stories of how things have
come to be what they are, how they stay as they are, and – projecting into the 
future – how they might come to be diff erent from what they are.ffff

There is of course a fourth fundamental task, the establishment of cause(s) – the 
plural is very deliberate. That will be the subject of Chapter 8. 

Defi nitionfi

We have already begun this process in the Introduction and Part I of this book with 
our ontological specifi cation of the character of complex systems in the abstract.fi
Here the task is to translate that into an actual practice of social research. To do 
this we want to consider the process Ragin describes as ‘casing’ in a book with the
suggestive title What is a Case? (Becker and Ragin 1992). We will draw on con-
tributions to the Sage Handbook of Case Based Methods (Byrne and Ragin eds
2009) where the process of casing was considered through an explicit complex
realist lens. Byrne (2009) identifi ed cases as complex systems, noting the distinct fi
resonances between the way in which cases are defi ned by Ragin and Abbott and fi
complex systems as defi ned by Cilliers:fi

. . . cases are viewed as confi gurations – as combinations of characteris-fi
tics. Comparison in the qualitative tradition thus involves comparing confi g-fi
urations. This holism contradicts the radically analytic approach of most 
quantitative work. 

(Ragin 1987: 3)

. . . cases – meaningful but complex confi gurations of events and structures – fi
singular whole entities purposefully selected . . . not homogeneous observa-
tions drawn at random from a pool of equally plausible selections. 

(Ragin 2004: 125)
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. . . consider cases not as empirical units or theoretical categories, but as the 
product of basic research operations. 

(Ragin in imperative mode – 1992: 218)

The move from population/analytic approach to case/narrative approach is 
thus a move fi rst to a new way of regarding cases – as fuzzy realities withfi
autonomously defi ned complex properties – and a move second to seeingfi
cases as engaged in perpetual dialogue with their environment, a dialogue of 
action and constraint that we call plot.

(Abbott 1992: 65)

Boundaries [of complex systems] are simultaneously a function of the activity
of the system itself, and a product of the strategy of description involved. In 
other words, we frame the system by describing it in a certain way (for a cer-
tain purpose) but we are constrained in where the frame can be drawn. The
boundary of the system is therefore neither a function of our description, nor 
is it a purely natural thing. . . . We often fall into the trap of thinking of a 
boundary as something which separates one thing from another. We should 
rather think of a boundary as something that constitutes that which is bounded.
This shift will help us to see the boundary as something enabling rather than
confi ning.fi

(Cilliers 2001: 141)

So we are dealing with things that are both real and constructed, that are fuzzy 
realities with complex properties, that have a holistic element whilst being consti-
tuted from complex confi gurations, that are intersected with their environment fi
with boundaries being not the things that cut off but rather the domain of inter- ff
communication. Moreover, as Abbott specifies above, we deal with these entitiesfi
through the construction of narratives. 

Smith and Jencks (2006) have commented on the way in which complexity
seems to force people starting from very different places, in that instance one of ffff
the present authors and Paul Cilliers, to start to talk about the world in much the
same way. The world shapes the way we see it. We can see this in the definitionsfi
presented above and consequently can understand complex systems as cases, and 
most cases as complex systems. That gives us a starting point for our descriptions
because we have specifi ed the nature of the things we are seeking to describe. fi

Cilliers’ discussion of boundaries is extremely important:

The propensity we have towards visual metaphors inclines us to think in spa-
tial terms. A system is therefore often visualized as something that is contig-
uous in space. . . . Social systems are obviously not limited in this way. Parts
of the system may exist in totally different spatial locations. . . . there are twoffff
important implications to be drawn from this. The fi rst is that non-contiguousfi
subsystems could be part of many diff erent systems simultaneously. Thisffff
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would mean that diff erent systems interpenetrate each other, that they share ffff
internal organs. How does one talk of the boundary of the system under these
conditions? A second implication of letting go of a spatial understanding of 
boundaries would be that in a critically organized system we are never far 
away from the boundary. If the components of the system are richly intercon-
nected, there will always be a short route from any component to the ‘outside’ 
of the system. There is thus no safe ‘inside’ of the system, the boundary is
folded in or perhaps the system consists of boundaries only. Everything is
always interacting and interfacing with others and with the environment; the 
notions of ‘inside’ and ‘outside’ are never simple or uncontested. 

(Cilliers 2001: 141–2)

The clear implication of this for us is that in discussing cases we have to pay
attention both to the components, complex and interacting components of 
course, which constitute the case and to the relations of the case. This means thatd
we have to establish both the kind of thing we are dealing with – the task of tax-
onomy, and the nature of the relations of the thing – the task of network analysis. 
The nature of relations may play a constitutive role in our taxonomy itself. It is, 
however, at least heuristically valuable to separate the research tasks of classify-
ing and relating as subsets of the descriptive process. The common element in
both classifying and relating is measurement. Equally if we want to see how
systems pass through time, then measurement is essential. Trending requires
measurement as well.

Description and trending: measurement and complexity

DeLanda, following Deleuze, deploys a vocabulary/conceptual framework derived 
from topology to argue against ‘metric measurement’, by which he means specific fi
precise measurement on a ratio scale basis:

. . . the distinction between metric and non-metric spaces boils down to the
way in which neighbourhoods (or the linkages between the points that form a 
space) are defi ned, either through exact lengths, or through non-exact topo-fi
logical relations of proximity. (2002: 62) . . . . To get rid of the metaphorical
content and to show in what sense the series extending from singularities are
nonmetric (thus capable of forming a virtual continuum) I will need to intro-
duce one more technical term, that of an infi nite ordinal series. Unlike an
infi nite series of cardinal numbers . . . an ordinal series does not presupposefi
the existence of fully individuated numerical quantities. To be defined anfi
ordinal series demands only certain asymmetrical relations between abstract
elements, relation like that of being in between two other elements. In other 
words, it is only the order in a sequence that matters, and not the naturer
(numerical or otherwise) of the elements so ordered.

(DeLanda 2006: 81–2)
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This line of reasoning derives from Deleuze’s engagement with developments in
pure mathematics in the nineteenth century, particularly the work of Gauss and 
Riemann, although there are echoes as well of twentieth-century French mathe-
matics as expressed by the Bourbaki group. The crucial point to take forward is 
the rejection of scalar, i.e. continuous, level of measurement in favour of under-
standing proper measurement as the assignation of ordered kind. There is another 
way to approach the same ideas not from pure but from applied mathematics and 
from the work of Willard Gibbs and its deployment in physical chemistry and 
related areas. The key idea here is phase space, that is a space which can represent
all possible states of a system with each possible state of the system being 
described by one unique point in the phase space. If we deal with unique particles,
for example molecules, then we can describe the condition of the molecule in 
terms of co-ordinates on the axes of a multi-dimensional state space with each axis
corresponding to a measurement scale for a property of the particle. We can call 
this kind of state description a microstate description. However, thermodynamics
deals with properties composed of multiple particles and, even for Weaver’s (1948) 
realm of disorganized complexity, the realm explored by statistical mechanics, we
might deal in properties which describe systems composed of multiple micro-
states. Descriptions here are of macrostates and can take the form of describing 
the overall character of an assemblage of microstates in terms, for example, of 
physical form – gas, liquid, solid. Macrostate forms are phase states. Changes in 
form are phase changes. What we have to deal with are systems which can be
described in Weaver’s categorization as systems with organized complexity. The
terminology is transferable but we need to think our way forward when making
that transfer.

DeLanda (after Deleuze) makes great play with terminology derived from
topology including the notions of manifold, singularity, and attractor. For us this 
turn is a turn too far towards platonic assertion of the domain of mathematics as 
the domain of the real. The ideas behind these terms can be very useful for us but 
we have to deploy them in relation to reality itself and not to an abstract set of 
algebras founded on deductive reasoning alone. Here we want to focus on the idea 
of ‘attractor’. DeLanda develops his account of attractors through a discussion of 
Poincaré’s notion of singularities:

. . . certain special topological features of two dimensional manifolds1 (called 
singularities) which have a large infl uence on the behaviour of the trajecto-fl
ries, and since the latter represent actual series of states of a physical system,
a large infl uence on the behaviour of the physical system itself. . . . Singular-fl
ities may infl uence behaviour by acting asfl attractors for the trajectories. 
What this means is that a large number of diff erent trajectories, starting their ffff
evolution at very diff erent places in the manifold, may end up in exactly the ffff
same fi nal state (the attractor), as long as all of them begin within the ‘sphere fi
of infl uence’ of the attractor (the fl basin of attraction). Given that, in this sense,
different trajectories may be attracted to the same fiffff  nal state, singularities arefi
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said to represent the inherent or intrinsic long-term tendencies of a system,
the states which the system will spontaneously tend to adopt in the long run
as it is not constrained by other forces.

(DeLanda 2005: 14 original emphases)

There is an elision in this discussion which is in some ways inevitable but which
has to be named for what it is. Applied mathematics takes the form of equation 
systems and what is being described above is what happens when equations are 
developed, even equations with diff erent values (located in diffffff erent places in ffff
the manifold) for terms in them to begin with. Application is about taking an 
un-interpreted axiomatic system and turning it into an interpreted system by 
 making the terms in the equations stand for aspects of reality. That of course 
introduces the fundamental issue of measurement.

Now Deleuze rejects one fundamental principle of measurement by his insist-
ence on multiplicities and his rejection of essences. This is most simply expressed 
by his assertion that there is no such thing as a species, and in particular a natural
kind, but only a multiplicity of individuals which in aggregate we can refer to as a 
species. In other words properties are the properties of individuals, not of sets. We 
might very well accept that our sets are fuzzy rather than precise but to reject the
notion of set, and hence of categorization altogether (which is what Deleuze and 
DeLanda do through the assertion of multiplicity), is to abandon something which 
can be enormously useful to us, the idea of nominal measurement, of measure-
ment through specifying the kind of thing that something is. Before returning to 
the idea of the attractor let us address the issue of taxonomy with a real example, 
that of the European Herring Gull which actually breeds in numbers very close to 
Gill Callaghan’s house. This large and long-lived and noisy, very noisy, bird 
has a complex taxonomy. There is a ring of species around the paleartic and 
North America. Actually the distribution takes the form not of a ring but of a torc,
i.e. of a ring with a gap, because diff erences between adjacent forms are small and ffff
birds inter-breed until the UK is reached where the two forms of the Herring Gull
and Less Black Backed Gull are quite diff erent in plumage and seldom if ever ffff
inter-breed. The British Isles are the location of the gap. Ring species of this kind 
are important evidence for evolutionary change. The point is that the birds are a 
fuzzy set of multiplicities, within a sharp set which differentiates them fiffff  rst from fi
other gulls. That fuzziness becomes sharp when we encounter the two ends of the
torc. To use an old expression, quantity is transformed into quality. There is more 
to a species than individual entities because a principle of differentiation becomesffff
enacted in reality. 

Let us turn back to attractors. For us these are best thought of precisely as
regions in state space but not in terms of a state space which has no external
 referent. If you like, to use a term we will be paying a lot of attention to subse-
quently in this chapter, attractors have to be calibrated by reference to others. It is 
important to assert a crucial agreement we have with Deleuze and DeLanda, that 
is that the appropriate level of measurement is non-metric. Indeed we go farther 
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because while DeLanda asserts ordinality, we assert nominality. That is we
are content with diff erence. It may be that some diffffff erences, for example social ffff
class, may usefully be ordered, that is ranked on some ordinal scale, but such 
ranked categories are simply a sub-set of the general set of categories defi ned byfi
diff erence itself. ffff

We want to develop this idea by reference to the idea of what happens to lots of 
systems, to ensembles of systems, as they move through time. If we think of 
 multiple systems as in motion in a state space, then we have to consider that for 
organized complexity we will not have random locations of those systems within
that state space, the disorganized complexity which can be handled by statistical 
mechanics. Instead the systems may occupy specific limited,fi but multiple domains
within that state space. We can think of these domains as attractors and of the
location of individual systems within them as a consequence of causal processes 
which have led to the location of those systems in that attractor at that time point.
This allows us to conceptualize change in the system as involving relocation to
another domain, another attractor, in the state space which describes all possible
states for systems. That is a phase shift. Change is change of kind.

There is plainly a resonance between the idea of attractor as deployed by 
Deleuze and DeLanda and our usage but these are not the same. We go into reality 
and beyond even applied mathematics and deal with multiplicity but with multi-
plicities which it is useful, indeed vital, to consider as members, however fuzzily,
of sets. Here, to prefi gure a discussion we will develop in Chapter 9, it is worthfi
quoting an observation made by Ragin in response to Byrne’s assertion both of the
complex nature of cases and the way in which we can conceptualize ‘kinds’ in 
terms of attractor clouds in state spaces:

The variate space contains only a small number of well-populated locations
(yielding clusters of cases) because of the way case aspects fi t together. fi
That is, aspects of cases cohere in meaningful packages that have a syndrome-
like (and thus mutually reinforcing) character. These ‘coherencies’ reflect thefl
interconnectedness of case aspects and the fact that only a limited number of 
combinations of aspects go well together. . . . This understanding of complex
systems resonates well with the concept of ‘limited diversity’ in qualitative
comparative analysis . . .. In typical applications of the truth table approach, 
researchers fi nd that most cases are captured by a relatively small subset of fi
truth table rows, which correspond, in turn, to the most populated sectors of 
the multi-dimensional state space. In other words, a common fi nding in truth fi
table analysis is that case diversity is profoundly limited.

(Ragin 2009: 527–8)

It is essential to recognize that the assertion that what interests us in social science
are in the fi rst instance kinds, is not to reject all forms of measurement other thanfi
the actual specification of kind for the entities of interest to us. However, we have fi
to understand measurement here not in terms of the specification of essencesfi
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which exist outwith the cases, that is as indicating values on ‘variables’ which
have a reality in and of themselves. Byrne (2002a) following Abbott (1998) has 
argued that our measures of complex systems have to be understood as traces of 
those systems. The use of the word ‘traces’ means both that the measurements
cannot be separated from the systems of interest but only describe those systems
in terms of attributes which have no reality beyond the systems, and that
 measurements are most interesting to us when they describe the characteristics of 
systems at multiple time points and hence can help us delineate the trajectories
of the systems through state spaces where time is one of the dimensions of the
state space.2

So how can we classify, that is assign membership, even as we shall see fuzzy
membership, of entities to sets? One way is to start with measurements and use 
measurements to classify. There are two sets of tools which are available to do this
and the end results of their use are similar even if the processes used to classify are
very different. The fiffff  rst is cluster analysis, i.e. the use of algorithms which arefi
based on matrix algebra methods. The second is the use of neural net-based data
mining tools in which the algorithms train the classifi catory process in the fifi rstfi
instance but in which classifi cation itself takes an intuitive form modelled on the fi
classifi catory capacities of the interconnected mammalian brain. For a full discus-fi
sion of cluster analysis see Everitt et al. (2009) and for a discussion of its 
employment in relation to case-based method see Uprichard (2009). Interestingly, 
for the matrix algebra-based approaches we can conceptualize the matrix of 
measurements of variate traces describing any particular case as a specification of fi
its co-ordinates in state space. Cases in the same cluster, however that cluster is
constructed, are cases which occupy a suffi  ciently adjacent domain in the stateffi
space. In complexity terms they are near neighbours. We can conceptualize the 
distance of a case from its cluster centroid as a measure of the degree of fuzziness 
of the membership of that cluster. Actual fuzzy clustering approaches build the 
fuzziness in for us from the beginning. 

Williamson and Dyer (2009) have added in the time element to the idea of 
clusters as describing ensembles of complex systems by mapping the progress of 
cases through a signifi cant (that is other than clock/calendar) time axis in terms fi
of movement among clusters established at time points. Dyer has conceptualized 
this process as equivalent to taking a Poincaré slice through the trajectory of 
systems in state space. Her research was based on the mapping, using an admin-
istrative data base, of the movement of clients through a ‘custody diversion’3

process in relation to outcomes defi ned in terms of re-offfi  ending or non-offffff  endingffff
subsequent behaviour. The method has considerable potential in relation to any
longitudinal data set whether, as is the case with cohort or panel studies, a set
constructed for social scientifi c investigation or, as in Dyer’s work, a set whichfi
was the by-product of the administrative need to maintain coherent records. The 
latter kind of data sets have particular potential in relation to describing the 
health trajectories of people through time, a strategy proposed by Castellani and 
Castellani (2003).
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However, a well-recognized limitation of longitudinal data sets is that they tend 
not to describe the relational aspects of the entities measured across time. That is
they tell us about the attributes of the entity but not much, if  anything, about the 
relationships of the entity with other entities. The primary quantitative social sci-
entifi c technique which has been employed for the purpose of exploring relation-fi
ships is social network analysis using software with algorithms based on graph
theory. Discussions of social complexity have paid considerable attention to net-
works. Often this takes the form of naïve restricted complexity, for example in 
Barabási’s popular science text Linked (2002) where the cover blurb asserts that:d

At the beginning of the 21st century, a maverick group of scientists is discov-t

ering that all networks have a deep underlying order and operate according to 
simple but powerful rules.

This kind of thing is yet another example of Hayles’ Platonic forehand with 
descriptions of networks often couched in terms of the formal terminology of 
mathematical graph theory acting in the same way as, and sometimes alongside,
simulation. To say this is not to dismiss the approaches out of hand but again we
reiterate that we accord no scientifi c status to what Hedström has aptly character-fi
ized as fi ctive models which have no calibration against reality. When networksfi
are calibrated in some way by appropriate measurement or other ways of estab-
lishing an isomorphism with the real, then they have value exactly because they
are a way of dealing with the relational aspects of complex systems. Martino and 
Spoto (2006) present an excellent summary of network approaches. Room (2011) 
both presents a useful methods account of networks in relation to complexity and 
develops a very interesting example of the mutual reinforcement of network 
approaches and simulation in relation to a real social issue. He identifies threefi
approaches to networks, although as he emphasizes the distinction is heuristic.
First there is analytic and computational modelling of networks where, as Room
bluntly points out: ‘Articulation with empirical data is generally only fl eeting’ fl
(Room 2011: 172). Yet again we encounter a privileging of the virtual over the
real. Second, there is empirical description and in particular the process of 
‘blockmodelling’ which is based on identifying structurally equivalent nodes, i.e.
nodes which have the same pattern of inter-connectedness as another node and 
assigning such structurally equivalent nodes to a block. Essentially this is a way
of simplifying the structure of a network by identifying relationships at a meta 
level. Dynamic network analysis seeks to extend this kind of description to incor-
porate an account of how networks change and develop over time. This corre-
sponds to Room’s third approach to networks where summary metrics are used to
describe networks through time with a particular interest in identifying points of 
radical change.

Room’s real example relates to the dynamics of the English state secondary
school system in relation to the operation of ‘parental choice’, i.e. the allocation 
of children to school supposedly on the basis of parental choice. Room and his
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collaborators began with a description of the system in terms of signed graphs,
essentially creating an abstract dynamic description of the system and identifying
positive feedback emerging within it. This ‘qualitative system dynamics’ mapped 
out the potential operation of systems which corresponded to the abstraction.
They then developed an again abstract mathematical model which demonstrated 
in detail how preferences expressed in relation to a range of regulatory and con-
textual variation infl uence the pattern of outcomes. Robinson (2007) then devel-fl
oped an agent-based model to simulate and thereby elaborate beyond the capacities
for handling complexity of the mathematical model. Room (2011: 253) describes 
this as: ‘. . . experimentation in silica’ and argues for its potential as: ‘. . . a tool of 
policy analysis on these dynamic terrains’.

Actually what we have in this example is not a set of models calibrated against
real data in terms of initial inputs but rather a modelling process which establishes 
its correspondence to reality through a qualitative appreciation of how things are 
working out in reality. The calibration comes when what the model suggests is
checked against reality as described by the data. School choice does seem to lead 
to polarization and what Room and his collaborators have done is to think about
that, create models of various kinds which work in the way that qualitative descrip-
tion suggests reality works, and then see what they might show us when set against 
reality itself. For us this seems entirely acceptable. The calibration is there because
reality comes first, rather than some banal set of abstract principles on the lines of fi
Rational Action Theory. This takes us rather nicely into thinking about the role of 
simulation in relation to description for complex systems.

Simulation – not nothing but certainly not everything

Simulation is the reproduction of reality in dynamic terms. In other words 
simulations are models which can and do demonstrate change. Moreover, to be in
any way adequate, simulations of complex systems have to be able to demon-
strate emergence in the exact sense in which that word has been defined in thisfi
text. Reading over much of the literature on complexity, one might come to the 
conclusion that simulation is a short-hand for agent-based modelling. That is to
say it might appear that the only simulations of complex systems are those in
which emergence is the consequence of interactions among micro-level entities
following rules, although in the most sophisticated agent-based models, agents
can acquire some learning capacity. This is not the case and there is a large set of 
complex simulations which are equation based. That is to say emergence follows
not on rule-observing behaviour but from the working out of sets of difference ffff
equations which can allow for non-linearity in their development and in the 
consequent character of the trajectories of the systems they describe and model.
In this section we will consider equation-based models before we turn to 
agent-based models.

We do this for an important reason. The great defi cit in agent-based modellingfi
is its incapacity to deal with any social which pre-exists and shapes the context
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of the actions of actors. Note that to say this is not to deny that social reality is a
product of social action. Rather it is to agree with Archer’s understanding as 
described by Hatt:

[Archer] begins with two propositions: 1) that structure necessarily predates 
the actions which transform it; and 2) that structural elaboration necessarily 
postdates those actions. . . . These enduring relations are dynamically related 
in that all activity is pre-structured and yet structures are dependent on  activity 
it they are to persist.

(Hatt 2009: 333)

Hatt’s very useful discussion develops by a citation of Archer’s understanding
of how ‘the riddle of structure and agency’ (Hatt 2009: 33) might be resolved. She 
identifies four types viz:fi

• Reduction to the micro level of the individual.
• Reduction to a level of system/structure where deterministic power lies at the

system level.
• Mutual operation of structure and agency very much on the lines of Giddens’ 

structuration.
• A Realist fi x which she develops and endorses.fi

The point for us here is that agent-based modelling builds into its very foundation, 
reduction to the micro level of the individual. Room explains why this will not do:

. . . it is evident that our understanding and ontology of social actors must go
hand in hand with our understanding of the social world they construct. We 
may, on the one hand, view that world as entirely ‘emergent’ from the individ-
ual actions of those involved. This is the perspective on the social world with
which the mainstream of complexity science has so far endowed us . . . una-
ble to acknowledge the pre-existing normative and institutional structures
that dominate our lives, lending authority to the choices we make.

(Room 2011: 106–7)

So far as agent-based modelling is concerned, Room has hit the nail on the head.
However, equation-based modelling, particularly as it has been developed in rela-
tion to complex urban systems, has actually tried in some very interesting ways to
accommodate both agency and structure, often of course the very real material 
products of human social action which take concrete, often literally concrete, 
form in the built environment. We therefore begin our discussion of simulation
with reference to that form of simulation. 

An excellent example of this approach is provided by Allen’s discussion of 
Cities and Regions as Self-ff Organizing Systems (1997), which is pertinently sub- 
titled ‘Models of Complexity’. Allen does that vital thing of specifying the nature 
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of the real systems he is interested in and laying out his understanding of their 
character:

. . . when we look at a city or region, or any group of humans, we find that their fi
total behaviour is the result of an intricate web of infl uences and efffl  ects that ffff
links all of the many diff erent scales of processes and organization. Behaviour ffff
and processes sit within each other, and their eff ects penetrate to the partsffff
within them, as well as to their surroundings and connections in both direc-
tions. It is this linking across the spatial and temporal scales that is really why 
the understanding of human systems requires a ‘complex systems’ approach.

(Allen 1997: 232)

This understanding resonates absolutely with the complex realist understanding
of complex social systems as nested and interpenetrating advanced by Reed and 
Harvey (1992) and provides yet another example of how, as Smith and Jencks 
(2006) put it, complex reality forces a commonality of understanding on those 
who engage with it. Allen set himself the task of describing through simulations 
the actual evolution of cities and regions and deployed a retroductive calibration 
against reality. That is to say he compared the results of the simulations with what 
had actually happened. If the simulations corresponded to an acceptable degree 
with what had happened, then they had the potential to provide predictions about
the future which could be used in planning and governance.4 His method is classi-
cally retroductive in relation to establishing past trajectories and draws on this
retroduction to develop a mode of projection into the future. 

Another passage from Allen’s specifying discussion is worth quoting here
before we proceed to the detail of how his approach works:

. . . if the micro-components have internal structure, and if in addition this can 
change through time, thus changing the behaviour of the individuals  elements,
then evolution can take place as the emergent macro-structure affects the localffff
circumstances experienced by individuals, and this in turn leads to a structural
adaptive response which in turn changes the macrostructure generated. 

(Allen 1997: 9)

The terminology is diff erent but this is exactly what Archer is saying, although of ffff
course she specifi cally admits agency as an element in change in relation tofi
micro-structure. 

Allen proposed the construction of urban/regional models around three sets of 
parameters representing:

1 The external environment of the urban/regional system of interest – the macro 
level.

2 The spatial confi guration of the variables descriptive of that system – the fi
meso level.
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Here it is worth noting that those interested in urban systems do have a pre-
existing structure given to them in the form of the physical structure underlying 
the  system. This structure is both geo-morphological and the product of human
intervention in constructing a built environment. Both are modifiable but at con-fi
siderable cost. They structure in the sense of set boundaries of possibility for 
immediate human action and set cost constraints for transformative human
action.

3 The internal behavioural characteristics of the individual elements aggre-
gated in the variables in question – the micro level.

For Allen all of these are potential sources of change. They co-evolve. As he 
puts it:

. . . the interaction of the system within the larger one which is its environ-
ment will lead us to a co-evolutionary dialogue involving the wider situation. 
This co-evolution (original emphasis) of system and environment means that
in reality, the changes in the environmental parameters will partially be 
related to the adaptations that occur within the system.

(Allen 1997: 9)

This resonates absolutely with Reed and Harvey’s (1992) understanding of the
nature of nested and co-determining complex systems.

Allen’s actual approach involves the specifi cation of difffi  erence equationsffff
using real data as inputs. These equations are inherently deterministic although
they allow for bifurcations in their development. However, to drive them
towards that bifurcation, which means essentially to allow the equations to
develop in a way which produces descriptions of the urban systems of inter-
est as having multiple and different future attractor locations in the possible state ffff
space, then Allen introduces noise into his models as these are computed. Noise,
that is a random element, is Allen’s way of getting beyond expressing the val-
ues, in his case preferences, of the micro-elements in terms of aggregate values. 
It enables the introduction of variation in relation to that element of the model 
and thereby allows one source of unpredictability into the determination of the 
trajectory of the future of the system. In fact noise is generally employed by 
Allen to allow for unpredictability at all levels of determination. There are two
ways to think about what noise represents. One is to endorse the frequentist con-
ception of nature as intrinsically probabilistic. However, we prefer to think of 
noise as a way of coping with ignorance. There are things we do not know which 
might have a determinant infl uence on future trajectories. Noise stands for these fl
unknowns. 

[T]here are known knowns; there are things we know we know. We also know 
there are known unknowns; that is to say we know there are some things we
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do not know. But there are also unknown unknowns – there are things we do
not know we don’t know.

(Donald Rumsfeld, US Secretary of Defence in a press
briefi ng 2002 before the war in Iraq)fi

Whilst this statement is often represented as classic gobbledygook, it actually
makes good sense in relation to our efforts to understand the potential future tra-ffff
jectories of complex social systems. There are things we know and can measure
properly and which have an infl uence on those trajectories. There are things we fl
know have an infl uence but which we can’t measure at this stage. These are the fl
known unknowns. And then there are things which have an influence but aboutfl
which we know nothing at this stage, or perhaps whilst we know that they are
possible, we have no way of knowing if and when they might have an influence.fl
The collapse of La Palma in the Canaries would cause a mega-tsunami which
would inundate most Atlantic and North Sea/Channel coastal European cities. We
know this might happen but we can’t easily build this event into our modelling. 
Perhaps we should! These are the unknown unknowns although we have to accept
that there is a degree of ‘unknowness’ here. La Palma might collapse and we know 
that is possible. Aliens might invade but we have no knowledge of aliens or their 
capacities whereas we do have an indeterminate knowledge of La Palma and its 
possibilities.

Another key text which develops simulation in relation to the urban is Batty’s
Cities and Complexity (2007). Batty takes a somewhat different tack from Allen, ffff
developing a discussion which moves towards models which integrate the possibil-
ities for description of the spatial systems in terms of cellular automat and of the 
impact of agents which, unlike spatial locations, are themselves mobile in space:

The essential distinction between agents and cells is that agents can motivate
their own actions, which can imply spatial movement, in contrast to cells which
are fi xed and merely represent the landscape on which this action takes place. fi

(Batty 2007: 261)

Batty, like Allen, actually engages with the reality of interest to him rather than
formulating some abstract principle of action and constructing simulations fic-fi
tively on the basis of that abstract principle. Of course he develops some princi-
ples for the models he proposes but those principles are empirically founded 
rather than being abstract posits. There are some very interesting, and sometimes
contestable, ideas in his presentation. These include his understanding of agents:

Here . . . we mainly characterize our agents as individuals, although in many
treatments in the social sciences, such agents are used to represent agencies
and institutions. In some contexts, however, they can be used to represent
movable physical but nonhuman objects.

(Batty 2007: 7)
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Actually there are, as Room (2011) has pointed out, very few examples of agent-
based modelling which deploy collective agencies and institutional forms as part
of the set of actors in a simulation. Of course a satisfactory simulation should be
able to do this. The other point of interest in that passage is the resonance of 
Batty’s approach with actor network theory’s account of actants, although Batty is
dealing with actual social reality as it is enacted in general and in space rather than
with just the social construction of scientifi c knowledge.fi

Another very interesting and resonant element in Batty’s discussion is his
understanding of the relationship between dynamics and structure:

Traditional systems theory and current ideas about complexity do not depart 
from the age-old notion that systems are more than what they seem, but the 
crucial diff erence relates to the idea that for a modern understanding of the ffff
whole, it is the dynamics of how parts behave in relation to one another that 
are important. In the past it was assumed that this kind of understanding
would develop from an analysis of system structure rather than behaviour . . . 
there has been a fundamental change. Dynamics have become signifi cantlyfi
more important than structure as providing the essential drivers of change. 

(Batty 2007: 65)

The resonance here is of course exactly with Thompson’s conception of class
as not a thing but as ‘the sound and the fury’, that is as a collectivity in action.

In general Batty’s approach, and the models developed in his book, are essen-
tially micro-emergent and a serious criticism of his approach is that it does not 
really allow, unlike Allen’s, for the real structural embedding of urban systems in 
the wider socio-ecological systems of which they are a part. For example he 
emphasizes far too strongly the essential continuity of urban systems over time.
Most European cities and towns were nothing like what they were to become
in the industrial era in any previous era and rather a lot – the Middlesbroughs, 
Magnitogorsks, Katowices – actually sprang from the ground in that period. They 
may have an emergent existence which is proving remarkably robust for now but
ecological change is always a potential. This is a point to which we will return in
our discussion of simulation and causality in Chapter 8. That said, Batty’s work in
this book, and publications related to his approach in it, represent a serious and 
useful deployment of a wide range of simulation approaches, certainly at the level 
of the description of the dynamics of urban systems, and indeed many of his
techniques are readily transferable to other systems, particularly systems where
spatial relationships provide the matrix for other social action. 

This is not a textbook and we are not going to reproduce here the actual mathe-
matical procedures developed in relation to equation-based models. For those
see Allen’s and Batty’s own books. However, we do think that these approaches
have potential. At the same time they have limits, something of which Allen in
particular is very well aware, because in human systems they have to deal with
human agency which is always reflexive. There is an excellent treatment of the fl
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implications of this issue in the discussion of the case study of the Argolid plain
in relation to water use and potential salination of aquifers described in Lemon 
(ed 1999) in a book with the suggestive title of: Exploring Environmental Change
Using an Integrative Method. The idea of integrative method is important and will 
inform our discussion in Chapter 10 when we try to develop a toolbox for actually 
doing complexity-informed research. Here we want to pay attention to Jeff rey ffff
et al.’s very useful discussion of ‘Complexity, Systems and Models’:

Integrative method assumes the existence of multiple representations, or mod-
els, of a system of interest. It has been suggested that different actors have ffff
their own interpretation of how a process evolves and what are considered to 
be the salient parts of it. The ability to understand how issues are defined and fi
described by stakeholders, including the scientifi c community, therefore fi
draws upon their own representation or models. These interpretations are sub-
sequently interpreted and (re)presented through the development of addi-
tional conceptual and mathematical models by the research scientists. It is
one aim of policy relevant method to use these models for the exploration of 
possible futures under varying conditions and thereby to facilitate improved 
dialogue between stakeholders.

(Jeff rey ffff et al. 1999: 75)

Lemon and Oxley when answering the question: ‘Where to from here?’ conclude 
that:

Two methodological observations arise . . . Firstly, we need a medium which 
can provide a simplifi ed representation of a model of a complicated land-fi
scape. Secondly, representation must incorporate the different perspectivesffff
of those who are making decisions which impact upon that landscape.

(Lemon and Oxley 1999: 75)

They argue for a constant iterative dialogue with real people in the real world, a 
process of necessarily addressing the complexity of reality rather than attempting 
some posited simplistic version of it.

Positing simplistic versions of reality in the abstract is exactly what most agent-
based modelling does. True there is an eff ort to get past the problems of formal ffff
mathematical representation. Crutchfield has remarked:fi

Very few nonlinear problems can be solved in closed form; that is, the under-
lying mechanisms and solutions cannot be expressed in mathematically
tractable ways. We need a new approach. 

