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CHAPTER 13

Social Science as the Study of Complex Systems

David L. Harvey and Michael Reed

Despite three decades of development in the physical sciences, the social
sciences are only now coming to grips with deterministic chaos and its world-
view. Several explanations have been given for this hesitance. Positivists,
appealing to Comtean doctrine, conceptualize the sciences as constituting a
developmental hierarchy. Mathematics, physics, and astronomy, envisioned
as the most mature of the sciences, are at the top of this hierarchy, while the
immature social sciences are situated on the bottom rungs. Given their relative
youth, it is only natural, from the positivists’ perspective, for the social
sciences to master scientific advances at a slower rate than their elders. After
ali, they do not yet possess the mathematical or technical sophistication of the
older sciences and are not prepared, therefore, to take advantage of their most
recent innovations.

A second and more practical account of this scientific lag appeals to the
formidable mathematics of deterministic chaos theory. It claims that only a
handful of applied mathematicians working within the social sciences are
capable of fully grasping the fundaments of the new science. Since these
scholars stand on the margins of the human sciences, it is no wonder that the
chaos paradigm has made little headway in these disciplines.

A third and final interpretation of the slow reception of chaos theory into
the social sciences underscores the fact that in the last thirty years science
itself has become déclassé in many circles. The cultural revolution of the
sixties identified science with the repressive and dehumanizing tendencies of
modernism. Influenced by this radical humanism, many social scientists re-
jected quantification with a vengeance and have opted for a hermeneutic
method in their research. In the process, they have steadily retreated into the
deconstruction of texts, or into the study of postmodern and postindustrial
mentalités.

As is often the case, none of these accounts can be fully refuted. Positiv-
ists defend their position by citing a long history of the social sciences
borrowing from the physical sciences. They have trouble explaining, how-

295



L. Douglas Kiel and kEuel Elliott, Editors
http://lwww.press.umich.edultitleDetailDesc.do?id=14623
The University of Michigan Press, 1996

296 Chaos Theory in the Social Sciences

ever, why chaos scholars reject the classical paradigm of Newtonian science,
and actually seek the company of humanists when exploring the full implica-
tions of the new science of chaos. Similarly, those who cite the intimidation of
mathematics ignore the significant headway chaos theory has already made in
econometrics and in urban ecology. And, finally, those underscoring the re-
cent antimodernist drift in the social sciences fail to realize that chaos theory
has its cultural roots in the revolutionary sixties (Gleick 1987; Loye and Eisler
1987) and that the theory—at least in its more popular renderings-—has even
been used to justify the subjectivism and antirationalism of the postmodernists
(Young 1991).

While all three positions give credible accounts of chaos theory’s slow
penetration into the social sciences, all ignore a fundamental ideological
problem that often emerges when a new methodenstreit erupts. Most parties to
such debates implicitly assume that there is only one social science and only
one scientific method. This paper challenges this monological assumption and
argues that no single method can fully appropriate the manifold complexity of
social life. It suggests, instead, that social scientists have a plurality of
methods from which to choose when they research a subject, and it is their
responsibility to select the one method that best fits the ontological contours of
the problem they are studying. Hence, asking why the social sciences are
slower than the physical sciences in adopting the deterministic chaos para-
digm, or why sociology, anthropology, and the cultural sciences are lagging
behind econometrics and social ecology misses the mark. What should be
asked, first, is whether the social phenomenon a scientist chooses to investi-
gate imposes ontological limits on the methods he or she can employ.

In this essay we will take up this latter question. We will explore the
circumstances under which research strategies employing the deterministic
chaos paradigm can and cannot be deployed in the human sciences. In particu-
lar, we will look at how the ontological structure of institutional life restricts
when and where a given method can be applied. In exploring these issues, we
will steer a course midway between those positivists who would use chaos
theory to revivify an exhausted scientism and those postmodernists who reject
quantification “on principle.” Our middle course is grounded in the philosoph-
ical work of the British philosopher Roy Bhaskar (1978, 1989a, 1989b).
Bhaskar’s philosophy advocates a realist ontology and a modified scientific
naturalism in the area of epistemology. As we will show, Bhaskar’s “critical
naturalism™ is especially sensitive to the differences between the world of
nature and the social realm. It is this sensitivity to the structural differences
that exist in the world that allows us to wed Bhaskar’s realist ontology and
epistemology to a dissipative systems approach. Such a wedding, we believe,
can give rise to a new social scientific worldview—one grounded in the
axioms of deterministic chaos, and which is cognizant of the profound differ-
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ences separating the social world from that of nature. Such a dynamic realism
is capable of sustaining the particularity and plurality of the social world while
preserving rational canons of scientific understanding.

Any hope we have of realizing this new social scientific worldview is
tempered, however, by our realization that the ontological structure of social
phenomena places objective limits upon the types of methods that can be
legitimately deployed when studying the social realm. Hence, the naturalism
we advocate demands social scientists employ a methodological pluralism
when studying institutional life from a dissipative systems perspective. In line
with these reservations, we make two assumptions. First, with the notable
exceptions of its judicious application in such areas as demography, social
ecology, and urban place theory, the simple incorporation of the deterministic
chaos paradigm into social scientific research will prove nugatory. Second, if
the actual mathematical models of deterministic chaos and the concrete find-
ings of the physical sciences have limited value in their direct application to
the social sciences, they can still provide a rich heuristic base from which
social scientists can work.

Our vehicle for exploring these theses is a matrix that matches modeling
strategies used in the social sciences with the different ontological levels that
characterize social systems. The matrix is constructed in three steps. We begin
by identifying six modeling strategies currently used in the social sciences:
(1) predictive models patterned after the methods of classical mechanics;
(2) statistical models commonly employed in the social sciences; (3) icon-
ological models recently developed by mathematical chaos theoreticians;
(4) structural models popular in contemporary anthropology and sociology;
(5) ideal type models utilized in comparative economics and sociology; and,
finally, (6) historiographical models that concentrate on the ideographic
description of temporally ordered concrete events. The second step in con-
structing the matrix focuses upon the development of a framework that reflects
the ontological stratification of the social world. Borrowing from Kenneth
Boulding’s (1968, 3-10) work on hierarchies of complexity and Neil J.
Smelser’s (1963, 1-46) reading of Parsonsian systems theory (Parsons 1961),
we develop a model of nested social system hierarchies that emphasizes their
ontologically layered nature. This conception of social systems sees them as
consisting of emergent layers that are ontologically distinct and irreducible.
The third and final step in this process is the construction of the matrix itself.
After completing the matrix, we illustrate its use by assessing the relative
efficacy of each of the six strategies for studying chaos.

We make no exaggerated claims for this matrix or for the resulting
typology. Ours is a first effort, and like all initial formulations it invites
comment and revision. Rather than presenting a finished product, we offer the
matrix as a tentative first statement to be tested and revised in practice.
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Moreover, our perspective is grounded in the assumption that a simultaneous
convergence in several scientific fields is occurring around the new chaos
paradigm (Reed and Harvey 1992).

Before presenting the matrix proper, however, we must briefly describe
the philosophical foundation of our project, beginning with a discussion of
Bhaskar’s critical realist perspective. We then examine the dissipative systems
perspective (Prigogine 1980; Prigogine and Allen 1982; Prigogine and Sten-
gers 1984) that is at the heart of our modeling/ontology matrix. Finally, we
take up the problem of social ontology, and in doing so move to the presenta-
tion of the matrix itself.

Philosophical Assumptions

Bhaskar’s critical realism begins with an immanent critique of scientific
method and scientific findings. That is, in order to philosophically explore the
ontological foundations of the world, he assumes that the methods and find-
ings of science are essentially correct. Working from this presupposition he
then asks what the ontological structure of the real world must be in order for
science to sustain its truth claims. In this way he moves quite logically
from questions of scientific method, per se—how scientific knowledge is
produced—to philosophical inquiry into the structures that underlie and orga-
nize the visible world.

