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PREFACE

IF THINGS WERE SIMPLE,
WORD WOULD HAVE GOTTEN AROUND.

—Jacques Derrida’

"This book is about the possible relevancies of complexity thinking for educa-
tional practice and tesearch.

This sort of project is anything but straightforward. Complexity theory/sci-
ence/thinking is young and evolving—and as we develop, it tefuses tidy desctip-
tions and unambiguous definitions. Indeed, it is not even clear whether it should
be called a field, a domain, a system of interptetation, ot even a reseatch attitude.

Nonetheless, complexity thinking has captuted the attendons of many re-
searchers whose studies reach across traditional disciplinary boundaties. For ex-
ample, among educational researchers, the following phenomena are currently
under investigation:

* How does the brain work? Now that researchers are able to watch brain
activity in real time, it has become cleat that many long-held beliefs about its
structure and dynamics—that is, assumptions about what thought and
memory are, how learning happens, and so on—are misinformed if not com-
pletely mistaken.

* What is consciousness? Over the past century, many neurologists, psycholo-
gists, and sociologists have attempted to present definitions and discipline-
specific explanations of self-awareness, but is has become increasingly clear
that none of these contributions is up to the task of making sense of human

consciousness of self and othet-than-self.
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* Whadis intelligence? 10 scores have been elimbing steadily for the past cen-
tury, at a pace that cannot he explained in terms of biological adaptation,
improved nutrition, o educational intervention. It appears that the sort of
spatio lopical abilities that are measured by IQ tests must be readily influ-
enced and enabled by expericnce and context. What are the conditions that
contribute to increases in 1Q? Can they manipulated? How is IQ related to or
reflective of a broader, more encompassing conception of ntelligence?

What is the role of emergent technologies in shaping personalities and pos-
sihilitiess I'he most creatively adaptive humans—that is, young children—
are able to integrate the latest technologies into their existences in ways that
older, less plastic adults can only envy. What might this mean for formal
tducation, both in terms of pragmatic activity and with regard to common
understandings of the purposes of schooling?

* How do social collectives work? Popular assumption has it that the actions
and potentialities of social groupings are sums of individual capacities. Yet it
is hecoming more and more evident that, on occasion, eollectives can vastly
exceed the summed capacities of their members. How does this happen?
(Can these situations be orchestrated? What might this mean for classrooms,
school boards, communitics, and so on?

* What is knowledge? Even the most static of domains—including formal
mathematics, the hard sciences, and fundamentalist religions—can be readily
shown to be adapting to the shifting interests and obsessions of societes,
being led as much as they lead.

* What is education for? If one seriously considers the range of theories and

philosophies invoked in current discussions of education, it is obvious that

therc is little agreement on what formal education is doing, much less on
what it s intended to do.

O first blush, it might appear that the only common theme across such ques-
tions is that their answers are less and less self-evident. However, a closer look
will reveal some deep similarities among the phenomena addressed.

Tor example, it might be argued that each of these phenomena is pointing
toward some sort of system that learns. Brains, social collectives, bodies of knowl-
tidge, and so on can all become broader, more nuanced, capable of more diverse
possibilities. Furtber, each of these phenomena arises in the interactions of many
sub-components or agents, whose actions are in turn enabled and constrained by
similarly dynamic contexts. In very different terms, it is not always clear where
one should focus one’s attentions in order to understand these sorts of phenom-

ena. Por instance, to rescarch consciousness or intclligence or knowledge, does it
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mitke sense o focus on the level of neurological events? Or personal activity? Or
wovial context? Or physical setting?

The emergent tealm of complexity thinking answers that, to make sense of
the sorts of phenomena mentioned above, one must “level-jump”—that is, si-
mitltancously examine the phenomenon in its own right (for its particular coher-
ence and its specific rules of behavior) and pay attention to the conditions of its
cmergence (e.g, the agents that come together, the contests of theit co-activity,
cte,). This strategy is one of several that has been developed within complezity
rescarch, which has atisen over the past few decades as a disciplined and demand-
g approach to the study of events that defy simplistic analyses and cause—effect
cxplanations. It is becoming more and more evident that complexity thinking
now offets a powerful alternative to the linear, reductionist approaches to inquity
that have dominated the sciences for half a millennium—and educational re-
scarch for more than a century.