(Crutchfi eld 2008: 42)fi

Indeed Wolfram (2002) has gone so far as to argue that the possibility of simula-
tion enables us to develop A New Kind of Science by deploying more general rules 
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that are possible in mathematical formalisms and that can be represented by
relatively simple computer programs. Both these authors do have a sense of the
problem of connecting reality to simulation in some way. Indeed Crutchfield asfi
already quoted (2008: 42) is particularly clear on this point. The same cannot be 
said of those who take posits as their starting point and work forward from there. 
A particularly clear and well-presented version of this position can be found in 
Macy and Willer’s overview of the agent-based approach (2002). In general they
assert constantly micro-foundations of all of social reality5 in a wholly atemporal 
fashion. That can be done even by authors who confront reality through calibra-
tion. What absolutely disqualifi es the kind of approach suggested by Macy and fi
Willer from any claim to be science is their assertion of the validity of abstraction 
based on asserted posits as the foundation of agent-based simulation. Their argu-
ment, despite qualifi cations, is that: ‘Agent based modelling is a new tool for fi
theoretical research at the relational level’ (2002: 161):

[Agent Based Models (ABMs)] are used to perform highly abstract thought
experiments that explore plausible mechanisms that may underlie observed 
patterns. As such these models do not necessarily ‘. . . aim to provide an accu-
rate representation of a particular empirical application. Instead the goal of 
agent based modelling is to enrich our understanding of fundamental pro-
cesses that may appear in a variety of applications.’ (Axelrod 1997: 25) . . . if 
the goal is to deepen our understanding of some fundamental process, Axel-
rod continues, ‘then simplicity of assumptions is important and realistic rep-
resentation of all the details of a particular setting is not.’ On the contrary, 
making these models more realistic inevitably adds complexity that under-
mines their usefulness as tools for theoretical research if we can no longer 
fi gure out how the model produces a given result. fi

(Macy and Willer 2002: 147)

This beggars belief. Not only is there no sense of the problem of establishing some
sort of isomorphism between the mode of operation of the model, how the model
produces a given result, and reality – a problem which applies even to models cal-
ibrated against reality – but there isn’t even an acknowledgement that  models may
generate outcomes which do not correspond to reality in any meaningful sense.

We can contrast this simplistic kind of assertion with the much more subtle
discussion of the nature of agent-based models presented by Boero and Squazzoni
(2005). They diff erentiate ABMs into case-based models, typififfff cations, and theo-fi
retical abstractions. The last of these corresponds to the programme proposed by 
Macy and Willer and, whilst we hestitate to put words into Boero and Squazzoni’s
mouths, our reading of their arguments suggests that they do not think very much
of it.6 They present this distinction thus:

. . . ‘case-based models’ are models of empirically circumscribed phenom-
ena with specifi city and ‘individuality’ in terms of time-space dimensions; fi
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‘typifications’ refer to specififi  c classes of empirical phenomena, and arefi
intended to investigate some theoretical properties which apply to a more or 
less wide range of phenomena; ‘theoretical abstractions’ are ‘pure’ theoretical 
models with reference neither to specifi c circumscribed empirical phenom-fi
ena nor to specifi c classes of empirical phenomena.fi

( Boero and Squazzoni 2005: para 3.2)

Boero and Squazzoni explicitly relate their specifi cation of typififi cation to thefi
Weberian approach of the construction of ideal types and illustrate their argument 
by reference inter alia to their own work on industrial districts. This is very useful 
and indicates that this kind of agent-based model can be used in terms of abstrac-
tion based on systematic comparison.

Likewise the increasing tendency to engage stakeholders in both the conceptual-
ization of models and the interpretation of their outputs is a move in the direction 
suggested by Lemon and Oxley. Moss (2008) discusses the work of a French-based 
school of social scientists who have developed ‘companion modelling’ as argued 
for by Barreteau et al. (2003). Essentially this is a participatory method. Here 
validation is based on an engagement with reality. Moss is blunt:

Companion modelling does not employ representations of behaviour based 
on utility functions or social environments cast as iterated prisoners’ dilem-
mas or social interaction as round robin tournaments. These modelling arte-
facts depend on the economists’ and physicists’ conception of the role of 
modelling – a conception that is inappropriate for purposes of social policy or 
strategy analysis and formation. For these purposes companion modelling is
appropriate . . . The main reason for developing the companion modelling 
approach is that – unlike the approach of economists and econo-physicists – it
is useful and achieves what is claimed for it.

(Moss 2008: para 1.8)

We agree! However, that still leaves us with the micro-emergent assertions which 
have informed so much of the epistemological and ontological argument around 
simulation in general and agent-based modelling in particular. It is very encourag-
ing to see work emerging from empirical projects which is attempting to address 
exactly this issue, work driven as it were by empirical reality itself in the way that
multi-level statistical modelling was likewise developed because statisticians real-
ised that reality was actually like that. Márquez et al. (2011) have proposed a 
particularly interesting approach in which they seek to exploit the full range of 
computing resources in relation to an empirically founded investigation through a
focus on the potentialities of Distributed Agency (DA). Their project is to:

. . .lay the foundations for a DA description of socioeconomic realities, in a 
process that weaves diff erent computational techniques in the context of DA ffff
to represent social and individual behavior in a contextualized fashion, 
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accommodating agents with limited rationality and complex interactions. We
believe that this research avenue will improve our understanding of social 
complexity, as it moves the discussion in the fi eld towards the capability of fi
describing the vast array of linear and nonlinear realities, interlocking levels 
and currently non-consilient theories in existence. 

(Márquez et al. 2011: 1)

This is an extremely important and innovative paper which does recognize the 
reality of the social and deploys innovative approaches to formalize a model which 
derives from real empirical observation and from the data mining of extensive 
electronic resources in a way which refl ects the reality of the complex social.fl
These authors are taking ABMs the way they need to go.

Agent Based Modelling has a real attraction. It seems to offer a formalism ffff
which stands between mathematical rigour/rigidity and the fl exibility/imprecisionfl
of models expressed in language terms. It also far too often endorses the
micro- action deterministic fallacy which underpins contemporary neo-classical 
economics, is repeated in a more sophisticated but not fundamentally different ffff
form in Rational Action Theory, and has penetrated in various guises into much of 
US, if not UK, sociology. Imaginary posits are useless. Agent-based modelling
which is calibrated on reality in some way is potentially useful, but it still needs
further development in ways which takes some account of the reality of structure 
as the historical emergent with its own causal powers and in particular powers
of limitation. To paraphrase Marx, people make history but not in circumstances 
of their own choosing. 

Conclusion

This chapter is subtitled: exploring trajectories through narratives. In this conclu-
sion we want to emphasize that word: narrative. We have used the term ‘trending’ 
in a way which takes the gerund/present participle of an intransitive verb and 
deploys it as a transitive verbal form. We carry out trending when we describe the 
trajectories of complex systems. That process is a process of constructing a narra-
tive, a narrative which may be presented in a variety of forms – textual as words; 
numerical as a series of measurements, which measurements can include the nom-
inal classifi cations at time points of the kind of the systems; and indeed visualfi
through the presentation of a series of images in the form of what Byrne and 
Doyle (2005) have called a very slow movie. We have already discussed how the
presentation of time-ordered classifi cations represent narratives. It seems hardly fi
necessary to say, although we will say it anyhow, that textual histories are narra-
tives. What about simulations?

Allen’s kind of equation-based modelling for us is a narrative because that 
approach is essentially retroductive. Sayer defines retroduction as a ‘. . . mode of fi
inference in which events are explained by postulating (and identifying) mecha-
nisms which are capable of producing them. . .’ (Sayer 1992: 107). To say events 



172 Complexity and methodology

are explained in this way is of course to say that we have provided a causal account
of them. We would of course substitute the expression ‘state of the system’ for 
event, and will return to this issue in detail in Chapter 9 when we consider cause,
but here we want to specify that such a description of mechanism depends on a 
clear account of how something has come to be what it is. That is to say underly-
ing Allen’s models is a historical narrative, much of which is expressed in terms
of numerical time series of various measurements. Calibration provides the 
 connection to reality through time.

Useful agent-based models, that is models calibrated against reality even if that 
calibration is in terms of careful qualitative description as with Room et al.’s
discussion of the consequences of school choice, do have a historical foundation
but whereas equation-based models lead forward to the present and only then turn 
to extrapolation towards the future, agent-based models build emergent futures.
That is why they are so attractive. They seem to provide a basis for saying what
will happen if the rules describing agent behaviour are correct representations 
of the causal power of interactions among agents. We will return to this crucial 
issue of the assignation, and of course correct assignation, of causal powers to
interactions among agents, in Chapter 9. Our issue is not with this assignation
but with the limitation of causal power only to such interaction. Here we simply 
want to say that simulations which project produce narratives of the future. That is 
very important because they help us to say what will happen if . . . Chapter 9
turns to the crucial issue of causality because we can only start to say what will
happen if, when we understand the nature of causality in relation to complex sys-
tems and then, to use the title of Cartwright’s book (2007), can start to hunt causes
and use them.



Danermark et al. contend:

. . . fi rst, that science should have generalizing claims. Second, that the expla-fi
nation of social phenomena by revealing the causal mechanisms which pro-
duce them is the fundamental task of research. 

(Danermark et al. 2002: 1)

We agree. And we agree with Cartwright that the fundamental task of science in 
general is Hunting Causes and that of the applied sciences is Using Them (to split
the title of her book 2007). However, when we deal with complex systems we are 
faced with very substantive problems in relation to these tasks. With any complex
system we cannot turn to the traditional programme of reductionism, the ana-
lytical mode which Hayles calls the Platonic backhand and its technique of 
the controlled experiment, whether bench (direct control and deterministic
account) or statistical (control through random allocation and probabilistic 
account). That is to say we cannot decompose the system into its elements and 
use control over discrete elements whilst varying just one of them, either directly 
or through the use of treatment and control groups, in order to establish causality 
in terms of the properties of those elements.1 The absolute content of the notion 
of emergence denies that such an approach can tell us anything useful about
complex systems. The character of complex systems is a consequence of interac-
tions: interactions of parts of the system with each other; interactions of parts of 
the system with the system as a whole; and interactions of the system with other 
systems with which it intersects, within which it is nested, and with which it may
share interpenetrating components. Cartwright (2007), despite her turn towards 
Duns Scotus, remains trapped in a language of discrete variables and causality
expressed in terms of linear relationships among those variables. Danermark 
et al., as critical realists, deal in terms of mechanisms and allow for contingency
in relation to the causal powers of those mechanisms. That, as we have seen in our 
discussion of complex realism, is compatible with the implications of emergence.
It also allows us to ‘scope’ our generalizations – to establish a sensible position
between the nomothetic conception of universal laws and the ideographic

Chapter 8

Hunting causes in a 
complex world
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assertion of uniqueness and the impossibility of generalization.2 We can try to 
say something about causes but we have to delimit the range of application of 
whatever we say.

And when we come to complex social systems we have to contend with another 
issue:

. . . the social structure is for the most part created . . .. Unlike the physical
nexus [the social type of causal nexus] does not exist apart from the motives
of social beings [and requires a methodological strategy that fits the distinc-fi
tiveness of social events].

(Cicourel 1964: 1 quoting and annotating MacIver 1942)

So we have to deal with implications of conscious agency when we are dealing
with social causation and, nota very bene, we have to deal as well with structure.
The words ‘consciousness’ and ‘structure’ matter because the mode of scientifi cfi
investigation which Sawyer, DeLanda, and others, privilege so absolutely in 
relation to social complexity, simulation, Hayles’ Platonic forehand, can cope
with neither. To be more specifi c, agent-based modelling can cope with neither. fi
Equation-based simulations can take some account of structure, particularly of 
the physical aspects of space including those concretized consequences of human
action which constitute the built environment. However, as Allen in particular is 
very plainly aware, even equation-based modelling has problems when it comes 
to looking forward, to predicting, not least because as he says (1997) the models 
themselves might play a constitutive role in shaping future human actions.
Refl exivity indeed!fl

So there is another issue we need to confront, i.e. the difference between ffff
 retroductive explanation and explanations which can yield predictions. Retroduc-
tion is a ‘. . .mode of inference in which events are explained by postulating 
(and identifying) mechanisms which are capable of producing them. . .’ (Sayer 
1992: 107). That word, mechanism, indicates the critical realist provenance of this 
specifi cation. We have no problem with that. Our problem is in relation to that fi
prefi x ‘retro’. We can look backwards and generate accounts of what is. Our prob-fi
lem is in looking forward and generating accounts of what will be. The great value 
of nomothetic laws is that they tell us what will happenl if. For complex systems,ff
where emergence precludes the establishment of nomothetic laws, how can we
develop any causal knowledge which we can use, in the sense of use as praxis?
That is to say how can we start to make claims on the lines of if we do this, then
that will happen?

To start to make any progress in resolving that issue, we have to think first notfi
about causes in complex systems but about the nature of effects. We should startffff
with the question: what is an eff ect? The way to do that, as Byrne (2011b) has ffff
suggested, is to focus on the trajectories of systems understood as descriptions 
through time of the nature of the systems and hence as accounts of relative stabil-
ity and change in the systems. Remember complex systems are not static systems 



Hunting causes in a complex world 175

but for much of the time, for most of their existence, changes in them are relatively
small. In vernacular English we can say they jiggle about a bit. In the language of 
trajectories we can say that their locations remain within a Torus type attractor. 
In our version of the language of state space we can say that they remain within
at attractor space which characterizes the kind of thing that they are – they stay in 
their type set along with other systems in the same ensemble. We are cer-
tainly interested in why systems stay much the same. But we are particularly inter-
ested in why systems, at any level between the individual person and the world 
order, undergo radical changes of kind – why they go beyond morphosis to 
metamorphosis.

Retroductive explanations can tell us how a system got to be the kind of thing it
is now. The very title of Weber’s The Protestant Ethic and the Spirit of Capitalism
is a retroductive explanation as it stands. The problem is, how can we use retro-
ductive knowledge, which really is all the causal knowledge we can generate for 
complex systems, to project forwards? That is where the interaction between 
knowledge and agency becomes crucial. Going forwards, complex systems do not
have a future, in the sense of a particular future, unless they stay much the same,
in which case the future will look much like the past and the present. However, 
if the systems change in kind, undergo a phase shift, then the future holds multiple
possible conditions for them. Their state can take a range of forms. They can shift 
to a set of multiple possible positions in the state space. Prediction then takes a
two-fold form. First, it has to seek to identify the range of possible futures for the 
system, one of which of course is the future of much the same. Second, it has
the even more diffi  cult job of trying to establish just what may lead to any one of ffi
the possible other futures in terms of changes in some aspect of the system
itself and/or of the other systems with which it is intersected, in which it is nested,
and which are nested within it. Note we are dealing with systems which continue
to exist in some, literally, essential fashion. However, that may involve them
becoming diff erent, even very diffffff erent, in terms of the components of the assem-ffff
blages which constitute the system in the future, in the forward going times of the
system’s trajectory. Think for example of the transformation of cities which 
existed before industrialization under the impact of industrialization. Newcastle in 
the North-East of England has existed as a city continuously since 1089 CE
but the city which grew in population nearly twenty-fold through the nineteenth
century whilst remaining an identifi able system was profoundly transformed asfi
an assemblage.

Here we need to establish an ontological distinction between chaos and 
complexity. It is important to emphasize that the real issue is the ontological
distinction and not the epistemological distinction. This latter relates to the
mathematical formalisms of the development of chaotic as opposed to complex,
non-linear equations. For a Platonist of course these distinctions would be distinc-
tions in the mathematical real of which reality is only a feeble reflection – the fl
myth of the cave again. For us the mathematical realm has only a potential episte-
mological status as a model of, metaphor for, reality itself. It is conventional to 
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describe the complex as occupying a realm between simple linear determination
and chaos. This describes the mathematical realm in which complex linear 
equation sets have multiple solutions depending on specification of initial param-fi
eters, but neither the specifi c solutions of the simple nor the potentially very large fi
numbers of solutions of the truly chaotic expression. In reality itself it is difficultffi
to envisage chaos other than in terms of the ultimate heat death of the Universe.
Weather systems, so often considered to represent chaos, are not ontologically
chaotic. The weather systems can take any from a set of forms but that set is not 
limitless. The chaotic element arises in relation to the degree of precision which is
required in order to specify which form will exist at a point in time in the future. 
It resides in the mathematics, in the epistemological tool, not in reality itself. The
key ontological characteristic of complex systems which matters in relation to
prediction is that there is a multiple but limited set of possible futures for the state 
of the system, and that the character of that set depends on the past history of the
system. The set of futures is path determined not in the sense of there being a
future fi xed by the path, but rather in that other sense of determined in that there fi
is a restricted set of multiple possible futures and that the boundary of possibility
for those futures is set by the past trajectory of the system. What will happen, what
future will come to be in terms of future trajectory, is a function of changes in the
constitution of the system, of its assemblage, with that understood to incorporate
both new penetrations by, and changes in existing, other systems. That must
include the potential of human agency.

Hence agency, and hence agency expressed in two ways. First we have the
agency of ‘hunting causes’, of establishing what might cause changes in the future
state of the system of interest and what changes would result from such causes
understood to use a very important term as control parameters. This is the task of 
science, very broadly defi ned. Second we have the agency of ‘using causes’, of thefi
implementation by social actors of actions which will result in a particular future 
rather than another future. And we must recognize that in a world of social con-d
fl ict, at whatever level, there are multiple actors with competing interests and fl
objectives. So it is not a matter just of establishing causal parameters and acting
on that establishment to achieve a desired future state. Sometimes that may be the
case, as when a therapist and patient agree to act together to manage the condition
which the therapy addresses. More often, and particularly at the levels of the meso
and macro social, science in application has to recognize that it is application for 
whom, Cui Bono, whose side are you on? So application is praxis and praxis is
seldom neutral. In this chapter we are dealing with the fi rst kind of agency – with fi
the hunting of causes. How do we do that in relation to complex systems? That is
the question we try to answer here. 

Expanding on the issue

This book is explicitly a work of synthesis, so let us fi rst see what others writing fi
implicitly or explicitly in a complexity frame of reference have had to say about 
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this issue. Juarro locates it for us in terms of the history of science very neatly
when she observes:

. . . in Darwin’s notion of natural selection . . . context was given a causal role
for the fi rst time in centuries. And to make matters even more complicated, fi
the strict determinism of classical mechanics appeared to break down as a
result of the self-organizing consequences of a spiraling refl exive causality.fl

(Juarro 2011: 149)

There is a lot in this point. First ‘context’ – that is to say causality can only be
understood both in terms of descriptions which are located in particular spatial 
and temporal contexts and context itself has causal powers, an idea which reso-d
nates very strongly with the notion of complex systems as permeable assemblages.
Second, we have ‘a spiraling refl exive causality’. Reductionism which denies notfl
only complexity but refl exivity cannot cope with that. As Juarro says, we had tofl
go back to go forward:

Complex systems became more tractable with the reintroduction of the 
 Aristotelian concepts of formal and fi nal cause by making it easier to accountfi
for the contextual embededness and goal-directedness of organisms and 
organizations.

(Juarro 2011: 161)

Re-enter teleology and that is a big presence on the stage. Another necessary player 
in this drama is mechanism. Crutchfi eld, one of the key fifi  gures in relation to simu-fi
lation, refl ects very interestingly on what he means by complexity in the usefulfl
little book edited by Gershenson (2008) where a range of fi gures in complexityfi
were asked to refl ect in essence on what they thought complexity was all about:fl

An important, perhaps under-appreciated, aspect of complex systems is its
novel contributions to scientifi c methodology. One of these you might callfi
emergence analysis which attempts to address the question, By what mecha-
nisms did behaviour X or structure Y appear? This is fundamentally different ffff
from how questions were posed previously. 

(Gershenson ed 2008: 38)

We can and will quarrel with the use of the word analysis and with Crutchfield’sfi
emphasis on discrete elements, behaviours or structures, separate from the assem-
blages of the complex systems to which they contribute, but the use of the word 
mechanism is important.

Compare Crutchfi eld with the following:fi

A social mechanism, as defi ned here, is a constellation of entities and activi-fi
ties that are linked to one another in such a way that they regularly bring about 
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a particular type of outcome. We explain an observed phenomenon by refer-
ring to the social mechanism by which such a phenomenon is regularly
brought about. 

(Hedström 2005: 11)

. . . a mechanism can be defi ned asfi the pattern of social interactions involved 
as the properties of a category produce outcomes along a dimension. We can
further defi ne fi causal chain or causal process with reference to conjunctions 
of mechanisms involved as social interaction on all the dimensions of several
(or ideally all) properties create outcomes. Thus, process tracing links mech-
anisms pertaining to the various properties of the core category we see our 
cases as cases of. The contextualist approach explains by means of many
mechanisms linked in causal processes.

(Mjöset 2009: 58)

We can disagree with Hedström on one of the same grounds on which we disagree
with Crutchfi eld, that is in terms of the objective of explanation being anythingfi
observed outwith the complex system as assemblage of which it is a part. That
said, all of these authors emphasize mechanism. Whilst Mjöset turns to process 
tracing, both Crutchfield and Hedström are exponents of simulation. Crutchfifi eld fi
refl ected on the nature of investigation into causality in complex systems and the fl
role of computer simulation thus:

Very few nonlinear problems can be solved in closed form; that is, the under-
lying mechanisms and solutions cannot be expressed in mathematically
tractable ways. We need a new approach. People today say computers can fill fi
the mathematical void. I would agree with this only partially since powerful 
computers can be programmed to simulate models that are as complicated 
as many natural systems. Beyond the conceptual hygiene that comes from
porting the ideas of the mathematics to a computer language, often little is
gained. More to the point, having petabytes of simulation data is not the same 
thing as understanding emergent mechanisms and structures. We need to
understand mechanisms and structures to build predictive theories – theories
specifi c enough to be wrong. fi

(Crutchfi eld 2008: 42)fi

We very much agree but many engaged with simulation seem to believe that the
specifi cation of a set of rules is a valid mode of specifying causality. For example fi
Gilbert and Troitzsch argue that it enables us:

. . .to take theories that have conventionally been expressed in textual form
and formalize them in a specifi cation which can be programmed into a fi
computer. This process of formalization which involves being precise about 
what the theory means and making sure it is complete and coherent, is a very
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valuable discipline in its own right. In this respect computer simulation has
a similar role in the social sciences to that of mathematics in the physical
sciences.

(Gilbert and Troitzsch 2005: 5)

And let us refer again to Holland’s specifi cation of his approach already quoted fi
in Chapter 1:

First of all, I will restrict study to systems for which we have useful 
descriptions in terms of rules or laws. Games, systems made up of well
understood components . . ., and systems defi ned by scientififi c theories . . .fi
are prime examples. Emergent phenomena also occur in domains for 
which we presently have few accepted rules . . .. Most of the ideas developed 
here have relevance for such systems, but precise application to those sys-
tems will require better conjectures about the laws (if any) that govern their 
development.

(Holland 1998: 3)

Gilbert and Troitzsch’s position is in line with the style described by Hayles as
privileging of the disembodied. Yet again we have a Platonist notion of the real
as outwith the world itself. The key issue of course is exactly establishing any
correspondence between the elements of the programme, which in agent-based 
modelling translate into rules for agent behaviour, and reality itself – the problem 
of isomorphism which in particular engages with the inability of any models at 
their present state of development to assign causal powers to social reality itself.
Holland is more subtle. He explicitly confines himself in terms of his discussionfi
to systems for which rules can be established, allows the possibility of developing
such rules for other systems in the future, and suggests that there may be a set of d
systems for which such rules cannot be developed. To our mind he is letting in the
distinction between restricted and general complexity. Simulation models can be
developed to deal with restricted complexity. Calibration of them against real data
is a valid and proper way of establishing isomorphism with reality. Indeed for any 
modelling of whatever form of a real complex system, calibration against descrip-
tions of the world, which descriptions can include both quantitative data and qual-
itative accounts, is the only mode of establishing validity available to us. We very
much agree with Maxwell when he asserts:

Validity . . . pertains to the accounts or conclusions reached by using a
 particular method in a particular context for a particular purpose, not to the
method itself. This is essentially a realist approach to validity . . . that sees
the validity of an account as inherent, not in the procedures used to produce 
and validate it, but in its relationship to the things it is intended to be an 
account of. 

(Maxwell 2012: 130)
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McKelvey’s assertion of the insistence that:

. . . in Campbellian3 Realism, while idiosyncratic perceptions of the phenom-
enal world are recognized, and social construction by scientific communitiesfi
is accepted, ultimately good science is held accountable to the hard reality of 
what is real.

(McKelvey 2011: 113)4

tells us what matters. This is of course essentially and properly a synthesis of 
pragmatism and a harder but non-positivist realism.

Simulation models when they address causality have to assign causal powers
to the rules describing the behaviour of the elements in the system. In other words
the rules which constitute the model describe the mechanism. This is plainly how
Hedström and Åberg (2005) understand the calibrated model of unemployment they 
build. Their model describes the systems of interest to them, which in effect are both ffff
the employment status of the unemployed and the volume of unemployment in a 
specific place. The crucial element they explore is ‘social interactions’ and ‘. . . their fi
potential importance in explaining temporal and spatial variations in unemploy-
ment’ (2005: 119). The simulation model, as calibrated against real data they assert, 
constitutes ‘. . . an empirically verified mechanism-based explanation of a socialfi
outcome’ (2005: 144). This is not the case. The model is capable of reproducing a
pattern of data but reproduction is not explanation. We are in the territory of course
of the fallacy of affi  rming the consequent, Pffi opper’s home ground. Calibrated simu-
lations are part of the repertoire by which we can explore causality but their inca-
pacity for dealing with the causal powers of social structure and their essentially
micro explanatory focus imposes limitations on their general applicability.

In terms of historical development it is getting things out of order to discuss 
simulation before dealing with the traditional quantitative method used to address
causality in the social sciences – the General Linear Model in whatever form.
However, the actual character of linear modeling means that it has, for obvious 
reasons, not been much deployed in complexity informed studies. There are some 
partial exceptions. Jörg (2011) has attempted to deploy a variant of structural 
equation modelling, albeit one which makes some fundamental modifications tofi
the usual assumptions of that technique. Jörg picks up a point made by Jaspers as 
to the reciprocal character of causal relations. In other words the dichotomy of 
cause and eff ect is fallacious. Causes can be modififfff  ed by reciprocal causality from fi
eff ects. It is this circularity which is central to Jörg’s concerns. He draws on Elias’ffff
assertion that human beings both form social relationships and are formed by 
them (quoting Stacey 2003: 43). This is absolutely correct and the reciprocal/
recursive nature of causality in complex systems is an essential characteristic of 
such systems and their relationships. In the social world this is not just a matter of 
individuals, the micro fallacy, but also of institutions and other social collectivities 
having external causal powers in relation to entities which also have causal
powers in relation to them. Welfare ‘reform’ in the early twentieth and again 
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twenty-fi rst century UK stands as an apposite example. Jörg’s argument is thatfi
causation in the world of complexity is both self-referential and reflexive. Causesfl
cause themselves and moreover cause eff ects whose reflffff  exive causal efffl  ect isffff
essential for the nature of the self-same causes. His discussion of eff ects in terms of ffff
direct eff ects – what is conventionally thought of as a cause; self effffff ects – theffff
self-maintenance of the nature of the causes themselves; and reciprocal effects – ffff
the role of the eff ects of causes in reflffff  exively engendering the causes themselves,fl
is persuasive and very useful. For example, income maintenance  systems have
profound implications for the operation of labour markets but changes in labour 
market conditions can and do lead to changes in income maintenance systems. At
the same time income maintenance systems always have as one outcome the main-
tenance of the systems themselves, not in exact form but as a coherent system.

To develop our example by specifying, recent welfare ‘reforms’ in the UK have
moved that country’s income maintenance system towards an insistence on work 
for many non-workers – people with limiting long-term illnesses, single parents of 
dependent children, the spouses of benefi t dependents – who were previously notfi
subject to that requirement. This change has been driven by a belief, largely con-
sensual across the major political parties, that non-employment represents a major 
fi scal drain and is a signififi cant cause of social polarization and social disorder.fi
However, the changes also reflect a requirement of ‘flfl exible labour markets’ for a fl
large reserve army of labour as a means of disciplining employed workers, par-
ticularly workers engaged in ‘poor work’ – work which is both poorly paid 
and off ers little personal satisfaction through doing it. In a post-industrial,ffff
post-Keynesian social, economic and policy system a change of this kind rein-
forces the integrity of that system. A phase shift would involve a change in politi-
cal culture and a return to an emphasis on full employment with lack of employment 
identifi ed in Beveridge’s terms of 1909 asfi A Problem of Industry rather than 
understood solely in terms of the motivational and skill deficiencies of the unem-fi
ployed. So here the self-maintenance eff ects of system change are maintenance of ffff
the fi scal basis of the system; the wider system efffi ects are the reinforcement of the ffff
reserve army of labour to sustain a flexible labour market; and the reciprocal fl
eff ects are the drivers of change for that labour market. We could start with the ffff
labour market as the determining system and give exactly the same account.
That is the point about refl exive causality. The only sensible ordering will befl
 temporal in relation to initial driver, which here would be the labour market, but
the continuing circularity of causes and effects should be evident.ffff

To our mind, in attempting to deal with this important issue of recursive causal-
ity Jörg takes an odd turn by utilizing structural equation modelling and latent
variable analysis. This looks remarkably like a return to the factorial approach 
which simulation, and especially agent-based simulation, seems to have replaced.
As Macy and Willer (2002) put it there has been a movement from factors to 
actors: that is to say from an understanding of causality as inherent in independent
variables which lie behind the actual measurements made to an understanding
based on the causal primacy of interaction among actors/agents. Jörg recognizes
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the limitations of structural equation models as originally formulated. However, 
he argues that the method has the potential, unlike most agent-based models in
which the agents are fi xed entities, to accommodate a conception of causality asfi
involving ‘mutual simultaneous shaping’ (Jörg 2011: 162). He argues that:

. . . a simple causal model has been developed that deals with the dynamics of 
(mutual) causal interaction between ‘latent’ causal variables and their time- 
dependent eff ects. . . . The causal dynamics of such interaction may be con-ffff
ceived as a self-reinforcing process of the causal interaction with potential 
non-linear eff ects in time, dependent on the strength of the inflffff uences exert onfl
each other in the interaction. These total eff ects can be shown in a three-ffff
dimensional space, a ‘transition space’ that shows the amplifi cation of changes fi
in the (latent) variables involved and the potential nonlinear transitions of 
eff ects in the change of these variables.ffff

(Jörg 2011: 162) 

Jörg attempts to develop what he calls ‘an extended causal framework’ but it is one 
which is intended to explore relationships among variables. Whilst his emphasis
on refl exivity/recursivity is absolutely correct, the focus on relationships amongfl
variables and their values seems to us to be antithetical to the whole complexity
project. What matters is the state of systems, not relationships among variables
abstracted from systems. Complexity is not holism but there is a necessary holis-
tic element in it. It is the state of systems which matters.

Thinking about the rationale behind Jörg’s approach took us back to Cartwright 
(2007). What struck us was that approaches which always return to mathematical
forms seem to be seeking a basis with some reference to logic/deduction. Darwin’s
unease about his inability to establish a logico-deductive basis for his theory is
well known and Wilberforce’s attacks on it were based exactly on the absence of 
either a deductive foundation or an inductive approach which could be fitted intofi
the hypothetic-deductive method in the sense of an empirical investigation which
would yield testable results. The problem emergence poses for deductive process
is not just a problem of superposition per se. Emergence means that specificationfi
of what if cannot be done on the basis of single solution. Of course there are mul-
tiple solutions even to quite straightforward linear equations, something known to
everyone who has ever factorized a quadratic expression. Nonetheless this issue is
elided in most discussion. Cartwright’s extensive discussion of Bayes Nets and 
Invariance theories in part two of her book is largely about problems in relation to 
formalism. Complexity and formalism just don’t go together.

This is just as true of simulation styles understood as formalisms as it is of 
equation-based formal systems. Harman’s critique of DeLanda’s ‘assemblage the-
ory of society’ notes that for DeLanda in his earlier work:

We are aff ected by cryptic singularities, not by palpable and measurableffff
actual things. Hidden attractors do all the causal work; defi nite states of afffi  airs ffff
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have no impact on succeeding states of affairs or on one and other. It follows ffff
that the actual world is fragmented into totally discrete districts, each a frivo-
lous ornament encrusting a deeper layer of multiplicities, vector fields, and fi
attractors where reality itself unfolds. But while the various portions of the 
actual are stripped of all ability to interact, the opposite is strangely true of the 
real or virtual plane.

(Harman 2010: 177) 

Harman makes a very explicit comparison between DeLanda’s later approach and 
Bhaskar’s style of reasoning:

What we have in Bhaskar and in the DeLanda of 2006 is a multi-layered rather 
than a two-layered model of the world. Bhaskar’s universe is utterly quantized. 
It is broken into jumpy chunks, each of them generated by real causal work 
below. Put diff erently DeLanda in 2002 asserts a continuum of multiplicities,ffff
a single ‘real’ layer shared equally by all that is real. For Bhaskar by contrast, 
and for DeLanda ’06 . . . each emergent reality creates a new ‘real’ at its own 
scale, and each of these reals belongs only to the entity in question rather than 
being shared in a continuum with all other things. . . . the continuum of multi-
plicities capable of easy mutual contact disappears in favor of a Bhaskarian 
world of unactualized real chunks of every shape and size.

(Harman 2010: 181–2)

We fi nd this puzzling. We agree that DeLanda, we think even in his most recentfi
work, seems both to see the mathematical entities as the true real and to regard 
abstracted virtual simulations as the mode through which causality can be investi-
gated. However, we do not agree with Harman that Bhaskarian approaches allow
no interpenetration and mutual contact in the actualized. We say Bhaskarian,
rather than specifying Bhaskar himself, very deliberately. Bhaskar has profoundly 
infl uenced the development of the critical realist approach in social science but fl
he has not prescribed its content and others have developed it, not in abstract
theorizing but rather in real social research and empirically grounded theorizing.
For example whilst critical realists have always recognized that the Marxist
‘mechanism’ of mode of production has causal powers, the forms of social con-
sciousness and cultural forms which develop from particular modes of production 
have reflexive causal powers back even into the level of the mechanism itself. It isfl
worth noting that the criticisms of mathematical formalisms and simulations
apply with equal force to the use of mathematical formalisms derived from graph 
theory in relation to social network analyses. Social network analysis is a very
useful descriptive technique and graph theory can assist in in developing descrip-
tions but there is no causal power inherent in graph theory per se. 