What are the results of Bhaskar’s immanent critique? First, science and
its findings, despite the claims of some of its apologists, is a human product
and bears the same indelible markings as all else that is produced by human
hands. Like other human endeavors, science is a historically open and contin-
ually evolving enterprise. It has an ideological dimension, and its practices
and findings reflect the cultural commitments of the society that houses and
nourishes it. To this extent, science is a historically conditioned, transitive
activity. But if that were all there was to science, it would be indistinguishable
from other ideological systems. Critical realism assumes that there is more to
science than this, and it distances science from simple ideologies by insisting
upon the obdurate nature of the real world. For critical realism, science is
anchored in an intransitive domain, in a world whose autonomous constitution
stands independent of the knowing subject and his or her parochial interests. It
is the intransitive nature of science’s object that prevents its full incorporation
into the partial ideologies that constitute a society’s belief system. Because of
this anchoring in the external world, and the constraints that follow from that
anchoring, scientific findings cannot be dismissed out of hand as mere self-
interested assertions.

The affirmation of science’s intransitive object serves as a grounding for
the second result of Bhaskar’s immanent critique. He then begins a dissection
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of the interior of that object by examining the commonplace observation that
knowledge, especially in the physical sciences, possesses a cumulative, often
progressive, nature. That is, the findings of the physical sciences seem to
build upon one another and to form a more or less irreversible compilation of
factual knowledge about the structure and functioning of the world. Working
from these mundane observations, Bhaskar deduces a second set of ontologi-
cal propositions about the world. Science’s cumulative laying up of knowl-
edge from one generation to the next proceeds by progressively stripping
away layer after nested layer of reality. With each new advance, science
probes deeper into nature and uncovers ever more fundamental levels of
physical reality. If scientific knowledge has this cumulative structure, then
reality itself, Bhaskar argues, must be organized in a similar fashion.

Moreover, this ontological layering forms a hierarchy of open, nested
structures so that, as science penetrates each new layer, it discovers the
ontological base of those entities and structures it has previously uncovered.
For example, as science has penetrated deeper into the structure of matter, the
perspectives of, first, classical physics, and then molecular chemistry, gave
way to quantum mechanics and the study of the subatomic world. Upon
deeper probing, quantum mechanics yielded to particle physics and the subse-
quent explosion of a myriad of even more fundamental structures of matter. In
the last two decades, the study of these fundamental particles exposed a new
stratum of the world—the curiously constrained universe of colored and
flavored quarks. At each step new levels of material reality emerged, only to be
displaced by even more fundamental entities and processes. Hence, the his-
tory of physics and chemistry in this century and the last attests to the hier-
archical and nested structure of physical reality. The world is composed of
layers of matter emergently related and nested one within another. And this
ontological deepening of reality parallels the evolution of modemn science.
The metaphor of peeling away successive layers of an onion is appropriate for
describing this process. Moreover, whether we are talking about the world of
matter or the world of social systems, this ontological nesting of irreducible
layers seems to apply with equal force.

This hierarchical ordering of disjunctive layers is held together by
loosely bounded processes of determination and overdetermination, thus
forming a multilevel system. If this system did not exist, even in a loosely
formed state, there could be no coherent body of scientific knowledge, and
certainly no common ground for communication between the various sci-
ences. This point has been made by P. A. Anderson (1972). He argues the
existing scientific division of labor points to an ontologically layered uni-
verse, not unlike the one Bhaskar assumes. Running the gamut from elemen-
tary particles to social structures, Anderson suggests that each layer of reality
is structurally unique, operates according to its own laws, and demands its
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own investigative protocols. In explaining the origin of these various levels,
Anderson underscores the role played by broken symmetries. Symmetry-
breaking mechanisms provide the ontological foundations for the emergence
of new levels of reality from established levels. Symmetry breaking allows
each new ontological level to organize itself around its own set of irreducible
principles. Since different principles regulate the activities of each level, no
level is reducible to those from which they have emerged. The resultant
pyramiding complexities produced by the geometry of broken symmetries is
the source, therefore, of our ever-deepening modern division of scientific labor.

Thus, Anderson explains and then schematizes this irreducible relation be-
tween the various sciences and their ontologically unique objects as follows:

The behavior of large and complex aggregates of elementary particies, it
turns out, is not to be understood in terms of a simple extrapolation of the
properties of a few particles. Instead, at each level of complexity entirely
new properties appear, and the understanding of the new behaviors re-
quires research which I think is as fundamental in its nature as any other.
That is, it seems to me that one may array the sciences roughly linearly in
a hierarchy according to the idea: The elementary entities of science X
obey the laws of science Y.

X Y
solid state or many-body physics elementary particle physics
chemistry many-body physics
molecular biology chemistry
cell biology molecular biology
psychology physiology
social sciences psychology

But this hierarchy does not imply that science X is “just applied Y.” At
each stage entirely new laws, concepts, and generalizations are neces-
sary, requiring inspiration and creativity to just as great a degree as in the
previous one. Psychology is not applied biology, nor is biology applied
chemistry. (Anderson 1972, 393)

Combining Bhaskar’s a priori deductions and Anderson’s supporting
remarks, we can sum up the philosophical ontology employed in this paper by
listing five fundamental assumptions concerning the ontological structure of
the everyday world: (1) the world is real in the sense that it exists and operates
independently of our knowledge of it; (2) the world is ontologically layered,
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that is, it is made up of structurally irreducible levels that form a loosely
organized hierarchical system; (3) while not specified by Bhaskar, there is
strong scientific evidence that symmetry breaking is central to producing this
stratified complexity; (4) the progressive accumulation of scientific knowl-
edge points to an irreversible time frame through which the world develops;
and (5) the emergence of one layer from another suggests that the world is an
open, evolving entity.

implications of Critical Realism
for Social Scientific Method

The above ontology entails certain methodological principles as well. From
critical realism’s perspective, there is the real world and what we say about
that world. Contrary to idealist epistemologies, our statements about the
structure of the world are not the world as such, and the two must never be
confused. By the same token, the empirical appearance of reality should never
be mistaken for those generative structures and mechanisms whose powers
and limitations actually produce the world of appearance. While experience
can often be the point of departure for scientific inquiry, empirical presence
alone cannot give us access to the lawful structures that produce those appear-
ances. To penetrate to that more fundamental substratum of causal forces,
more than controlled observation is required. Just as Kant rejected Hume’s
empiricism, so critical realism rejects the claim that the experimental method,
in and of itself, can provide logically feasible laws. Causal explanations
derived from empirical evidence are necessary, but never sufficient, for
the identification of lawlike principles. The same assertion holds equally
for social scientific surveys, demographic analyses, or participant observer
studies. The empirical world can reflect, but never give us direct access to the
causal mechanisms of reality.

Bhaskar is by no means among the first to argue against the idea that
classical prediction is the final arbiter for establishing scientific truth claims.
He has, however, contributed significantly to our philosophical understanding
of this problem by providing an ontological framework that establishes the
limits of predictive validity in open evolving systems. The universal claims of
prediction in such systems had already been seriously challenged by quantum
theory early in this century (Peitgen, Jirgens, and Saupe 1992, 11-14).
Heisenberg’s uncertainty principle denied that scientists could ascertain a
dynamic system’s initial conditions at the subatomic level. It was impossible
to measure simultaneously and with equal precision a particle’s position and
its momentum. As a result, classical mechanics’ ciaim that given any system’s
position, momentum, and the dynamic laws, it could predict the system’s
future state was denied.! By the midsixties, chaos theory had further limited
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the range of classical causation’s explanatory scope. By then, the science of
nonlinear dynamics had demonstrated that even if a scientist could pinpoint a
nonlinear system’s initial conditions, there were many instances in which
precise forecasting of future behavior was all but impossible. Only under the
constraints of certain Lyapunov-specific conditions and with the application of
various renormalizing techniques could chaotic systems be analyzed—and
even then only under the most restrictive of circumstances (Wolf 1986;
Peitgen, Jirgens, and Saupe 1992, 509-20, 709-20).

Dissipative Social Systems

Following Bhaskar’s logic, what is now needed is a scientific worldview
capable of filling in the philosophical gaps. Such a worldview is already at
hand, we believe, in the science of nonequilibrium thermodynamics. This
new science studies dissipative systems. Dissipative systems embrace a wide
variety of chaotically driven systems: cross-catalytic chemical processes that
often seem to imitate life itself; physically and biologically constituted evolu-
tionary systems; and, as we will see in the next section, social systems.