Moreover, and as developed throughout this text, complexity thinking not
only enables, but compels an attentiveness to the roles of researchers in cotitsib-
uting to the shapes of the phenomena researched. This is a particulatly important
issue for educators. Consider, for example, the impact of behaviotist psychology
on teaching practices through the too-simplified assertion that learning can be
understood in terms of chains of stimulus—tesponse reactions ... ot, more
recently, of constructivism-oriented research that has foregrounded and
ptoblematized the mechanical logic of behaviorism, but that does not question
the assumption that the locus of learning is the individual human knower. As
well-meaning as much of the associated research has been, not all of its conse-
quences can be deemed positive when one is faced with jumping to the level of
classtooms. In this text we argue that at least part of the problem has been the
absence of a discourse that enables one to attend to different levels of complex
dynamics—an absence that does not render recent research irrelevant, but that
does limit the utility of much of what has been learned.

To be cleat, then, we have a very pragmatic intent in this book. We aim to
present complexity thinking as an important and approptiate attitude for educa-
tors.and educational researchers. To develop this point, we endeavor to cite a
diversity of practices and studies that are either explicitly informed by or that
might be aligned with complexity research. We also offer focused and practiced
advice for structuring projects in ways that ate consistent with complexity think-
ing, To illustrate the discussion, we have attempted to present a broad (but by no
means comprehensive) overview of the sorts of studies that have been under-
taken within education.




Discussions of such topics comprise the Part IT of the book (chaps. 5-8).
Part 1 (chaps. 1-4) is concerned with more global issues around complexity think-
ing, as read through an educational lens. In these chapters, we interrogate the
conceptual backdrop of much of contemporary work in education, all organized
around the assertion that complexity thinking is not something that can be pasted
into the current mosaic of interpretive possibilities. Rather, complexity repre-
sents a profound challenge to much of current theory and practice.

A major aspect of this text is the presentation and development of an emer-
gent vocabulary around the complexities of teaching and educational inquity, We
had at first planned to include a glossary of relevant terms as an appendix, but
decided against it when we found ourselves compelled to offer definitions of
words whose meanings we were deliberately trving to loosen. Instead of 2 set of
print-based definitions, then, we invite readers to consult (and, if desired, pactici-
pate in development of) word meanings offered on the “Complexity and Educa-
tion” website.?

And, on this count, we begin by flagging a particular problem with vocabu-
lary that we encountered in our opening paragraph: How does one refer to the
complexity research? As a theory? A science? An attitude? For reasons that are
developed in chapter 2, where we interrogate conventional understandings of the
wotd seence, we have opted for the phrase “complexity thinking’ to refer to the
specific manner in which we position ourselves.

One further point before inviting you to read on: We are witnessing an ex-
plosion of interest among educationists in complexity thinking. As such, we ex-
pect that many of the ideas represented in these pages will be outdated or super-
ceded by the time the book is in print. The intention, then, is not to offer a
complete account of the relevance of complexity thinking for education, but to
frame fssues that we have personally found to be of significance through our
decades of teaching and rescarching. Our intention is not to prescribe and de-
limit, but to challenge readers to examine their own assumptions and theoretical
commitments, whether anchored by commeonsense, classical analytic thought, or
any of the posts {e.g., postmodernism, poststructuralism, posteolonialism,
postpositivistm, postformalism, postepistemology} that mark the edges of cur-
rent discursive possibility.

PART ONE

COMPLEXITY THINKING
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Discussions of such topics comprise the Part Il of the book (chaps. 5-8).
Part I (chaps. 14} is concerned with more global issues around complexity think-
ing, as read through an educational lens. In these chapters, we interrogate the
conceptual backdrop of much of contemporary work in education, all organized
around the assertion that complexity thinking is not something that can be pasted
into the current mosaic of interpretive possibilities. Rather, complexity repre-
sents a profound challenge to much of current theoty and practice.

A major aspect of this text is the presentation and development of an emer-
gent vocabulary around the complexities of teaching and educational inquiry. We
had at first planned to include a glossary of relevant terms as an appendix, but
decided against it when we found ourselves compelled to offer definitions of
words whose meanings we were deliberately trying to loosen. Instead of a set of
print-based definitions, then, we invite readers to consult (and, if desired, pardci-
pate in development of) word meanings offered on the “Complexity and Educa-
ton” website,

And, on this count, we begin by flagging a particular problem with vocabu-
lary that we encountered in our opening paragraph: How does one refer to the
complexity research? As a theory? A science? An attitude? For reasons that ate
developed in chapter 2, where we interrogate conventional understandings of the
word saence, we have opted for the phrase “complexity thinking™ to refer to the
specific manner in which we position ourselves.