There is one further and very interesting set of ideas which we want to outline 
before beginning the turn towards the actual exploration of causation in complex 
systems which will form the last part of this chapter and practical proposals for 
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which are the subject matter of Chapter 9. This is the distinction between causa-
tion and constitution which has been developed in the philosophy of biology
and which Ylikoski has discussed as of considerable value in relation to social
systems:

Both causation and constitution are relations of dependence (or determina-
tion), and they are easily confused. However, there are some crucial ontolog-
ical diff erences. Causation is a relation between events: it is about changes inffff
properties. Causation takes time, so we talk about causal processes. Finally, 
causation is characterized by the asymmetry of manipulation: The effect canffff
be manipulated by manipulating the cause, but not the other way around. . . . 
In contrast, constitution relates to properties. The properties (and relations) of 
parts constitute the properties of the system (sometimes also the relations to
the environment are important). The whole is made of its parts and their rela-f
tions. Unlike causation, constitution does not take time, and we do not talk 
about the process of constitution.

(Ylikoski 2012: 33–4)

Actually we think that for social systems this distinction does not hold but think-
ing about it is very useful. We will return to it in our discussion of control param-
eters but two points can be made here. First, and following Törg, we do not find anfi
asymmetry of manipulation in relation to much of social causality but rather 
eff ects have causal powers, going forward in time, over the causes themselves.ffff
Second, if we think about complex systems as potentially plastic assemblages
then the insertion and deletion of elements within them, including intersections
with the environment, have causal powers at the same time as they have a consti-
tutive status in relation to the systems. Indeed there is a temporality here because
systems are always dynamic. They may remain in much the same state but
that state passes through time and the constitutive elements are maintainers of 
that state, causal to it. The distinction being made seems to us to be one which
focuses only on change, whereas relative status is itself a causal outcome. The
distinction is really one between event, something which happens and is done
with, and state, something which can change (the event) but is then ongoing
 forward through time. 

The significance of differencefi

So where do we go from here? MacIver pointed us towards a fundamental when 
he asserted:

the search for causes is directed to the diff erences between things. . . Under-ffff
neath all our questioning lies the implicit acceptance of the axiom that no
diff erence exists without a cause.ffff

(MacIver 1942: 27–8)
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Cilliers makes the same point in relation to understanding complex systems more
generally: 

The point to be emphasized is that an abundance of difference is not a conven-ffff
ience, it is a necessity. Complex systems cannot be what they are without it, 
and we cannot understand them without the making of profuse distinctions.
Since the interactions in such systems are non-linear their complexity cannot
be reduced. The removal of relationships, i.e. the reduction of difference ffff
in the system will distort our understanding of such systems. A failure
to acknowledge this leads to error, an error which is not only technical, but 
also ethical.

(Cilliers 2010: 3)

How do we establish diff erence? To be diffffff  erent is to be diffffff  erent from. Being dif-ffff
ferent from means that there must be at least one other instance or, as we prefer to 
put it, case, with which we can compare our case. Mill developed this idea in a
formal sense as the ‘method of diff erence’ in his ffff System of Logic (1843) but he 
was concerned with the identifi cation of single causes for single efffi ects. Given theffff
nature of complex systems, causal processes relevant to them are seldom if ever 
singular. Interaction implies, indeed requires, multiplicity. Moreover, we have to 
abandon what medicine calls ‘specifi c aetiology’ which asserts that each and everyfi
outcome (disease) has one, and only one, cause. This notion of single cause has
profound methodological implications. It is the justifi cation for the primacy fi
attached to randomized controlled trials as a method of exploring causal effective-ffff
ness, particularly but not exclusively in relation to clinical treatments. The origins 
of this approach lie in nineteenth-century bacteriology and the identification of fi
specifi c pathogens which have to be present for the infectious disease to occur.fi
The practical outcome of this form of understanding was the development of anti-
biotics, drugs as magic bullets which kill the disease without killing the patient.
However, even here the pathogen may well be a single necessary cause without it
being a suffi  cient cause. Byrne (2002a) used the example of his own highly posi-ffi
tive status on a Heaf test at the age of 17 which may well have indicated that he
had, and even continues to have, latent tuberculosis. That is he has the bacillus
present in his body which is a necessary condition for the development of the
clinical disease but has never, over nearly 50 years, developed the disease as a
meaningful illness. The presence of the bacillus alone is not a sufficient cause.ffi
Suppression of the immune system might result in the disease. Thus the cause of 
the disease would be multiple, requiring both the necessary presence of the path-
ogen and the supplementary cause of immuno-suppression although immuno-
suppression alone would not result in the disease. That is about as simple an
example of complex cause as you can have. Note that complex causes may be
complexes of suffi  cient causes without any single one of them being necessary.ffi

And causes can be multiple as well as complex. Here multiple does not mean a
combination of causes in a complex but rather that there is more than one possible 
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causal set (which for genuinely simple causation may be a single factor), which 
can produce the same outcome. Here Ragin’s insistence that in the social world,
and we would argue in much of the natural as opposed to artificial world, we must fi
engage with a set theoretic rather than variable centred conception of cause, is
highly apposite:

For causation, the main contrast is between the conventional view of causa-
tion as a contest between individual variables to explain variation in an out-
come and the diversity-oriented view that causation is both conjunctural and 
multiple. In the conventional view, each single causal condition, conceived as
an analytically distinct variable, has an independent impact on the outcome.
In the diversity-oriented view, causes combine in different and sometimesffff
contradictory ways to produce the same outcome, revealing different paths. ffff

(Ragin 2000: 15)

Most uses of Ragin’s method, Qualitative Comparative Analysis (QCA), have
involved explorations of diff erences as they exist at a point in time, although oftenffff
the explanatory attribute set for that exploration has included elements which rep-
resent historical developments towards the present state of the entities amongst
which diff erences have been explored. It is essential that approaches to the explo-ffff
ration of causality in complex systems are able to take account of the development
of the systems towards their present state: that is to say there must be an account
of the development of the trajectory of the systems. Juarro lays out the implica-
tions of this for us:

When nonlinear interactions cause interlevel relationships like those described 
above, the meaning of individual events can be understood only in context: in 
terms of the higher-level constraints (the dynamics) that govern them. Those 
higher-level constraints, in turn, are produced by the very interactions occur-
ring at the lower, particulate level. The logic of explanation of hermeneutic
narrative and story telling is therefore more appropriate for phenomena whose
very nature is a product of the strange causal circle between whole and part, 
with feedback tentacles reaching out into the environment and back in time.

(Juarro 2011: 161)

We agree although we do not think that this means that only qualitative approaches
have value in constructing narratives. The very title of Ragin and Rihoux’s method, 
‘Qualitative Comparative Analysis’, is suggestive here. The method does require
the construction of quantitative descriptions of the entities, the complex systems,
it is comparing, albeit only in terms either of membership or non-membership of 
a set (crisp set) or degree of membership of a set (fuzzy set). However, as 
Ragin always makes clear, this assignation of membership/degree of membership
derives from very careful, systematic and intensive qualitative examination of the 
cases. This is necessary both for the construction of the attribute set and for the 
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assignation of set memberships, whether crisp or fuzzy, to the cases being
compared.5 QCA is a very useful approach, particularly when deployed in a spe-
cifically exploratory fashion, for comparing system trajectories. Studies of socialfi
mobility (Cooper and Glaesser 2008, Byrne 2012) have used it in this way to 
explore the multiple ways in which different kinds of individual or household ffff
mobility can occur over time using very large data sets and there have been a
number of studies at the macro-politics level which have a strong temporal dimen-
sion typifi ed by Ragin’s exploration of pension systems (Ragin 1994). The best fi
way to understand any quantitative model which runs through time, that is has a 
dynamic character even if this is only to the extent of having a time plus ‘dependent’
outcome, is as a narrative in which changes are described in terms of the causal 
factors, including the interactions which are embodied in a QCA confi guration,fi
and operate through time towards the present state of the systems being consid-
ered. Narratives imply temporal sequence. What are the implications of this?

Time matters

The very word ‘emergence’ incorporates time within it. The state of system is both
an emergent property of all the causal powers relevant to it and something whichd
comes to be in time. The use of the term ‘trajectory’ indicates that we are inter-
ested in describing the states of systems in possibility space through time. So
causation occurs in time. However, time matters in relation to causation. Tilly has 
pointed out that:

When things happen within a sequence affectsffff how they happen.
(Tilly 1984: 14)

There is an extensive literature (Pierson 2004, Mahoney and Thelen eds 2010, 
Mahoney and Rueschemeyer eds 2003) which deals with issues of contingent 
causation in relation to macro-political and institutional forms. There are two
aspects of this literature which are of interest to us in relation to causation. One is 
that it explicitly asserts the causal powers of social collectivities and in particular 
institutions, very much in the terms deployed by Room (2011) whose arguments 
have been drawn on already to refute the micro-determinism of much social
theory and of the forms of agent-based modelling derived from that theory. The 
other is its insistence on the importance of both time as sequence and the path 
dependence of historical developments. The best way to express path dependence 
is perhaps by the metaphor of a ratchet, a metaphor which has been deployed not
only in social science but in actual politics itself. A ratchet typically consists of a 
toothed wheel in which the teeth are smoothly curved on one side and sharply 
vertical on the other. The wheel engages with a pawl. It is quite easy to turn the 
wheel in one direction as the pawl moves smoothly up the curved surfaces but
the wheel cannot be turned back as the pawl sticks against the vertical surfaces of 
the teeth. In the social world an important source of path dependency is positive 
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feedback when a system moves forward so there are very high costs associated 
with return to the former state, whereas movement forward may incur negative 
costs. Returns to scale in economics have this character in relation to unit cost
of products. 

The essence of the idea of time as sequence is that causal powers are time con-
textual, the idea much more elegantly expressed by Tilly above. And the reason
causal powers are time contextual is that their expression is always interactive in
relation to other causal powers present at any time point and through any time 
period when they may act. Of course a realist understanding must include the
possibility that they do not act at a time point or through a time period because
contingently their action is blocked by other contextual factors. In the macro- 
political and institutional literatures, which overlap to a considerable degree, the 
primary modes through which causation in time is explored are combinations of 
case studies and systematic comparison with an emphasis on differences. The ffff
literature still generally employs a vocabulary of variables and sees variables as 
causal. It acknowledges the reality of interactions but sees these as products of 
the variables rather than as having causal powers in their own right. Only Ragin
and those working in his tradition with their emphasis on set theoretic relation-
ships and the causal powers of confi gurations have transcended this diffifi   culty.ffi
Typically the modes of exploration can be understood in George and Bennett’s 
(2005) framing as variants of process tracing which will be described in some 
detail in Chapter 9.

The arguments advanced for the signifi cance of sequencing in causation can befi
applied to the understanding of causality in relation to the trajectory of any com-
plex system at any social level. For example, although sequencing is not much
considered in the literature on social mobility, it plainly matters. A higher educa-
tion obtained at the conventional age of around the early twenties has different ffff
implications for social location than one obtained in the late forties, although both 
are likely to have eff ects. Even at the micro level of the individual, when thingsffff
happen matters in relation to how they happen and what consequences they have.
Interestingly the macro-political literature pays relatively little association to 
duration in relation to causality although it is widely considered in the extensive
literature on the dynamics of individual lives. Here many of the empirical studies 
relate to the experiences of people in relation to unemployment and/or long-
term chronic sickness. The non-linear threshold eff ects of duration of unemploy-ffff
ment in relation to the complex interaction of any re-employment and level of 
re-employment are well known. 

The macro-political/institutional and social dynamics literatures are essentially
retrospective. They explore sequence and/or duration as causal in relation to what 
is now, to the present state of the systems under investigation. Uprichard and 
Byrne (2006) drawing in part on work by Adam (1994) takes us forward into the
future. This is important because a crucial component of the agentic capacities of 
human beings as individuals and of the institutional and other forms into which
human beings are collectively organized/organize themselves is the capacity to
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envisage futures and act both in relation to what is envisaged and to bring to be
particular desired futures. Moreover, there is a recursive element here:

. . . the way the future of a social object is perceived feeds back into how it is
constituted in the present.

(Uprichard 2011: 104)

Exploring what people think about the future and the ways in which they construct 
their presents towards that future matters a great deal. Moreover, this is not a pro-
cess which applies only to individuals. All social collectivities plan, even if the
plan is nothing more than an intention that things will go on as they are. Institu-
tions at all levels construct formal plans for the future – project future histories as 
guides for action. Geddes, the polymath who played a crucial role in the develop-
ment of urban planning as field and profession, identififi  ed the stages of:fi

• Surveying – that is seeing what is and how it has come to be.
• Planning – deciding on what is to be in the future.
• Implementing – acting to make that future come to be.

Uprichard provides a formidable defence of the interview as a way of reaching
into the futures of individuals and Callaghan’s use of focus groups (2005) shows
that this can be done with collectivities as well as in individual interviews. We will
return to the relevant techniques in Chapter 10. We can of course also use the full 
repertoire of documentary-based research when dealing with plans as documents. 
In the public sphere plans are not only presented in documentary form, but they 
are generally made available for consultative processes through a web presence. 
Such plans as they stand now before the future constitute a resource for our 
exploration in relation to the ‘becoming forward’ of complex social systems, for 
example in relation to urban planning or the planning forward of the delivery of a
health care system. In general, public policy proposals have this character. We can
of course attempt to model them. Indeed they are generally modelled in some way, 
usually a rather simple way, by those developing them, but the crucial issue is how
do we interpret them.

Conclusion

Science deals in causes. Friedman (1968) asserted that it did not matter if models
were not isomorphic with reality so long as they made accurate predictions.
Crutchfi eld’s (1992) distinction between engineering and science aligns engineer-fi
ing with the same ‘brute’ pragmatism. However, we disagree. Even in application 
we need to know not just what works but why it works. That said, when dealing 
with complex systems, conventional approaches to causality give us very little
purchase on this crucial question. We no longer are dealing with the cause but
rather with multiple interacting causes and, moreover, with multiple interacting 
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causal sets. Multiple means both that lots of things are interacting to generate a
given state of a complex system, and that for ensembles of such systems the same
state may be generated in multiple diff erent ways. For ‘restricted’ complexity the ffff
specifi cation of rules driving system behaviour can be understood as equivalent tofi
a description of causality but in the social world we have to deal with general 
complexity. In this chapter we have reviewed this issue and introduced some rele-
vant arguments and positions for dealing with it. Let us summarize and then dis-
cuss in explicit terms the very important idea of control parameter.

• For complex systems what is caused is the state of the system, the character 
the system has at any given time point in its trajectory.

• There is no simple direction of causality in any sense for complex systems.
The complex can cause the simple. The aggregate level can have causal impli-
cations for the micro elements which constitute it. Wholes have implications
for parts. Intersected systems have causal powers in relation to each other. 
Cause operates in any and all directions.

• Causes in relation to complex systems are seldom if ever single or additive.
Superposition fails every time. Interaction among elements is always what
matters. That is the core of emergence.

• For complex systems of the same kind, for ensembles, the same system state
may be produced in diff erent ways and those ways are not only multiple inffff
number but generally are complex and interactive in kind.

• Time matters. Sequence and duration both have to be considered when 
exploring causality in complex systems.

• The point of hunting causes is only secondarily to explain what is in terms of 
retroductive history. The really interesting thing is the informing of action 
directed towards the achievement of futures.

Finally let us address the idea of control parameters. Only a system as complex as
any complex system can fully represent that complex system in all its aspects.
Any other representation must reduce the level of complexity and be less than the 
system it seeks to represent. Does this mean that we cannot in any way generate
usable models, and models are always reductions if not necessarily reductionist?
Cilliers (1998) was very clear in his assertion that this was not the case and we
agree with him. For us the idea of ‘control parameter’ is very helpful. This expres-
sion is used in diff erent ways in mathematics, computing and the engineering of ffff
complex control systems. By it here we mean the causal set which is less than the
whole assemblage constituting any given complex social system, but which
includes elements, which may themselves be complex, which in interaction with
each other determine the state of the system. Note that changes in the state of the
system, phase shift eff ects, may be, and generally are, not the products of changesffff
in the value (however measured) of any control parameter but of interacting
changes in the components of the control parameter set. An illustration is in order. 
In human social systems demographic components always matter. The health
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transformation, which means that in most nation states the great majority of 
 children survive into adulthood and a large majority of adults survive into depend-
ent old age, has profound implications for all aspects of social life. However, the 
implications of this enormous transformation will work out in diff erent ways inffff
diff erent states with diffffff  erent levels of income and economic development. ffff
Demography is always part of a control parameter set in the social world but it is 
a part, not the whole.

It is interesting to think about the distinction between causation and constitu-
tion in relation to control parameters. The health transformation provides a 
good illustrative example here. It is fundamentally dependent on engineering in 
relation to basic hygiene (clean water and removal of human wastes) and a range 
of immunization procedures. Curative interventions are relatively trivial in rela-
tion to survival into adult life and consequent ongoing reproduction. What under-
pins the health state of human societies in an urbanized world is a whole set of 
ongoing processes which are constitutive of that state. However, if they were to
break down (and their current dependence on grid-based electric power systems 
means that they might in consequence of a major natural disaster or war) then 
the state of the system would change. Cities are very vulnerable – witness the
mortality in Leningrad during the siege when the system was cut off from most of ff
its constitutive elements. Eff ective sewage and water systems are crucial for good ffff
health and control parameters for the current dominant health state in the 
world’s urban societies.

We now turn in the next chapter to a discussion of methods for fi nding causesfi
which are compatible with the views as to the nature of causality in complex
systems which we have developed here.



This chapter is about how we actually can investigate the complex social world in
order to establish causation in that world and use its applications. It begins with a
review of some of the central issues which we have explored thus far, discussed 
here with an emphasis on their implications for the doing of social research. Then 
we turn towards an exposition of what we consider to be ‘complexity congruent’ 
approaches to the actual doing of useful social research.

Human systems and their baseline bio-physical environment are . . . complex
and dynamic; changing and reproducing through time and across space. Each 
element of a change is the cause and effect of other processes, and as suchffff
cannot be measured using a baseline state and a subsequent movement away
from that state (as in a closed system).

(Lemon and Seaton 1999: 13)

Investigations into the complexity of coevolving complex adaptive systems 
from this perspective have to deal with two major issues; the fact that coevo-
lution is essentially a process and can only be understood longitudinally and 
the fact that complexity and agents’ representation of complexity are similar 
things. These issues have practical consequences for empirical research.

(Gerrits 2008: 24)

These two quotations come from texts describing serious and useful examples of 
actual complexity-based and informed empirical research, in both cases research 
dealing with the intersection of human social systems and natural systems where
human agency has a profound eff ect on the nature of the natural systems, and the ffff
natural systems in turn have enormous significance for human action and social life. fi
Lemon and Seaton examined the management of water extraction and agricultural
production in the Argolid plain in Greece in relation to a specifi c case of a globalfi
issue – the salination of aquifers and the loss of agricultural production. Gerrits 
explored the management of decisions about the deepening of the estuaries of the 
Unterelbe and the Westerschelde serving three of the world’s most important ports: 
Hamburg for the Unterelbe and Rotterdam and Antwerp for the Westerschelde.

Chapter 9

Researching the complex 
social



Researching the complex social 193

Between them they make two of the crucial points which have to be understood 
in advance of any discussion of the methods which are appropriate for investigat-
ing complex systems. First, we cannot deal in terms of what are generally under-
stood as scientifi c laws, in which we have a universal description of what willfi
happen if we can develop an account of the future in terms of the application of 
that law or set of laws to a specific case for which we know the initial conditionsfi
and the nature of the factors inducing change. We are dealing with emergence, 
not just in terms of the simultaneous interaction of causal powers with an initial
failure of super-position, but with a chain of causes operating through time and 
with refl exive relationships back into outcomes. Second, in any complex systemfl
where human agency matters then the understandings of that complexity on the
part of human agents – the representations – not only are in and of themselves
complex but have causal potential as they feed back, positively feeding back in 
most instances, into the systems of which they are part. So the ways in which
Argolid farmers and Dutch, Belgian and German estuarine policy makers and 
stakeholders understood the issues they were confronting and the objectives they
were seeking to achieve were ‘control parameters’ having profound causal power in 
relation to the outcome states for the relevant complex systems. Note that agency
emerges not just from individual human actors but from a whole set of collective 
actors with greater or lesser degrees of formal organization and decision making 
capacity. Institutions take actions using their institutional status, peer groups for-
mulate cultural norms which have a determinant infl uence on individual actors’ fl
own actions, stakeholders at all social levels formally or informally resolve or do 
not resolve confl icts of interest and perspective. Agency is everywhere at every fl
social level with non-human agents, including but not confined to the actantsfi
participating in the networks creating ‘scientifi c’ knowledge relevant to the com-fi
plex systems under consideration, also having constitutive powers.

We want to add a third starting assertion to the signifi cance of emergence fi
through time and the role of human agency in such emergence. This concerns the 
role of mathematical representation in the description of complex systems. We 
want to start with something with which most mathematicians actually do not
bother all that much, although it ought to be absolutely fundamental to any 
statistical exercise or attempt at modelling. When we move from the uninterpreted 
axiomatic systems of pure mathematics to interpreted axiomatic systems, as we
always must in any scheme of representation, the crucial process which is
foundational to that interpretation is measurement. Conventionally the level of 
measurement which has been regarded as ‘proper’ is that which allows the use of 
all the intrinsic properties of number and the full set of algebraic manipulations – 
continuous measurement on a ratio scale. In relation to understanding complex
systems this is not what matters. Non-linearity is always the transformation of 
quantity into quality, to use a well known proposition advanced by Dr Karl Marx.
What matters is change of kind, phase shift, metamorphosis, transformation – 
a set of synonyms for the same thing, becoming diff erent. The whole vocabulary ffff
of non-linearity, threshold effect, phase shiftffff 1 indicates that what really matters is
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nature and we can understand that nature by classifying. So mostly when we
measure we should be dealing with simply nominal measurement, with the sorting
of things into kinds. The discussion of the signifi cance of topology and topo-fi
logical forms developed by DeLanda following Deleuze which was reviewed in 
Chapter 7 indicates that it is difference, which we can understand in terms of cat-ffff
egory and frame as location in an attractor understood as a set in the possibility/
state space, which matters for us. We might be able to order categories, norma-
tively or otherwise, but that is as far as we can go. Changes which matter are 
changes of kind, not of degree. That has been said often in this text but it cannot 
be said often enough.

We cannot leave this discussion of measurement without endorsing the distinc-
tion between mere measurement and calibration made by Ragin (2008). For Ragin 
calibration is more than just the use of data describing reality, the meaning the
word seems to have for those who want simulations to be based on real quantita-
tive descriptions of reality. He uses the term as it is generally deployed outwith the
social scientists i.e. to describe measurements which are not simply accounts of 
variation within a data set, that is they just show the position of cases in relation
to each other. Calibration is the process of setting measurements in relation to
some established external and dependably known standard. This leads Ragin into
questioning the value of continuous measurement, the basis of regression
techniques, pointing out for example that the difference between a per capital ffff
national price adjusted household income per head of $1,000 and one of $2,000 
has enormous signifi cance whereas the difffi  erence between such incomes of ffff
$21,000 and $22,000 has no real significance at all. An example of calibration fi
often conducted in the social sciences is the ordinalizing of age into categories
which bear a considerable relationship to Shakespeare’s seven ages of man! We
will return to Ragin’s discussion of the calibration of fuzzy sets for QCA but the 
point has general applicability for social measurement. 

So what can we do in terms of researching complex systems? Let us think about
this in terms of processes of research, processes which we identify as describing,
exploring, modelling, and establishing causality.

Quality and quantity – we need both

As indicated in Chapter 9 the objective of scientifi c research is the understandingfi
of causality. Conventionally this has generally been understood in terms of the
establishment of some kind of regularity of relationship as a starting point. 
Correlation is not cause but generally it is considered to be a necessary indicator 
of the possibility of cause. However, a realist conception of causation with its
understanding founded in the assertion of the reality of complex and contingent 
generative causal mechanisms does not depend on invariant association, the
Humean notion of constant conjunction, as the key indicator of causality. Whilst
we endorse the realist programme, in its complex realist form, we are somewhat 
cautious about the absolute significance in all causal-focused research of the fi
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notion of large-scale generative mechanisms. Most things in a capitalist social
order can be understood at least at the macro and meso levels in terms of the limits
set by the nature of the capitalist relations of production. However, those limits are 
very widely drawn. In other words there is a great deal of potential variation within
them, for example in terms of the actual trajectories of old industrial city regions 
into post-industrial forms. Likewise there are important bio-physical systemic 
constraints on the possibilities of any agrarian system, but there is a wide variation 
of trajectories available within those constraints. So for us interesting causal
research is not only research directed towards the establishment of the nature of 
underlying generative mechanisms but also research concerned with understand-
ing causal processes in specifi c contexts, if you like of second and even third-order fi
mechanisms.

That statement might seem to point us only towards research strategies which
are absolutely ideographic, that is descriptions of causality in relation to the tra-
jectories of individual systems. This is not by the way an assertion that all researcht
must be qualitative. It is very important to recognize that we can have quantitative
ideographic accounts in the form of fully developed mathematical models retro-
ductively describing the trajectories of specifi c systems, which might then be used fi
for predictive purposes in relation to those specifi c systems. The whole premise of fi
path dependency points us in that direction. We do not take an ideographic turn in 
any absolute sense, although the careful examination of specifi c cases is certainlyfi
a proper part of the complexity-informed research project. The problem with indi-
vidual case-focused research is how can we generate knowledge from it which 
has any capacity for generalization – for extension beyond that specific case.fi
Generalizations are made on the basis of ideographic work, and they are always
made on the basis of what seems to us to be the crucial method for extending
beyond the specifi c – comparison. Generalization from the ideographic is essen-fi
tially an implicit, sometimes even explicit, assertion of the logic of similarity.
What has happened in this case can happen and does happen in cases which are in
essentials of the same kind as this case. When we move to multiple cases then we 
can explore causality using difference. MacIver’s Axiom 2 in his classicffff Social 
Causation is that: ‘Where there is a difference in the effffff  ect, there is a diffffff erence ffff
in the cause’ (MacIver 1942: 26). So we look for difference ffff but difft  erencesffff
among cases which are otherwise similar in important respects. That is a way of 
developing systematic comparison in search of causes.

This way of thinking depends on seeing the distinction between ideographic
and nomothetic not as a dichotomy but as a continuum. And most interesting
research is located somewhere along the continuum from the nomothetic end 
because emergence means that universal laws can never be generated for complex 
systems. Instead our generalization is absolutely dependent upon scoping, on a
carefully formulated and delimited account of the range, with time being a dimen-
sion of that range, across which any generalizable account holds. So it is an
account of for what, when and where. Our thinking here has been very much 
infl uenced by our engagement with the realist approach to evaluation as pioneered fl
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by Pawson and Tilley (1997). Evaluation is about what has worked as a basis of 
saying what will work, and realist evaluation is always framed contextually and 
makes claims constructed in terms of elsewhere and elsewhen specifications of fi
applicability. This crucial insight of applied social science can be fed back into our 
construction of a complex realist scientifi c method in general. fi

Conventional science privileges mathematical formalism, and the adequate
causal model, whether linear or non-linear, is that which takes the form of a set 
of equations which describe at least one case and in the nomothetic programme is
extendable across multiple cases. In other words the point of quantification isfi
representation. We do not agree with this as a general prescription, although 
sometimes quantitative representations are useful. Instead for us quantification isfi
mostly a tool which we can use to elaborate accounts of causation across a set of 
cases which have any number of cases in the set. It is in the first instance part, asfi
all research methods are, of an exploratory programme. We must begin as Tukey 
(1977) insisted by seeing what the [quantitative] data are telling us. So for us the
distinction between quantitative and qualitative breaks down. All methods are pri-
marily tools for exploration. Let us illustrate this by referring back to what is the 
Ur text of complexity, Darwin’s Origin of Species. This book does not have much
in the way of numbers in it, other than of course the page numbers. Rather it is 
based entirely on retroductive consideration of an enormous range of qualitative, 
in the sense of descriptive, evidence most of which derives from processes of 
classifi cation and in which the development of difffi erence across time is funda-ffff
mental to the account. Darwin does develop an account of a universal generative 
mechanism, natural selection, but important Darwinian work subsequently, 
particularly that of Gould in his Wonderful Life (1990), indicates the significancefi
of contingent events as drivers of the punctuated equilbria which have ‘deter-
mined’ the character of global and local eco-systems in history. It is important to 
note that reformations of the possibility space can be external to the biosphere in
the form of asteroid strikes or the eruption of massive shield volcanoes, but 
can also derive from an evolutionary innovation within the biosphere as with the 
emergence of grasses or indeed the impact of consciousness and communication
as human capacities in driving anthromorphic change. 

So we can have a general retroductive programme based on systematic com-
parison across trajectories. Darwin’s trajectories were the evolution of species
towards the forms he could identify from the observations of natural history of the 
fossil record. We might explore any kind of trajectories in the same way, recogniz-
ing as for example in Williamson and Dyer’s (2009) exploration of the careers of 
individuals passing through a custody diversion programme that measurement
across time is a very useful way of describing trajectories, with the note that her 
measurements took the form of time-ordered classifi cations using cluster analysis.fi
But that prefi x retro poses a considerable problem for us. It means explaining fi
present state in terms of past developments. With emergence being the defi ningfi
characteristic of complex systems, how can we move from explanation of what is 
to prediction of what will be? The nomothetic programme seeks to establish laws



Researching the complex social 197

which hold always and everywhere so that if we know the law(s), know the pres-
ent state of the system, and know what causal factors are operating on the system
and for how long they are operating, then we can predict the future state of the
system. With simple systems, this approach has had much success but it cannot be 
transferred as a mode of understanding to complex systems characterized by 
emergence. Can we predict, or rather in human systems with agency can we
 predict the outcome of, our actions and understand which actions will produce 
which outcome state?

The key aspect of complex systems which gives us some purchase on resolving
this dilemma is that they do not have an infinite set of possible future states butfi
rather a limited set of more than one but less than too many to comprehend. 
So what can we do to move any human social system, with that system being any-
thing from the level of an individual up to the global social system as a whole,
towards a desired state? Simulation seems to off er a way to resolve this dilemmaffff
because whether agent- or equation-based, simulation off ers the possibility of ffff
trying things out in the virtual before attempting to do them in the real. The useful 
types of simulation,2 that is equation-based models calibrated against real data and 
agent-based models again with real data calibration, do have value as research
techniques but they also have limitations. First, there is the general problem as to 
whether simulations, which are of course just examples of a special sort of model
deploying the possibilities off ered by computing technology, are isomorphic with ffff
reality. A pragmatist answer to that question as outlined in terms of the engineer-
ing approach by Crutchfi eld (1992) is that it does not matter if the model works in fi
the same way as the system it is modelling so long as it generates accurate predic-
tions about the future state of that system subsequent to changes in the causal
processes infl uencing the future of that system. The problem here, as the recent fl
history of the total disparity between neo-classical economic modelling and the
development of the world’s fi nancial system demonstrates, is that pragmatism isfi
no guarantee of future accuracy in terms of what will be if things change. 
Correspondence in outcome in the past is no guarantee of correspondence in out-
come in the future.3 We must add of course to our necessary reservations about
simulation, the problem that agent-based modelling has not yet been able to move
beyond a foundation assertion of all that is social being a product of micro emer-
gence from individual action. It still cannot cope with structure existing prior to 
and shaping contemporary action.4 However, simulation is a real part of the 
research repertoire.

Comparison across cases, especially systematic comparison as for example
with Qualitative Comparative Analysis, allows us to use diff erence as a way of ffff
guiding action to achieve outcomes. We can do this by looking retroductively
across sets of similar cases and identifying the factor(s) which produce different ffff
outcomes for cases which are otherwise very much the same in terms of character. 
This is particularly useful in searching for useful accounts of causality at the 
micro and meso levels when we have large amounts of attribute description of our 
cases. For examples see Byrne (2012), Blackman, Wistow and Byrne (2011).
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So systematic comparison enables us to move systems of a given kind towards 
a desired outcome state provided we have adequate information about systems
of the same kind which have achieved that outcome state. This approach is
 particularly useful in relation to the development of policy and practice. 

Finally in this continued elaboration of methodological/ontological issues let us
return to an element of our conclusion to Chapter 8, that is our assertion of the 
importance of identifying ‘control parameters’ in establishing any kind of causal-
ity for complex systems. Control parameters are components of the assemblages
which are complex systems. Both the components and the systems are plastic – 
that is they have the capacity for change. Moreover, whilst the system has a con-
tinued existence, the components of the assemblage can and do change, and it is
more than likely that changes of signifi cance can involve not only changes in thefi
character of the control parameters but also the insertion of new elements in the
assemblage and the withdrawal of elements from the assemblage. Changes in the
character of control parameters may be changes in magnitude or changes in kind. 
Hunting causes for complex systems is very much a matter of identifying control 
parameters in terms of presence, character and magnitude. 

We want now to turn from what has continued to be a methodological discus-
sion towards a discussion of the actual doing of complexity-informed research. 
In order to structure this discussion we will outline approaches to the construc-
tion and understanding of data, with that word understood beyond its normal 
quantitative confi nes to include any kind of description of reality however gener-fi
ated and in whatever form. Heuristically we divide data into the following kinds, 
recognizing that any given research project will generate more than one kind of 
data and, very importantly, that data can be transformed in kind by our research
procedures.

• Qualitative text-based narratives – the products of historical work, ethno-
graphic work, qualitative interviewing, and ‘contemporary history’. This may
derive from ideographic single case studies or from material across a range of 
cases with the numbers being anything from two to rather large.5 The texts
may be in any ‘documentary’ form including visual materials if time ordered 
or orderable.