Dissipative systems, first and foremost, are natural systems. They are
materially and thermodynamically constituted entities. This means their inter-
nal structuration and development, as well as the processes by which they are
born, evolve, and die, are regulated by transfers of energy from their immedi-
ate environment. The most important feature of the thermodynamic com-
position of dissipative systems is their negentropic potentiality. Negentropy,
or negative entropy, and its opposite, positive entropy, are irreversible
thermodynamic processes. Positive entropy refers to the universal tendency of
thermodynamic structures to evolve irreversibly toward a stage of maximum
disorder called thermodynamic equilibrium. The most effective measure of
this increasing disorder is the progressive degradation of the system’s internal
structure. Thus, by the time thermal equilibrium is reached, the energy mak-
ing up the system has been smoothly and equiprobably distributed throughout
its boundaries.

Thermal equilibrium was long thought to be the fate of all living things
and, indeed, of the universe itseif. In fact, the idea of thermal equilibrium
became a controversial staple of popular culture in the late nineteenth century
as speculation arose concerning the eventual “heat death” of the universe. In
the last few decades, however, research into systems ordered by negentropic
processes has changed our ideas about irreversible thermodynamic processes
and the role they play in a wide range of evolutionary phenomena. Ne-
gentropy, unlike positive entropy, occurs in a limited set of circumstances, but
when it does occur its ramifications are profound. As the name implies,
negentropy represents a tendency that runs counter to that of positive entropy,



L. Douglas Kiel and kEuel Elliott, Editors
http://lwww.press.umich.edultitleDetailDesc.do?id=14623
The University of Michigan Press, 1996

Social Science as the Study of Complex Systems 303

in that systems in which it is produced are capable of forestalling their descent
toward thermal equilibriom. Negentropic processes are, therefore, the mate-
rial foundations for the growth and evolution of thermodynamic systems.
They enable dissipative systems, via internal metabolic mechanisms, to trans-
form free environmental energy into increasingly more complex structuration.

But for dissipative systems to sustain their growth, they must not only
increase their negentropic potential, they must aiso eliminate the positive
entropy that naturally accumulates over time and that degrades the system’s
internal structuring. That is, as dissipative systems grow and become more
complex internally, the price of their increasing structural complexity is mea-
sured in terms of their rising levels of positive entropy. The latter is a natural
waste by-product of the process by which dissipative systems develop. If
allowed to accumulate over time, positive entropy will eventually nullify the
system’s tendency toward increasing differentiation and will move the system
toward thermal equilibrium. Negentropic systems must, therefore, develop a
means of eliminating their accumulated positive entropy. This is usually
achieved by the system transporting its waste energy to its immediate environ-
ment.

For this reason, any long-lived dissipative system must fulfill two pre-
requisites if it is to persist: (1) it must be able to convert free environmental
energy into ever more elaborate forms of internal structuration; and (2) it must
transport thermal disorder into the environment. Dissipative systems are thus
characterized by a dynamic tension between their ability to accumulate ne-
gentropy and their need to transfer their positive entropy into the environ-
ment. If they can sustain this tension, then under proper circumstances they
can achieve a state of net negative entropy and persist. If they cannot, they
will evolve to a state of thermodynamic equilibrium. On the basis of their
ability to achieve or not achieve a state of net negative entropy, then, we can
analytically partition thermodynamic systems into two sets: those dissipative
systems that are capable of sustaining their internal growth and those evolving
toward a state of thermal equilibrium.

Because dissipative systems can increase their negative entropy, they are
capable of evolution. Two of their properties, in particular, allow this to occur.
First, dissipative systems are peripatetic in the sense that they constantly seek
new organizational states. Second, dissipative systems are capable of achiev-
ing a far-from-equilibrium state that allows them to move to reference states
so distant from thermal equilibrium they can transform themselves into more
complex entities. Both properties, internal peripatetic boundary testing and
far-from-equilibrium dynamics, are sources of instability and, hence, of po-
tential change. When these two instabilities combine, they give dissipative
systems an evolutionary potential that differentiates them from other forms of
organization. Let us see how this is done.
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The internal source of a dissipative system’s instability resides in its
boundary-testing propensities. That is, dissipative systems are constantly try-
ing to transform themselves—moving away from their present point of equi-
poise to some alternative state. More often than not, however, this boundary
testing goes for naught since the environment fails to provide a sufficient
energetic base to sustain an evolutionary transformation. Periodically, how-
ever, this internal boundary testing coincides with a sudden, sustained in-
crease in environmental energy. Readied to change by internal boundary
testing and suddenly perturbed by an environmental flux, the far-from-
equilibrium potential of the system can destabilize it, force it to abandon its
previous reference state, and begin to evolve to a new configuration.

This evolutionary process begins with the appearance of bifurcational
behavior, that is, a fluctuating behavior that sends the system into an oscillat-
ing movement between two or more new points of possible equilibrium. This
cyclic oscillation indicates the dissipative system in question has destabilized
and entered a chaotic phase. At this point one of two things can happen: the
system can remain chaotic, oscillate ever more rapidly, and eventually destroy
itself, or the fluctuation will dampen as the system settles into a new configu-
ration. When this happens, we speak of the dissipative system as having
evolved: it has reorganized itself around a new reference point from which it
will once again begin its peripatetic boundary-testing behavior. This testing
will continue until a new perturbation of sufficient force occurs, and a new
conjunction of internal and external conditions once again pushes the system
into a new evolutionary trajectory.

Dissipative systems are, hence, chaotically structured, far-from-equilibrium
entities. Their evolution proceeds from two crucial preconditions. First, dis-
sipative systems exhibit what is called a sensitive dependence on initial condi-
tions, a property that is a cardinal indicator of chaotic structures (Ruelle 1990;
Devaney 1989, 44-53). As we have seen above, the evolution of dissipative
systems requires a coincidence of internal boundary testing and external per-
turbations to push it into a new evolutionary path. If this flux were to impinge
on the far-from-equilibrium system either a moment sooner or a moment later,
this lag or acceleration could either suppress a possible evolutionary tendency
or accelerate it, sending the system into a path it might otherwise not have
followed.

This sensitive dependence on initial conditions is a key indicator of
deterministic chaos. Its dynamic presence is a major reason why evolving
systems rooted in the cyclical and self-feeding dynamics of deterministic
chaos are unpredictable. It is noteworthy, therefore, that with the concept of
sensitive dependence on initial conditions we find a major point of conjunc-
ture between our philosophical ontology and the scientific ontology of dissipa-
tive systems.
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A similar convergence holds for the second crucial precondition—the
process of symmetry breaking. To say that far-from-equilibrium systems
evolve, and that they do so through symmetry-breaking processes, is to state
the same fact at two different levels of abstraction. At the first level, symmetry
breaking indicates the crucial fact that far-from-equilibrium systems are not
conservative entities. To understand what this means, let us imagine that the
normal growth and evolution of a system takes place in an n-dimensional
space. We will call this space, for simplicity’s sake, a phase space. This phase
space can be visualized as being structured by such dimensions as time and
space coordinates, the degree of its internal complexity, the nature of the
cycles governing the internal dynamics of the system, and the total environ-
mental energy available to the system. A system is conservative when any
evolution it undergoes takes place within the existing parameters of its phase
space. The growth of conservative systems preserves the dimensionality of its
phase space.

In that far-from-equilibrium systems are not conservative constellations,
they do not preserve their phase space during their evolution. Instead, dissipa-
tive systems in a far-from-equilibrium state are predicated upon bifurcational
processes in which new dimensionalities emerge to foster change. Put another
way, when a system’s evolution requires the breaking of old symmetries as a
conditio sine qua non for pursuing its own far-from-equilibrium path, then it
is not enough to speak just of the evolution of an individual system; we must
also recognize a second, global process—the evolution of evolution itself.
This second evolution is the concrete condition that separates the evolution of
far-from-equilibrium systems from all other forms of change. The evolution of
evolutionary space allows us not only to differentiate between the evolution
of the physical universe, molecular evolution, the evolutionary emergence of
new species, and, finally, the evolution of dissipative social systems; it also
reminds us that each different form of evolution represents discrete moments
of the same self-organizing, evolutionary process that categorically unites all
dissipative systems into a meaningful category.