One further point before inviting you to read on: We are witnessing an ex-
plosion of interest among educatonists in complexity thinking, As such, we ex-
pect that many of the ideas represented in these pages will be outdated or super-
ceded by the time the book is in print. The intention, then, is not to offer a
complete account of the relevance of complexity thinking for education, but to
frame issues that we have personally found to be of significance through our
decades of teaching and researching. Our intention is not to prescribe and de-
limit, but to challenge readers to examine their own assumptions and theoretical
commitments, whether anchored by commonsense, classical analytic thought, ot
any of the posts (e.g, postmodernism, poststructuralism, postcolonialism,
postpositivism, postformalism, postepistemology) that mark the edges of cur-
rent discursive possibility.
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CHAPTER ONE

WHAT IS “COMPLEXITY"?

EVERYTHING SHOULD BE AS SIMPLE AS POSSIBLE,
BUT NOT SIMPLER.

—Albert Einstein®

L

Farly in the year 2000, prominent physicist and cosmologist Stephen Hawking
commented, “I think the next century will be the century of complexity”? His
remark was in specific reference to the emergent and transdisciplinary domain of
complexity thinking, which, as a coherent realm of discussion, has only come
together over the past 30 vears or so.

Through much of this period, complexity has frequently been hailed as a
“new science.” Although originating in physics, chemistry, cybernedes, informa-
tion science, and systems theory, its interpretations and insights have increasingly
been brought to bear in a broad range of social areas, including studies of family
research, health, psychology, economics, business management, and politics. To a
lesser—but accelerating—extent, complexity has been embraced by education-
ists whose interests extend across such levels of activity as neurological processes,
subjective understanding, interpersonal dynamics, cultural evolution, and the un-
folding of the more-than-human world.

This sort of diversity in interest has prompted the use of the adjective
transdisciplinary rather than the more conventional words interdisciplinary or
mndfidisaplinary to describe complexity studies. Transdisciplinatity is a term that is
intended to flag a research attitude in which it is understood that the members of
a research team artive with different disciplinary backgrounds and often different
rescarch agendas, yet are sufficiently informed about one another’s perspectives
and motivations to be able to work together as a collective. This attitude is cer-
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tamly represented in the major complexity science think tanks, including most
prominently the Santa Fe Institute that regularly welcomes Nobel laureates from
many disciplines.” By way of more specific and immediate example, as a collec-
tive, our (the authors’) respective categories of expettise are in mathematics, learn-
ing theoty, and cognitive science (Davis) and literary engagement, teacher educa-
tion, and interpredve inquity {Sumara). This eonceptual, methodological, and
substantive diversity is not simply summed together in this text. Rather, as we
altempt to develop in subsequent discussions of complex dynamics, the text is
something more than a compilation of different areas of interest and expertise.

The transdisciplinary character of complexity thinking makes it difficult to
provide any sort of hard-and-fast definition of the movement. Indeed, as we
develop later on, many complexivists have argued that a definition is impossible.
In this writing, we position complexity thinking somewhere between a belief ina
fixed and fully knowable universe and a fear that meaning and reality are so dy-
namic that attempts to explicate ate litde more than self-delusions. 1n fact, com-
plexity thinking commits to neither of these extremes, but listens to both. Com-
plexity thinking recognizes that many phenomena are inherently stable, but also
acknowledges that such stability is in some ways illusory, arising in the differences
of evolutionary pace between human thought and the subjects/objects of hu-
man thought. By way of brief example, consider mathematics, which is often
deseribed in terms of certainty and permanence. Yet, when considered over the
past 2500 years, mathematical knowledge has clearly evolved, and continues to do
so. Even more contentious, it is often it is assumed that, while ideas may change,
the universe does not. But, the viability of this sort of belief is put to question
when ideas are recognized to be part of the cosmos. The universe changes when
a thought changes.

The fact that complexity thinking pays attention to diverse sensibilities should
not be taken to mean that the movement reptresents some sott of effort to em-
brace the “best” elements from, for example, classical science or recent postmodern
critiques of scientism. Nor is it the case that complexity looks for a common
ground among belief systems, Complexity thinking is not a hybrid. 1t is a new
attitude toward studying parricular sorts of phenomena that is able to acknowl-
edge the insights of other traditions without trapping itself in absolutes or uni-
versals.