• Quantitative data sets which may be:

• Small N in terms of numbers of cases with the quantitative material often 
being the product of interpretation/operationalization from qualitative
material as above.

• Large N in the form of available data sets which may be the product of 
social surveys and/or administrative data generated by governance or 
commercial processes.

• Ongoing narratives which are usually the research materials generated through 
engagement with an ongoing process. This kind of material is the typical prod-
uct of participatory action research but it can also be generated by researchers 
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who are outside the processes under examination and are located at the
observer end of the observer/participant continuum.

We will deal with each in turn and conclude with a discussion of ‘action’ in rela-
tion to research on complex systems. Note the constant repetition of the word 
‘narrative’. If we are attempting to deal with complex systems we must always pay 
attention to what happens over time. We must always have histories because it is
in history that we can identify contingency and complex causation.

Qualitative narratives – process tracing and sequencing in 

constructing causal histories

There are several intellectual domains which have engaged with the issues of 
complexity in relation to qualitative accounts of the development of complex 
human systems. These include macro history, organizational studies primarily in
relation to the business world, development studies, health studies and studies of 
public policy. It is the last which has been most explicitly informed by complexity
theory, but all have developed frames of reference and actual techniques which
are of value in complexity research. Another factor has been the development 
of computing tools which facilitate the management of large amounts of qualita-
tive material. Computer based qualitative ‘analysis’6 packages, and particularly
NVIVO, make bridging the quantitative/qualitative divide a relatively simple pro-
cess. This is not just a consequence of data management capacities. These tools
and NVIVO in particular have embedded within them a grounded theory frame
of reference. Grounded theory as it has developed in practice is an exploratory 
approach in which understanding is itself in large part an emergent from the 
research process and theory, whilst present in the beginning, is developed during
the whole exercise based on ‘in vivo’ discovery and reflection. fl

What is required as a basis for this is a very carefully constructed history or, 
even better, histories. These may be conventional in the sense that they are con-
structed retrospectively looking back over the processes and interactions in a
social complex system or they may be actually constructed through observation
prospectively as systems develop and change. Whichever is done, and of course in
any prospective study there should be a retrospective element of examination of 
the system(s) to the point of fi rst engagement, Gerrits specififi es what is required:fi

. . . complexity is very much a matter of development over time, requiring 
continuous longitudinal research. . . . Such a continuous longitudinal
approach should be very detailed as the non-linear emergence of structures 
cannot be traced back to its roots mechanically. The nature of complexity 
makes it inevitable that it is reconstructed afterwards and in order to fi nd fi
these roots a high resolution of past developments should be obtained. This
minimises the risk of overlooking certain developments that appear in the
context of cases that prove to be determinants. The obvious drawback is that
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in retrospect not all data collected is meaningful. However, the observer is 
hindered by the same lack of predictive power as the agent being observed 
and what is of explanatory importance cannot always be known in advance.

(Gerrits 2008: 24)

Gerrits in his own study deploys a very useful device of ‘double presentation’ 
for his case studies. That is he fi rst presents them in a conventional chronolog-fi
ical form so that the reader has available a distilled, distilled as all histories are,
account of processes and developments across time. He then revisits each case in
terms of his foci on co-evolution and complexity. So he tells the story and then 
engages with that narrative to explore causality in terms of determinants. To us
this seems to be a complexity-informed version of process tracing, albeit one in 
which there is no attempt at mathematical construction through an explicit 
 measurement process.

Process tracing itself is a method from comparative politics/international rela-
tions pioneered by the work of George and fully described in George and 
Bennett (2005): 

. . . process-tracing is a methodology well-suited to testing theories in a
world marked by multiple interaction effects, where it is diffiffff   cult to explainffi
outcomes in terms or two or three independent variables – precisely the world 
that more and more social scientists believe we confront.

(George and Bennett 2005: 206)

This is a clear move towards a complexity ontology and George and Bennett also
endorse the realist programme as developed by Bhaskar. They come up to ‘com-
plex realism’ but don’t quite get there, primarily because they remain engaged 
with the positivist turn in American political science with its emphasis on causal
explanation in terms of variables. This perhaps reached its apogee of development 
with the publication of King, Keohane and Verba’s Designing Social Inquiry
(1994) which sought to impose a positivist logic of explanation on ‘scientific fi
inference in qualitative research’. It should be evident that we regard this as pro-
foundly wrong in all aspects and instead argue that, rather than attempting to
develop a positivist logic of inquiry in qualitative social science, the way forward 
lies in the development of an exploratory and interpretive approach, which at the 
same time takes causality seriously, applied in relation to all methods both
quantitative and qualitative.

George and Bennett’s book deals with the role of case studies in theory
development in the social sciences because:

Case studies examine the operation of causal mechanisms in individual cases 
in detail. Within a single case, we can look at large numbers of intervening
variables and inductively observe any unexpected aspects of the operation of 
a particular causal mechanism or help identify what conditions present in a
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case activate the causal mechanism. Our definition of causal mechanism . . .fi
notes that such mechanisms operate only under certain conditions.

(George and Bennett 2005: 21)

There is a great deal of value in George and Bennett’s overall approach including 
the presentation of practical approaches to case study method, and in particular 
their very useful discussion of ‘Integrating Comparative and Within-Case Analy-
sis: Typological Theory’ in chapter ten. However, it is important to specify here 
that the complexity frame of reference necessarily imposes a radically different ffff
logic of explanation from that suggested by the use of the term variable. From a 
complexity point of view there really are no such things as variables which exist
outside cases and have causal powers over cases. To say this is, as Byrne (2002a)
has emphasized, not at all to dismiss the importance of measurement and quanti-
tative work. Rather it is to recognize that in complex systems causes derive from
aspects of the system and/or interaction of the system with other systems. This
does not force us back to holism because we can still deal in terms of control
parameters which we can describe quantitatively in terms of aspects of the system
and/or its systemic intersections, so long as we recognize that our descriptions are
descriptions of attribute sets, which we can actually express in terms of what
Ragin (1987) called confi gurations. In other words Ragin’s set theoretic under-fi
standing of social causation is entirely compatible with the complexity frame of 
reference whereas the search for causal variables is not. We will pick this point up 
in our subsequent discussion of the value of Qualitative Comparative Analysis for 
complexity-based research. 

We also have some important reservations about the use of the term ‘theory’ as 
deployed by George and Bennett. It seems to us that they cannot quite let go of 
theory considered as hypothesis set. This is despite their sensible endorsement of a 
Mertonian approach framed in terms of theories of the middle range, which is not 
a bad way of approaching understanding of short to medium term development in 
micro and meso level complex social systems. A surprising to us absence in this 
important text is any discussion of the implications of grounded theory in relation 
to case study research. The exploratory approach does not require the formal devel-
opment of theories as hypotheses to be tested against the data. Think back to The 
Origin of Species. Here Darwin’s account emerges, that word again, from a system-
atic qualitative comparison across an enormous range of evidence. Reality speaks
but requires someone to give it voice in scientifi c terms. The way Darwin and fi
Wallace came to the same conclusions demonstrates this very well. We are not 
dismissing ‘theory’ but rather are saying that hypotheses in the strict sense have
very little place in complexity-informed research and that even models, which are 
not the same thing as hypotheses despite often being referred to as such, most use-
fully emerge in dialogue with data of whatever form as opposed to being tested on 
data having been fully formed in advance of engagement with that data. 

All this said, the idea of process, of developments unfolding through time, is
an essential basis for understanding complex social systems. The macro politics
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literature to which George and Bennett’s book refers makes some other important 
points which are relevant to our attempts to research complex systems and which
resonate very strongly with Gerrits’ explicitly complex take. In common with 
other developments in the social sciences, and in particular the work of Adam 
(1995), there is an emphasis on the significance of time. This has several aspects.fi
First there is an understanding of what seems to be extraordinarily obvious but 
which is not always appreciated in searches for social causality. That is the simple
recognition that time matters. In development we fi nd Tilly’s (1984) emphasis on fi
the signifi cance not only of how things unfold and develop in time but on the fi
sequence/order in which they occur. We also fi nd an understanding of the ways infi
which causal processes unfold recursively through time.

Pierson indicates the issues we have to face when addressing the implications
of this:

A path-dependent causal account employs a particular temporal structure. 
It highlights the role of what Arthur Stinchcombe has termed historical 
‘causation’ in which dynamics triggered by an event or process at one 
point in time reproduce and reinforce themselves even in the absence of the 
recurrence of the original event or process. Thus the full outcome of interest 
may emerge at a considerable distance in time from the critical juncture or 
‘historical cause’ because these self-reinforcing processes require substantial
time to play out.

(Pierson 2004: 95)

Gerrits’ approach seems to us to be the right way to deal with this sort of issue.
Time matters, sequence matters, things play out over time and sometimes not in
exact temporal sequence. All this reinforces the significance of the construction of fi
very careful narratives as a fundamental foundation of complexity research.
 However, narratives of individual cases do not provide us with the ‘difference’ ffff
which, following MacIver, we argue is fundamental to a search for causality in 
complex systems. To examine diff erence we have to engage in systematic compar-ffff
ison. Ragin’s Qualitative Comparative Analysis (QCA) provides us with one
 particularly useful way of doing just that.

From qualitative to quantitative – assigning attributes and 

exploring confi gurationsfi

Any adequate method for exploring causality in complex systems has to be able
to handle, fi rst, complex causality, causality in which superposition breaks downfi
and there is a refl exive relationship between the system and both its own compo-fl
nents in the assemblage and other systems with which it intersects. Then we have 
to be able to deal with equifi nality, with multiple paths towards the same outcome.fi
The key idea which makes QCA useful here is that of confi guration. A confifi  gura-fi
tion is a set of attributes, whether regarded as binaries in crisp set QCA, multiple
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attributes in MQCA, or fuzzy (partial membership being possible) where the 
attributes stand for membership/degree of membership of the set having that char-
acteristic, and confi gurations are sets where the members of the set possess thefi
same set of attributes. The set theoretic logic of QCA is radically different from ffff
the variable logic of regression-based methods. Since causal power is not allo-
cated to disembodied variables, the method does not allocate ‘partial causal power’ 
to discrete variables or even to combinations of variables. Rather it identifi es thefi
multiple associations of sets of attributes, confi gurations, with outcomes. Thefi
Truth Table, the fi rst output of any QCA, is simply a way of displaying a contin-fi
gency table, with the fi nal column of cells being the outcome. There is some sim-fi
ilarity with the actual character of the output of correspondence analysis which is 
a way of visualizing a multi-dimensional contingency table. The QCA Truth Table 
can handle many more dimensions but is not so simply visually interpreted.

Ragin’s Fuzzy Set QCA deployed DeMorgan’s law and Boolean tools to reduce
a truth table by eliminating confi gurations containing elements which are neither fi
necessary nor specifi cally suffifi cient in discrete combination in relation to the ffi
specifi ed outcome. Traditionally the method was developed for small to medium fi
N sized data sets, data sets which often describe all the cases in a population. Here
again there is a diff erence from conventional statistical methods which generally ffff
are dependent on a logic of inference which assigns statistical significance tofi
models on the basis of the assumption that the cases in the data set have been
randomly sampled from a large population through deploying the law of large 
numbers. It really is rather important to note that in many instances in social sci-
entifi c research we do have attribute data about all the cases. This applies not just fi
to small and medium N examples, but for institutions/organizations, for example
schools or local health care systems, it may be the case for large N sets – for exam-
ple more than 4,000 English secondary schools. The issue here is that the qualita-
tive component of QCA requires very detailed qualitative engagement with the
cases in order to develop attribute sets. This is possible with small to medium N
examples, for example, and of particular significance in applied social sciencefi
with all the instances of a particular complex social intervention. When we engage
in the co-production of data sets, as Blackman and Wistow did in their study of 
health target achievements by English Local Strategic Partnerships, the medium N 
can be large since crucial attributes are both identifi ed by practitioners/policy fi
makers, and constructed by them in data collection.

QCA has increasingly been used as an alternative to conventional statistical
methods with very large data sets, for example by Cooper and Glaesser (2008) and 
Byrne (2012). Panel data sets, for example the British Household Panel set used by
Byrne to explore trajectories across time in relation to household income decile,
are very data rich and attributes of relevance can be identifi ed by literature fi
search/theorizing and selected/constructed from available data resources. It is more 
diffi cult, but not impossible, to deploy QCA for large sets of relevant cases whereffi
there is not a pre-existing, and ideally time ordered, data set. Of particular interest 
are populations of cases where there exist semi-systematic qualitative descriptions
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of all the cases associated with some, often quite large, quantitative descriptions of 
those cases. Inspection regimes for public organizations, for example UK health 
care and social care agencies and schools, generate reports, usually repeated across
time, which describe cases. It is of course straightforward enough to construct a 
QCA say, for example, for 3,000+ English secondary schools using the quantitative
data sets and this has considerable value. However, it would be impossible to read 
through all OFSTED (the inspection agency) reports for all schools at all inspec-
tion points in order to construct attributes. There are two complementary approaches 
which can be deployed here. One is to use the quantitative data to construct typol-
ogies of the cases, using cluster analysis or a data mining tool, and then sample
within the emergent categories to select examples for detailed qualitative investiga-
tion and attribute construction. The other, which can be used as an alternative or in 
sequence, is to construct a truth table and then explore the qualitative information 
for ‘contradictory’ confi gurations. Contradictory confifi  gurations are confifi  gurations fi
where the outcome is not identical for all or even for a large majority of cases
possessing that attribute set. Byrne (2011b) used qualitative exploration of a 
 contradictory confi guration of North-East England secondary schools in order to fi
 identify the attribute(s) which generated the observed difference. This approach ffff
would seem to be particularly valuable in relation to evaluation studies.

Gerrits (2012) does raise an important issue about the deployment of QCA, 
which is the diffi  culty that the approach has in dealing with time as a dimensionffi
along which causality unfolds. However, there have been recent contributions 
which have addressed exactly this issue. These are reviewed in Hino (2009) and 
his approach of Time Series QCA (TS/QCA) has considerable potential. Hino 
contrasts TS/QCA with Temporal QCA as proposed by Caren and Panofsky
(2005) and the take on this developed by Ragin and Strand (2005):

TSQCA views the sequence of occurred events as causes of the outcome,
while TS/QCA views changes in conditions between given time points as
causes of the outcome. TQCA defi nes causality by thefi order in which condi-r
tions occur, while TS/QCA defi nes causality by thefi eff ects of the ways in
which conditions change over time.

(Hino 2009: 250)

Actually both sequence, a central focus of political science after Tilly (1984), and 
changes in conditions would seem to have causal potential. The problem with the
inclusion of sequence in a QCA analysis is that it leads to a massive expansion in 
the number of possible confi gurations. Hino offfi  ers useful suggestions as to how toffff
get round this problem and TS/QCA can avoid it. However, in exploratory work 
the number of potential confi gurations is not really an issue. Instead we should,fi
using the complexity frame of reference, be prepared to ignore confi gurations fi
which have no cases in the population of interest. In possibility space terms
these confi gurations are located in the empty quarters. The use of the ‘Don’t care’ fi
specifi cation in relation to Boolean reduction is suggested by Hino as a way of fi
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reducing the number of confi gurations. This is actually a practical recognition of fi
the insignificance of the potentially causal sets which are simply not there. That isfi
to say it is an implicit recognition of the reality of the possibility space. In any
event there are important time problem addressing developments in QCA and 
these have considerable potential in relation to our ability to build a temporal 
dimension into systematic comparative work in the future.

Social network analysis, neural nets and simulation – 

useful to explore but not perhaps to explain

There have been a number of studies which have deployed social network analysis
in a complexity frame of reference. These include Room (2011) and Castellani 
and Haff erty (2009), who actually deployed the approach to map the development ffff
of complexity approaches across social science. The exploration of social net-
works is not itself at all new in social science. Mapping connections, especially
kinship connections, is a staple of social anthropology, and Mills used a pen and 
paper approach to describe The Power Elite (1956) in a study which has stimu-
lated many imitators. These ad hoc descriptive approaches have been very useful. 
More recently the development of computer packages which incorporate the logic 
of mathematical graph theory have led to a considerable extension of the approach. 
Quantitative sociology became interested in graph theory in the 1950s, since this
approach seemed to off er the possibility of a mathematical formalization of social ffff
networks and thereby a way in which deductive logic could be applied to social
analysis. This of course is the classic way in which uninterpreted axiomatic sys-
tems from pure mathematics become interpreted and hence applied. However, 
there is also an ontological element embedded in the approach which has strong
and weak versions, although of course the strong/weak diff erentiation lies along a ffff
continuum rather than being a dichotomy. So social network analysts tend to endorse 
some version of relational social science. That is to say, they believe in the impor-
tance of the social of connections among entities (individuals, institutions, organiza-
tions) for understanding the social as opposed to a focus on the character of the
entities themselves. The diff erential importance attached to connection as opposed ffff
to character determines positioning on the strong to weak continuum. Plainly con-
nections are important for the social world and have to be taken account of, but we 
have considerable reservations about assigning complete importance to them.

This is particularly the case when social analysts turn to the deductive logic of 
graph theory to produce social causal accounts and predictions about the social
world. The vocabulary of graph theory and the way in which it can be operation-
alized in computer packages are both very useful for generating descriptive 
accounts of connections. If we are to have any account of a complex world then 
we must be able to describe connections in that world. The development of a range 
of software tools which facilitate description and modelling of networks has 
been very useful in representing complex systems. However, these tools in and 
of themselves do not have predictive capacity because those that do attempt



206 Researching the complex social

 prediction necessarily assign all causal power to connections, deny agency, and do
not have the capacity for coping with emergence. When social network analysis is
deployed as part of a multi-method approach to researching complexity it can be 
very useful indeed. On its own it can generate important descriptions but cannot 
get beyond this.

Neural net techniques, another innovation of the computer age, have an obvious 
connection with complexity. Indeed it was an interest in the ontological and epis-
temological implications of neural nets which led the research electrical engineer 
Paul Cilliers to become the complexity philosopher Paul Cilliers. Neural nets are
computer-based analogues of the mammalian brain. Originally they were con-
structed by wiring up physical connections among processing chips in the same
way as axons connect neurons in the mammalian brain but now are typically 
embedded as digital simulations in computers. Garson (1998) gives a full account
of their use and potential in social science. The crucial thing about them is that
while single-layer neural nets can be understood in terms of probit regression 
models, multi-layer nets cannot be represented in formal mathematical terms nor 
can what they do be described by a specifi c algorithm. Instead neural nets are fi
trained on a set of data and then are ‘let loose’ on new data and work through that 
data in a black box fashion to generate results. These approaches have massive
commercial importance and considerable potential for use in social science. The 
commonest commercial use is targeting through classifi cation. That is the wayfi
neural nets generate output through data mining which has the same character as
the output of numerical taxonomic techniques like cluster analysis but they do this
in a diff erent way. Cluster analysis deploys matrix algebra-based approaches in affff
way which can be described at every stage in terms of formal mathematics. Neural 
nets generate weightings as they proceed but no formal status can be attached to 
these weightings. It is a neural net-based data mining tool which gives you your 
recommendations when you sign on to Amazon, recommendations based on pro-
cessing data about your own previous purchases and purchases made by others
who have purchased books you have bought. One area where neural net-based 
data mining has enormous potential is in relation to health data. Castellani and 
Castellani (2003) present an account of the potential use of data mining using
neural nets in health informatics which is also an excellent introduction to the
general ideas behind the approach. Let us be clear. Neural nets do not enable us to
develop a grounded science of complexity. Rather they help us to predict in rela-
tion to particular complex systems on the basis of information about lots of other 
complex systems. They in particular provide us with a non-linear clustering 
approach based on unsupervised learning. In a way they are idiot savant versions
of experienced practitioners who are able to draw systematically on enormous 
amounts of data about enormous amounts of cases.

What about simulation? We have made a great many critical comments about
simulation in this text. In particular we have specifi cally rejected claims that sim-fi
ulation stands as THE approach which can be used in complexity research. How-
ever, as a descriptive approach it does have value, but in our view only when 



Researching the complex social 207

deployed on the basis of real data and particularly when employed alongside other 
appropriate modes of investigation. Room’s study (2011) is an example of that 
kind of approach. An even more developed example is provided by Castellani and 
Rajaran (forthcoming) who extend the range of modelling in a most interesting 
way. They identify three modes of modelling which have been deployed so far in 
complexity studies:

• Agent-based modelling.
• Dynamical modelling which is equation based.
• Statistical modelling based on aggregate data.

and add a fourth – case-based modelling.
This last has three components which comprise a theoretical blueprint based on

the complexity frame of reference, a set of instructions based on the case method 
approach which deploys the idea of assemblage, and a mathematical tool kit. This
last is founded on the representation of cases as n dimensional vectors:

Each case is a k dimensional row vector where each x
ij
 represents a measure-

ment on one of the variables being used to model a complex system.
(Castellani and Rajaran forthcoming)

This corresponds to Byrne’s (2002a) specification of measurements of properties fi
of cases as traces of complex systems rather than as free-standing entities with
their own causal powers.

Castellani and Rajaran deploy a process-based understanding of the social
world but develop this through an account of coupling (which reflects the interestsfl
of relational sociology and the methods of social network analysis), and of social
knowing which brings in agency. They also deal in collective terms by taking note
in a way which corresponds closely to Cilliers’ (2001) specification of boundaries fi
among systems as being open and allowing causal infl uences precisely based onfl
such spatial propinquity. There are a lot of important ideas in this paper including 
the understanding that ties are not just relationships but also interactions in those
connected entities at whatever level, and indeed across levels. That means cases
have causal powers on each other through these relations.

Their approach, which deploys cluster analysis as a typological device, social
network analysis to describe relationships, and a simulation exercise based on
the products of the fi rst two approaches, and moreover does so within a care-fi
fully established qualitative description of the social areas they are examining in
relation to public health issues, has very considerable value. Other examples of 
simulation being deployed as part of a repertoire of techniques include Márquez 
et al. (2011) and Moss’ (2008) arguments for companion modelling. These are 
far removed from the arrogant and ignorant deployment of uncalibrated fictivefi
simulation which we have fi rmly dismissed as an appropriate approach tofi
complexity-founded social research. 



208 Researching the complex social

Co-production, agency and action-research

Paul Cilliers was very much focused on the ethical implications of a complexity
theory understanding and argued forcefully that it was unethical to engage with 
complex social systems from the outside (1998). Gerrits makes the point (2012) 
that in attempting to understand complex policy interventions it is vital to engage
with the actors in the situation and draw on their understanding and accounts.
Action and engagement become part of the process of science itself for Cilliers, and 
Gerrits, although he does not explicity use the term, is endorsing the proposition
that good social knowledge of complex social systems is based on co-production
between scientists and the human agents in the fi eld of investigation. This drawsfi
us towards the extensive literature on action-research, research undertaken as part 
of the processes of transformative change themselves. A key term from the history 
of the human sciences which resurfaces in relation to action-research is praxis,
which in origin in Greek thought and as developed by that eminent student of the 
pre-Socratics Dr Karl Marx is about the obligation to act on the basis of knowl-
edge. The most important recent proponent of praxis in relation to research was 
Paulo Freire, who drew on all of radical Catholic social teaching, Marxism and 
particularly the early Marx, and the radical version of phenomenological thinking 
developed by Jaspers in formulating his approach to ‘dialogical research’ as 
part of conscientization and empowerment. The term dialogue is crucial here. In 
his approach to pedagogy Freire asserted that this was never a one way street – 
everybody taught and everybody learned – and he extended this to that process
of research. Some vapid abusers of Freire’s ideas have taken this to mean that only 
knowledge from below is valid, but this is wrong. The point is that all knowledges 
(note the plural) are incomplete, both the knowledge of the ‘scientifi cally informed’ fi
expert/researcher and the knowledge of the researched. Movement towards better 
understanding, always for Freire understanding as praxis – as a basis for action, is
based on mutually respectful dialogue among the knowledges relevant to a con-
text. So we want to conclude this discussion of the actual research processes which
can lead to understanding of complex social systems by exploring the relevance of 
action research. We begin this with a contrast.

There has been considerable attention paid to Flyvbjerg’s (2001) reassertion of 
the potential of phronesis7 as a way of Making Social Science Matter and thisr
approach based on ‘practical wisdom’ informs a recent collection (Flyvbjerg et al.
2012) directed towards a Real Social Science. However, the phronetic approach 
actually abandons not only science in terms of any kind of realist understanding
but also praxis, that is active engagement in the world. In an interesting essay in
Real Social Science Simmons, to quote the editor’s introduction to that book:

. . . asks us to imagine that Bent Flyvbjerg in his quest for a model for teach-
ing phronetic social science turned to Paulo Freire’s pedagogy of the 
oppressed instead of Hubert and Stuart Dreyfus’ stage theory of skill acquisi-
tion. Flyvbjerg would have been confronted with a much more radical and 
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nuanced theory of power than Foucault’s, one that would call for a different ffff
kind of phronetic social science, perhaps tentatively labeled anti-hegemonic
phronetics.

(Flyvbjerg et al. 2012: 9–10)

We really do not need the label ‘anti-hegemonic phronetics’, particularly as the 
ongoing specification of the nature of this beast involves a continued dismissalfi
after Flyvbjerg of both episteme in the sense of any kind of abstract framing and 
techne in the sense of knowledge which is devoid of abstract reason but based on
practical skill. Byrne (2011b) has commented that although the world ‘technol-
ogy’ derives from the Greek techne, it actually means the combination of abstract 
knowledge and technical skill in application which is characteristic of the modern 
as a general intellectual programme. We need to understand dialogue as part of the 
construction of representations of reality. Freire pushes us further. We must go 
beyond dialogue into action in order to change and have to answer very defi nitelyfi
the question: whose side are we on?

This is not just a matter of political rhetoric. It actually is a matter of being able 
to do good complexity science because attempting to describe and understand,
particularly in the sense of developing a causal understanding, complex systems
inevitably contributes to change in those systems. Note that in the preceding sen-
tence we did not feel the need to qualify and confine our assertion to complex fi
social systems. In an anthromorphic world all natural systems are subject to
human interventions and consequent change. It is of course absolutely the case
that the largest impacts are on complex social systems. Change is inherent in the 
practice of science. 

Conclusion

In this chapter we have attempted to develop not so much a user’s guide to com-
plexity-based social research as a review of approaches illustrated by examples of 
good complexity-based social research practice. It should be clear that we are 
eclectic both in relation to tools and to their deployment whilst preserving our 
ontological specifi cation that emergence underpins the whole social world, that fi
stability/change are the key foci of interest, and that in epistemological terms 
there is no transcendental reality to be described only in terms of mathematical
formalisms. We are in the messy here and now but in a here and now which comes 
from the past and goes towards the future. Kipling, a mean man with a good quote,
once remarked that: There are four and twenty ways of constructing tribal lays and 
every single one of them is right. We agree, so long as the construction is informed 
by the fundamental complexity turn. 
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Part IV

Complexity in action
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Introduction

This chapter is an examination of what people have been doing with the complex-
ity frame of reference across a range of academic disciplines and fields. It will befi
a critical examination but its primary purpose is to demonstrate how complexity 
is becoming part of what might best be called the intellectual culture: how the
episteme is being ‘complexifi ed’. It seemed important to include a ‘noticing’ fi
chapter in a book claiming to describe ‘the state of the art’ for complexity theory 
in the social sciences, but actually reading through the relevant material has made 
us understand that we can do more than that here. We described this text as an
exercise in synthesis, and the materials, arguments and frames of reference being 
reviewed here are part of that process. One thing that has become apparent is the 
very considerable use being made of the complexity frame of reference. Database 
searches yield very large numbers of articles, chapters and books across the whole
range of social science disciplines and fields. It is impossible to ‘notice’ all of fi
these here. Instead we have read widely and will attempt to give a flavour of the fl
way the ideas are being put to work.

We begin with an examination of how ideas of complexity have been used in
attempting to understand ‘socio-ecological-technical’ systems. This is where eco-
logical science with its foundations in ecological biology has its necessary encoun-
ters both with the social sciences as disciplines and with processes of governance.
If there is any absolutely clear demonstration of the fallacy of a distinction between 
the natural and social sciences and of the value of Khalil’s argument that we should 
instead distinguish between understanding directed towards the real and the artifi-fi
cial (1996) then it is in this field. The anthropomorphic consequences of the fi
human social in relation to the whole of the rest of the ecosphere are so profound 
that this reality is eff ectively right in our intellectual faces. The other advantage of ffff
starting here is that it provides us with an excellent basis for engaging with the
discipline of Economics, a discipline whose contemporary foundations in
neo-classical micro-economic theory and dynamic stochastic general equilibrium 
models for macro-economic theory are completely destroyed when the complex-
ity frame of reference is brought to bear. The ecological domain is one of the

Chapter 10
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important breaches in the wall of the dominant economic paradigm. Another 
advantage of starting with social/ecological interface is that it takes us directly
into the implications of complexity for governance.

The next fi eld reviewed will be Education. Just as the Ecological provides usfi
with a way of engaging with Economics and governance, so writing on Educa-
tion in relation to complexity has, for essentially contingent reasons,1 dealt inter-
estingly with the philosophical and methodological implications of the frame of 
reference. That leads us reasonably naturally into the domain of public administra-
tion/policy, again a domain which has contributed considerably to ‘complexity
methodology and techniques’. We will then move on to look at ‘the Urban’, 
a domain in which there has been a great deal of complexity-framed work and 
which interfaces usefully with the disciplines of Geography and Sociology. Next
we review how complexity has infl uenced organizational theory and research, and fl
in consequence has had a very considerable infl uence on management science and fl
on the intersecting domains of social-public policy/administration.2 We have of 
course been drawing on all these areas for argument and illustrative arguments 
thus far. 

Some important areas and disciplines will receive fairly minimal attention here. 
These include Anthropology because most of the methodological issues relevant
to that discipline overlap so substantially with Sociology’s concerns. History is
absent because although there is no doubt that a complexity take on the narratives
of history (with that term understood to cover both historical reality and History 
the discipline) is essential, most of the historical work of interest has been done at
the intersection of historical Sociology and social theory. The omission of 
 Psychology is a much more substantial issue. We do not deal with that discipline
here primarily because most of the complexity-informed writing in it has been 
driven by a neuro-science agenda and tends very much towards an intrinsically 
reductionist conception of how to understand people and their lives. To a consid-
erable extent we are writing scientistic Psychology out of the social sciences,
which might be just what most contemporary academic psychologists want any-
how. Health will be the organizing thematic subject of Chapter 11 in which we
will attempt to show how a post-disciplinary social science, indeed a science inter-
secting in important ways with biological science, actually can work. We will
there draw on the extensive and useful literature which has already deployed the 
complexity frame of reference across the health field of interest. fi

Complexity and socio-ecological systems

An example which is often used to illustrate discussion of socio-ecological sys-
tems is the eutrophication of bodies of fresh water. Phosphate levels in the water 
become high in consequence of the run off  of agricultural fertilizers and/or the ff
discharge of untreated sewage. The pond or lake becomes hypoxic and dominated 
by algae and other organisms which can function in an oxygen-depleted environ-
ment to the detriment of other species. Lakes and ponds which human beings
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appreciate aesthetically as clear and pleasant become ‘foul’. Norberg and 
 Cummings explain how this is a consequence of socio-ecological system state:

. . . a non-linear feedback in sediment responses to oxygen can cause a lake to
flip into a eutrophied state if phosphate levels become too high. This is oftenfl
perceived as a regime shift for the ecological system. . . . From a social- 
ecological perspective the system has only shifted if, in addition to the change
in the lake, the social capacity and willingness to bring the lake back to a
noneutrophied state has been changed. . . . As long as both willingness
and manipulative capacity are maintained, the anchor state for the social- 
ecological system remains the non-eutrophied state even though the lake may
temporarily become eutrophic. The importance of this insight is that efforts toffff
manage the state of the lake need to focus as much on the social system as the
natural system.

(Norberg and Cummings 2008: 278)

That passage expresses a number of themes which we have already encountered.
Ecologists tend to use the term ‘regime shift’ for what we have called phase shift/
qualitative change. Just as we have described complex systems as robust, so they
describe them as resilient, which is a synonym for robust but goes somewhat fur-
ther in that it incorporates an account of the origins of robustness:

Many systems, ecological, social and social-ecological, have multiple inher-
ent feedback processes such that they experience several self-reinforcing 
states of attractions, called regimes. Shifts between such regimes can occur 
when the system is pushed across some threshold by external or internal
dynamics. . . . Note that the defi nition of regimes difffi ers from how it is used ffff
in the social sciences, where regime change frequently refers to the political 
actors or system in power. Resilience is defi ned as the capacity of a system tofi
absorb disturbance and reorganize while undergoing change so as to retain
essentially the same function, structure, identity and feedbacks, that is, remain
within one regime. Hence resilience refl ects the degree to which a complexfl
adaptive system is capable of self-organization . . . and the degree to which
the system can build and sustain the capacity for learning and adaptation. . . . 
We can defi ne adaptive capacity . . . as the capacity of the system to alter thefi
relative abundance of its components without signifi cant changes in the cru-fi
cial system functions. Diversity thus plays a central role for resilience.

(Norberg et al. 2008: 46)

There is much to agree with here but there is one point we would dispute. The term
‘regime change’ in the social sciences is ambiguous in use but sometimes does
refer to changes on a scale which we would consider as phase shifts and therefore 
as equivalent to the ecological use of the concept. The transition from Stalin to 
his successors in the Soviet Union was important and dramatic but there was no
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fundamental social reorganization despite the reduction in significance of terror as fi
a basis for the system. In contrast the collapse of communism in 1989 and subse-
quently really did generate a regime change in a qualitative sense. Things are very 
diff erent afterwards. We are dealing with a transformation of quantity into quality. ffff
It may well be that China is undergoing a regime change which is taking time to
happen. The economy has been transformed but the political system remains 
intact although under challenge from social changes and in particular the creation 
of an enormous industrial proletariat and the demographic implications of the one 
child policy. 