Social Ontology: The Structure of Dissipative
Social Systems

Dissipative social systems are a subset of dissipative systems. This means
much of what is said of natural dissipative systems is also true of dissipative
social systems. Hence, dissipative social systems have many of the charac-
teristics of natural entities, and, like them, they are grounded in the material
world. Consequently, any paradigm that studies dissipative social systems
must begin with an accounting of the economic and ecological components
that mediate between societies and their natural milieu. This does not mean,
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however, that an ecological approach to the study of dissipative social systems
is a warrant for ignoring those symbolically constituted elements that com-
pose a society’s culture, nor does it entail the reduction of the cultural domain
to the material processes and interests that gave rise to it. It can be demon-
strated, in fact, that cultural systems, as linguistically mediated, symbolic
constellations, have many of the same dissipative traits as the human commu-
nities that produced them. There is nothing in a materialist, dissipative sys-
tems paradigm, then, to prevent us from dealing forthrightly with cultural
phenomena.

In addition to their material constitution, dissipative social systems dis-
play far-from-equilibrium behavior. That is, their evolution is chaotically
driven and is sensitive to initial conditions. Further, the structure of dissipa-
tive social systems is generated by symmetry-breaking mechanisms, and is,
consequently, ontologically layered. These evolutionary properties establish
the foundations for the historicity of dissipative social systems. Hence, any
ecological or cultural analysis of institutional life must take into account both
the origins and the developmental history of the entities and events under
investigation.

When these attributes are gathered together and applied to the study of
society, a portrait of dissipative social systems emerges that presents us with
the image of an inherently historical entity whose evolution is driven as much
by internal instability as by external perturbation. Moreover, the grounding of
dissipative social systems in nature and in the dynamics of deterministic chaos
demands a materialist interpretation of dissipative social systems not unlike
that developed by critical Marxism.

Despite their commonalities, however, there are important differences
separating dissipative social systems from their physically constituted counter-
parts. Most of these differences hinge on the fact that societies and their
institutional activities are constructed by the collective action of human be-
ings, and, thus, are profoundly influenced by the way in which humans
subjectively define themselves and their actions. This fundamental difference
has already been expressed in Bhaskar’s critical naturalist paradigm, for when
he describes society and its functions he underscores the “wild card” nature of
human beings and their innovative abilities. This same exceptionality has long
been recognized in dissipative systems theory, and can be neatly inserted into
the paradigm advocated by Prigogine and the Brussels School (Prigogine and
Stengers 1984; Nicolis and Prigogine 1989).

Thus, as long as the existence and impact of this wild card on institutional
life is kept in the forefront of one’s analysis, it is possible to assume that
dissipative social systems can be studied in a manner similar to the study of
natural dissipative systems. Failure to recognize the indeterminate aspect of
human nature, however, will result in that reification that is so common in
positivist and behaviorist interpretations of social life (see Bhaskar 1989a, 38).
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Having specified our metatheoretical premises, we can now describe how we
constructed the modeling/ontology matrix. The matrix is displayed in figure
13.1. Its six columns, labeled “Levels of Modeling Abstraction,” cover a
wide range of techniques currently in use in the social sciences. Starting with
predictive models, these strategies are ordered so that as one moves from left
to right there is a decreasing tendency for the strategy in question to produce
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lawlike, scientific propositions. Conversely, moving in the opposite direction,
one moves from modeling strategies designed to understand particular people
and events to those that formulate abstract, general propositions. Hence,
nomothetic methods occupy the left half of the matrix, while ideographic
methods populate the right. It should be emphasized from the start, however,
that our ability to locate these various modeling strategies on a continuum,
should not obscure the fact that there are radical differences between these
strategies. As we will point out later, we encounter several epistemological
breaks as we move along this abstraction dimension.

The fourteen rows of the matrix are organized from bottom to top in
terms of increasing ontological complexity. As noted in the introduction to
this chapter, this ontological array has been constructed using the works of
Kenneth Boulding (1968, 3-10) and Neil J. Smelser (1963, 1-46). Rows one
through four of the matrix are adaptations of Boulding’s original work, while
rows 5 through 12 are adapted from Smelser and used to elaborate upon the
“undeveloped upper end,” so to speak, of Boulding’s grand ontological
scheme. Similarly, Boulding’s typology is used to specify more precisely
those ontological levels to which structural-functional analysis has tradi-
tionally given short shift, that is, the sociotechnical and ecological founda-
tions of the social system. Hence, the natural and biological milieu in which
dissipative social systems operate occupies the lower rungs of the hierarchy.
The ecological and sociotechnical spheres of social life mediating between
society and its natural environment come next, and, moving up the hierarchy,
we encounter the institutionalized systems of resource distribution, social
organization, and moral evaluation. At the top of the hierarchy are the general
regulatory processes that structure modern socicties and their evolution. In
this context, class conflict and social evolution are not ontological levels, but
dynamic processes that drive the evolution of the social system as a whole.

As noted earlier, the ontological levels represented in the row structure of
the matrix are systemically integrated. Lower levels form the loose founda-
tions and conditions by which higher levels emerge and operate. Concomi-
tantly, the higher levels, once established, feed back upon and delimit the
operation of those levels that undergird their very existence. We will not,
however, dwell for long on the dynamic integration of this hierarchy, since we
are more interested in them as static configurations and in the way the struc-
ture of these configurations brackets the scientist’s choice of method.

Finally, the last feature of the matrix is the shaded cells running diag-
onally from the lower left-hand corner to the upper right-hand corner. These
cells are hypothesized areas of optimum fit between modeling strategies and
the different ontological levels of dissipative social systems, while those
projects falling on either side of the diagonal are seen as analytically problem-
atic. We will take up the interpretation of these areas in more detail later on.
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We have been careful in this chapter to distinguish between deterministic
chaos theory and the modeling techniques actually used to study chaotic
phenomena. Models, as opposed to theories, are well-formed metaphors and
analogies. They do not claim to express the truth of the world, but merely to
provide heuristic insights. While theories claim to actually explain reality,
models are only partial, fictitious constructions. They speak a language of “as
if,” not “what is.” But if models can make few explanatory claims, they are
rich in the conceptual materials upon which they can draw and are freer to
organize those materials in a manifold of different directions (Lloyd 1986,
124-37; Bhaskar 1978, 143-63). Unconstrained by a formally operationist
logic or the presuppositions of a well-articulated paradigm the way theories
are, modeling freely participates in acts of imagination to produce a wide
range of alternative insights to old problems.

These are fairly standard observations concerning models and their gen-
eral scientific functioning. Kaplan (1964) has taken these observations a step
further. He claims models have as their basic focus the mapping of formal
similarities and the establishment of strict isomorphisms between systems.
According to Kaplan, once these isomorphic similarities are established, the
goal of modeling is to map specific structurai correspondences between two or
more systems (Kaplan 1964).

There are several ways to establish these correspondences in the social
sciences. The column structure of figure 13.1 lists what we believe to be the
major families of modeling strategies. Predictive modelis are the most famil-
iar, for they have been procedural paragons in the social sciences for almost
two hundred years. As noted above, this strategy is being eclipsed due to
discoveries that have been made both by quantum theorists and by chaos
researchers. Its insistence that the test of a theory is its ability to make long-
term predictions is not compatible with the dynamics of dissipative systems,
and should be handled gingerly by all those engaged in chaos research. The
second family of models depicted in our matrix is statistical modeling. It
focuses on fitting data to a set of mathematical curves. Here the criterion of
adequacy is not prediction of a system’s future state, but the post hoc close-
ness of fit a researcher can forge between longitudinal data and a given
mathematical function.