Further to this point, although it is tempting to describe complexity thinking
as a unified realm of inquiry or approach to research, this sort of charactetization
is not entirely correct. In contrast to the analytic science of the Enlightenment,
complexity thinking is not aetually defined in terms of its modes of inquity. There
is no “complexity scientific method™; there are no “gold standards™ for com-
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plexity rescarch; indeed, specific studies of complex phenomena might e@brace
o rejeet established methods, depending of the particular object of inquity.

It is this point that most commonly arises in popularized accounts of cortn—
plexity research: The domain is more appropiately characterized in tetms of its
ohjects of study than anything else. In an early nagrative of the emergence of the
ficld, Waldrop® introduces the diverse interests and the diffuse origins of com-
plexity research through a list that includes such disparate events as the collapse
of the Soviet Union, trends in a stock matket, the rise of life oo Earth, the evolu-
tion of the eye, and the emergence of mind. Other writers have argued that the
umbrella of complexity reaches over any phenomenon that might be described in
ierms of a living system—including, in terms of immediate relevance to this
discussion of educational research, bodily subsystems (like the brain or the im-
MUnNe System), CoNnsciousness, petsonal understanding, social ipstitutions, subcul-
tures, cultures, and a species.

Of course, the strategy of list-making is inhcrently problematic, as it does
not enable discernments between amplex and nos-complex. To that end, and as is
developed in much greater detail in the pages that follow (particularly, chaps. 5
and 6), researchers have identified several necessary qualities that must be mani-
fest for a phenomenon to be classed as complex. The list currently includes:

» SELF-ORGANIZED—complex systems /unities Spontancously arise as the ac-
tions of autonomous agents come to be interlinked and co-dependent;

+ BOTTOM.UP EMERGENT—complex unities manifest properties that exceed
the summed traits and capacities of individual agents, but these transcen-
dent qualities and abilities do not depend on central organizers ot ovet-
arching governing structures;

¢ SHORT-RANGE RELATIONSHIPS—most of the information within a com-
plex system is exchanged among close neighbors, meaning that the system’s
coherence depends mostly on agents” immediate interdcpendencies, not
on centtalized control ot top-down administration;

« NESTED SIRUCTURE {or scale-free networks)—complex unities are often

composed of and often comptise other unities that might be propetly iden-

tified as complex—that is, as giving tise to new patterns of activities and

new tules of behavior (see fig. 1.1);

AMBIGUOUSLY BOUNDED—complex forms are gper in the sense that they

continuously exchange matter and energy with their surroundings (and so

judgments about their edges may require certain arbitrary impositions and
necessary ignorances);

ORGANIZATIONAILY CLOSED—complex forms are closed in the sense that
they are inherently stable—that is, their behavioral patterns or internal ot-
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FIGURE 1..1 FIGURATIVE REPRESENTATION OF THE NESTEDNESS OF COMPLEX UNITIES
We use th|§ Image to underscare that complex unities are composed not just of smaller com-
ponents (circles), but also by the relationships ameng those compenents (arrows), These

|nteracFions can give rise to new structural and behavioral passibilities that are not repre-
sented in the subsystems on their own,

ganizations endure, even while they exchange energy and matter with their
dynamic contexts (so judgments about their edges are usually based on
perceptible and sufficiently stable coherences);

. .STRUCTURE DETERMINED—a complex unity can change #s own structure as
it adapts to maintain its viability within dynamic contexts; in other words
complex systems embody their histories—they learn—and are thus bctte;
described in terms of Darwinian evolution than Newtonian mechanics;

* FAR-FROM-EQUILIBRIUM—complex systems do not operate in balance; m
deed, a stable equilibrium implies death for a complex systemn,

This particular list is hardly exhaustive. Nor is it sufficient to distinguish all pos-

sible cases of complexity. However, it suffices for our current purposes—specifi-
cally, to illustrate our core assertion that a great many phenomena that are cur-
rently of interest to educational research might be considered in terms of com-
Plex dynamics. Specific examples diseussed in this text include individual sense-
making, teacher—learner relationships, classroom dynamics, school organizations
community involvement in education, bodies of knowledge, and culture. Oncej
again, this list does not come close to representing the range of phenomena that
might be considered.

Clearly, such a sweep may seem so broad as to be almost useless. However,

the purpose of naming such a range of phenomena is 70f to collapse the diversity
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into variations on a theme or to subject disparate phenomena to a standardized
method of study. Exactly the contrary, our intention is to embrace the inherent
complexities of diverse forms in an ackhowledgment that they cannot be re-
tluced to one another. In other words, these sorts of phenomena demand modes
of inquiry that are specific to them.