That reservation aside, there is a great deal of value for us in Norberg et al.’s
specifi cation. In particular the emphasis on the role of diversity, equivalent to fi
internal diff erentiation, as a basis for resilience is especially helpful as is the for-ffff
mulation of the idea of adaptive capacity in consequence. The discussion of 
socio-ecological systems is of the most profound importance in relation to global
warming and climate change. What is true of the pond is true of the climate. 

Another resonance in the socio-ecological literature is a discussion of the role
of narrative, not just as a basis for scientific representation but as a constitutivefi
process in relation to the systems themselves – refl exivity in action:fl

Particular system-framings often become part of narratives about a problem
or issue . . . There are simple stories with beginnings defi ning the problem, fi
middles elaborating its consequences and ends outlining the solutions. Narra-
tives are created and promoted by particular actors, networks and institutions. 
They often start with a particular framing of a system and its dynamics and 
suggest particular ways by which these should develop or transfer to bring
about a particular set of outcomes. Narratives therefore suggest and justify 
particular kinds of strategies and interventions. 

(Leach et al. 2010: 371)

The socio-ecological domain is one in which conventional thinking in Economics
has been confronted by hard reality. Economists have engaged with the issues,
often by turning back to a traditional conception of the discipline that problems 
can be solved by the allocation of prices as a means for managing markets in
everything. Of course this depends in turn on the (vain)glorious assumption that
markets will result in optimal equilibria. The whole foundation of understanding 
of complex systems indicates that this is not the case for any far from equilibric 
complex system with a capacity of qualitative change. There are interesting exam-
ples of eff orts to get beyond this in the ‘ecological economics literature’ and even ffff
a dedicated journal Ecological Economics which has published a number of arti-
cles informed to varying degrees and in diff erent ways by the complexity frame ffff
of reference. There are two inter-related ways in which this literature has devel-
oped. One is by introducing ideas and metaphors from evolutionary theory, exem-
plified by Gual and Norgaard (2010) with an interesting development of the idea fi
of co-evolution. The other is a turn towards micro-emergence and agent-based 
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modelling/network methods represented by Wam (2010). Hodgson, one of the 
most important proponents of the institutional turn in heterodox economics, 
argues that the ‘meta-theoretical’ framing of Darwinian conceptions in relation
to evolution:

. . . [is] of particular relevance for ecological economics. Much of the policy 
agenda for ecological economics is a matter of appropriate institutional 
design to establish incentives that are consistent with environmental goals, to
process fl ows of information to guide policy, and to deal with unforeseen fl
disturbances and shocks.

(Hodgson 2010: 704)

As with Room’s work (2011) we fi nd the understanding of institutions beingfi
asserted as central to the understanding of complex systems with any kind of 
social component. That gives us a good bridge forward to the implications of com-
plexity for the discipline of Economics itself. 

Reconnecting Economics with reality

Increasingly, the subject [Economics] is taught not as a way of learning to 
think about how the world might operate, but as a set of discovered truths as
to how the world does operate. The content of degree courses is becoming 
increasingly standardised. Substantial and impressive textbooks exist, both in
micro- and in macro-economics, consisting in the main of the mathematical
technique of diff erential calculus applied to linear systems. It cannot be stated ffff
too often that very little of the content of such textbooks is known to be true, 
in the sense that many of the statements in textbooks on, say, engineering, are
known to be true: formulae for building bridges exist, and when these formu-
lae are applied in practice, bridges in general remain upright. The same does 
not apply in economics and yet the confidence of the true believers in econom-fi
ics has grow’d and grow’d like Topsy. As they themselves would doubtless
prefer to say, to give the description an authentic mathematical air, it has grown 
exponentially.

(Ormerod 1994: ix)

Ormerod’s book The Death of Economics was founded on a complexity frame of 
reference and should have dealt a death blow to the conventional wisdom which 
constituted the dominant trend in particularly Anglo–American economics as an
academic discipline. It would have been bad enough if the ‘virulently esoteric 
chat’ (Ormerod 1994: 67) had been confi ned to the academy and had done nofi
damage beyond that inflicted on the brains of those students who were exposed tofl
it. However, this nonsense represented itself, and was accepted by many politi-
cians, as a well-founded scientifi c basis for the neo-liberal turn in politics and fi
informed policy at both national and international levels. Recent global events
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have demonstrated its vacuity in spades. We refer readers to Ormerod for a well-
written and convincing critique of the orthodoxy. Here we want to move forward 
and see how the complexity frame of reference is serving to reconnect Economics 
as a discipline with social reality.

There are a number of strands to that reconnection. First, there is not so much 
a renewed interest in as a changed status of a long-standing ‘heterodox’3 tradition – 
that of institutional economics which dates back to the pioneering insights and 
critique of Thorstein Veblen. We refer here really to the original tradition rather 
than neo-institutional economic theory which to our mind represents an uneasy 
and frankly misguided attempt to reconcile the real insights of institutional theory 
with the neo-classical nonsense. We have encountered a complexity take on the
causal powers of institutions in Room’s (2011) work, which draws on an institu-
tional tradition in political science which intersects with institutional economic
theory, and it is plain that if we are to understand complex social systems then
institutions matter. Hodgson, one of the key revivers of the institutional tradition, 
has engaged with complexity coming in part through the evolutionary theory
pathway, particularly in relation to ecological economics. A second approach, typ-
ifi ed by the direction taken by Ormerod himself and by the contributors to recentfi
IPPR collection proposing a reformulation of economic theory as a basis for pub-
lic policy, involves a recognition of the significance of networks of relations for fi
the social world and marries this with an assertion of the value of micro-simulation 
as a way of modelling economic systems. This interfaces with a colonization of 
economics by physicists using a range of simulation methods which draw on
non-linear equation systems in the emerging tradition of ‘econophysics’. We 
regard this as towards the restricted complexity end of the continuum from 
restricted complexity to general complexity. The recognition of the importance of 
networks matters a great deal but there is no sense of the reality of the causal 
powers of social structure, the underlying problem of micro-emergent theory in
general. Next there is a methodological turn from the quantitative to the 
qualitative/interpretive. In part this is a reassertion of the significance of economic fi
history, of narratives. In part it is a recognition of the role of interpretation in the
work of masters of economic thought, not just the great classics of the nineteenth
century but also for example in the work of somebody who understood 
complexity rather well but to our mind drew the wrong conclusions from that
understanding – von Hayek. Finally there is a turn in actual research to methods 
which are ‘complexity congruent’, to an empirical programme including abso-
lutely empirical quantitative work, which recognizes complexity and seeks to
explore causation in relation to the economic dimensions of the social world. We
will deal with each of these thematic schools in turn.

Institutional economics, the most important of the heterodox strands in eco-
nomic thinking, has always had a sense of structure and of the significance of fi
uneven distributions of power in a hierarchically-structured social system. The 
very admission of the signifi cance of institutions as entities in economic systemsfi
is a denial of pure micro-emergence.4 It also is a domain in which there have been
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important methodological arguments typifi ed by the dispute between Hodgsonfi
and Lawson, although both endorse a generally realist position. Hodgson has
argued for a:

. . . revived Veblenian approach [which] focuses on the algorithmic and incre-
mental nature of decision-making. Its orientation is towards process rather 
than equilibrium, as Lawson (2005, p. 16) himself emphasizes. Both social
reality and individual capabilities are conceived in terms of various systems
of processual rules. Following Veblen, these rule systems are placed within a
generalized Darwinian framework where the principles of variation, retention
and selection are used to help explain their evolution. These and similar ele-
ments elsewhere coincide with a possible gestalt shift in the social sciences,t
away from conceptions of incremental change and equilibria, where everything 
potentially impinges on everything else, to a notion of limited interconnect-
edness within social systems essentially composed of structures and algorith-
mic processes of rules.

(Hodgson 2006: 220)

Hodgson is keen to retain a quantitative programme which engages with econo-
metric approaches, in contrast to Lawson who is arguing that such a programme 
can never adequately describe/understand open systems. Hodgson admits that we
have to deal with open systems but argues that we have to do so, at least in part,
through necessary abstraction. There is little to argue with in that and Hodgson
certainly is keen to see a dismissal of positivist logics of inquiry and a turn instead 
to a pragmatic informed approach. He also has a take on the significance of evo-fi
lutionary accounts which gells well with much of the argument in Part II of this 
book. However, what he does not address is the limitation of linearity in the mod-
els which inform the dominant traditions in econometrics.5 We agree, following 
Cilliers, that whilst we can never adequately model complex systems in their 
entirety, we must at least try but our models have to recognize the reality of 
non-linearity, multiplicity and complexity in causal relations. 

An excellent summary discussion of a complexity take informed by institu-
tional economics is provided by Room’s commentary on the work of Dopfer and 
Potts (2008) in his chapter four entitled ‘The economy as a complex adaptive 
system’ (Room 2011). Dopfer and Potts are concerned, to quote the title of their 
book, with The General Theory of Economic Evolution. This is an explicitly
Darwinian take where technological innovations stand as an equivalent to
genetic mutation as a source of transformation. Room develops his critique by,
as it were, passing their argument through the lens of Kauff man’s NK(C) model ffff
which deals with:

. . . the adaptive interaction of diverse phenotypes within a shared ecosystem,
modifying and warping their respective fitness landscapes. For Dopfer and fi
Potts, this shared eco-system is the macro-terrain of the economy as a whole.
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. . . This is where multiple meso-trajectories of origination, adoption and 
retention interact, abrade and co-evolve. At this macro-level, co-evolutionary
dynamics ‘warp’ the fitness landscape, not least for the fifi rst mover. fi

(Room 2011: 55–6)

It is interesting to see that, in tune with his Schumpetarian heritage, Potts adheres
to a tradition asserting that: ‘. . . accounts of economies as complex systems have
provide a plausible new [i.e. not neo-classical] basis for the political creed of eco-
nomic liberalism. Claims abound that “free markets are clearly self-organizing
systems”’ (Room 2011). Perhaps the most articulate summary assertion of this
position is that of von Hayek in his ‘Nobel’ Economics prize lecture. Room is
bluntly dismissive of this turn and his discussion both of a Keynesian tradition
which argued that without the state ‘continually tuning the system parameters’
(2011: 63) through a range of measures including very direct intervention in the 
system then crises were inevitable, and of recent events which, as the highly
successful speculator George Soros has argued, demonstrate the system destruc-
tive eff ects of flffff  ocking behaviour in fifl  nancial markets, provides a convincingfi
refutation of it. 

The inadequacy of the linear reductionist tradition in Economics has been 
 recognized widely and particularly in a set of contributions to the Journal of 
 Economic Surveys (JES) (2011) and a policy oriented text published by the UK 
‘Left’6 think tank, the Institute of Public Policy Research (IPPR). However, these
approaches, although entirely accurate and indeed scathingly so about the limita-
tion of the dominant tradition, are mostly located within a restricted complexity
frame of reference. JES was founded specifi cally with the very proper objectivefi
or re-engaging Economics with the social sciences in general but although 
contributors to it know what the problem is (see Lee 2011, George 2011) and 
have interesting and important things to say about the intellectual history of 
‘complexity recognizing’ work in economics and particularly the work of Herbert 
Simon, they remain committed to a micro-emergent account based on asserted 
principles, particularly that of bounded rationality (see Lee 2011). This is interest-
ing and useful work but it does not at all, in contrast to institutional economics,
engage with the realist account of complex, multiple and contingent causation. 
Both these approaches and institutional economics are properly concerned with 
environmental context in relation to the dynamics of complex economic systems 
but have no real sense of structure and consequent social power.7

The IPPR collection likewise has many interesting things to say but really does
not get beyond a recognition of the importance of social networks for understand-
ing the dynamics of complex economic systems. To our minds this to a consider-
able extent refl ects the history of many of the contributors as actors in the fifl nancialfi
sector. Here in this system which itself is an abstract representation of the real
productive economy and which over the last 30 years has become dominated by
imaginary financial entities in the form of derivatives and has treated the real fi
economy as an object of fi nancial ‘engineering’ through, for example, debt-funded fi
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fi nancialization of productive enterprises, networks may dominate but whilst they fi
matter elsewhere there is more to the social than just the networks themselves.

That is well recognized by the third strand in constructive engagement of 
Economics with the complexity frame of reference, an engagement which to quote 
part of the title of a useful and interesting paper is concerned with ‘reorienting 
economics into social science’ (Downward and Mearman 2007). Those authors
endorse a realist approach and have an interesting take on triangulation but do 
not explicitly engage with complexity as such. In general writers and researchers
who engage with complexity in relation to economics, even those working in the
econophysics tradition which we place towards the restricted complexity end of 
the general/restricted continuum, display a healthy respect for empirical reality 
which is wholly lacking in the neo-classical canon. Rosser’s comment that:

A particular aspect of physicists predominating in this new field is the empha-fi
sis on starting with the data and trying to fi nd models or theories that mightfi
explain the data, while economists tend to assume that their standard theories
are correct and try to fi nd them working in the data. fi

(Rosser and Barkley 2010: 5)

illustrates the failure of conventional Economics to engage with any real kind of 
scientifi c process. The use of mathematics does not render a fifi eld scientififi  c if there fi
is no correspondence established between the mathematical formalism and the
reality it purports to describe. 

There is now a developing literature in which heterodox economists engage
with complexity. Examples are Foster (2005), Brunner (2008), Lessard (2007),
Fontana (2010), Koppl (2010), and Matunovic (2010). All these articles take a 
literary form in which equations, although not wholly absent, are essentially sub-
ordinate to textual development of argument. This is a move towards interpreta-
tion as a proper mode of scientifi c discourse and Koppl notes that in the history of fi
economic thought even such a proponent, and to some degree originator, of the 
neo-classical paradigm as Robbins engaged with verstehen, interpretive under-
standing, and it was central to the thought of von Hayek. Koppl endorses the
re-emgergence of ‘literary Economics’ in language very similar to that deployed 
by Keynes’ biographer Skidelsky (2012). Complexity treatments of economic 
systems have some way to go and certainly could fruitfully engage with the
non-mechanistic elements in Marxist thought in developing an understanding
which gels with the complexity frame of reference. However, things are moving 
and we may even soon see a dissolution of Economics into an interdisciplinary
complexity-informed social science which will actually have a good deal in 
common with classical economic thought as it was framed in the tradition of 
political economy. 

Most of the complexity-informed writing which self-identifies as ‘Economics’fi
remains at the level of theoretical and methodological exposition and argument. 
There are relatively few examples of actual empirical research which deploy 
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 Economic concepts and arguments. Indeed the examples we have located are work 
done by authors who, whilst engaging with issues central to disciplinary Econom-
ics, come from related disciplines or interdisciplinary fi elds. Room (2011) is one.fi
Another is Haynes’ Public Policy Beyond the Financial Crisis (2012) published as
part of a series of ‘critical studies in public management’. Haynes’ work is fully 
informed by the complexity frame of reference but he also brings to bear the turn
towards case-based methods proposed as a complexity-sensitive research strategy
proposed by Byrne and Ragin (eds 2009) and deploys all of numerical typoloygiz-
ing (cluster analyses), Qualitative Comparative Analysis, and narrative historical
examination in a cross-national comparative study exploring the trajectories of 
the crisis, causal factors in context, and diff erent responses to it. This book is per-ffff
haps the most important complexity-informed empirically-founded study of the 
economic and fi nancial aspects of public policy published in recent years. Indeed fi
the phrase ‘complexity-informed’ is redundant here. It represents a very powerful
counterblast against the neo-liberal arguments for globalized marketization as a
solution to the crisis when it is plain that this ideological (certainly not scientifi c) fi
paradigm was causal to the crisis in the fi rst place. Haynes proposes a new formfi
of public service provision based on contextually-sensitive local management,
public engagement and mutual financial forms rather than ‘public private partner-fi
ships’ engaging big state with big capital. And he has real calibrated evidence
to support his arguments. Economists have much to learn from this kind of 
approach. 

Complexity and education

There are two strands in the use of complexity theory in relation to education. 
They overlap, but a heuristic distinction is worthwhile. One is essentially philo-
sophical. That strand itself has two overlapping currents. First, there is a concern 
with the actual purposes of education as a process and the modes of formulation
of knowledge within that process – the traditional domain of the Philosophy of 
Education as a sub-discipline intersecting education as a set of practices and 
Philosophy as a discipline. Second, there is a methodological debate which has
almost everything in common with the general methodological debate regarding
complexity across social science but uses educational research examples to illus-
trate its argument. The second strand is empirical. There is an increasing amount 
of actual empirical educational research which deploys the complexity frame of 
reference precisely as an architecture for investigation and interpretation. We will 
deal with them in turn. 

There are three useful and interesting books which have both the words 
 ‘complexity’ and ‘education’ in their titles: Davis and Sumara’s Complexity and 
Education (2006), Mason (ed) Complexity Theory and the Philosophy of Edu-
cation (2008), and Osberg and Biesta’s Complexity Theory and the Politics of 
Education (eds 2010). All contain reasonable presentations of the general outline 
of the complexity frame of reference, although they do tend towards a rather
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post- structuralist understanding of the ideas and don’t really engage with the
realist takes on complexity. Cilliers is often cited but interpreted usually in the 
most post-modern way that his work can be taken. One important contribution in 
this set is Haggis’ (2008) which develops an argument at the interface of methods 
and methodology. Haggis shares our emphasis on the importance of narratives in
understanding social complexity but is concerned about the ways in which con-
ventional thematically-based modes of interpretive analysis strip the narratives
which we generally collect through qualitative interviews.8 This is the typical
product for example of the use of NVIVO with its close relationship to grounded 
theory. Haggis points out that thematic analysis, for example based on NVIVO’s
thematic nodes, leads to the generation of transcendent categories:

These transcendent categories appear to unify certain aspects of the differ-ffff
ent narratives that have been analysed, although all of these were generated 
from within very diff erent [original emphasis] contextual settings. . . .t
Describing a particular group as a case allows for patterns that transcend 
individual uniqueness to be identified, but it does not allow examination of fi
the diff erent ways in which individuals are, in some aspects,ffff also unique.
[original emphasis] 

(Haggis 2008: 155)

Haggis delivers an important warning about the implications of the way in which 
thematic comparative work decontextualizes by removing elements from the sys-
tem of relations which surround them in the real cases, from their own unique 
interactions. Actually, as so often is the case in thinking about complexity, some-
thing already being done can be framed in complexity terms as a way of at least 
partially addressing Haggis’ concern. We think that the use of case nodes in NVIVO
with specifi cation of attributes including research emergent attributes,fi 9 coupled 
with QCA procedures, allows a considerable retention of the unique trajectories of 
individual cases as the basis for quantitative modes of causal analysis. 

There are now a number of interesting journal articles which deploy the com-
plexity frame of reference in relation to empirical investigations. These include 
Toh and Soh (2011) examining policy changes in relation to ICT reform initiatives 
in Singapore schools and Phelps and Graham (2010) reviewing this history of the
‘Technology Together’ process in Australia in relation to both complexity as a 
frame of reference and action research as a method. These articles could just as 
easily have been published in journals dealing with public policy/administration,
a fi eld in which, as we shall see, there has been a considerable development of fi
complexity-framed work. What matters in them is the frame of reference: it is the 
fi eld of interestfi 10 which has located them in the literature. The same can be said 
of Radford’s discussion of ‘Prediction, control and the challenge to complexity’ 
(2008) which advances a persuasive argument to the effect that schools areffff
properly understood as complex open systems and that this paradigm is ‘sub-
versive of our ambitions of prediction and control’. Again there is an absolute 
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 resonance with arguments in public management and evaluation which draw on 
the complexity frame.

There is an important difference between the fiffff  eld of Education and the disci-fi
pline of Economics in relation to the impact of complexity as a mode for under-
standing the world. For Economics complexity is to all intents and purposes a set
of demolition charges set off  which completely blow down the whole dominantff
paradigm structure. For Education as a fi eld it also has an explosive capacity butfi
since the fi eld is defifi  ned by the issues of interest it rather takes the form of a set of fi
targeted shells destroying methodological paradigms, and as with Health particu-
larly the paradigm of the Randomized Controlled Trial as the ‘gold standard’ of 
research which can inform practice. In this respect the application of complexity 
thinking to Education as an applied fi eld is typical and there are similar develop-fi
ments in Health, Urban Policy, Public Policy and Administration, and Business/
Management. Other disciplines, and most notably Sociology, have never really
had a dominant paradigm in the way that the neo-classical rubbish dominated 
Economics. This has made them somewhat more open to complexity thinking and 
less vulnerable to the kind of wholesale slum clearance which is necessary for that
discipline.

Public policy/management/administration

The title of this fi eld has changed over the years. We actually rather like the old fi
term ‘administration’ but in any event we are dealing with the domain where
social scientists have studied how the state and agencies related to the state oper-
ate in the social world in that extensive part of that world which is not ordered by 
market relations.11 In terms of the application and development of complexity 
science, this is a relatively mature field in which there has been serious and wellfi
thought out conceptual development and innovative approaches to both the meth-
odological programme and the actual methods by which research is done. This 
goes along with a large number of original and interesting empirical studies in 
which these developments have been put to work. Haynes (2012), discussed above
in terms of its substantive focus on economic policy, demonstrates this in a way
which entirely supports the post-disciplinary potential of complexity as a frame of 
reference. One thing to say straight away is that complexity has been ‘well organ-
ized’ in that part of the academy which is concerned with public policy formula-
tion and implementation. The special issue of Public Management Review (2008) 
edited by Teisman and Klijn and the edited collection Managing Complex Govern-
ance Systems (Teisman et al. 2009) have worked together to advance a well- 
considered and thoughtful programme of work, much of it originating from
Erasmus University in Rotterdam. Of course we are dealing here very much with 
a fi eld with a long history of inter-disciplinary engagement which has included fi
considerable interest in the systems theory sets which are part of the intellectual
foundations of contemporary complexity, albeit that those systems theories did 
not fully engage with the implications of emergence.
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This maturity of the fi eld is demonstrated by the publication of mono-fi
graphs based on Ph.D.s (Haynes 1999, Gerrits 2008) which were written with an 
explicit foundation in the complexity frame of reference and of texts for a general
professional/practice readership which draw on the social science of complexity 
in a fully developed fashion and do not simply deploy a rhetoric in the style of 
business gurus (see for example Haynes 2003, Gerrits 2012). The application of 
complexity in this fi eld of interest has tended to pay particular attention to the fi
idea of ‘co-evolution’ coupled with an understanding of governance processes as 
having a self-organizing, albeit not in a purely autopoietic fashion, character. 
As always in complexity we fi nd important general points being made in the fi
course of developing empirical work directed towards application. If we have
co-evolution then we do not have purely autopoietic systems but at the same time 
the particular framing of self-organization developed here is of considerable
value. Thus:

The use of the term self-organizing challenges the assumption that an 
 external or internal agent is or can be held responsible for guiding, directing
or controlling in highly organized systems such as governance networks.
Heylighen (2008: 8) argues that a controlling agent cannot be separated from 
the system. Those who define themselves or are defifi  ned by others as con-fi
trolling agents operate within a complexity perspective self-organizing (sub)
system. Their ambition may be to guide and control the complete systems
they are in, but this does not have to be effective at all.ffff

(Teisman et al. 2009: 3)

Co-evolution lets in other systems. This conception of systems as self-organizing
under conditions of co-evolution allows us to understand governance in terms of 
processes which do not operate simply under terms of command and control.

There has been a number of important contributions made by those working in
the complexity-informed public policy tradition which have great significancefi
both for the academic fi eld of study and for policy, practice and politics. So Klijn fi
and Snellen deploy the frame of reference to compare and contrast the New Public 
Management (NPM) and the governance approaches in relation to the delivery of 
public services:

[NPM] tries to keep as far away as possible from the complex realities of the 
intervention system itself. It treats the system as a black box and reacts to the
emerging characteristics of the system by changing the output criteria. . . . 
The Governance perspective on the other hand attempts to address complex-
ity by stepping into the complex system and designing governing mecha-
nisms and strategies that specifi cally target the situation and characteristics of fi
the process. It is a perspective that acknowledges the dynamism of the
processes as well as the fact that systems show emergent properties, but
posit that these can be addressed by becoming part of the interaction system,
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infl uencing the strategies and choices of the agents and coordinating thefl
interactions between agents.

(Klijn and Snellen 2009: 34)

Edelenbos and Eshuis take up the distinction between NPM and governance
approaches in a very interesting discussion of ‘Dealing with Complexity through
Trust and Control’ (2009). They are uncomfortable with a radical dichotomous
diff erentiation between control and trust as distinctive and utterly incompatible ffff
strategies for public policy implementation but note that NPM interventions are at 
least in principle characterized by control whereas governance approaches rely 
heavily on, or at the very least have a rhetoric of, trust. However, in reality both 
approaches may operate together. For example (2009: 199) agents who ‘trust’ are 
more likely to generate accurate information which can then serve as a basis for 
‘control’ in relation to their future activities. In a set of cases studies they show: 
‘. . . that diff erent coevolutionary pathways of trust and control exist, . . . diffffff erent ffff
forms of control may enhance or decrease different forms of trust and vice versa’ ffff
(Edelenbos and Eshuis 2009: 208). This is a particularly interesting contribution
since it draws us both into the consideration of the ethics of complexity after 
Cilliers (1998) and to the discussion of ‘cultural governance’ developed by 
Bang (2002). 

Haynes’ discussion of ‘Complexity Theory and Evaluation in Public Manage-
ment’ (2008) prefi gures the techniques of investigation he develops in his book fi
addressing the fi nancial crisis (2012). The evaluation of public policies in terms of fi
attempting to assess if they have worked as they were intended to and to what
degree they have worked is a crucial mode through which applied social science 
can, should, indeed must, engage with governance processes/systems. Here 
Haynes has developed a four step approach which draws in essence on the retro-
ductive methodological strategy of critical realism. He works through narrative 
constructed in conventional textual fashion, narratives based on the use of aggre-
gated quantitative data describing aspects of the system(s) under examination,12

synthesizes the two narratives within a general complexity-informed interpretive 
frame, and uses his discussion to sustain a critical evaluation of both the approach
and the use of the complexity concept of social attractor spaces. His assertion that:
‘Complexity puts the interpretive nature of human actors into the structural con-
straints of time and space’ (Haynes 2008: 403) seems to us to be entirely correct.
We might quarrel with Haynes’ view that complexity theory and the idea of punc-
tuated equilibria are incompatible – for us there is a distinction between morpho-
genesis and metamorphosis. Both matter but the latter is more interesting. That 
said, the approach deployed in this study has much to recommend it as a model for 
research practice.

There is a lot of good complexity-informed work in public policy/administra-
tion/management studies. We have not the space to notice or discuss all of it here
and have been able only to highlight some interesting examples and ways ind
which the applied use of complexity in the field has driven forward either or both fi
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of our understanding of the implications of the frame of reference and our tech-
niques for understanding and engaging with real complex social systems.
We now turn to a fi eld of understanding and practice which has a distinctive fi
identity in the academy, but which intersects in terms of interest and reality very
much with ‘public’ 3 strokes. That is the fi eld of urban studies and both the ‘pure’ fi
and applied social science in it which in one way or another draws on complexity 
thinking.

Understanding the urban: and shaping it

Geography deals with all the physical and social aspects of space and the inter-
relationships between them, but in a world where the majority of people now live 
in cities, the urban has been a central focus of the discipline. Likewise ‘planning’, 
which in the UK at least was originally described as ‘Town and Country Plan-
ning’, has a general referent, but urban space is central to planning’s concerns, and 
that covers concerns of ‘planning’ as an applied academic fi eld and as a govern-fi
ance practice. Intersections are everywhere here. In one of the key texts summa-
rizing planning’s engagement with complexity (De Roo et al. eds 2012) there is an
important chapter by Teisman and Gerrits, two of the key fi gures in the Erasmusfi
University based school, addressing complexity and governance. Webster’s chap-
ter in De Roo and Silva’s (eds) collection dealing with A Planner’s Encounter with 
Complexity (2010) is a very important contribution in the complexity-founded 
critique of the neo-classical tradition in Economics. One of the most important 
applied fi eld reviews drawing on complexity is Rydinfi et al. (2012), a report to The
Lancet dealing with the relationship of cities to health issues.t 13 Articles published 
in education journals address spatial issues in educational administration in urban
areas. The socio-ecology literature takes the nature of urban spaces and their 
relationship with the natural environment as one of central concern, perhaps the 
most import short of global warming. However, there is a heuristic value in sepa-
rating urban geography and (to a lesser extent) urban sociology’s engagement with
complexity and examining both in relation to the way planning has deployed the
frame of reference.

As with Education, the academic disciplines, notably Geography, contain a
good deal of work which comes at complexity by way of some aspect of the
post-modern programme in general. This is particularly the case in relation to the 
taking up of ideas from Deleuze and DeLanda but there is also often a kind of 
nostalgia for the post-structuralist current in its earlier form. Smith (2003) even
asserts that his engagement with this synthesis has led to his abandoning his pre-
vious engagement with Marxist modes of understanding.14 Most contributions of 
that kind are essentially conceptual and we find similar work in academic plan-fi
ning, for example Van Wezemael’s chapters in both De Roo and Silva (eds) (2010) 
and De Roo et al. (2012).15 However, in both the Geography disciplinary literature 
and the planning literature there is a range of contributions which centre around 
modelling urban systems.
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We have already mentioned in relation to our discussion of simulation the work 
of both Batty and Allen as pioneers of complexity-informed urban simulation. 
What is particularly refreshing about the urban simulation literature is that it both 
is NOT imaginary, in other words it is calibrated in relation to real data, AND that 
those writing it engage with the wider methodological debates surrounding the
use of the complexity frame of reference. So Batty (one of the great urban simu-
lators) presents an informed and interesting discussion of the nature of urban 
modelling (2010). Silva (2010a) goes through an empirical study deploying cali-
brated cellular automaton (CA) based models in a way which both thoroughly 
explicates the CA approach and engages particularly with the potential or 
otherwise of complexity-based modelling for projection into/prediction of futures.
In general we fi nd that the applied, i.e. the planning, literature is more engaged fi
with and properly informed by complexity, which perhaps reflects the impactfl
of engagement with reality. There is an excellent historical account here (see
 Portugali 2012, Silva 2010b) which sets planning theory and practice in relation
to complexity in a most helpful way. There are examples of academic research in 
which complexity is deployed on the basis of conventional qualitative research
findings to explicate a particular case study of the development of ‘the urban cre-fi
ative economy’ (Communian 2011). Wilkinson (2012) presents a fascinating 
account of an abortive attempt to develop a complex understanding of the basis for 
planning the Melbourne city region where there was a disjunction among all of the 
planning directors who seemed obsessed with non-planning, modellers who could 
not engage with reality outwith their models,16 and research and policy officersffi
who insisted on doing exactly that. So we have interesting conceptual develop-
ment here, and in particular Portugali’s (2006) discussion of complexity theory as
a link between space (a physical concept) and place (a social concept), a sustained 
and informed discussion of modelling approaches in relation to complex systems,
and an increasing range of empirical work. 

One characteristic of the empirical work is the use of case studies, case studies
which are underpinned by all of the modes of social scientifi c investigation rang-fi
ing from complex non-linear modelling to traditional interview and document-
based qualitative research. Whilst there are some examples of comparison these
tend to take the form of comparing and contrasting a limited numbers of cases, 
for example Silva’s modelling-based comparison of Lisbon and Oporto. It seems 
to us that there is a very considerable potential for more use of systematic compar-
ison across a range of cases using the kind of case-based methods proposed by
Byrne and Ragin (2009) and deployed by Haynes (2012). Another important 
theme which emerges in the planning literature is the role of participation in rela-
tion to the planning of complex systems. Participation is of course a buzz word 
across governance theorizing and practice, although the logic of the New Public 
Management approach is deeply hostile to it in realpolitik terms. It has been an
issue for planners since the 1960s, particularly in the aftermath of a series of 
planning disasters which resulted from attempts to impose a linear logic of control
on complex socio-spatial systems. In the UK an important and interesting report,
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Skeffi  ngton (1969), even used a language of complexity to argue for the engage-ffi
ment of the wider public in planning processes. We can see a range of issues here.
Participation is a mode of legitimation, although when it merely takes the form of 
consultation17 it can have delegitimizing consequences. Actually Skeffi  ngton in ffi
many ways prefi gured Bang’s (2002) conception of the need for cultural govern-fi
ance by noting that participation was necessary as a way of generating the infor-
mation that planners needed in order to plan eff ectively. So participation is affff
source of information, information yielded by other actors in complex urban sys-
tems whose actions or potential actions have consequences for those systems 
and who possess information about those systems not available to the planningd
system personnel themselves. ‘Urban Regime’ theory, which has much in com-
mon at an ideological level with New Public Management, privileges those ‘stake-
holders’ with material resources, and in particular speculative developers, in 
planning processes but recent disasters, notably the collapse of the Republic of 
Ireland’s housing-led boom, indicate that their engagement alone will not produce
good outcomes, in complexity terms move the urban systems towards a good 
attractor state. Cilliers’ (1998) insistence on the ethical necessity for those
seeking to transform complex systems to be embedded within the systems is
highly relevant here. 

Urban planning is a zone of confl ict where competing interests have difffl erent ffff
long-term views of desirable urban systems states and where decisions have
profound consequences for the whole eco-system in relation to global warming. 
We fi nd an interesting literature here and an even more interesting, and vitally fi
important, locale (in the literal sense actually), where the application of complex-
ity has profound social consequences.