While predictive and statistical models are well established in the social
sciences, a third modeling strategy, iconological modeling, is only now com-
ing into its own. It represents a radical epistemological break in the type of
knowledge it provides to researchers. Iconological modeling is rooted in a
pictorial method, in visual correspondences rather than in deductive reason-
ing. Iconological modeling is a recent innovation, originating in the iterative
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mapping of complex systems of equations—such as the nonlinear differential
equations that generate the quadratic iterator, or the so-called strange attrac-
tors. Iconological mapping arose in large part as a necessary response to the
complexity of the patterns generated by the iterative analysis of these equa-
tions. Their evolution becomes so complex, so rapidly, that they overwhelm
human comprehension. Thus, graphical techniques assist the researcher in
visually tracing the chaotic trajectories of these iterative systems. Indeed,
Gregerson and Sailer (1993) suggest this form of modeling would have been
all but impossible three decades ago, for much of the computer know-how had
not yet been perfected to achieve such graphics. Thus they note:

Much of the research performed on chaotic systems in the physical and
biological sciences has benefitted from visual representations of chaotic
behavior using high-powered computers with advanced graphic capa-
bilities. . . . In order to better understand chaos, it is useful to have a
way to produce a visual representation (derived from mathematical
models) of chaotic behavior. (Gregerson and Sailer 1993, 783-84)

Iconological modeling thus represents a break with earlier modeling strategies
and has been made possible by recent technical progress. Its novelty, how-
ever, resides in the priority it gives to the visual over the analytic. In philo-
sophical terms, we could say that in iconological modeling the gaze is more
important than deductive logic in grasping the evolution of a chaotic structure.
There is something refreshing yet discomfiting about this almost ad hoc exper-
imental approach. While the iconoclastic style of those engaged in this form
of modeling may be a remnant from the sixties, there is something new and
significant here that was not possible in the past.

The term we have chosen to describe this modeling strategy has been
borrowed from the Renaissance art historian Erwin Panofsky (1972, 3-31).
Iconological analysis, according to Panofsky, is preeminently visual and phe-
nomenological in its exercise. It employs various levels of interpretive an-
alyses that range from the recognition of simple visual forms to attempts to
capture the weltanschauung of an epoch. More precisely, iconology is the
interpretive study of aesthetic objects—their visual style and presence, their
formal structure, the cultural symbolism employed in their construction, and
the social forces and personalities that produced them. The uniqueness of the
iconological method lies in its ability to recognize how an aesthetic object’s
phenomenal appearance can communicate all aspects of itself, and the ways in
which they express those different aspects. In a real sense, Panofsky’s aes-
thetic epistemology parallels the phenomenological and analytic process the
scientist uses when trying to interpret the meanings of the graphic images
whose unfolding maps the chaotic evolution of a system.



L. Douglas Kiel and kEuel Elliott, Editors
http://lwww.press.umich.edultitleDetailDesc.do?id=14623
The University of Michigan Press, 1996

Social Science as the Study of Complex Systems 31t

As we move to our fourth family of research strategies, structural model-
ing, we encounter a second radical break. With structural modeling we meet a
strategy that in articulating and testing its results largely discounts the evi-
dence of the senses in favor of purely formal analysis. Structuralism holds that
the truth of the world, including that which is presented by deterministic
chaos, can be captured by axiomatic analysis alone. That is, Platonic-like
intuitions are sufficient to grasp the truth of models constructed using axiom-
atic methods. Such refined intuitions guide the researcher past empirically
based deceptions and pitfalls, and are able to immediately grasp the structural
essence of the object itself. This ultra-idealism is given its classic statement
by Thom (1983) when he argues against those statistical analyses of chaos that
begin and end with empirical reality. Thom believes that to understand chaos,
one must not reify the empirical patterns themselves, but unearth the “simple
mathematical forms” of which they are composed. Employing an ontology
that echoes Plato’s vision of the world as being structured by a concatenation
of ideal geometric forms, Thom writes:

Here I am a Platonist: we forever see only the shadows of things, and, it
is necessary for us to go beyond the cavern’s wall . . . , hence to imagine
a reality of that space beyond, projecting itself on observed phenomenol-
ogy. . . . Replace the complicated visible by the simple invisible: . . . it
is also necessary to think of simple mathematical forms which generate
complicated empirical datum. (Thom 1983, 80)

This faith in the ability of mathematics to penetrate to the very core of
our world is not new. It has been with us almost as long as the species has
been engaged in speculative reasoning. In modern times, since the Renais-
sance and the age of Newton, and into the present, there has been a cult whose
professions of faith in the power of mathematics have been profound. One of
the most touching of these bears a mystical awe that is hard to find in an age of
opportunism and high-profile cynicism such as ours. Thus, Nick Herbert
quotes the physicist Eugene Wigner in discussing mathematics and its relation
to the real world.

In the seventeenth century Galileo, Newton, and the other natural
philosophers discovered that an enormous body of physical facts could
be encompassed in a few mathematical formulas. For instance with only
three mathematical laws Newton could explain all motion in heaven and
on earth. Why should mathematics, developed primarily to keep track of
human business transactions, have anything at all to do with the way the
non-human world operates? Nobel laureate Eugene Wigner refers to the
magical match between human mathematics and nonhuman facts as “the
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unreasonable effectiveness of mathematics in the natural sciences.”
“This unreasonable effectiveness,” writes Wigner, “is a wonderful gift
which we neither understand nor deserve.” (Herbert 1985, 2)

When Wigner speaks of that “wonderful gift which we neither under-
stand nor deserve,” he expresses the deep emotions we have all felt when we
first glimpsed the elegance of self-similar constructions (Peitgen, Jirgens, and
Saupe 1992, 63-182) or the manifold possibilities that Feigenbaum’s period-
doubling law, with its suggestive cascading of bifurcation points, might hold.
The same astonishment accompanies our discovery of the wholly unexpected
behavior a quadratic iterator displays when we vary its control variable
through the smallest range of numerical values (Baumol and Benhabib 1989;
Peitgen, Jiirgens, and Saupe 1992, 507-768). And certainly one cannot sit at
a monitor and watch the unfolding orbit of Lorenz’s strange attractor without
being deeply moved.

The social sciences, to be sure, are not immune to such enthusiasms. Posi-
tivists have for years reified mathematics, applauding it as being the pinnacle of
knowledge, and urging the social sciences to emulate its example. To match
the mysticism and awe of Wigner in the social sciences, however, we need
go no further than the work of the French structuralist Claude Lévi-Strauss.
Lévi-Strauss’s (1955; see also Badcock 1975, 33-67) structural analysis of
myth, for example, resonates with Thom’s Platonic manifesto. Lévi-Strauss
begins his analysis by collecting different versions of a single myth drawn
from a number of different groups or societies. He then abstracts from this
manifold of empirical detail the key elements of the myth he is studying. In
that none of the original myths contain all of its essential elements, it is the job
of the social scientist to assemble the fully developed true myth. This recon-
structed myth is an idealized, composite configuration containing all of the
essential components. Working with these ideal elements, the scientist builds
a relational model of the myth and shows how its various elements are opposi-
tionally joined to one another. Since the original versions of the myth are seen
as incomplete or distorted by the accidents of local history, they are treated by
the scientist as inferior to his or her rationally reconstructed model. This
reconstituted myth is the equivalent of Thom’s “simple invisible.” It is the
intellectually fulfilled object from which the chaos of the different empirical
myths has emerged. It is this logically precise and coherent myth that is the
proper object of a theoretical science.

Ideal typical modeling constitutes the mirror image of structuralist anal-
ysis. Scientists who employ ideal typical modeling in their research are not
interested in structural commonalities. Quite the contrary, they are interested
in the singularities that create deviations from homogeneous patterns. The



L. Douglas Kiel and kEuel Elliott, Editors
http://lwww.press.umich.edultitleDetailDesc.do?id=14623
The University of Michigan Press, 1996

Social Science as the Study of Complex Systems 313

structuralists, as we have just seen, garner as many different versions of a
class of phenomena as possible. From these they construct a consistent core of
attributes. They then discard or ignore the variations and turn to the logical
essence or generative form of the materials being studied. Their goal is to
capture the logically pure form, for therein lies reliable, theoretically articu-
lated knowledge.