Yet, at the same time, there are distinct advantages—pragmatie, political, and
otherwise—to recognizing what these sorts of phenomena have in common, and
one of our main purposes in writing this book is to foreground these advantages.
But first, some important qualifications.

WHAT COMPLEXITY THINKING ISN'T

One of the most condemning accusations that can be made in the current aca-
demic context is that a given theory seems to be striving toward the status of a
metadisconrse—that is, an explanatory system that somehow stands over or exceeds
all others, a theory that claims to subsume prior or lesser perspectives, a discourse
that somehow overcomes the blind spots of other discourses. The most frequent
target of this sort of criticism is analytic science, but the criticism has been lev-
eled against religions, mathematics, and other attitudes that have presented them-
selves as superior and totalizing,

Given our introductory comments, it may seem that this complexity science
also aspires to a metadiscursive status—and, indeed, it is often presented in these
terms by both friend and foe. As such, it behooves us to be clear about how we
imagine the nature of the discourse.

To begin, we do not regard complexity thinking as an explanatory system.
Complexity thinking does not provide all-encompassing explanations; rather, it is
an umbrella notion that draws on and elaborates the irrepressible human ten-
dency to notice similarities among seemingly disparate phenomena. How is an
anthill like a human brain? How is a classtroom like a stock market? How is a body
of knowledge like a species? These are questions that invoke a poetic sensibility
and that rely on analogy, metaphor, and other associative (thatis, non-representa-
tional) functions of language.

In recognizing some deep similavities among the structures and dynamics of
the sorts of phenomena just mentioned, complexity thinking has enabled some
powerful developments in medicine, economics, computing science, physics, busi-
ness, sociology ... the list goes on. But its range of influence should not be inter-
preted as evidence of or aspiration toward the status of a metadiscourse. In fact,
complexity thinking does not in any way attempt to eticompass or supplant ana-
Iytie science or any other discourse. Rather, in its transdisciplinarity, it explicitly
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aims to embrace, blend, and elaborate the insights of any and all relevant domains
o.f human thought. Complexity thinking does not ise over, but arises among other
discourses. Like most attitudes toward inquiry, complexity thinking is oriented by
the realization that the act of comparing diverse and scemingly unconneeted phe-
nomena is both profoundly human and, at times, tremendously fecund.

An important caveat of this discussion is that complexity thinking is not a
ready-made discourse that can be imported into and imposed onto education re-
search and practice. That sort of move would represent a profound misunder
standing of the character of complexity studies. Rather, educational researchers
interested in the discourse must simultaneously ask the corplementary questions,
“How might complexity thinking contribute to educational research?” and “How
mig}.ltl educational research contribute to complexity thinking?” This reflexive, co-
participatory attitude is well represented in the emetgence of the movement.

THE ORIGINS OF COMPLEXITY THINKING

As has been thoroughly described in the many popular histories of the move-
ment, complexity thinking arose in the confluence of several areas of Western
rescarch, including cybernetics, systems theory, artificial intelligence, chaos theory,
fractal geometry, and nonlinear dynamics.$ Many of these branches of inquiry
began to develop in the 19505 and 1960s, emerging mainly out of physics, biol-
opy, and mathematics. More recently, certain studies in the social sciences, espe-
cially within sociology and anthropology, have come to be included und}er the
rubric of complexity. Given this tange of disciplinary influence, it is impossible
to do justice to even one aspect of the “field”

It is thus that one of our strategies in this text is to use complexity thinking
itsclf as a case study of the sortof phenomenon thatis of interestto a complexivist:
115 an emergent realm in which similar but nonetheless diverse elements—in
this case, sensibilities and research emphases—have coalesced into a coherent
clif«‘crnib]c unity that cannot be reduced to the sum of its constituents, A sens;
ol this diversity might be gleaned from the varicd terms for complex systems that
arose in different domains, including “complex adaptive systems” {physics), “non-
lincar dynamical systems” {mathematics), “dissipative structures” (chemistry),
“‘.lllll()p()ictic systems™ (biology}, and “organized complex systems” (information
scienee), These names are attached to faitly specific technical meanings within
thew respective disciplines, but nonetheless refer to phenomena that share the
sorts of qualities identified above.

Use of the word complexity to label this class of self-organizing, adaptive phe-
nomena dates back to the middle of the 20th century. In particular, a 1948 paper
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by physicist and information scientist Warren Weaver’ is regarded by many as
critical to current usage. Weaver was among the first to provide a rubric to distin-
guish among complex and not-complex forms and events. In brief, he identified
three broad categories of phenomena that are of interest to modern science—
simple, compiicated, and complexP—which he linked to different emphases and tools
in the evolution of post-Enlightenment thought.