Complexity on organizations – the management/business literature

In an infl uential article Thrift identififl  ed what he called ‘the cultural circuit of fi
 capitalism’ (1999: 42) as one of the three networks through which the metaphori-
cal apparatus of complexity was being deployed in the production and dissemina-
tion of knowledge.18 His approach was informed by a take on actor network theory, 
although he does not quite seem to adopt ANT’s rejection of any ontological 
claims. Be that as it may, his description of ‘the cultural circuit of capitalism’ is
useful to us in thinking about why and how complexity is deployed in the manage-
ment/business literature. There are two inter-related sets here. The fi rst, to whichfi
we will pay most attention, is work which emerges from the academy’s engage-
ment with business/management, an engagement embedded in ‘Business Schools’.
Almost all universities globally and indeed many other degree-off ering institu-ffff
tions19 have such schools which were once really only a phenomenon in Eng-
lish-speaking North America and a couple of French grande ecoles modelled on 
that pattern. In Poland for example institutes of Economics, which had been sep-
arated from the universities in the communist period and taught Marxist-
Leninist economics in that period, now have generally been transformed into 
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 business schools.20 The degree of MBA, Master’s in Business Administration,
stands as the qualifi cation in which academic knowledge is combined with prac-fi
tice experience to develop management competencies which have some founda-
tion in the application of theoretically related and empirically validated knowledge. 
As Thrift points out, systems theories with their engineering connections, the
engineer being the technologist who worked with theoretically related and empir-
ically validated knowledge in relation to projects and processes, are related to
complexity and thereby much of the language was, we might say, ‘comfortable’ 
for the business academy. As Thrift notes, the deployment of Information Technol-
ogy across business also facilitated the acceptance of a complexity frame of refer-
ence. IT draws on both systems conceptions in engineering and on communication
theory, both of which have informed complexity thinking. 

We can go beyond Thrift who does not, at least in that article, deploy a realist 
frame of reference, and note that management is an applied field in which bothfi
academics and practitioners are confronted with messy social reality itself. The 
turn to complexity was by no means merely linguistic/conceptual. A realist ontol-
ogy allows us to note that reality itself had a voice and that one reason for the 
development of the complexity frame of reference was precisely that isomor-
phism with the world in which management was obliged to work. This gelled of 
course with the necessarily inter-disciplinary character of both the curriculum in 
business education and the knowledge production undertaken by business aca-
demics. The second ‘business’ set described by Thrift, that of the business gurus
who sell their worldview to managers through books and events, does intersect
with the business economy and even with his ‘New Age’ network but again one
of the reasons we can identify for the utility of complexity as a language for that 
sort of practice is exactly that the frame of reference resonates with the lived 
experience of the audience for it. Likewise the growth of management consul-
tancy, which intersects both with the business academy and with the world of the
management guru, provides another set of practices in which complexity can be 
deployed. Historically management consultancy, particularly in its McKinsey
form, tended often to assert a black box account of processes and to emphasize
only outcomes. New Public Management (NPM) is absolutely and explicitly a
derivative of that practice mode. However, we fi nd much more engagement now fi
of consultancy with complexity, of consultants who want to delve into the black 
box and actually see what is happening there in relation to outcomes from pro-
cesses and practices.

In a passage which Thrift quotes, Goodwin spells out pretty well exactly the
message complexity delivers to management:

The suggestions of complexity for business practice are a fl attening of the fl
management hierarchy, distribution of control through the system with fluid fl
networks of interaction among the parts, and the necessity of periods of chaos
for the emergence of new order.

(Goodwin 1997: 117)
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If we turn to the academic literature across this fi eld, Goodwin’s statement servesfi
as an excellent summary of what it has to say to management as practice. There
are two good collections, with an overlapping set of authors, which illustrate this.
So we have Mitleton-Kelly (ed) Complex Systems and Evolutionary Perspectives
on Organisations: the application of complexity theory to organisations (2003) 
and Allen et al. (eds) The Sage Handbook of Complexity and Management (2011). t
The internal organization of both of these collections is rather similar and gives us
a useful insight into how complexity is being deployed in business and manage-
ment. Both have sections which explicate the ideas, sections which deal with the 
philosophical/epistemological issues involved in deploying them in relation to
management, and sections which apply the perspectives. The Mitleton-Kelly con-
nection distinguishes between complexity perspectives on organizational processes
and the implications of complexity theory for management processes – we might
say between how academics see complexity in relation to organizations and how
managers might deploy complexity in organizations. Allen et al. have a slightly
diff erent take, distinguishing between ‘complexity and organising’ and ‘complex-ffff
ity and managing’ although the latter set corresponds closely to Mitleton-Kelly’s
set dealing with management processes. Usefully Allen et al. also include a sec-
tion on ‘interfaces’ – that is a set of chapters confronting the business/manage-
ment take on complexity with takes from related fi elds, especially Economics.fi

One very important writer in relation to the application of complexity ideas to 
the fi elds of organization and management is Stacey (2005, 2007, 2010). Stacey’s fi
work is very much coloured by an engagement with the set of social theory for-
mulations reviewed in Part II of this book and particularly with the ideas of Elias 
and Bourdieu. However, he is also working in a way in a reaction against the
dominant command and control/scientifi c management agenda which has formed fi
the classic curriculum of business schools since their development in the pre-war 
USA. The subtitle of his book Complexity and Organizational Reality (2010) is 
Uncertainty and the need to rethink management after the collapse of investment 
capitalism. In particular he challenges the notion that managers are able to make 
strategic choices and that the culture of maximizing shareholder value21 has had 
massively deleterious eff ects on the social systems dominated by it. His review of ffff
the impact of mergers and acquisitions is particularly persuasive here. As Stacey 
says:

. . . we are experiencing a period in which it is clear that no one is choosing 
outcomes and no one is rationally designing whole systems that deliver out-
comes . . . we need to move from fantasizing about what organizations should 
be like and seriously explore the reality of organizational life and the way we 
might think about what we already do. 

(Stacy 2010: ix–x)

We agree, although we perhaps take a more strictly realist and in some ways
 ‘scientifi c’ take on how this should be done. For example, as is illustrated byfi
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 comparative work in public sector management, we think that systematic
investigation – not God forbid the importation of the banalities of Randomized 
Controlled Trials as the gold standard of evidence-based practice (see Byrne 
2011b for a summary of the reasons why this would be a very bad idea indeed) but 
rather a mixed and pluralistic approach to understanding the implications of com-
plexity for a social science of organizations and the examination of how good 
outcomes might be achieved – has much to offer us.ffff

There is a developing literature in which complexity approaches have been 
deployed in relation to empirical projects in the fi eld of Business and Management.fi
Interestingly here, as in other applied fields, we fifi  nd Castellani and Hafffi  erty’s ffff
(2009) identifi cation of ‘complexity theory’ as being better understood as ‘the fi
complexity frame of reference’ confi rmed by the way researchers actually utilize fi
the ideas in relation to their work. So lots of studies really address the questions:
can the process(es) I am examining be understood and interpreted better if I think 
about them as Complex Adaptive Systems (CASs) and does thinking about them
in that way help me to understand their nature and inform managers and other 
decision makers how to act eff ectively in relation to them? We fiffff  nd this style of fi
work in Zheng and Lez-Wu (2011) examining the evolution of industrial clusters, 
Baggio and Sainaghi (2011) using a quantitative comparative case study to exam-
ine tourism systems, Lauser (2010) exploring post-merger integration in compa-
nies, Wycisk et al. (2008) examining supply chains, Bovaird (2008) examining the 
Best Value System in UK local government, Salmador et al. (2008) examining 
Total Quality Management in an airline, Mason and Remenyi (2007) examining
business environments, Salmador and Bueno (2005) examining four Spanish 
internet banks, and in Chiles et al. (2004) examining the 100-year history of musi-
cal theatres in a US town.

The repetition of the word ‘examining’ in that listing is wholly deliberate. 
That is what the researchers have done. They have looked at their cases, some-
times comparatively although not deploying methods like QCA which would 
enable systematic causal comparison, and constructed narratives of them. There 
is relatively little work which uses quantitative methods in a quasi-traditional
way, although there is some which uses simulation approaches, for example Nair 
et al. (2010) which examined supply networks as CASs using Cellular Automata
and a game theory framing. The simulation work stands on one side since it
attempts to develop a predictive account. There is some work which deploys a
complexity frame of reference in relation to time series of data. Derbyshire and 
Haywood’s (2010) examination of the UK regional ‘enterprise gap’ is a good 
example with considerable policy implications. One book length contribution 
which makes very good use of complexity is Gilpin and Murphy’s study of Crisis
Management in a Complex World (2008) where they bring the ideas out and use d
them by passing a series of case studies, as it were, through the complexity think-
ing mode of work. They use the term ‘complexity based thinking’ which is an 
exact synonym for ‘the complexity frame of reference’ and that is just what they
do themselves.
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Conclusion

To repeat our assertion in the Introduction to this book: complexity is out there, 
people are using it, and the reason they are using it is because it makes sense of 
the real social systems they are examining as social scientists. Reading over the 
discipline and fi eld literatures as a basis for writing this chapter has been a very fi
useful exercise for us. It has not led us to change our minds at all about the value 
of the complexity frame of reference, but it has helped us to grasp just what people 
are doing with that frame of reference. We can identify the following ways in
which it has been employed, and we have to say immediately that this typology is
not a typology of pieces of work since many, perhaps most books, chapters and 
articles actually do more than one of these things and many do them all:

• Contributions argue about the meta-theoretical appropriateness of complex-
ity as a way of addressing their discipline and/or field.fi

• Contributions discuss the methodological implications of the complexity
frame of reference and consider how this might be developed as a foundation 
for actual empirical work.

• A subset of contributions asserts a micro-emergent account of the social 
and translates this as implying that agent-based modelling is the appro-
priate method for understanding complex social systems.

• Contributions consider the implications of the complexity frame of reference
for practice in the domains which are informed by their particular discipline
or more often fi eld’s relationship with the application of social science.fi

• Contributions use the complexity frame of reference to make sense of the 
fi ndings of an empirical research project. Note that this does not generally, fi
and perhaps should never, imply that complexity informs the design of the 
project. Rather complexity informs the interpretive strategy for dealing with 
the research products and enables the researcher to understand what they are 
dealing with and how systems came to be as they are. We would argue that
systematic comparison provides a basis for developing predictive capacity in
relation to outcomes for near neighbours, a point we will develop in the next 
chapter, but this is a relatively uncommon approach as yet in the literature.

So complexity is being used. In the next chapter we will develop an argument as to 
how the frame of reference should lead to an ‘opening of the social sciences’, that is 
to a post-disciplinary social science informed by a general complexity way of think-
ing, and will use the example of health work to show why this should be so.



When the Gulbenkian Commission examined the past, present and future of the
social sciences, they concluded that:

We come from a social past of confl icting certitudes, be they related to science,fl
ethics or social systems, to a present of considerable questioning, including 
questioning about the possibility of certainties. Perhaps we are witnessing the
end of a type of rationality that is no longer appropriate to our time. The accent 
we call for is one place on the complex, the temporal, and the unstable, which 
corresponds today to a transdisciplinary movement gaining in vigour. This is
by no means a call to abandon the concept of substantive rationality.

(Gulbenkian Commission 1996: 79)

The Gulbenkian Commission’s report laid down a programme for the develop-
ment of the social sciences forward into the twenty-fi rst century which asserted fi
the need for a breakdown of disciplinary boundaries – an opening of the social 
sciences – and was explicitly informed, through Prigogine’s membership of the 
commission, by the complexity frame of reference. To illustrate its arguments the
Commission made considerable reference to the development of social science
fi elds, that is academic domains organized around areas of concern and interest,fi
as opposed to disciplines which are academic domains organized around a com-
mon theoretical and methodological programme. The distinction is, as the Com-
mission recognized, fuzzy and an important part of the report’s contribution was a
very clear and concise account of how the disciplines themselves emerged as aca-
demic intellectual territories out of the general programme of the Enlightenment. 
To illustrate its argument the Commission drew primarily on the fields of ‘Area fi
Studies’, that is academic domains organized around an inter-disciplinary pro-
gramme stretching across and beyond the social sciences themselves and con-
cerned with specifi c geographical/cultural locations – Middle East Studies, Latinfi
American Studies, East Asian Studies etc. It, correctly, located the development 
of such programmes in relation to the geopolitical realities of the post-Second 
World War era. In this chapter we are going to develop the argument for post-
disciplinarity by reference to a fi eld but to a difffi  erent sort of fiffff  eld, that of health. fi

Chapter 11

Opening the social sciences

The post-disciplinary implications of 
the complexity frame of reference
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That is to say we want to explore how the complexity frame of reference can help
us to understand a domain which in intellectual terms has been informed by the
applied social sciences since the development of a systematic interest in public
health, that is the health of social systems, as opposed to the health of individual
human beings, the historical focus of attention of the physician. Of course one of 
the great imperialist projects of the social sciences has been their expansion
 precisely into the actual social relations surrounding patient – physician relation-
ships, relationships themselves embedded ever increasingly through modernity in
complex institutional systems.

There is a considerable literature deploying the complexity frame of reference
in relation to health at every level from that of the doctor – patient interaction in a
consultation, through the organization of systems of health and social care,d 1 up to 
that of the public health of whole urban systems and indeed of the human race as
a component of the entire global eco-system itself. We will draw on that literature 
in this chapter to illustrate our argument but our approach here is different from ffff
that adopted in Chapter 10. There we ‘noticed’ – that is to say identified and fi
summarized – the impact that the complexity frame of reference was having on a 
range of disciplines and fields across the social sciences. We tried to tell the reader fi
what others were doing with complexity. In this chapter we work in the opposite 
direction by saying what should be done with complexity in understanding health
and in using that understanding, whilst drawing on the very substantial contribu-
tions of others who have deployed the frame, in order to inform and develop our 
own argument. 

The best way to begin that argument is by attempting a delineation of ‘health’ 
understood after Reed and Harvey (1992) as being a set of intersecting and 
nested systems of interest to us. And to do that we need a definition of what fi
health is. First of all it is a state. The World Health Organization (WHO) definesfi
health as: ‘. . . a state of complete physical, mental and social well-being and not
merely the absence of disease or infi rmity’ (1946: 100). When we fifi nd the word fi
state, we can and should always think of this in relation to the state of the systems
in a possibility space. Although this crucial WHO document goes on to talk about
the health of collectivities, for example peoples, it is evident that the starting point
is the health of the individual albeit of the individual embedded in a social con-
text.2 However, programmes of public health have had a different focus. We can ffff
certainly identify public health programmes in pre-modern society but the prac-
tice emerges as of central signifi cance in response to the nineteenth-century trans-fi
formation of societies from being predominantly rural and agricultural to being
predominantly urban and industrial. This transformation had an enormous demo-
graphic impact because prior to the development of eff ective systems of publicffff
health provision and regulation no urban system could reproduce its own popula-
tion. Infant and child, and indeed through adult life, mortality was just too high. 
Cities relied on constant infl uxes of new blood from the countryside. So public fl
health was  concerned not with the health of individuals, although the measures
had very considerable implications for individual health, but with the health of the 
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herd. It is the distinction between a vetinary treating an individual valuable animal 
and a vetinary managing the overall health of a flock. For public health what mat-fl
ters is the health of the population as a real whole, which is something more than
just the aggregate health of the individuals in the population, although of course
the health of those individuals has causal powers in relation to population health.

Historically health practices revolved around interactions between patients and 
practitioners. Public health measures brought into play systems of infrastructure, 
crucially the delivery of clean water and the removal of human wastes, alongside 
systems designed to enhance the immunity of individuals – the programme of 
immunization. It is important to note that whilst immunization protects the immu-
nized individual, the public health concept of ‘herd immunity’, that is the level of 
immunization achieved across the population necessary to prevent the develop-
ment of an epidemic, describes a whole system property. A crucial factor begin-
ning in the early modern era but extending massively post Second World War was 
the development of a system of health institutions within which health care is
delivered. The key institution is the hospital but others matter and may even 
replace the hospital as we understand it.3 Whilst in primary health care the physi-
cian often, although less often than in the past, deals directly with the patient on
their own, in secondary care the old complex of physician/surgeon and nurse has
been massively extended to include a range of other paramedical professionals
and semi-professionals and their instruments and tests. Moreover, these systems
are now intersected with complexes of management and fi nancial arrangements. fi
Health is a massive set of systems and we need to demarcate them.

We propose the following specifi cation for the set of nested and intersecting fi
systems:

1 The individual human being: that is to say the body and mind of a single per-
son. Each of us is a complex system in terms not only of our physiological
functioning, important thought that is, but also as an eco-system. There are 
more micro-organisms in our body than there are cells of that body. 

2  The system of the health of population as a whole – the system of public
health which has a massive intersection with the urban system.

3 The systems of health care delivery, in the UK the National Health Service 
but all ordered societies now have such systems.

4 And let us not forget the relationship of the human species with the health of 
the global eco-system – we are after all a pathological condition so far as Gaia 
is concerned.

Note the emphasis on nested and intersecting systems and also note that we abso-
lutely reject any notion of a hierarchy of causal direction. All these systems are 
inter-related and have causal powers in relation to each other. We will structure 
this chapter by addressing each of them in turn. We will conclude by considering
the implications of thinking about health systems in these terms for an interdisci-
plinary programme of research and understanding in relation to health issues.d
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The patient as a complex system

We begin here by drawing on thinking about the patient, the individual human 
being, as a complex system. Our discussion here is informed both by the general
complexity frame of reference and by the application of that frame of reference
to the human being who presents to the health system as ill (see Sweeney and 
Griffi  ths eds 2002). The WHO defiffi  nition of health is plainly holistic. It describesfi
health as much more than the absence of an externally verifi able pathology, the fi
key way in which health is understood in terms of what is called the biomechan-
ical or biomedical model. Actually the ‘bio’ preface here is inaccurate since it
is only scientistic biology which informs that approach. Indeed the history of 
physiology is a permeated by a holistic frame of reference even if that has not been 
the dominant frame. Pre-scientifi c medical conceptions, and never forget that fi
medicine is much older than science in the modern sense of that word, all worked 
in relation to a notion of balance across aspects of the functioning of the human 
system, so we might challenge the world ‘medical’ too. However, mechanical is
unequivocal. That framing sees the body/mind complex as a machine with parts
that can go wrong and require fi xing. The extreme development of this, which of fi
course works where it works,4 is the development of magic bullet drugs which
function in relation to the doctrine of specifi c aetiology, the assertion that everyfi
disease has a single and specifi c cause. For infections, that is the infectingfi
micro-organism and the magic bullet kills the disease without killing the patient.
This model has been extended, with the enthusiastic support of Big Pharma, the
commercial legal drugs industry, to other areas of illness including cancer with
some success and mental health with much less success. The worst development 
in science which derives from this approach is the search for ‘the gene for’. Other 
than for a limited range of conditions with a well understood simple genetic 
causation this is an almost entirely fatuous exercise since genetic expression is
both massively complex and interactive at the genetic level itself, and inter-related 
in complex and interactive ways with a whole range of environmental factors. 
Genetic liability established by statistical comparison is useful. The delving into
the genome has had minimal practical results.

In our discussion of public health we will show the limitations of this model,
even in relation to infectious disease. However, let us consider the patient who
comes in to see the primary care physician, in the UK the GP.5 The specialist tra-
ditionally has been someone who sees a patient with ‘a’ – i.e. single – condition
with conditions often assigned to a specialism in relation to their anatomical
and/or functional system location, although the specialisms of paediatrics and ger-
iatrics where the patients are defi ned in terms of age range work in principle in a fi
similar way to the GP. GPs see patients who have not one thing wrong but often
multiple and inter-related things wrong. So the patient has arthritis, so is not abled
to get out, so is depressed, so is overweight through lack of exercise, so smokes 
because it is ‘their one pleasure’, so eats badly etc., etc. This patient has to be
understood as being in an attractor state of ‘ill’ and the objective of the duo of 
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physician and patient is to move them to an attractor state of well. Here we under-
stand health as ability to function in a ‘normal’ social fashion appropriate to 
age location. So well is not necessarily the absence of any of the above set of 
pathologies/health damaging behaviours but rather the ability not to be in the sick 
role. Of course therapeutic interventions matter here. Drugs may well help with 
the auto-immune element in arthritis, talking therapies will help with depression
and behaviour modifi cation, a supported diet/exercise regime will help with the fi
weight problem and all the consequences of that. The causes of presence in the
attractor state of being ill are multiple and complex. The appropriate transforma-
tive interventions are likewise multiple and complex. Innes et al. (2005a) have 
identifi ed the very consultation process – the essential initial encounter betweenfi
any physician and patient and the core of primary care work – as a complex adap-
tive system in which patient and clinician develop an account which is itself 
emergent and which serves as the basis for the development of what is intended to
be a transformative set of appropriate interventions. This was a framing by clini-
cians based on the refl exive consideration of their own practice and experience in fl
the light of their understanding of the complexity frame of reference but the
account was sustained through qualitative empirical research based on focus
groups with clinicians and patients where the idea of the nature of the consultation
was explored in depth (Innes et al. 2005b). 

The idea of illness as an attractor state can be illustrated by reference to an 
interesting complexity-informed literature addressing the well-understood condi-
tion of diabetes, which particularly in its Type II form is one of the major health 
problems of the contemporary world. We know very well what diabetes is and 
have a good grasp of the causes, certainly multiple and complex causes for Type
II of the condition. The complexity take here focuses on the very diff erent trajec-ffff
tories of diabetic patients from the point of diagnosis. Some diabetics are able to 
live out normal lives where the management of the condition by the patient and 
physician and support personnel systems6 means that the patient does not suffer ffff
the health consequences which lead to illness and premature death. Other patients
post-diagnosis suff er amputations, develop heart disease and die prematurely. Weffff
can see these diff erences in terms of diffffff  erent trajectories across the possibleffff
attractor states which exist for the diabetic post-diagnosis. The agency here,
agency of both the health care professionals and the patient, can shape that trajec-d
tory through better or worthier attractor paths across time. We can see similar 
future diff erent trajectories across life in relation to a whole range of chronic con-ffff
ditions including chronic back pain, mental illnesses,7 and in particular the devel-
opmental process of ageing. This last matters massively because so much of health
care and health care expenditure in our sort of society is devoted to managing the 
last phase of our lives. Cooper and Geyer (2009) present an interesting discussion
of diabetes management in complexity terms very much on these lines.

Griffithsffi et al. (2010) have developed this approach with a specific focus on fi
‘tailoring medical interventions for the individual patient’. Note the radical distinc-
tion being made here. The existing evidence base for clinical intervention is based 
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almost entirely on randomized controlled trials with the meta-analysis of such trials
being identifi ed as the gold standard particularly by the Cochrane  Collaboration.fi
Griffi  ths and her co-workers were addressing the dilemma which confronts every ffi
clinician facing a patient – how can I translate evidence drawn from the summariz-
ing of experience over a very large population of cases so as to do something useful
for the specifi c individual I am dealing with here and now. It is very important to fi
remember that there is no basis in causal logic for transferring aggregate outcomes 
to any unique case. The focus of this study was on complex chronic conditions
including diabetes and back pain, both often associated with other morbidities
including mental health problems. Of course for patients with complex and multi-
ple conditions there really is not even any aggregate evidence across the full
description of their current state. All we have is aggregate evidence dealing with 
elements of their state and the full nature of their state is an unpredictable emergent 
consequence of the interaction of those elements with everything else about them
and their present condition in all senses.8 Griffi  ths and her co-workers developed ffi
the concept of an ‘emergent present’ from their examination and interpretation of 
the life trajectories of people living with chronic illness. They tried to identify and 
categorize individuals in terms of their current ‘emergent present’, which we can 
understand as current position within the possibility space of their life trajectories. 
The classification can in our terms be understood as an attractor space, and the task fi
of clinician and patient is to try to get to a better future emergent state, a possible
attractor state which is better in health terms going forward. 

These studies are inherently post-disciplinary. It might be argued that they were 
inter-disciplinary or even multi-disciplinary but what actually happened was that 
the technical strategies of social science research were applied by a group of 
 people who had in common an engagement with the complexity frame of refer-
ence in order to address an issue of enormous practical importance to those mem-
bers of the group who in addition to being scientists were also practitioners. That 
is to say, they were clinicians engaging with patients and they sought to deploy
modes of investigation which were complexity congruent and to engage with col-
leagues who had technical skills in the execution of the techniques and in the
interpretation of the research products generated by that execution. Sweeney’s 
Complexity in Primary Care (2006) is a particularly interesting contribution to 
these debates. In considerable part it describes a journey where a very experienced 
primary care physician engaged with complexity as a mode of thinking to inform
both his practice and his research. It includes four research papers where Sweeney 
deployed the complexity approach and each illustrates well the way in which
research can be done which is, to repeat that phrase – complexity congruent. What 
is interesting is the extent to which the author’s personal trajectory is explicitly
part of the argument. In other words we have a personal narrative set in relation to 
a clear and comprehensive narrative of the processes of knowledge production, 
translation and application in clinical contexts. Sweeney’s book is academically
impeccable but it is not academically conventional. Complexity seems to lead 
not only to people thinking in diff erent ways and doing science in diffffff  erent ways. ffff
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It also leads to a diff erent and frankly much more accessible way of communicat-ffff
ing, particularly in relation to processes of application. 

So what we are arguing for here, drawing on those who have done the basis 
work in the fi eld, is a difffi  erent way of thinking, that is a complex framing. This ffff
way of thinking has profound implications for how we practise and for the way in 
which we allocate resources in relation to health. Powerful interests, for example 
big Pharma in relation to depression and the whole ‘gene for’ game in the bio-
sciences, may operate in diff erent ways but a complexity take shows that their ffff
approach is wrong and we need to think and work diff erently. ffff

Complexity and public health

Pre-biomechanical medical understandings of the individual patient were 
 explicitly founded on a conception of the patient as a system and implicitly on an
understanding of that system as complex. Although clinicians have never wholly
abandoned this way of thinking, the biomechanical model’s apparent triumph in 
the twentieth century seemed to push it out of the scientific frame of reference. fi
Public health is diff erent for some very obvious reasons. Public health is about theffff
overall emergent health state of populations, usually of populations defined infi
terms of some geographical referent. That referent is appropriate because the core
historic focus of public health was on the impact of infectious disease on human
populations, and both the modes of transmission of such diseases and the locales 
of their expression are spatial in form in some way or other. And public health is 
urban because its origins lie exactly in the need to manage the capacity of cities to
confront epidemics which could have enormous impacts on their populations, a
real problem since the agricultural revolution changed our species’ mode of exist-
ence from living in small bands of hunter-gatherers and permitted the accumula-
tion of surpluses and the development of complex social practices and orders
which meant that not everybody was primarily engaged in the getting of food.
Once there was agriculture there were cities. As societies became urbanized the
problem became not just epidemics, although these remained important as the
cholera epidemics which hit urban Britain in the 1830s illustrate, but the very 
reproduction of national populations. Cities ate their children because infant and 
childhood mortality was so high and refl ected exposure to the micro-organisms fl
causal in diarrhoea alongside poor maternal and child nutrition. So long as cities 
were islands in a sea of rural population, this did not matter in the aggregate but 
industrialization changed things qualitatively, Urban Britain in the nineteenth
century, the world’s fi rst industrial society, relied very heavily on immigration fi
from the very poor peasant societies of the congested districts of Ireland – hence 
the surnames of the two British authors of this book. Britain’s cities were as
 Glasgow was actually described – Upas trees, the legendary tree that kills all who
sleep under it. An urbanized society has to reproduce itself. To do that it has to 
undergo the health transformation – a transformation of state in which the daily 
conditions of urban life permit healthy infancy, childhood and young adult life. 



Opening the social sciences 241

One example to consider in relation to the way in which an external factor can 
change the whole state of a system is the impact of the Black Death on the feudal
system in Europe. Feudalism was a very robust system, flexible, transferable fl
through conquest for example by the Teutonic Knights and Norman intervention in 
Ireland and Scotland and conquest around the Mediterranean. That system became 
intersected with other systems through the development of trade routes which ran 
down the Silk Road but culminated with ship-borne transport from Venetian and 
Genoese trading posts in the Crimea to European ports. Down that route came the
black rats, their fl eas and the plague bacillus. The impact on all European popula-fl
tions but particularly on urban populations was enormous. A third of the population 
died. That plainly was a tipping point level because feudalism, challenged by the
wage labour system that had existed especially in urban enclaves within feudalism
and expanded generally in a context of labour shortage, could no longer survive. Of 
course the necessary cause of all this was the plague bacillus but it had to get from
its rodent hosts in the taiga to human populations across Europe and all sorts of 
auxiliary causes – trade, shipping moving infected rats and their fl eas fast enough fl
for them still be alive when they got to a new port, internal movement of population 
from town to country – had to be in place for the disease to have the impact it had. 
The response was quarantine – hold infected vessels long enough under the Yellow
Jack for their crews and passengers to display disease – 40 days – and don’t let 
them land unless they are healthy at the end of this.

Nineteenth-century cholera, a disease of South-East Asian shellfi sh crossingfi
species to humans and spread globally by shipping-borne world trade, had a sim-
ilar if milder epidemic impact and was not system transformative. It is very 
instructive to read the report of the Parliamentary Select Committee on the Health 
of Towns of 1842 and to fi nd for Durham that there was signififi cant malaria, infant fi
mortality was enormous, and dunghills littered the streets. The cholera epidemics
which killed large numbers of adults in the productive age groups and killed in all 
social classes, albeit with a very clear steepening gradient of mortality down the
class structure, were a trigger for policy interventions in the form of an on-going
set of public health Acts and infrastructure developments which completely trans-
formed the health fi tness landscape of urban systems and then, by extension of thefi
practices globally and into rural areas, the greater part of the world. It is also 
important to realize that this extension was associated absolutely with a political
programme of redistribution and the elimination of the worst effects of capitalistffff
and colonial exploitation. So for example the virtual elimination of tuberculosis as 
a major source of death in the UK was intimately associated with the development
of decent social housing, which in turn was a key part of the Labour political pro-
gramme through the fi rst three quarters of the twentieth century. fi

The above account is a very abbreviated historical narrative drawing on the 
arguments of McKeown (1976) and Sretzer (2002) in relation to the general ten-
dency of public health and McNeill (1976) for the impact of the Black Death. In 
other words it is a retroductive account using secondary historical sources. Let us
see how contemporary scientists are using the complexity frame of reference in an 
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explicit way to explore public health, i.e. the health of whole human systems.
A good starting point is the report of the University College London/Lancet 
 Commission Shaping Cities for Health: complexity and the planning of the urban
environment in the 21st Century (Rydin et al. 2012). The chair of this Commission
is an urban planner and the report was published in one of the world’s oldest and 
most prestigious medical journals The Lancet. It lays out its frame of reference 
unequivocally:

The Commission began from the premise that cities are complex systems,
with urban health outcomes dependent upon many interactions and feedback 
loops, so that prediction within the planning process is fraught with difficul-ffi
ties and unintended consequences are common.

(Rydin et al. 2012: 2079)

It must be said that the Commission then proceeded to endorse the view of appro-
priate intervention in complex systems proposed by von Hayek, although the
actual historical evidence in relation to the transformation of the health of urban 
populations demonstrates that it is radical system change which matters. Rydin et 
al. show the weakness of the argument to the effect that it is simple economicffff
growth which explains that transformation, which in brutal summary means that 
urban populations with high fertility rates which could not reproduce themselves 
generation on generation have been replaced by urban populations with relatively
low fertility rates which survive in general into dependent old age. The demo-
graphic transformation which has led to much of the developed world having 
fertility rates below replacement level matters a great deal but one of the key
drivers towards this situation was the reality that public health interventions meant
that your children survived infancy, childhood and adult life to the point where the 
probability of them outliving you was extremely high. It was not just economic 
growth which produced this. Rather a key factor was the agency of a reform move-
ment, much of it organized in trade unions and formal Labour or Social Demo-
cratic parties (including for example the Communist Party in Kerala), which 
promoted more equal incomes and living conditions, particularly through the 
development of good quality social housing provision. These changes were radical
and non-linear in form. 

Much of the Lancet Commission report is devoted to examining the concept of 
transformation in relation to health. Here transformation is of course an exact 
synonym for phase shift in system state. A general descriptive theme in the report
is the degree of health inequality which exists within urban systems. Scotland 
illustrates this diff erentiation particularly well:ffff

Using NHS data, The Scotsman newspaper compiled an extensive depriva-
tion index, with data for the country’s 830 postcode areas, and separated 
the top and bottom 100 neighbourhoods to show for the first time the scalefi
of inequality in Scotland. The Scotsman has disentangled the data and 
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 concentrated on two blocks: ‘Prime Scotland’, which comprises the best
100 neighbourhoods, and ‘Third Scotland’, where life expectancy is closer 
to the third world. 

If Prime Scotland were a country, it world have the longest life expectancy in the 
world. The top international spots are occupied by Iceland (79.0 years), Japan
(78.4 years) Sweden (77.9 years), Australia and Canada (both 77.8 years). 

Third Scotland, by contrast, has an average male life expectancy of only 
64.4 years – meaning an eighth of the men in the country can expect to die 
before the offi  cial pension age. This life expectancy is lower than in Bosnia,ffi
Lebanon, the Gaza Strip, Iran or North Korea.

(The Scotsman 1 April 2006)

This kind of diff erentiation is the product in part of increasing general inequality ffff
in post-industrial urban systems. That phrase ‘post-industrial’ matters because
what is being described is the health state of the populations of places whose
urban character is precisely a product of industrialization. The changes are changes 
in economic base and changes in power consequent on the destruction of that
economic base. What underlies these health inequalities is in large part the disor-
ganization of an organized working class. 

There is a number of studies which deal with health inequality in complex-
ity terms. These now go beyond the retroductive and descriptive to include 
 complexity-informed examinations of the impact of policy interventions in com-
plex urban health systems. Blackman (2006) is a very important example, explor-
ing the nature of spatial health inequalities in urban systems alongside a careful
consideration of the implications of area-based policy interventions designed to
address them. These were typical of the complex social interventions which con-
stitute policy directed towards social change in urban contexts. Castellani in a
comment on Blackman’s book makes an extremely important point:

Toward the end of the book, Blackman points to one of the explicit ways that
a complex systems viewpoint changes how one approaches improving com-
munity health. While the community-as-context model is a major step for-
ward, it is, nonetheless, a top-down model. This means that is treats the
citizens of a community as objects of treatment. This leads to top-heavy, pub-
lic health – the kind that does NOT involve people in their own health 
improvement. The community-as-complex-system model, however, is 
entirely diff erent. Because it takes a bottom-up approach, it begins, by defiffff ni-fi
tion, with an interactive (relational) view of people and their communities, 
looking at how both effect the other. As such, it follows anffff action research
protocol – people need to be involved in the improvement of their health care 
and their communities, which in turn, impacts of health of these people. 