Those engaged in ideal typical modeling also gather as many different
empirical examples as possible. They also seek commonalities among the
class of objects surveyed and, like the structuralists, construct from those
commonalities a logically pure type that captures the essence of the class of
entities under study. But here the similarities between the two methods end,
for after the ideal type model is constructed, it is “discarded,” so to speak, as
the scientist turns his or her attention to the deviant elements that cannot be
subsumed under the logically pure type. Using the ideal type to identify these
singularities, the scientist focuses upon the nonlogical elements that set each
instance off from the logical pattern. In these nonlogical exceptions, the
scientist discovers what is historically and developmentally unique in each
instance. The ideal typical modeling strategy, in sum, produces a variety of
ideographic knowledge that can serve as the basis for a comparative history
and social science.

Historical modeling is close in its form and content to ideal type model-
ing. Like the latter, historical narrative seeks to understand the singular truth
of events and the manner in which they unfold. What separates ideal typical
modeling and historical narrative from one another is the stubborn insistence
of historical modeling on the singularity of the events and personages it is
reconstructing. The purpose of historical narratives is to render as close a
reading as is possible of concrete events. From this reading, statements of
empirical causation may well be constructed. What is denied, however, is that
the causes creating one chain of events can be compared with the causes
giving rise to other chains of events. From this perspective, narrative history
is possible, but a comparative science of history is not.

With the consideration of narrative history, we conclude our survey of
the construction of the methods/ontology matrix. This matrix compares mod-
eling strategies with the different ontological levels of dissipative social sys-
tems. In identifying different ontological levels with various modeling types,
we suggest that level and type can be related to one another in this fashion
because each is ultimately grounded in its own dimensionality. In the case of
ontological layering, this integrating dimension is lodged in the structure of
those broken symmetries that internally differentiate the world of experience.
In the case of modeling strategies, the common dimensions stratifying the
models spring from the varying abstractness of the knowledge they produce.
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Having identified these dimensions, we are now in a position to assess the
relative fit between a given modeling strategy and the ontological composition
of the societal phenomenon being studied.

Promise and Paradox: The Future of the Paradigm
in the Social Sciences

Returning to figure 13.1 and its shaded diagonal, we can now imagine its
matrix as being partitioned into four quadrants. The lower left quadrant and
the upper right are areas of relative fit between the dissipative system’s ontol-
ogy and the modeling methods of those quadrants. The upper left and lower
right quadrants, by contrast, are areas of modeling misapplication—that is,
areas in which basic methodological fallacies are most likely to occur. Work-
ing from this interpretation of the matrix and its partitioning, the following
rules apply:

1. Predictive, statistical, and iconological modes of chaos modeling
should be restricted to those ontological levels in which collective
social phenomena can be legitimately treated as a statistically aggre-
gated phenomenon, that is, as being composed of additive, numer-
able, and interchangeable individual units.

2. Structural, ideal typical, or narrative history models of chaotic pro-
cesses can be deployed with maximum effectiveness in those very
areas where predictive, statistical, and iconological patterns are least
suited. That is, structural, ideal typical, and historical models are best
suited to those upper ontological levels in which cultural products,
historically specific events, and collective symbolic processes are the
rule.

3. If predictive, statistical, or iconological models of chaos are used to
research norms, values, and ideographic or historical phenomena,
then the researcher runs the risk of reifying the social and cultural
phenomena under investigation. The term reification in this context
refers to the fallacy of treating humanly produced conventions, insti-
tutions, and historically complex events as though they were natural
objects governed by recurrent processes and universal laws. Such
reifications always fall short of the mark, in that they ignore the role
human intention and agency play in constructing these complex do-
mains. The various fallacies of reification would fall in the upper left
quadrant of the matrix.

4. To the extent structural, ideal typical, or narrative history modeling
strategies are employed exclusively by chaos researchers to explain
natural, biological, and ecological phenomena, they run the risk of
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committing what we call a mythopoetic fallacy. In this context, myth-
opoesis refers to that tendency in humanist research to mistakenly
treat obdurate facts of nature as though they were purely discretionary
human constructions, that is, objects whose form and content were
wholly dependent on the intentionality and interpretive activities of
persons or their communities. This fallacy would fall in the lower
right-hand corner of the matrix.

These four possibilities form a sufficient, if not exhaustive, framework for
evaluating the various forms of chaos research currently being carried out in
the social sciences. Beginning with predictive modeling, let us see what this
framework allows us to say about the present practices and future prospects of
the six modeling strategies delineated in our matrix.

Predictive Modeling

Consistent with the above four rules, predictive modeling is optimally applied
when researching the lower ontological levels of the dissipative social systems
hierarchy. The further one moves up the ontological hierarchy, the more one
runs the risk of falling victim to reified constructions and misunderstandings.
This generalization reflects the fact that predictive methods are most effec-
tively deployed in research areas in which the units of analysis, be they
natural or human objects, are: (1) homogeneous and, hence, interchangeable;
(2) capable of being linearly aggregated into a representative type; and (3) not
internally integrated by higher levels of interaction into complexly structured
collectivities. Such ontological assumptions characterize the physical sci-
ences, neoclassical economics, and certain recent approaches to demography
and social ecology.

As noted above, quantum mechanics and chaos theory have both dealt
severe blows to the aspirations of the predictive sciences. To the extent these
sciences base their reputations on their ability to predict future events, they are
now in the midst of a crisis. Of course, social science forecasting technologies
have been relatively underdeveloped. Recently, however, efforts have been
under way to redefine the mission of forecasting by taking into account the
insights of chaos theory (Loye and Eisler 1987; Baumol and Benhabib 1989;
Huckfeldt 1990; Gordon and Greenspan 1988). Hence, the revised program
for improved forecasting now lies in the partitioning of unexplained predictive
variance into its various components. Huckfeldt (1990), to take but one ex-
ample, has identified four sources of predictive error: measurement error,
error caused by the omission of crucial explanatory variables, error caused by
the presence of stochastic variation, and error caused by chaotic indeter-
minacy. It is his hope that by classifying concrete sources of predictive error
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into one of these four categories, the forecaster can improve his or her overall
predictive performance. While forecasting may not be quantitatively im-
proved in the sense of increased precision by following Huckfeldt’s path, the
art of forecasting can achieve a more realistic sense of its own possibilities
and options. By identifying the presence of stochastic or chaotic variation in
forecasting data, a more realistic set of expectations can be made possible by
which forecasters and their publics can judge the efficiency of their results. In
this way the art of forecasting can be evaluated against a pragmatic back-
ground of the limitations imposed upon it by the stochastic and chaotic struc-
ture of its data.

Even this paring of expectations may not suffice, however, for there are
momentous technical problems associated with being able to differentiate
between stochastic errors and chaotic indeterminacy. Data-based deficits
haunt all such efforts at chaos modeling—not just forecasting. There is, for
example, a growing awareness among researchers that chaos modeling is a
data-hungry process that requires inordinately long time series. In most cases
such series are virtually impossible to obtain in common research settings. For
example, the use of Lyapunov exponents is a crucial test in determining the
presence of deterministic chaos. Without it, and without the possibility of
periodic renormalization, the possibilities of the mathematical modeling of
social chaos are severely constrained. Yet, as Wolf (1986) and Brown (see
chap. 6 in this volume) have noted, adequate databases are usually not avail-
able for such testing. The problem of insufficient databases, of course, can be
technically resolved with computer modeling. And while this allows re-
searchers to explore chaotic models in the abstract, it does little to solve the
problems of building a tradition of empirical chaos research.

Finally, going beyond the current predicaments of improved forecasting
and computer simulation in econometric modeling, there are additional prob-
lems. These problems have been raised for more than a decade by Mirowski
(1988, 1989, 1990, 1993). He maintains that most of the use of partial
differential equations in modern econometrics cannot be justified. Such prac-
tices, Mirowski claims, are based on an unsubstantiated premise: the principle
of the conservation of energy. This principle was at the heart of nineteenth-
century classical mechanics and was borrowed by neoclassical economists in
an attempt to assume the trappings of genuine science. The validity of the
conservative premises adopted, however, has yet to be proven. Unless they
can be formally justified, the entire enterprise of mathematical economics and
its use of integrable functions to model markets and entire economies, chaotic
or otherwise, will collapse. To our knowledge, Mirowski’s institutionalist
critiques of neoclassical theory and method have not been adequately ad-
dressed and, until they are, the work of those economists and social scientists
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who are attempting to construct mathematical models of chaotic social sys-
tems lacks a foundation.