(Castellani Blog 19 September 2009 http://sacswebsite.blogspot.co.g
uk/2009/05/placing-health-by-tim-blackman.html)

http://www.sacswebsite.blogspot.co.uk/2009/05/placing-health-by-tim-blackman.html
http://www.sacswebsite.blogspot.co.uk/2009/05/placing-health-by-tim-blackman.html
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This assertion of the signifi cance of participatory social action in relation to inter-fi
vention in complex systems is absolutely correct. We have seen how simulators
are turning towards engagement with stakeholders in design and implementation
of simulation models of the social world through the companion modelling 
approach. We fi nd the approach both in relation to implementation and in work fi
addressing the evaluation of what has been done. Kernick and Mitchell (2010),
working in tune with a turn in health and social care research towards the engage-
ment of users in the research process, describe the process of developing consen-
sual co-production of knowledge through public engagement explicitly informed 
by a model of co-evolution based on complexity. This engagement with real social
actors seems fundamental to any effective applied complex social science and weffff
will return to the importance of it in the Conclusion to this book.

Health inequalities have been addressed by all the modes of research deployed 
in the complexity programme. Castellani and Rajaram (forthcoming) have 
developed an innovative form of case-based modelling, which they distinguish
explicitly from all of agent (rule-based) modelling, dynamical (equation-based)
modelling and statistical (aggregate-based) modelling. This is the SACS toolkit:

. . . a new method for quantitatively modeling complex social systems, based 
on a case-based, computational approach to data analysis. The SACS Toolkit
is comprised of three main components: a theoretical blueprint of the major 
components of a complex system (social complexity theory); a set of case-
based instructions for modeling complex systems from the ground up (assem-
blage); and a recommended list of case-friendly computational modeling 
techniques (case-based toolset).

( Castellani and Rajaram forthcoming: 1)

In our in-depth study of Summit County [3], our empirical examination of 
urban sprawl led us to the following realization: the agent-based (mobility) 
migration behaviors of agents living in this county changed the composition
of several of its poorest and most affl  uent communities. This change occurred, ffl
in large measure, as affl  uent agents migrated to the more afflffl uent suburbanffl
communities located in the northern part of Summit County. The conse-
quence of these residential migration patterns was the spatial segregation of 
health: poor agents remained confi ned within or found themselves migrating fi
to poor neighborhoods with poor health outcomes . . ., while more affluent ffl
agents migrated to suburban areas with high health outcomes. In turn, the 
affl uent communities became more economically and medically healthy,ffl
while the working and poor communities continued to fall behind, creating 
the socioeconomic-based community clustering we see . . .. In other words,
sprawl in Summit County had a significant impact on the respective vector fi
confi gurations of its richest and poorest communities and the socio-economicfi
network they form. 

(Castellani and Rajaram forthcoming: 22)
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As with the work of Márquez et al. (2011) discussed in Chapter 8, we have here
simulation deployed as part of a multi-method effort to understand how an exist-ffff
ing situation has come to be, or in complexity terms we might say how the present
state of the socio-spatial-health system of Summit County has emerged, coupled 
with a specifi cation of which sub-systems are drivers for the emergence of this fi
state – migration consequent itself upon urban sprawl. The method at least gives
us some purchase in identifying the creators of the emergent present, if we can 
appropriate Frances Griffi  ths’ very useful expression for use beyond the context of ffi
the clinical consultation. If we know what made the present then we have some
sort of hold on what might have an effect on the path-dependent future. This is the ffff
promise of simulation, and this kind of grounded simulation, grounded in data and 
in qualitative establishment of context and process, has considerable potential.

Public health has always been inter-disciplinary or even post-disciplinary in
application. It has been as much a matter of infra-structure provision and regula-
tion, the enforcement of legal constraints on food hygiene, and administrative
organization and practice, as of anything which has drawn in a meaningful way on
the paradigm of bio-mechanical medicine. What is interesting is the way in which
complexity can frame the whole range of that post-disciplinarity both in practice 
and in science, with science considered both as a foundation for practice and as a
mode of general understanding of the relevant aspects of reality. We quite deliber-
ately here are avoiding the terms ‘pure’ and ‘applied’. The scientific practices of fi
public health mix both and always have done so. If we look at engagement with
the formal disciplines of the academy we fi nd a particular engagement between fi
public health and Geography, a Geography which is increasingly informed by 
explicit deployment of the complexity frame of reference. The overview provided 
by Curtis and Riva (2010a) demonstrates this very clearly. Castellani et al. in an 
extended account of their approach to the Summit County study make a very 
important point about the ability of post-disciplinary approaches which draw on a 
repertoire of methods drawn from all the styles of engaging with complex systems
for addressing spatial understanding in relation to health, describing:

. . . the second challenge that complexity science makes to the conventions of 
community health science: if places are complex systems, then new method-
ologies are necessary. Qualitative analysis or statistics alone cannot get the
work done: qualitative analysis cannot handle the large, complex, multi- 
dimensional, multi-level databases typical of complex systems, and statistics
alone cannot adequately model qualitative variables, nonlinearity, or system-
level causality.

(Castellani et al. 2012: 5)

Their work was truly multi-method:

For the SACS Toolkit, case-based modelling is the study of complex systems
as a set of K-dimensional vectors (cases) which researchers compare and 
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contrast and then condense and cluster (using computational methods) to cre-
ate a low-dimensional model of a complex systems topography and dynamics
across time/space, while preserving the complexity of the system studied.
Such a case-based computational approach allows the SACS Toolkit to ana-
lyse a whole range of highly complex and dynamic data, including the large 
databases typical in community health science. The other strength of the
SACS Toolkit is its assembled nature. While grounded in a defined mathe-fi
matical framework, it is methodologically open-ended and therefore adapt-
able and amenable, allowing researchers to employ and bring together a wide 
variety of computational, mathematical, historical, qualitative and statistical
methods.

(Castellani et al. 2012: 9)

There is of course an overlap between the issues which inform the debates in pub-
lic health and consideration of the nature and consequences of health system
organization and health system practices. We now turn to that area.

Health systems as complex systems

There are several takes on health systems as complex systems. First we have defi-fi
nitional discussions which are about the establishment of boundaries. Here we
have to think of boundaries in diff erent ways. First there is the issue of what weffff
mean by a health system. In contemporary advanced societies this is generally
conceptualized in relation to forms of the delivery of health care and extended to 
engage with the administrative and financial processes and institutions whichfi
manage and fund that health care. So we have primary health care – the first fi
point of contact of patients with clinicians, which both treats and refers to second-
ary health care, specialist provision traditionally delivered in an institutional
 context by specialist clinicians, although the dominance of the hospital as the
institutional form is diminishing with the development of specialist units outside
the traditional hospital framework, and tertiary care in the form of highly special-
ized units for treatment, to which cases are referred from more generalist sec-
ondary care providers. This is a description of level and we have very different ffff
forms of administrative provision and funding which engage with the personnel
and institutions in the systems of delivery. So we might have an essentially private
system funded by insurance but with some state funding as in the US, a single
payer funder as in Canada but with a set of non-state providers, a fully state organ-
ized system as in Scotland where the old form of what used to be the UK-wide
NHS is preserved, and a system with a dominance of state providers and funded 
wholly from taxation but with private provider elements and a separation of 
 commissioning from provision as in England. The key element here is that health
is a system organized in relation to clinicians, predominantly but not exclu-
sively physicians and surgeons. They are people who deliver treatment on the
basis of diagnosis.
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Alongside this system organized around treatment is another intersecting system
organized around care. In societies with ageing populations this system is of mas-
sively increasing social signifi cance. Historically care of the elderly has been seen fi
as a responsibility of families but we can identify public provision for care for those 
lacking family support in charitable provision going back to the middle ages and in 
organized statutory form in England since the establishment of the Old Poor Law 
in the early seventeenth century. The bulk of health care expenditure goes on peo-
ple in old age (in the US as much as 70% of all expenditure although much of that 
in that country goes on extreme interventions at the end of life). The natural history 
of many episodes of morbidity among the elderly is that a consequence is a consid-
erable increase in dependency and hence in the requirement for care subsequent to
treatment. Hence what is described in the UK as ‘bed blocking’ in hospitals. Elderly
patients are admitted and treated but cannot be discharged to their original social
context because they now require much higher levels of care. Social care systems
tend to be based on private provision with some state funding on a means-tested 
basis. The issue of the way in which health and social care can be related to each 
other has been the central issue for health systems management for some 50 years
in the UK, primarily in relation to the elderly but also for those with mental illnesses
or learning diffi  culties and those younger people with handicaps. Haynes (2007)ffi
and Haynes et al. (2006) have deployed the complexity frame of reference pre-
cisely as a way of considering the issues that arise in relation to the management
of health and social care. There have been eff orts at planning jointly but budgetaryffff
issues – often a matter of resolving efforts to pass the parcel of the dependentffff
person – have been a major issue. In an eff ort to get beyond academic discussionffff
of these issues Haynes and his colleagues at the University of Brighton developed 
a UK ESRC-funded Knowledge Transfer Project:

The Brighton Systems and Complex Systems Knowledge Exchange

This project provides a Knowledge Exchange (KE) for sharing ideas about sys-
tems and complex systems. It has created a dialogue between academics and 
practitioners. The fi rst phase of the project ran from January 2011 – September fi
2011 and was funded by the Economic and Social Research Council (ESRC).
This phase enabled refl ection on how theoretical ideas about professional prac-fl
tice and organisation and management in the public and voluntary sectors could 
be better integrated into practice. The project provided an online learning space
for knowledge exchange and this was supplemented with face to face learning. 

(www.brighton.ac.uk/sass/complex-systems/)

The output from the project was a Toolkit (www.brighton.ac.uk/sass/complex-
systems/ToolkitFramework.pdf) which can be deployed by managers in relation to 
issues emerging in wicked issue riddled complex systems.

Another issue arising in understanding and defi ning the boundaries of complex fi
health systems is that of their spatial form. In systems where health is part of state

http://www.brighton.ac.uk/sass/complex-systems/
http://www.brighton.ac.uk/sass/complexsystems/ToolkitFramework.pdf
http://www.brighton.ac.uk/sass/complexsystems/ToolkitFramework.pdf
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governance, boundaries are usually drawn precisely in geographic terms but as 
systems become fuzzier so boundaries likewise become fuzzier. Patient choices
of health service providers, patients’ use of Accident and Emergency (A and E)
Services, overlap with social care systems – all raise important issues of spatial
boundary defi nition. Curtis and Riva (2010b) present a very useful literature fi
review of Health Geography and related approaches to health care systems and 
policy but do not cite any study of this issue of boundary setting. A term widely
used in England is ‘the Local Health Economy’. In practice this generally was 
bounded by the area of the local Primary Care Trust, the primary body with
responsibility for commissioning health care provision, and included the GP and 
secondary care providers spatially located within that area or typically used by 
residents from that area. This was the lowest level because the areas of regional 
level Strategic Health Authorities also functioned as health economies.9

A key policy and practice issue which operates in health systems defined in fi
geographic terms is that of hospital closure, usually referred to in practice as a 
process of reconfi guration. An interesting example of such a reconfifi  guration wasfi
the major reorganization of both maternity/child health and A and E services 
across Greater Manchester. This is described in Ruane (2007). Although the foci
of Ruane’s criticism of the plans are spatial inequities within Greater Manchester 
which result from the reconfi guration and the weakness of the evidence base sup-fi
porting the assertions that concentration of services would lead to better health 
outcomes, there was also a very interesting geographical boundary consequence.
Areas towards the edge of the geographical system saw a large withdrawal of ser-
vices. Historically in these areas residents had also made use of the services of the
adjacent health economies – no Berlin Wall has ever separated Rochdale and 
Blackburn or even East Lancashire and West Yorkshire. However, the places at the 
edges of the adjacent system were also seeing withdrawal of services so the
peripheries were getting a double hit. Castellani et al.’s (2012) SACS toolkit would 
seem to be readily transferable to a multi-method description and analysis of this
kind of system change. What should also be noted is that these kinds of reconfi g-fi
uration exercises seem to be conducted in terms of partial sub-systems rather than
beginning with any real effort at defiffff  ning the system boundaries in full. So for fi
example A and E services are reconfi gured without much consideration of mental fi
health provision and with virtually no interfacing with social care. Boundaries 
matter in every sense.

One other interesting issue can be illustrated very well by the health service
reconfiguration process. We have seen the way in which research engaging withfi
complex systems has increasingly taken into account the implications of human
agency for both understanding the current state of those systems and exploring
their possible future trajectories. Companion modelling in simulation is just one
example. Governance systems engaging in processes like health service reconfi g-fi
uration do actually engage with stakeholders in the preparation of their proposals
but they almost invariably do so only with elite stakeholders – in the case of health
with senior managers and clinicians, in local spatial planning with developers.
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Consultation with wider publics is generally only something done after the prepa-
ration of the plan/reconfi guration process. However, there is a developing litera-fi
ture on governance which identifi es the necessity for what Bang has called fi
‘cultural governance’:

This is an element of what I call culture governance, namely the recognition 
by the EWP that involving civil society and citizens in EU’s governing pro-
cesses is becoming a functional steering imperative more than a normative
problem of legitimisation. It is not primarily the support of citizens that the 
EWP (EU Commission’s White Paper on Good Governance 2001) is after. It 
wants their conventional knowledge and participation at close range in their 
lifeworlds to solve its own steering problems. As most hypermodern adminis-
trative systems, EU is beginning to recognize that connecting with laypeople 
is becoming a precondition of producing more effective and relevant policies.ffff
This has been common knowledge in private organizations for a decade, at 
least. Self-governance and empowerment are here key-notions for connecting 
management with employees . . . the EWP seems to acknowledge that as long
as politicians and the media express the sense that politics are exclusively
about being able to ‘sit at the table’ in the city council, national parliament or 
the EU, the EU citizens and users will continue to experience the ‘big’ politics 
as being detached from their immediate everyday problems. 

(Bang 2002: 4–5)

This is an important point and gels not only with the development of participatory 
processes in complex systems research but with the fundamental reason that such
approaches are necessary – complex systems with human agents within them can
only be understood and changed if the role of refl exive human agents is recog-fl
nized and incorporated within the whole process of understanding as a basis for 
change. Kernick and Mitchell (2010) describe a project taking the form of what 
they call ‘consensual qualitative research’ which was conducted in relation to the
English Department of Health’s support for involving lay researchers in health 
service research:10

From a complexity perspective, the focus changes from a traditional frame-
work where a project can be broken down into specifi c aims, objectives and fi
time schedules developed within a hierarchical structure to the articulation of 
a vision within a network of co-evolving elements. Our shared vision was a
need to improve the delivery of headache services – this was the attractor in 
the system around which we self-organized. How our project evolved could 
not have been predicted in either content or methodology. It emerged from 
our own participation and interactions at a local level as we expressed our 
identities and diff erences. For example, we started with an emphasis onffff
exploring the patient’s migraine journey through their lives but eventually 
a diff erent research focus emerged following a number of stakeholder meetings. ffff
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The principle of emergence is central to this form of enquiry. It is not possible 
to formulate a framework at the onset. All we can hope to do is to facilitate its 
emergence and allow the pattern of enquiry to emerge. This is in contrast to the 
traditional experimental method where the focus is on control of the experi-
mental environment but similar to other forms of constructivist enquiry. 

(Kernick and Mitchell 2010: 36)

So these primary care researchers – a primary care physician and a clinical 
psychologist – developed an understanding of the research process which gels
with the understanding of the clinical consultation developed by Griffithsffi et al.11

The extensive literature on organization and management of health care systems
very much resonates with this notion of engagement of the relevant actors in the
situation both in practice and in research. Datée and Barlow (2010) present an 
interesting ‘post’ case-based study of an actual intervention in health management 
in Scotland which was informed by a ‘complex whole systems’ perspective. As
they note there has been rather a lot of assertion about the value of this kind of 
approach in health management but rather less in the way of examination of what 
has actually happened in practice. Datée and Barlow’s own method of investiga-
tion was a conventional case-based approach involving the collection of documen-
tary materials and intensive interviews with both local managers and with those
responsible for the national implementation of the programme which was designed 
to reduce patients’ waiting times for access to unscheduled emergency care. How-
ever, in both the design of the project and particularly in the interpretation of their 
fi ndings, they engaged extensively with relevant stakeholders and experts. Theyfi
showed that although the programme worked well within the immediate sub-
system of each hospital, there were shifting attitudes and practices from those
based on blame to a collaborative approach:

While the whole system programme adequately accounted for and addressed 
the interdependencies within the acute subsystem, tackling interdependencies
with other subsystems was much more sporadic across health boards. Whole
system change was therefore achieved within each hospital but a whole systeml
approach did not hold at a higher scale. (original emphases)

(Datée and Barlow 2010: 23)

Another study which was complexity informed and examined health interventions 
in relation to outcomes was Blackman et al.’s (2011) QCA-based investigation of 
comparative success or lack of it by English ‘Spearhead’ areas in reducing relative 
health inequalities. Spearhead areas are areas of English Local Strategic Partner-
ships (LSPs) – the ‘joined up’ government form linking in particular local govern-
ment and health but also other local public agencies – with relatively high levels 
of premature death from cancer and coronary vascular disease and relatively high 
levels of teenage conceptions. The study involved a mix of qualitative and quanti-
tative approaches and incorporated co-production with managers and practitioners 
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in both instrument design and research interpretation. Two data sets were con-
structed describing all the authorities. The fi rst was based on secondary data avail-fi
able for all 75 cases, covering both information about the social context of the case
and about trends in the three output measures which were targets for relative reduc-
tion. The second was data collected from 45 of the areas through a questionnaire 
exploring the history of forms of management intervention and practice in relation 
to the targets together with self-assessments of eff ectiveness across a range of ffff
relevant processes. This questionnaire was designed in co-production with stake-
holders. Cluster analysis of subsets of the large data base was used as a data reduc-
tion technique. QCA was used to construct truth tables in relation to outcomes
which indicated whether or not the LSP area was closing the gap between its score
on the target indicator and the national level. The truth tables were then discussed 
with groups of managers and practitioners with a particular focus on contradictory
confi gurations infi order to identity factors which might be making a difference ffff
between the performances of similar LSPs, diff erences among cases which inffff
complexity terms were otherwise near neighbours in the possibility space. A sys-
tematic eff ort was made in this study to collect information describing the trajec-ffff
tories of the cases towards their present state with a particular focus on the history 
of management practices, intervention practices and self-assessment of the qual-
ity of those practices. It was diffi  cult to reconstruct these trajectories because of ffi
the weakness of institutional memory in health where there had been large-scale 
changes in administrative form and personnel but this was done to a reasonable 
degree. Institutional memory is a much neglected asset in public bodies. The
results in relation to all three target areas were interesting and useful. They pointed 
towards ways in which practice and policy can make a diff erence, although, asffff
Scambler (2011) in his commentary on this paper remarked, we must never forget
that health inequalities are embedded within and structurally determined by the 
generative mechanisms of a grossly unequal post-industrial capitalist social order.

Conclusion

Consideration of health as an interdisciplinary fi eld demonstrates very easily thatfi
work done in the complexity frame of reference is being done and that that work 
has enormous potential not only for understanding health issues but for develop-
ing forms of practice and management which will deal far better with health issues 
than is the case with what used to be the dominant reductionist models. That phrase
‘used to be’ can be deployed in most areas in relation to health. The management 
and practice literature is full of complexity-informed work. The one area where
substantial correction is required is in relation to the ways in which ‘evidence
based’ practice and policy are discussed and presented. This is a consequence of 
the notion of a hierarchy of evidence, promoted by two important international
networks: the Cochrane collaboration for health and the Campbell collaboration 
for general social interventions including work on social care. Both collaborations 
are now somewhat less assertive about the idea of hierarchy of methods as a basis
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for evidence and, to be fair, the Campbell collaboration, influenced to somefl
degree12 by the sophisticated realism of Donald Campbell for whom it is named, 
was never as gung ho positivist as the Cochrane collaboration. However, there is 
still an adherence to the notion that the gold standard is the randomized controlled 
experiment (RCT), or rather the meta-analysis of a set of RCTs. Needless to say
RCTs are wholly useless for investigating causality in complex systems.13 What is
interesting about the methods which the above consideration of the ‘complexity
science of health’ seems to show are useful and interesting is that they all engage 
the people in the research situation as real possessors of agentic power. They are
neither inanimate objects/forces nor lab rats but rather actors in understanding as
well as in doing.

There is an extensive literature on action-research and it has been noted 
(see Byrne 2011b) that action research protocols and approaches gel very well 
with the complexity mode of understanding. We should emphasize here from this 
work the importance of dialogue, although that term is not often used in its 
Freirean sense. Freire’s notion of dialogical research, which has informed much 
action research centred on social transformation, privileges neither the scientist 
nor the people in the fi eld of investigation but instead asserts that both bringfi
frames of understanding and that it is from the synthesis of those frames that
useful knowledge emerges. So we have an opening of the social sciences here in
a way which goes beyond the necessary call for post-disciplinarity made by
the Gulbenkian Commission. We open up to the actors in the social world. The
Gulbenkian Commission made important points about methodology but did not
really engage with the actual forms of research practice which are appropriate for 
engaging with complex social systems and the intersection of those systems with 
the rest of complex reality. We like Lemon’s (1999) call for integrative method 
as the way to do research on complex systems. We will simply add the word 
 ‘dialogical’ to the call for integration.

This is perhaps a more radical notion than it seems in the aftermath of a  working 
through of examples drawn from the fi eld of health. Dialogical work, in practice fi
as in Griffithsffi et al.’s (2010) conception of the clinical consultation as leading to 
the constitution of an emergent present, and as in the whole range of in particular 
management-based research, is extremely common in health contexts and is
common because it works! However, to take this position is to erode the privileged 
and detached position of the scientist as external observer. That implies that
complexity-founded social research is engaged with reality, and to say that is to
raise all the issues posed by the term ‘praxis’. We will come back to that in the
Conclusion to this book.



The implications of the complexity turn for science are radical and transforma-
tive. We say science and do not qualify the term by the adjective social because
these implications are for science as a whole. To summarize them in one word,
they point to a synthesis. Synthesis is in its general usage a word that means put-
ting together parts to make a new whole. The Oxford English Dictionary gives one
of the meanings of the word as: A body of things put together; a complex whole 
made up of a number of parts or elements united. This seems very appropriate for 
a book devoted to complexity characterized by emergence. We have already described 
this book as itself a synthesis because it has drawn together ideas from a wide
range of disciplines, fi elds and authors and tried to put them together to provide a fi
coherent account of ‘complexity science and the social sciences – the state of the
art’. But that synthesis points to a greater synthesis – to a bringing together of 
modes of understanding reality which began to separate in the seventeenth century, 
whose separation was recognized by Vico in the eighteenth century, and which
separation was formalized by Dilthey and others in the nineteenth century – 
the separation of the ‘hard’ sciences with their Newtonian programme and the 
‘human’ sciences with their central recognition of agency as the fundamentally 
human power and foundation of the social world in all its aspects. We assert that
the complexity frame of reference transcends this separation and provides not 
only the possibility of a drawing together of the sciences as a whole, but indicates
an absolute requirement for that reconciliation in the face of the threat of an eco-
logical disaster whose complex causes lie in human agency and which represents
a system transformation with disastrous consequences for human civilization.

Darwin’s retroductive understanding of the nature of evolutionary change pre-
sented a profound challenge to the Newtonian world view because it described the
origins not just of species but of whole eco-systems in terms which could not be
accommodated to the reductionist programme which has been the core of the hard 
sciences. There have been constant attempts to impose a reductionist framework 
on the social sciences. The latest version is represented by the kind of genomics
which seeks to explain variations in human social behaviour in terms solely of 
genetic characteristics. Note that word solely. Genetic characteristics and differ-ffff
ences may well constitute part of the complex which generates social behaviour in

Conclusion – Complexity and 
the social sciences

The way forward
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emergent interaction. The role of genetic makeup in relation to disease liability 
and progression is important but even here we are dealing with profound emergent
interaction in relation to protein expression as a consequence of genetic interac-
tion and of the interaction of all these with every environmental influence from the fl
womb onwards. Genes may be necessary causes of disease and disease outcomes 
but other than for some conditions with very well established mendelian inher-
itance patterns they are not sufficient causes.ffi 1 The reduction of social behaviour to 
simple determination by the genome is utterly fatuous. Likewise crude versions of 
evolutionary psychology (always to be set aside and apart from the necessary
recognition of the role of evolution in the development of our mental and commu-
nicative capacities), which seek to explain our behaviour in terms of simple drives, 
should play no role in understanding the social world.2 Our basic biology matters
for lots of things but it matters as a component in emergent interaction with all 
infl uences in our life course, social and environmental, from conception onwards. fl
The evolutionary/emergence programme in the hands of Lewes and his succes-
sors has provided us with a way of thinking about emergence which makes 
 possible a proper scientifi c framework for understanding the complex. It is that fi
framework which opens up the possibility of synthesis here.

We are also quite deliberately employing the term synthesis in its Hegelian
sense, that is as a process of understanding based on the unity of opposites, of 
thesis which we might think of as the Newtonian programme and its derivatives,
and antithesis which we can see as the programme of the human sciences. To unify
is not to deny. It is to recognize what can be drawn from opposing positions not in 
the adversarial triumph of the one over the other but rather by mediating and 
developing a better position and drawing on both. For us complexity is a synthesis
as a framework for understanding which transcends the opposites. That means that
it necessarily contains an epistemology but it is not merely an epistemology – 
a theory of how things might be known. It is also profoundly ontological in its 
implications – it involves statements about what the world is like. Perhaps one of 
the best expressions of how we can approach this business of understanding is that
provided by Marx:

My dialectic method is not only diff erent from the Hegelian, but is its direct ffff
opposite. To Hegel, the life-process of the human brain, i.e. the process of 
thinking, which, under the name of ‘the Idea’, he even transforms into an
independent subject, is the demiurgos of the real world, and the real world is 
only the external, phenomenal form of ‘the Idea’. With me, on the contrary,
the ideal is nothing else than the material world refl ected by the human mind,fl
and translated into forms of thought. 

(Capital, Afterword, Second German Edition,
Moscow, 1970, vol. 1, p. 29)

That is an absolutely realist assertion and that is why ‘complex realism’, drawing 
as Reed and Harvey (1992) have suggested on a synthesis of complexity and 
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Bhaskarian realism (itself profoundly infl uenced by Marx’s method), is the core fl
of our framing of the complexity programme.

So we see complexity as providing a framing for the unifying of a whole set of 
opposites in scientifi c practice, of quantitative and qualitative research, of analysis fi
and holism as modes of understanding, and of relativism and hard realism as
epistemological positions. But that is not all it is. We must understand science not 
as the contemplative observation of the world but as a set of social practices with
the most profound implications for the construction of the social world. Another 
of our proposed unifi cations is of pure and applied science and that necessarilyfi
commits us towards praxis of which more anon. It also points us towards another 
necessary unifi cation in the actual practice of any science where human agency fi
matters, that is of the unifi cation of knowledge derived from the work of the fi
practitioners of social science with that knowledge held by those who live and 
work within the social world itself, which set of course includes the social scien-
tists themselves. It points us towards dialectical social research as that practice
was understood by that very sophisticated philosophical practitioner Paulo Freire,
and that points us towards participatory practices in all aspects of social research
as a basis for social reconstitution. There are lots of radical implications of the 
complexity turn for the doing of science but that is perhaps the most radical of 
them all.

Let us be clear here. Our assertions above are not simply or even primarily 
deductive in the sense of being derived from the necessary logic of the implica-
tions of the complexity frame of reference for science as a social practice. They
rather have an empirical foundation. They describe to a considerable degree how 
people doing good complexity science actually work. When Moss (2008) argues
for companion modelling, Gerrits (2012) includes key actors as interpreters of the 
research product, Griffithsffi et al. (2010) describe the construction of the emergent 
present in the clinical consultation, and Lemon and Seaton (1999) outline their 
integrative method, all are asserting a dialogical approach in which the actors in 
context are part of the production of scientifi c understanding. This is very muchfi
the way to go forward across all science where human actors are part of the 
process of the construction of reality not just as something known but as some-
thing which has been, is and will be. It is in the making of ‘will be’ that science
and its practitioners have a constitutive role.

Both of us trained originally as sociologists, albeit separated by a decade, doing
our fi rst degrees in Sociology and ‘Social Administration’ at the University of fi
Newcastle in our home region. The ‘Social Administration’ side of things will 
re-emerge in our discussion of the application of social science. First, let us con-
sider the signifi cance of ‘Sociology’. Uniquely in the social sciences, Sociology asfi
a discipline has always insisted on the reality of the agentic powers of human
individuals and the causal powers of the world constructed by human agency in d
relation to the exercise of those causal powers. To the extent that other disciplines
and fields have admitted agency and structure, they have done so with reference fi
to a set of discourses and traditions which for more than 100 years have been
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organized within the discipline of Sociology under the heading of ‘social theory’. 
One thing which should emerge from any reading of this book is that we assert 
without reservation that the application of the complexity frame of reference to
the social world has to be mediated through a systematic and careful consideration
of the issues and themes raised in social theory. We have done this here by refer-
ence to the evolutionary tradition in social theory, which like complexity itself 
has its origins in the profound impact of Darwin’s work on the episteme,3 by a
careful comparing and contrasting review of two important social theorists- 
Bourdieu and Archer – whose work is particularly complexity congruent, and 
exploring social theory’s take on the crucial themes of time and space. Complexity
thinking will transform social theory, to the extent that theory can ever have a 
status separate from empirical investigation and the application of social science,
not least of course by asserting the necessary unity of theory, empirical research 
and application. And social complexity requires an engagement with social theory.
There are ideas, ways of thinking, and a whole set of conceptualizations – that of 
negotiated order stands as a prominent example – which come from social theory 
and can inform and structure the doing of complex social science. 

In the early years of the twenty-fi rst century complexity requires us to break fi
down a set of intellectual barriers constructed throughout the course of the twen-
tieth century. In doing so we are going back towards the openness of intellectual 
and scientifi c life of the mid-nineteenth century. That reversion is not necessarily fi
a dismissal of the twentieth century development of the academy and its institu-
tions, although some things and notably neo-classical Economics do need to
go out with the rubbish, or rather as the rubbish, asap. It does of course raise 
questions about the separation of the academy from the rest of social life and 
social practices. Both of us have worked on health issues throughout much of our 
careers. One of us even went to university as a medical student until he came to his
senses.4 We are aware that medicine almost uniquely among social practices
informed by science in the widest sense has managed, particularly through its 
clinical mode of instruction and the role of clinical teachers, to maintain a connec-
tion between its academic and practice locales.5 Business Schools, through their 
usual insistence on practical management experience before students can under-
take MBAs,6 coupled with their tradition of learning from cases stand somewhat 
in the same position. The separation of the academy from everyday life matters a 
great deal and the reconnection has to be through more than just the doing of 
research in a mode of apolitical and technical problem solving. This has profound 
implications for what we do with our work but it also matters in relation to how we 
do it – there is a real politics of method and a central theme in this book has been
the clarification of that politics in terms of the implications of complexity theory fi
for the doing of social research.

That politics is both a politics within the academy – disputes about methods
turn into disputes about resources and status – and a politics of the engagement of 
social science with wider society. Generally speaking complexity as a frame of 
reference does not prescribe method in the sense of technique. Rather it requires 
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us to deploy methods and in particular to interpret the products of that deployment 
in a way which is congruent with the character of social reality. That is it requires 
us to remember that we are dealing the complex systems with emergent properties
and that reductionist approaches will not do either as representations of those
systems or as accounts of causality within those systems. So far, at least for those
who accept the reality of emergence, so non-contentious. However, we do take a 
position on modes of representation and specification of causation which chal-fi
lenges strong ‘schools’ within the complexity oriented academy. First, we reject
absolutely any kind of simulation approach which reproduces the inanity of 
‘positive’ economics. That is we reject approaches which start from assertions as
to how reality is and then develop complex derivatives from those assertions. This
is not science – it is the construction of fi ctions. All social science must begin fromfi
an engagement with social reality as it is. It has to be empirically founded and 
empirically calibrated. Second, although we certainly allow a value to simulation 
approaches we certainly do not regard them as the method which is uniquely
suited for inquiry into the nature of the social world. Agent-based models in par-
ticular remain trapped, when used in isolation, within a micro-emergent under-
standing of the social. The social is not merely micro-emergent and any account 
of it which ignores the reality of what we must call conventionally ‘social 
structure’7 is always going to be incomplete. The attempt to generate accounts of 
social causality in terms of rules describing agents’ behaviour and nothing else
fails both in relation to the real character of human agency and in relation to the
causal powers of the social itself. We applaud the use of simulation within a pack-
age of multi-methods as represented by the work of Castellani et al. (2012) and 
Márquez et al. (2011) but agent-based modelling will never work on its own.

Equation-based modelling approaches can accommodate the causal powers of 
structure to a far better degree but whilst we absolutely endorse their deployment 
in social research we do not consider that mathematical representations of the
social represent some ideal towards which social science should be aiming. 
Frankly with some exceptions, almost all of which are spatially oriented, mathe-
matical and computational social science remains at the level of the banal and 
trivial. This is not because the methods are at a very early state of development. It
is because the damned myth of the cave is not a proper basis for the construction
of accounts of complex realities which are made and remade in considerable part
as a consequence of human social agency. Mathematics can be a useful tool for 
describing the reality but reality is its messy self, not a higher abstract order exist-
ing in mathematical form. The UK EPSRC’s massive funding of projects which
seem to have construction of sets of equations as their fundamental objective
refl ects power structures within the contemporary academy but will not generate fl
useful social knowledge. When we approach the complex social we need methods 
which can take account of context, agency and temporality. We have these in the
social sciences in the form of narratives, process tracing, and systematic compar-
ison. All involve a turn to cases rather than variables. They do not disallow the
value of the quantitative, particularly in the form of measurement although mostly 
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useful measurements will be at the nominal level rather than continuous in form. 
They will involve classifi cation – mere stamp collecting as Rutherford would fi
have it. However, they do not take us away from reality into a mathematical realm 
which is not isomorphic with that reality.