Statistical Modeling

The predominant use of statistical modeling in chaos research these days
attempts to use curve-fitting techniques to identify latent recurrent patterns in
longitudinal data. The classic case of this type of modeling is found in at-
tempts to explain the generative structures that produce the now famous
Kondratiev economic cycles. According to Kondratiev, capitalist economies
moved through fifty-year cycles of high productivity and wealth and then
decline and relative poverty. He attempted to explain these cycles by appeal-
ing to technological factors, that is, to long-term waves of rising and declining
technological capacities. Subsequent research, while provisionally accepting
his findings, has suggested alternative, sometimes chaos-based, explanations.
Thus, in this volume, Berry and Kim (see chap. 10) take longitudinal data on
economic growth and decline in the United States over the last two centuries
and argue that American economic life conforms to a series of Kondratiev
waves that often exhibit chaotic properties. In contrast to Kondratiev’s expla-
nation, however, they locate the origins of these cycles not in the mode of
production, but in historical contingencies and fiscal policies regulating the
ebb and flow of the money supply. Working in a broader interpretive frame-
work, Weber (1981) and Namenwirth (1973) have applied Kondratiev’s ideas
to the analysis of cyclic shifts that have occurred in the political and cultural
spheres of Great Britain and the United States. Both have found patterns of
variation in political thought that correlate with Kondratiev-like economic
cycles. Using computer-structured content analysis techniques, Weber re-
searched British speeches from the throne over a period of some 180 years,
and found a fluctuating cycle of political concerns. He found this cycle corre-
sponded closely to Kondratiev patterns that were discernable in Britain’s
economic history. Namenwirth, on the other hand, analyzed the thematic
content of Democratic and Republican Party platforms in this country and
found thematic cycles roughly correlating with economic patterns established
by Kondratiev scholars. After fitting his data to a complex trigonometric
function, and after experimenting with several theoretical interpretations
that could explain the overlapping of the economic and thematic cycles,
Namenwirth finally settled on a culturological interpretation drawn from
Parsonsian systems theory. Following Parsons, he argues that the cycles of
thematic shifts reflect the natural phase transitions through which social sys-
tems pass as they adapt to new environmental challenges.

Statistical modeling is, of course, an attractive way to examine historical
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time series. Indeed, it can give the illusion that patterns in history come and
go with an almost sidereal certainty. If not handled with caution, however,
such quantitative modeling can become a Rorschach Test in which the re-
searcher, once having found what appears to be a pattern, can interpret it
almost any way he or she chooses. If we are correct, such modeling is most
appropriate when working in the lower levels of dissipative social system
specificity. Otherwise, the risk of reification increases as one moves to the
higher levels of the system. The shaded cells in figure 13.1 for statistical
models (column two) show how we would ontologically delimit such efforts
in order to avoid the reification of institutional life.

Iconological Modeling

The process of pictorial recognition and the researcher’s ability to inter-
pretively link graphically produced images of chaos to actual social processes
or structures is at the heart of deterministic chaos research. Ironically, as
sophisticated as the mathematics are that generate the pictorial patterns, only a
fraction of that sophistication is needed to properly interpret the graphics.
Hence, an intuitive feel for quadratic iterators, for Feigenbaum’s (1978) anal-
ysis of period doubling, for the self-similar structure of bifurcational pro-
cesses, or for the trajectories of strange attractors is obtainable through their
visual representations. The articles in this volume abound with pictorial repre-
sentations that attempt to communicate the reality of chaos. No mere decora-
tion, these graphics appeal to the power of visual representations to communi-
cate facts and to convince the reader.

This reliance upon iconic imagery to communicate facts about chaos and
its constituent dynamics is ubiquitous in the new science. There is a growing
reliance upon the visual to both grasp and communicate findings where words
and mathematical accounts fail. How better to describe the self-similarity of
the bifurcation process that quadratic iterators undergo than through pictures?
Economists make extensive use of the quadratic iterator and its visual repre-
sentations when they explore the chaotic dimensions of markets and national
economies. Indeed, Rosser’s (1991b) recent volume on catastrophic and cha-
otic modeling in economic systems is a veritable cornucopia of graphic repre-
sentations depicting what might otherwise be obscured by purely analytic
description. Similarly, May (May 1977; May and Oster 1976) has used
graphics with telling effect to explain the deterministic chaos inherent in the
mathematics of growth and decay among animal populations. And, in a
triumph of computer simulation, Allen and Sanglier (1978, 1979) almost two
decades ago defined urban areas as dissipative entities and used computer
modeling to explore urban place theory. Through the power of computer
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graphics, they were able to reproduce pictorially many of the patterns of urban
structure first discovered in the social sciences by the Chicago School.

Finally, we would be remiss not to mention what is, perhaps, the most
powerful icon of all, the folded catastrophe surface that was popular a decade-
and-a-half ago. Although it has fallen into disfavor in recent years, we can
think of fewer images that visually communicate the ideas of nonlinear
change, sensitive dependence on initial conditions, and the processes of dy-
namic bifurcation. Whatever the cause of its fall from favor, two points are
obvious: (1) the mathematics of catastrophe remain valid; and (2) the visual
power of the catastrophe surface is still a potent stimulus for promoting
metaphorical and analogical thinking—especially in the early phases of con-
ceptualizing or outlining a research problem.

Structural Modeling

As we saw in the last section, structural modeling is grounded in a rationalist
worldview. René Thom’s work is the epitome of this approach. Indeed, his
modeling of the morphogenesis of living forms is a classic expression of the
position that sees the world as conforming to structures and processes that are
embedded in reality itself. Devaney’s (1989) work in chaos theory using what
he calls “symbolic dynamics” can also be subsumed under the structuralist
rubric. Professor Richards’s chapter in this volume (see chap. 5 herein) does
yeoman work in explaining Devaney’s approach to chaos and in showing how
it can be applied to research problems in political science.

When this axiomatic paradigm is applied to social science research, its
basic assumption of a deductive, deterministic order underlying phenomenal
reality has its parallel in structuralism. We earlier explored the association
between Thom’s worldview and that of Lévi-Strauss. As the reader might
guess, this modeling strategy also has an affinity with Parsonsian systems
theory and its homeostatic assumptions concerning social system stability and
equilibrium. Axiomatic theory’s assumption that there is a logically tight
structure underlying everyday reality, when translated into sociological termi-
nology, finds resonance with the idea that social systems are naturally self-
equilibrating entities.

The affinity between Parsonsianism and approaches using axiomatic
methods to generate a conception of chaos is most evident in the literature on
bureaucratic organizations. There is now a substantial literature in which
scholars have applied chaos theory to the study of those processes governing
the rise, efflorescence, and decay of imperatively coordinated organizations.
There is an implicit assumption in such studies that bureaucracies are inher-
ently orderly and self-equilibrating systems located in turbulent environ-
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ments. At times the degree of environmental turbulence may be seen as a
function of the organization’s ability to control or exploit those environments,
but in this case, the organization is still seen as a conservative self-organizing
entity whose activities are largely conservative and reactive, rather thanevolvng,
boundary-testing constellations. The works of Leifer (1989) and De Greene
(1981, 1988b, 1990a, 1991a, chap. 12 herein) represent this approach. While
they have been able to avoid the usual Parsonsian pitfalls, they still assume in
one way or another bureaucratic organizations are fundamentally reactive,
stability-seeking entities that under duress will opt for minimal change and no
more.