Obviously this is a point about how to do social science but it also reflects back fl
on the elitist conception that only ‘scientists’ can do science. We are both firm fi
supporters of the relevance of quantitative methods to social science. One of us
has taught statistics and quantitative methods for most of his career and has even
written a book on that approach. However, science can often hide behind mathe-
matical forms of representation and the mantra ‘some numbers beat no numbers 
every time’ often conceals the fact that mathematical forms may have no meaning-
ful numbers derived from empirical measurement – neo-classical economic theory 
in mathematical form being a prime example – but nonetheless presentation in 
mathematical form and mathematical notation has a quasi-magical quality since it
is exactly arcane for most relatively innumerate people. Actually most quantitative 
social science being constructed as it is around the notion of the reality of varia-
bles with separate causal powers extracted from the complex systems which actu-
ally constitute reality – the cases – is based on a fundamental error in relation to 
the proper modes and use of social measurements. ‘Expert’ social science gener-
ally speaking puts social science at the service of power elites and serves pri-
marily as a cover for the ability of those elites, now of course plutocratic elites, 
to manipulate the social future for their own good rather than any general good.
The apparent ‘neutrality’ of scientific accounts serves, to use Gramsci’s term,fi
the hegemony. To say this is not to endorse a relativist conception of knowledge.
We remain realists. This is about how knowledge is produced and used. Social
science can certainly deploy measurement but mostly it is classification and sim-fi
ple counting which is useful for us.

Burawoy’s (2005) call for a ‘public sociology’ – we might equally say public 
social science in general – and his diff erentiation of this from ‘policy sociology’, ffff
i.e. work done by social scientists in relation to problems presented to them by
others and especially agencies of the state, did raise the issue of ‘speaking truth to
power’. However, in many respects his approach was deeply conservative and 
involved a simplistic take on the role of intellectuals in contemporary modernity. 
Burawoy was speaking in the mode of Gramsci’s traditional intellectual but the 
contemporary engagement of social scientists is much messier and much more
central to the maintenance of the post-industrial social order than can be handled 
by work done in that mode.8 We face a dilemma here. Complexity theory can, 
indeed is, informing a useful applied social science. It has a particular value in 
relation to evaluation and we fi nd complexity ideas permeating new and construc-fi
tive approaches to determining ‘what works’ in relation to complex social inter-
ventions (Vincent 2011).9 This is good and useful work. Finding the most effectiveffff
techniques for delivering eff ective strategies for reducing the incidence of HIV+ ffff
status, reducing health inequalities, helping diabetics to have healthy rather than
unhealthy life trajectories – all of these are decent practical endeavours which 



Conclusion: the way forward 259

contribute to human progress. We have no problem with approaches 
using complexity which explore business innovation, crime reduction, effectiveffff
ecological management. Well-informed governance and innovative industrial 
development are good things.

However, mere ‘application’, even when worthwhile in and of itself as much 
application is, is at the same time not enough. We have been much influenced infl
our thinking about complexity by that decent and much missed man Paul Cilliers
and whilst he did not explicitly deploy the terminology of praxis, his assertion
(1998) that the only ethical basis for intervention in complex social systems was
by those who were embedded within those self-same systems accords with the
essential element of that important prescription. Scambler in his commentary 
(2011) on Blackman et al. (2011) put his fi nger right on the core of the issue. We fi
can engage in application but that application is itself located in specific historicalfi
context and relates to developments and changes in the character of the envelop-
ing social systems of the social order as a whole. The order which envelops us – 
the authors – is that of post-industrial capitalism and, whilst complexity can
certainly help us to understand the character of the phase shift which we can 
describe as the transition from industrial to post-industrial capitalism, the serious
question is what can we do to confront the implications of that transformation? 
We have no problem in nailing our colours to the mast here and in identifying 
those colours as red (with a green element these days). We are both products of the 
industrial working class of the North East of England and beneficiaries of that fi
class’ long history of sustained political action in the cause of equality and 
social justice. We owe our educations to that struggle. Both of us are socialists 
and have a history of political engagement. We don’t like inequality and know
whence it comes. The destruction of the power of the organized working classes
of what, when we were students, were usually called the ‘advanced industrial
societies’ is fundamental to this transformation.

The control parameters of that transformation in which, to paraphrase Crouch
(2000), the gains of that working-class struggle, Raymond Williams’ ‘Long Rev-
olution’, are being destroyed as its own institutions are being neutered (Trade 
Unions) or stolen from their class base by professional politicians (Labour and 
social democratic parties) are not hard to identify. They lie in an interaction of 
technological innovation – the shipping container probably mattering more than 
the computer actually but both counting,10 legislative change attacking the power 
of unions, globalization of capitalism and industrial production particularly in 
‘Communist’ China but generally in countries without functional trade unions, 
and the emergence of an utterly dysfunctional fi nancial system which became notfi
so much as Castells would have it ‘the mother of all accumulations’ as the massive
destroyer of value on a global scale. If finance capitalism can be identififi ed withfi
any mother, then Grendel’s is the appropriate fi gure. The immediate consequencesfi
for societies derive from massively increasing inequality within nation states
and the social derivatives of that polarization. The medium to longer term conse-
quences lie in ecological disaster. We cannot ignore the cultural triumph of 
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consumerism, the great disabler of political consciousness in affl  uent society.ffl
That worked very well indeed.

The point we have to make is that the complex social order of global capitalism 
in which we live is at a crisis point.11 The word ‘crisis’ describes a temporal con-
text when things cannot remain as they are. They must change and the potential
for future states is multiple. The term is clinical in origin and describes exactly the 
course – we can say trajectory – of the interaction between a human being (or any 
complex organism) and a pathological microbial infection. Before (and perhaps 
we now have to recognize after) the availability of eff ective ‘magic bullet’ antibi-ffff
otics this was a function of the interaction of the micro-organisms with the infected 
person’s immune system. This is still largely the case for viral infections. If the
pathogen wins then the patient dies, if not they live. There are two future possible 
states. Marx thought that the future possible states of capitalism were socialism or 
barbarism. We have to think that perhaps they are a plutocratically dominated 
system moving inexorably towards ecological collapse, we have to allow a pluto-
cratic system in which this does not happen although given the power of energy
capital this is not that likely but is in the possibility state, or something else where
we resolve these issues and progress.

There is a long-standing debate about the relationship of social science and 
social/political engagement. Marx’s Thesis XI on Feuerbach: The Philosophers
has merely described the world – the point however is to change it – and points us
in one direction. Weber’s fundamental distinction between science as a vocation
and politics as a vocation points us in another. Gouldner (1971) and in subsequent
work attempted to develop a critical theory which was post-Enlightenment and 
engaged but remained enough indebted to his asserted Weberian intellectual posi-
tion to confi ne that engagement to the level of critique informed by reflfi ection.fl
Despite a good deal of discussion of the role of the technical intelligentsia at elite
levels of governance, Gouldner never really grasped the role of the technical social 
scientifi cally informed intelligentsia in the governance of contemporary capital-fi
ism. Far too much attention has been devoted to the practice of social science as
abstracted criticism by the intelligentsia and far too little to the practice of social 
science as real social production by the technical intellectuals embedded in gov-
ernance and related social practices. Of course the real triumph of the critical 
intelligentsia over the last 40 years, particularly but not exclusively in the English 
speaking world, has been from the right with the mantras of market effi  ciency, ffi
peddled by academics and even more by think tanks funded by various plutocrats,
dominating debate even after the manifest failure of their approaches in the 
great fi nancial crash. Neo-liberalism as ideology has been one of the componentsfi
of the complex control parameter driving the transition from industrial to post-
industrial society. It is a particularly crucial component of the second phase of 
that transition – the destruction through privatization of the core services of the 
welfare state. Interestingly this is contrary to the material interests of many tech-
nical intellectuals in state or quasi state employment. Setting up welfare, health
and education for privatization requires a reduction not only in the material 
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rewards of state employees but the subordination of state professionals to mana-
gerial control. These processes should be immediately recognizable by any UK 
university teacher.

And this transformation is something which is a product of agency. People do
things. Therborn in his analysis of Why some peoples are more unemployed than
others (1985) and Fitch in his account of The Assassination of New York (1993) k
both explicitly rejected the kind of abstracted Marxism which assigns all causal
powers in social transformation to abstracted social forces. They were more than 
prepared to assert that change is driven by individuals and institutions in ways
which express specifi c collective interests. Any coherent critical, in the proper fi
sense of the word critical, complexity-informed social science needs to recognize 
and inform the role of agency in social transformation and to recognize that social 
transformations are driven by confl icting interests and the agents have and expressfl
those interests. Social science plays a crucial part in relation to those interests
both in its historical role as social critique but even more importantly as founda-
tion for the technical application of social science in governance. There are 
diff erent alternative futures and one of the crucial roles of a complexity-informed ffff
social science is determining what sort of social action might – the conditional has
to be there always – generate one sort of future rather than another. That has to be
set in a context where the interests of most but not of all would be served by the 
generation of a future which is radically different from the present.ffff 12 Sides have to
be taken.

Where to from here?

Thirty years ago a key audience for complexity arguments would have been a 
socialist/labour movement which still had some countervailing power in capitalist
societies. That power is not wholly extinct but it is much less than it was. There
has been an assertion of the potential of social movements which is informed by
complexity theory (Chesters and Welsh 2006), although we are less convinced 
given the nebulous nature of most social movements.13 The Green movement and 
in particular green political parties14 are a more promising target if they prove 
capable of moving beyond pressure group politics and the very limited if any 
gains achieved by entering into coalition governments. The complexity frame
of reference informs all sensible and coherent considerations of the inter- 
relationships between the social and the ecological. Greens must take on the job
of getting people to think about those relationships in complex systems terms.
This is not a task for them alone but they are well placed to do it. We need a 
demystifi cation of complexity thinking – Complexity Made Easy – but not, as wefi
have all too often at present, ‘Restricted Complexity Made Easy’. Actually,
because reality is complex, people are well aware of it in everyday life. They 
know big changes are changes of kind, not changes of degree. They know that 
there are multiple and complex ways in which things come to change. They under-
stand emergence. They know that some problems are ‘wicked’. The abandonment 
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of ideology and material interest in contemporary post-democratic politics has 
led to assertions of simple solutions for simple problems. Complexity has to be
asserted. People are not stupid when they are let not to be stupid. If they are given 
a straightforward language which helps them to articulate things they know from 
experience, then they will draw on it to shape their understanding of how things 
are and what futures are possible. 

The academy in all its forms has a role in this. Let us work backwards from 
the pinnacle, that is from the training of doctoral students particularly but not
exclusively in the social sciences. We agree with the recommendations of the
Gulbenkian Commission (1996) for the development of inter-disciplinary Ph.D. 
programmes but we would go somewhat further. Just as all social science Ph.D.
students should be given a full training in the whole repertoire of social research 
methods so that they are generically equipped beyond the specific requirements of fi
their individual project, so they should be exposed to systematic education in the
complexity perspective. Research methods training and complexity thinking
very much intersect of course in practice since complexity has such profound 
implications for the methodological programme of the social sciences. Since 
much of the formal training of postgraduates, at least in the UK, is delivered in 
Masters degree programmes we should incorporate much of this programme into 
that level of education. 

We would argue very strongly that an introduction to the basic vocabulary and 
frame of reference of complexity thinking should be part of all undergraduate
programmes in social science. This could be done, and probably will have to be
done in the fi rst instance, through the provision of ‘complexity courses’ but ideally fi
the approach should form part of core disciplinary modules dealing with social 
theory and methodology. And backwards we go further – into the  curriculum 
of the pre-university years. A levels – the examination taken in most of the UK at 
18 as a basis for university entry – are massively over-specialized. We need a more
open curriculum for which the form of the International Baccalaureate serves as a
model. Actually the philosophy component of that system, which requires a broad 
coverage whilst allowing for some specialization, could easily include an intro-
duction to complexity. That seems the appropriate level at which to begin.

There are issues in relation to this programme. The three-year English degree 
which through the Bologna process is being spread across Europe as a norm is
perhaps too short a period with too much of a tradition of specialization for the 
proper development of a complexity consciousness coupled with the possibility of 
disciplinary/fi eld specialization. The four-year model as still presented in older fi
Scottish universities with two years available for a more general grounding prior 
to specialization in the honours years provides a much better framework for the 
kind of university education we would like to see.

We want to conclude by returning to the ‘application of social science’. So often 
this is presented as a merely technical and neutral process best conducted within
the impartial frame of reference of the ‘impartial’ academic and the professional
civil servant. To think in that way is to accept all the premises of, in Gramscian
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terms, the hegemonic world view. Let us be blunt here. The UK serves as an
advanced example of the way privatization as a neo-liberal process has permeated 
both the vocabulary and the personnel of the state. Indeed the UK civil service 
and oversight boards are so full of seconded personnel from corporate capital15

and there is so much passing backward and forward between corporations 
and the senior levels of the civil service that the notion of a professional civil 
 service no longer holds water. That is a phase shift. We find not so much research-fi
based policy as policy-based research. We endorse the idea of a liberation social
science by direct analogy with liberation theology. Complexity theory helps here,
for example in demystifying the kind of research which supports health care 
restructuring in order to facilitate privatization of the delivery of services. It helps
us both to understand the weaknesses of this sort of approach and to frame coher-
ent alternatives as objectives for the future. It is a matter in the end of which side 
are you on.



Introduction

 1 A programme which draws on Google Scholar to find academic citations.fi
 2 Although this accusation cannot be levelled at Prigogine and Stengers given the consid-

erably greater degree of philosophical sophistication which informs their text. It is
worth noting that those schooled in the Prigogine tradition, and particularly Peter Allen
(1997), are notably more cautious and open minded in relation to the implications of 
social complexity than is the case with those coming from a purely Anglo-Saxon scien-
tifi c background. fi

 3 Although we should note that it has to be very carefully distinguished from it – complex 
social systems are not chaotic.

 4 The unfortunate history of the mathematical formalisms of neo-classical economic the-
ory should serve as a warning to us here. They are wholly useless and have done enor-
mous damage both to understanding and to real economic systems. Of course one of the
reasons for their uselessness is the assumption of linearity which informs them and at 
least non-linear equations get round that problem. 

 5 Other than as a basis for simulation which depends on numerical methods and is not
easily assimilated into a Newtonian frame of reference.

 6 Of course there have been ignorant and silly uses made of the term ‘non-linearity’ by 
post-modernists but Sokal and Bricmont are themselves lacking in any real knowledge 
of the character of social science. Concerning that whereof you are predominantly igno-
rant, you are better off  holding your yap. ff

 7 The same point was made in relation to general systems theory by Von Bertalanff y in the ffff
introduction to the British edition of General Systems Theory when he asserted the neces-y
sity for a: ‘systems philosophy, i.e. the reorientation of thought and world view ensuing
from the introduction of “system” as a new scientifi c paradigm (in contrast to the analytic, fi
mechanistic, oneway-causal paradigm of classical science.’ (1968: xix) and went on to 
develop this by identifying both a specifi c systems-oriented ontology and epistemology.fi

1 Understanding the complex

 1 We will come back to the idea of the ‘superposition principle’ which is another way of 
saying emergence.

 2 The term catastrophe in general has no normative value. Catastrophic changes may be
for the better although this is not the case with the capsizing of a vessel!

 3 We will return to Collier’s ‘restricted complexity’ albeit a relatively sophisticated ver-
sion of simplistic complexity, in Chapter 2.

 4 The mathematical modelling of weather systems becomes chaotic over longer time 
periods but that refl ects the character of the models rather than reality.fl

Notes
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 5 We are as we will show in subsequent discussion committed, in marked contrast with
DeLanda, to the reality of the classes constituted by these aggregates since they are real
in their consequences in both biological and social terms.

 6 Maturana has asserted that he does not mean self-organization by the term autopoiesis, 
but if that is the case then the explicit etymology of it in the Greek for self-organizing
seems decidedly odd. 

 7 We would probably use multinomial logistic regression here but for reasons we will go
into in Part IV of the book that approach is weak at dealing with complex causation and 
cannot deal with multiple causation. 

 8 And since if we do this we are searching for the, that is to say the single, model
which fits the data, we are wrong because we are ignoring the possibility of multiple fi
causation. 

 9 The idea of fat tails and the challenge to the normal curve is particularly useful in rela-
tion to our concepts of probability. That said fat tails constitute a curvilinear and there-
fore capable of linear transformation account of distributions in reality rather than a 
non-linear framing.

2 Restricted complexity and general complexity

 1 Indeed in our view this distinction also applies in relation to ecological complexity.
 2 A notable exception is the work of Peter Allen, a physicist trained in in the Prigogine

tradition whose work is acutely sensitive to the possibility and potential of human
agency. It is worth noting here that those who actually do empirical work, for example
Allen (1997) and Batty (2007), are much more sensitive to agency and its implications 
than those who merely construct abstract models. 

 3 It might be considered that the issue is not ontological but epistemological. In other 
words micro-emergentists might admit the complex character of the emergent social 
but argue nonetheless that we can explain/know macro-social phenomena in terms of 
simple rules. We disagree. For us the micro-emergent tradition endorses a fundamen-
tally reductionist account of how the world works and that is an ontological position. 

 4 Indeed we might more properly say a socio-ecological world since the inter-relationship
between the natural and the social is particularly evident in relation to ecological disas-
ter and the potential for catastrophic global warming. 

 5 His example of a government choosing not to redistribute wealth employed as refuta-
tion of the idea that an entity can have causal power without exercising it, put bluntly,
seems inane. The agentic decision not to do something has a structural consequence, 
absolutely evidently in this example, just as much as a decision to do it.

 6 Within any capitalist social order which depends on a wage labour system and exploita-
tion we will not fi nd complete equality of health outcomes but within the limits tofi
which a system can be modifi ed (i.e. a capitalist system cannot exist if returns to own-fi
ership of the means of production are eliminated) there can be substantial variation in 
the degree of inequality. 

 7 Rational Choice Theory can be understood as a subset of Rational Action Theory.
 8 Sawyer’s use of the term micro-simulation here is not conventional. He means any sim-

ulation dependent on the actions of micro agents whereas conventionally the term is
applied to simulations generated by the application of a rule or rules to a set of cases
defined in data terms, for example to explore the impact of a change in tax codes by fi
subjecting a sample of real cases to the change and describing the individual outcomes 
and the overall pattern of outcomes in order to establish the new tax yield.

 9 Such a change was entirely appropriate but Castells seems never to have engaged in the 
auto-critique of his earlier position which would seem an essential part of such a major 
reorientation.
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3 Complexity theory and the philosophy of social science

1 Castellani (personal communication) has suggested that Cilliers is best understood not
as a post-modernist but as the fi rst coherent philosopher of complexity who has developed fi
a new philosophy which uses complexity to transcend the modernist/post-modernist
argument. There is much to commend in this argument.

2 Paul Cilliers remarked to one of us that he thought Social Text and Sokal deserved each t
other, and we agree!

 3 Poincaré never wholly abandoned his role as a mining engineer, indeed as one of the
most senior mining engineers in France. His engineering sensibility might go far to
explain the intense practicality and general social awareness of this most brilliant of 
applied mathematicians. 

 4 Actually his turn is the source of that of many contemporaries in the early twenty-firstfi
century, for example of Flyvbjerg 2001.

 5 Overy’s Why the Allies Won (2006) demonstrates very clearly that first the Allies, fi
Western and Soviet both, were able to be massively more efficient in production thanffi
the Axis powers, and second that their fi ghting forces and populations shared a real fi
moral commitment to the defeat of fascism. So they combined rationality with morality 
to great eff ect. This really cannot be said often enough. ffff

 6 Life is too short and there are useful things to do.
 7 Leach’s account of social changes amongst hill peoples in Burma fi ts very well with afi

complexity-founded understanding of such change and its drivers. 
 8 That said, it seems to retain an understanding of human beings as the determined prod-

uct of structures rather than in any sense as autonomous selves. 
 9 In the fi rst instance by allowing Londoners to burn coal in their domestic grates andfi

stay warm much more eff ectively and cheaply than if they had had to rely on wood or ffff
charcoal.

10 Would that he were here to tell us we are wrong.
11 Darwin would not we think be happy with the notion that his account is merely a new 

presentation rather than a representation of reality, although Davis and Sumara seem to 
see it as just that.

12 Samuel R. Delany’s Babel 17 is a particularly good example.7
13 Foucault is certainly the big baboon in the troop of les singes de France. For a coher-

ent and radical diff erentiation of his approach from that of complexity theory, see ffff
Price 1997.

14 Latour is one of the founders of ANT, although he has asserted that he is not an ANT 
and has a critical/one might even say flirtatious, relationship with the current.fl

15 Alongside of course the commitment to praxis asserted by the use of the word ‘critical’.

Part 1I: Introduction

 1 We have already noted that the very formulation of complexity’s key concept – 
 emergence – was a product of philosophical engagement with Darwin’s work.

7 Complexity and methodology

 1 For Deleuze and hence DeLanda a manifold is a geometrical space with specificfi
 properties but one which does not need to be located in relation to co-ordinates 
described in terms of a higher level space, that is a space with more dimensions than the
manifold itself. 

 2 Time here does not necessarily mean clock/calendar time but can, following Adam
(1995), be thought of as any sequencing of events/processes which has a forward only
direction – which has an arrow of time.
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3 A process established to try to divert mentally ill offenders from prison, which was an ffff
attempt to address the issues that arose after the closing of asylums and the effective ffff
decarceration of the longer term mentally ill. 

 4 Allen, a physicist who understands the nature and potential of human agency, com-
ments that: ‘It is somewhat disquieting to realize that the model we are going to build 
will contain the behaviour of actors, which will depend in turn on the models available 
to them, which may include this one’ (Allen 1997: 178). He is very careful to indicate 
that predictive models, as opposed to retroductive models, are guides and not prescrip-
tions. They are probabilistic, not just because of indeterminacy in initial measurement
but because of the potential of agency and of the intervention of factors, including
factors originating in nature, which are not accommodated in the model. This seems
absolutely right. 

 5 The proponents of this position never seem to recognize that nature imposes limits of 
all kinds in relation to social action. The urban modellers recognize this since rivers and 
hills cannot really be ignored but the micro-foundationalists have for example no sense 
of even something as direct as the impact of an epidemic disease on human populations
and this despite using epidemiological models from time to time. This of course fits infi
with the general neo-liberal sensibility of this twaddle. 

 6 We think nothing of it of course.

8 Hunting causes in a complex world

 1 This also rules out counterfactual modes of historical explanation which are predicated 
on change in one variate. An absurd example is Sheldon and Amy’s game in ‘The Big 
Bang Theory’. Postulate: rhinoceroses are domestic pets; question: which side won the
Second World War? Note you can change one thing but that does not allow you to explore
all the interactions which fl ow from that change. Counterfactuals, essentially an ersatzfl
version of the use of experimental logic, are useless when dealing with emergence.

 2 It is very important to distinguish between the ideographic position and the relativist
position. It is perfectly possible to have an ideographic conception of causality and tod
make knowledge claims of a realist kind. The distinction between nomothetic and ide-
ographic is in part one constructed in terms of range of knowledge claims, not of the
validity of knowledge claims. 

 3 Maxwell explicitly (2012: 4) and, in our view, absolutely correctly asserts that Donald 
Campbell’s realism is entirely compatible with Bhaskar’s general framing of the idea. 

 4 Our take on post-modernism, towards which the argument presented in this quotation is 
addressed, is essentially identical to that of MacKelvey.

 5 It is possible of course to start from a data array in QCA, even a data array containing a
very large number of cases. However, this does not eliminate the issue of qualitative
justifi cation. The variates in the data array will have been operationalized and the fi
researcher has to accept the validity of these operationalizations or adjust them in some
way, for example by clustering to establish sets based on variate measures considered in 
Byrne’s (2002) terms as traces of the complex systems being described. This is an inter-
pretive and hence qualitative process. 

9 Researching the complex social

 1 The term phase shift has a different status from the terms non-linear and threshold ffff
eff ect. The latter two are mathematical expressions describing the development of equa-ffff
tions or systems of equations. The former is a term from physics/physical chemistry 
describing the whole state of a real system. 

 2 As opposed to the fantasies of imaginary worlds based on constructed assertions with
no attempt to make those worlds isomorphic with reality.



268 Notes

 3 And of course the wholly ideological bilge which constitutes the frame of neo-classical
economic modelling has neither retroductive or predictive power. 

 4 And many of its proponents make a virtue of this limitation by endorsing a wholly 
micro-emergent account of the social. This has been discussed in Chapter 2.

 5 For example inspection reports such as those prepared by OFSTED for English schools
are qualitative documents supplemented by quantitative attribute information. These
are prepared for all schools and are based on repeated inspections so we actually have 
episodic accounts which enable the construction of trajectories of stability or change. 
This kind of material has enormous potential for policy oriented research. 

 6 The tools are not to any great degree analytical in the strict sense. Rather they are 
aids to systematic interpretation, although the establishment of new attributes has an 
analytical element. 

 7 Gadamer (2004) had of course developed the theme of phronesis as the mode of under-
standing appropriate for the human sciences at some length.

10 Complexity in disciplines and fieldsfi

 1 Primarily because there is a well developed sub-discipline of Philosophy of Education 
which has generally had a constructive impact on the ways in which social research is
actually done in Education. 

 2 Intersecting with each other and with management science/business studies.
 3 As opposed to the neo-classical orthodoxy. 
 4 It is interesting, if not unexpected, that many of the most prominent ideologues of 

neo-classical market supremacy, particularly those located in ultra conservative US
think tanks, at the same time are enthusiastic supporters of the rights of corporations to 
participate through funding in electoral politics. This contradiction bothers them not at
all and says a great deal about ideology and political power.

 5 In his chapter in Allen et al. (eds 2011) Hodgson does move explicitly into the complex-
ity debate and that chapter taken together with the chapter by Ormerod in the same
volume provides an excellent introduction to the state of the complexity debate in Eco-
nomics as a discipline. 

 6 It isn’t left at all in reality.
 7 This is not the case for the political science approaches to institutional theory and there

is a tradition in Economics which recognizes the importance of power. 
 8 The argument has equal force in relation to qualitative narratives collected using docu-

mentary sources but then interpreted through thematic approaches. 
 9 By the term ‘emergent attributes’ we mean attributes which we did not assign to our 

cases in advance of our interpretive examination of qualitative material relating to those
cases but rather attributes which we identify in that interpretive examination and then
assign to cases. 

10 And the requirements of discipline/fi eld-based research ranking exercises, one might fi
think.

11 The highly ideological and evidence free current of ‘the New Public Management’ has
sought to break down the barrier between the state and the market, largely in the inter-
ests of a simultaneous endorsement of the idiocies of neo-classical economic theory
and the material interests of corporate predators. 

12 This treatment entirely corresponds with Byrne’s (2002a) treatment of such measure-
ments as ‘traces’ of the trajectories of complex systems.

13 We will return to this important study in Chapter 11.
14 Not for us it hasn’t!
15 These are particularly clear expositions in relation to DeLanda and Deleuze’s  arguments.
16 And this despite being told to do exactly that by a visiting Professor from Cranfield infi

the UK who sounds very like Peter Allen and that is just what Allen always does assert.
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17 Defi ned by Ambrose Bierce in his fi Devil’s Dictionary as getting people to disagree with
a decision that has already been made.

18 The others were science itself and ‘new ageism’ which intersected with the business/
management related cultural circuit of capitalism.

19 Some private and, in the UK at least a number of Further Education Colleges which
have degree programmes.

20 Initially often with no change in staff!ffff
21 Although often this has in reality been a culture of maximizing monetary rewards of 

senior managers at the expense inter alia of shareholders!

11 Opening the social sciences

1 In a world where by 2050 the proportion of the human race who will be retired pension-
ers will exceed the proportion of who are children, the interface between health and 
social care systems is of critical significance.fi

 2 The Allies had just defeated a Nazi state in which medical expertise had been used in 
relation to programmes of mass extermination so those drafting the document had a 
pretty good idea of what they meant by social ill health!

3 We have seen across much of the world the disappearance of the asylum, that is the
giant mental hospital which separated the ‘mad’ from the rest of us, and its replacement
by a mix of supposedly curative short stay wards and community support. 

4 And when it works: the evolutionary response of micro-organisms has rendered many 
magic bullets ineffective over time. ffff

5 We owe much here to conversations with Professor Frances Griffi  ths of Warwick Uni-ffi
versity over many years.

 6 There is almost certainly a genetic contribution here but that will operate in interaction
with the other factors which are modifi able, unlike genetic makeup.fi

 7 Not just depression but even schizophrenia given the reactive character of the latter 
condition.

 8 This emphasis on interaction of causal elements across the life course is essential. The 
development of ‘personalized medicine’ is a positive move but the notion that 
the establishment of genomic liabilities is the absolute foundation of the ability to treat 
the individual patient is for most conditions absurd. Genomics can make important 
contributions in relation to drug sensitivity and targeted treatments for cancers but the
recent claim by the Regius Professor of Medicine at Oxford to the effect that we can ffff
understand schizophrenia through:

. . . revelatory work by scientists in Canada, which showed that in a group of peo-
ple with schizophrenia, all had diff erent genetic mutations in areas associated with
neurodevelopment. ‘We used to think this is a disease. What it probably means is
this isn’t a disease. Everybody who has got it has got a diff erent disease, but the 
mutations that produce the disease occur somewhere in those pathways associated 
with the development of the nervous system,’ he said, adding: ‘You won’t fi nd anyfi
psychiatrist who believes that story at the moment – there are lots of reasons why 
they don’t want to believe it – but the genetic data is quite compelling.’

(Bell quoted in The Guardian 4th December 2012)

 is simply nonsense. This revelatory research was based on a study of 14 patients and 
identifi ed 15 new mutations in eight of the patients when comparing their genomes with fi
the genomes of their parents. There was no examination for the presence of these
 mutations in non-schizophrenics in the general population so there is no evidence of 
a correlation of these genome variations with schizophrenia. Even if there was, then 
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correlation is not cause. It is quite extraordinary that a Professor of Medicine should be
so ignorant of basic principles in understanding scientific accounts of causation.fi

 9 And these were, as all administratively defi ned boundaries are, mutable in the light of fi
reorganization. So for example the Greater Manchester SHA was subsequently absorbed 
into the North West of England SHA.

10 They note that the resources in time and effort required for such an approach should not ffff
be underestimated!

11 Kernick has been closely associated with that understanding through his longstanding 
engagement with complexity-informed approaches to primary care.

12 Although by no means as much as it should have been.
13 See Byrne (2011b) and Byrne and Uprichard (2012) for a full account of why this is so,

although really if you have read this book this far it should be obvious.

Conclusion – Complexity and the social sciences

1 The ‘gene for’ programme in biological science has generated minimal results in terms
of consistent explanation and very little in the way of eff ective therapies, although theffff
establishment of relationships between genomes of individuals and the effectiveness of ffff
diff erent drug therapies does have real clinical potential.ffff

2 As the human species has become richer in resources than ever in human history, far 
from following the reproductive imperative of our selfi sh genes, we have adjusted our fi
behaviour to reduce our completed family sizes towards simple reproduction of the 
population or even less than that level. Of course this refl ects survival potential for our fl
children but most of us could aff ord to raise a much larger family in crude biological ffff
terms. What we cannot aff ord are the costs of giving a large family access to sociallyffff
adequate levels of education and life chance opportunities. And of course we, selfishfi
autonomous actors that we are, want some time for ourselves and our personal indul-
gences. All of this is agency.

3 Although the degree to which the revolutionary impact of his mode of reasoning for the
practice of science has been ignored by many who claim a Darwinian inheritance is 
shocking.

4 Many patients should be grateful for this epiphany. 
5 In some other fi elds, notably for example Engineering in the UK, the direction has beenfi

reversed with a history of part-time professional training on the job being very nearly 
eliminated by an insistence on university level full-time degree programmes as a 
pre-requisite for professional engineer status.

6 At least at our university, Durham, we are glad to say.
7 Although structure is a poor word here because it suggests stasis whereas what we are

dealing with has a fundamentally dynamic character. Socialsystem – an equivalent of 
ecosystem – seems to us a useful neologism.

8 Gramsci by the way pointed out that the apparent intellectual independence of the 
 traditional intellectual was illusory and that their situation always pointed them towards
acting in hegemonic interests. 

9 Randomized controlled trials (RCTs) are wholly useless for this purpose – think emer-
gence.

10 The shipping container made possible very cheap long distance transport of finished fi
goods as opposed to bulk cargoes. It is the iconic enabler of globalization of manufac-
turing production. The computer is one of, but not the only, bases on which general 
manufacturing productivity has increased dramatically with a reduction in the amount
of labour required to produce commodities.

11 Capitalism is always a highly dynamic system characterized by constant change – 
Schumpeter’s creative destruction. However, there are points where there is a change in
quality. We might say that capitalism like the global ecology develops through periods
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of punctuated equilibria. Crisis is the period of transformation, of change of kind. So
far since the transformation of Western feudalism into capitalism and the global exten-
sion of that system, these changes have been changes of kind within a capitalist social
order. The possibility exists of course of transformations of capitalism into something
radically different.ffff

12 See Crouch (2011) for an excellent account of the nature of the present.
13 Being descendants of the poor famine Irish emigration to the UK gives us an entitled 

take on post-colonialism which allows for a degree of scepticism in relation to some of 
its wilder claims. 

14 Byrne is a member of the Green Party of England and Wales and its green left tendency.
15 Including most bizarrely representatives of the tax avoidance industry on the Board of 

HMRC, the major tax collecting agency.
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