The application of this modeling strategy is hence limited by its assump-
tion that organizations and social systems are inherently adaptive entities. The
inherent disorderliness of modern organizational life, however, especially as
it evolves under the pressures of flexible accumulation (Harvey 1989), is given
short shrift in their analyses. Because of its metatheoretical presuppositions
concerning the naturalness of system integration and the reactive, adaptive
goals organizations pursue vis-a-vis their social and technical environments,
structuralist research is usually restricted to the middle ontological levels
depicted in our matrix. Ultimately, this family of models is limited in its
ability to grasp technical and ecological processes for the same reason that
Parsonsian analysis falters in these areas. Concomitantly, this strategy’s fail-
ure to recognize and deal with organizational entropy or class conflict as
natural processes places an upper bound on the efficacy with which it can
grasp the macrosociological dynamics of dissipative social systems.

Ideal Typical Modeling

If the structuralist modeling strategy is extreme in its formalist commitments,
then the ideal typical strategy is extreme in the opposite direction—in its
preoccupation with the ideographic and existentialist provinces of social life.
As noted earlier, ideal typical strategies follow the structuralist path to the
extent that they, too, construct ideal, logically integrated models. They differ,
however, in wanting to grasp the historically specific and often deviant singu-
larities that evade common, everyday practices. They are interested in conti-
nuity if it gives them insight into the social sources of chaos. But their
ideographic propensities incline them toward the study of situations in which
the cognitive maps a culture provides its people suddenly collapse, or other-
wise lead them into a terra incognita where there are no clear guideposts or
commonsense precedents by which to measure reasonableness, morality, or
truth.

Examples of this approach abound in the chaos literature. Arthur’s
(1988, 1990) work on positive feedback points in history emphasizes the
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singularities of social life. Indeed, one can find few better illustrations of the
operation of sensitive dependence on initial conditions than the stimulating
examples he provides. Gemill and Smith’s (1985) work on organizational
evolution also emphasizes the disjunctive. Their provocative suggestions con-
cerning the role of symmetry-breaking processes in the evolution of organiza-
tions have yet to be fully appreciated by other analysts of formal organization.
Indeed, the implications of symmetry-breaking processes for deterministic
chaos theory have just begun to be explored by the social sciences. The
psychiatrist Mony Elkaim (1982, 1985,1987), working in the general systems
tradition of Von Bertalanffy, and the family systems approach to therapy
established by Bateson and his colleagues, has approached chaos theory from
a similar point of view. Emphasizing existential and nonlinear social inter-
action processes as they arise in the therapeutic situation, Elkaim uses dissipa-
tive systems analysis to map the psychodynamic transition to chaos in the
client-therapist relation. Emphasizing the nonlinear aspects of this relation-
ship, Elkaim maps the singularities of interaction underlying the phase devel-
opment of the “talking cure.”

The ideal type strategy is grounded in an existentialist celebration of the
particular and the deviant. It epitomizes the iconoclastic spirit that gave birth
to chaos theory some thirty years ago. Its ethos stands in strict opposition to
the Newtonian nemesis of uniformity, gradualism, and a universe bound by
absolute parameters. It embraces the premises of deterministic chaos and
embodies its commitment to seek out and understand the nonlinear dimen-
sions of social life lying just below the surface of seemingly staid, equili-
brated institutions and groups.

Historical Narratives

The historical study of chaos is presently undeveloped. Artigiani’s (1987,
1991) work on modern revolutionary movements was an early landmark and
still exemplifies what deterministic chaos research should look like when
taken up by historians. Working in the demanding medium of historical detail,
Artigiani identifies chaotic elements in his narrative treatment of revolutionary
movements. He treats them as compact “modules,” so to speak, constellations
that illuminate portions of the larger unfolding narrative. He never succumbs,
however, to the temptation of placing the narrative and its elements on a
Procrustean bed of formaily predetermined complexes. Yielding at times to
comparative asides, Artigiani nonetheless allows the singular substance of his
subject matter to dictate the form his chaos analysis will take. His method, in
short, embodies the methodological pluralism this paper has advocated by
letting the ontology of the subject matter dictate the range of methods em-
ployed, and not vice versa. He has followed a path consistent with the onto-
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logical turn advocated by Bhaskar’s critical realism, and exemplifies the direc-
tion deterministic chaos theory must take in the cultural sciences if they are
not to succumb to scientism when adapting the perspective of deterministic
chaos to the study of history.

Summary and Conclusions

The mounting volume of writing in deterministic chaos theory seems to belie
the title “new science” that is often used to describe the deterministic chaos
paradigm. Yet, when we survey that literature, the variety of subjects encoun-
tered, the tentativeness of the findings reported, and the personal uneasiness
many practitioners express both in their writings and in their conversations
with other researchers, we see that the worldview of deterministic chaos is
still undecided as to its final course. Another sign of its fledgling status lies in
the feeling among its practitioners that all is still possible, that nothing is as
yet “set in stone,” and that nothing, as yet, is fully forbidden. This liberating
sense often fills chaos researchers with a certain abandon and recklessness that
both rankles and frustrates their elders.

The very scope of this chapter, as well as its efforts to demarcate the
ontological and epistemological boundaries of the new science, is an added
sign of the newness of the deterministic chaos paradigm. In developing our
conception of a dissipative social system, we have attempted to provide chaos
researchers in the social sciences with philosophical and scientific rationales
for their work. For these reasons we choose to end this essay as we began—
by issuing a caveat. The matrix developed in this essay is a first hypothesis,
not a finished product. Its number of ontological levels and their specific
content, for example, are still open to debate. Thus, the levels can be altered
to facilitate innovative research or to gain fresh insight into an old problem.
What is not negotiable, from our perspective, is the ontological structure of
the dissipative social system itself—its hierarchical layering and the irreduc-
ible, singular nature of each of its levels. Also not negotiable is the systemic
and emergent nature of the ontological levels and their loose hierarchical
integration. These elements must remain intact, not just for the sake of empir-
ical verisimilitude, but because they reflect the ontological preconditions for
the possibility of deterministic chaos emerging naturally from the defining
dynamics of dissipative social systems.

The same is true of our portrayal of the modeling strategies: their number
and definitions are largely ad hoc and were developed out of our own experi-
ence. They may be revised and new ones added, but their relative position
vis-a-vis the nomothetic-ideographic/abstract-concrete parameters along
which they have been arrayed cannot. And, finally, there needs to be extended
debate over the boundaries of ontological fit we have portrayed. The shaded
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cells may be added to or subtracted from. In an attempt to avoid premature
closure at any level, we decided to be overly inclusive as to where the
diagonal shading should begin and end. What cannot be contested—again—
is the idea of the necessity for an ontological fit between modeling strategies,
on the one hand, and the ontological properties of the social entity being
investigated, on the other.

We can be as open to revision as we are because there is still much to be
done. What must be avoided in constructing the new social science, however,
is methodological reification and premature rejection of experimental strate-
gies for chaos research. A dogmatic insistence that only mathematically
bracketed chaos studies can qualify as valid in a social science grounded in
chaos must be avoided. Such a stance is too narrow and risks excluding the
valuable perspectives the cultural sciences and the humanities offer to social
science research. A minor squabble of this nature has already erupted between
chaos mathematicians and physical scientists working in the area of dissipa-
tive structures (Morin 1983; Thom 1983; Ruelle 1991). The mathematicians
claim, with justification, that physical scientists, as they operationalize their
ideas in concrete research settings, are making a mockery of their precise
formulations. In making such charges, the mathematicians hold up an abstract
ideal and use it to denigrate the accomplishments and interpretations of exper-
imental scientists. While these protests may be technically correct, this un-
abridged idealism can stifle discoveries that might otherwise flow from mar-
ginal application of these new ideas. We have seen similar imbroglios in the
social sciences in the past, and even now are paying the price. Those dedi-
cated to studying society from the perspective of deterministic chaos would do
well to avoid these schismatic encounters and rebukes.

NOTES

1. For an explanation of Heisenberg’s uncertainty principle and its contribution not
just to physics but to Western culture generally, we have profited from two biogra-
phies. The first is Abraham Pias’s (1991) biography of Neils Bohr. The second is
David C. Cassidy’s (1992) biography of Werner Heisenberg. For a more technical
discussion of the formal foundation of quantum physics, including the uncertainty
principle, Abner Shimony’s 1989 article is both helpful and challenging.