Weaver’s first category, simple spsfems, included those phenomena in which
only a few inert objects or variables interact. Examples include trajectories, satel-
lites, and collisions—in effect, the sorts of forms and events that caprured the
attentions of Galileo, Descartes, Bacon, and Newton in the early stages of the
Scientific Revolution. Along with their contemporaries, these thinkers developed
a set of analytic methods to reduce such mechanical phenomena to basic laws and
clementary particles. The guiding assumption was that a more thorough knowl-
edge of such fundamentals would make it possible for researchers to extrapolate
their understandings to explain more complicated phenomena.

The meaning of the word anafytic is crifical here. Derived from the Greek
anatusis, “dissolving,” analytic methods were literally understood in terms of cut-
ting apart all phenomena and all claims to truth to their root causes and assump-
tons in order to reassemble them into complete and unshakeable explanatory
systemms. During the eatly stages of the emergence of modern science, there seemed
to be ample reason to have faith in this approach, given the tremendous predic-
tive power of achievements like Newtonian mechanics. Although now several
centuries old, these particular tools remain the principal means to examine and
manipulate simple systems. Indeed, they were so effective that, by the eady 1800s,

confidence in analytic methods had reached an extreme, as is evident in math-

ematician Plerre Simon de Laplace’s bold assertion:

Given for one instant an intelligence which could comprehend all forces by
which nature is animated and the respective situations of the beings which
compose it—an intelligence sufficiently vast to submit these data to analy-
ses—it would embrace in the same formula the movements of the greatest
bodies and those of the lightest atomn; for it, nothing would be uncertain
and the future, as the past, would be present to its eyes.”

This passage is frequently cited as the quintessential statement of deferminism—
that is, the philosophical attitude that there are no accidents. Everything that is
going to happen is absolutely determined (fixed) by what has already happened;
everything that has already happened can in principle be determined (calculated)
by careful scrutiny of current conditons.

The belief in a deterministic universe and faith in analytic methods persist
within the scientific establishment—and tightly so. However, as evidenced by
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Laplace’s assertion, it had already been acknowledged 200 years ago that the ap-
proach was not entirely pragmatic, given that a “vast” intelligence would be needed
to understand the universe in such terms, In fact, even earlier, Newton himself
recogm'zT:d that the calculations associated with simple systems that involve three
of mote Interacting components can quickly become intractable. In the 19th cen-
tury, as scholars met up with more and more such phenomena, a new set of
methods were developed. Based on probability and statistics, these tools were
more ulseful for interpretation of the gtoss ot global dynamics of complicated 195
z‘n/;.'lf--—slruations such as astronomical phenomena, magnetism, molecular inter-
ncrmn?‘, subatomic structures, and weather patterns that might involve millions
of variables or parts.

Significantly, the development of statistical and probabilistic methods repre-
sented more a resignation than a shift in thinking. These methods did not arise
from or prompt a change in the fundamental assumption that phenomena are
locked in a fixed trajectory and reducible to the sums of their parts. The universe
was still seen as determined. The new tools were understood to provide only a
veneer of explanation, nota deep understanding, Lacking a sufficiently vast intel-
ligence and constrained by frustratingly limited perceptual capacities, humans were
grudgingly compelled to rely on coartse charactetizations. The move to statistical
methods was merely an acknowledgment that no flesh-based intellect w;)uld evet

be sufficient to measure and calcalate even a very small part of the intricate unj-

verse. The more complicated the phenomenon, the mote one was compelled to

rely on quantified and averaged descriptions of gross patterns rather than precise
analyses of interacting factors,

' By the carly 1900, however, belief in the general utility of probabilistic and
statistical representations of phenomena had begun to ware. Perhaps, some sug-
gcstcd, neither analytic nor statistical methods could ever be adequ’ate for tlfe
u-lrcrplrctation and prediction of some phenomena. For instance, in an early ar-
ticulation of the important notion of “sensitivity to initial conditions”— or what

is n()\'v more populatly known as “the butterfly effect”’—French mathematician
Henri Poincaré explained:

[Li]ven if it were the case the that natural laws no longer held any secret for
us, we could still only know the initial situation approximately. If that en-
ables us to predict the succeeding situation with the same approximation
that is all we require, and we should say the phenomenon had been pre-’
dicred, that is governed by laws. But it is not always so; it niay happen that
small differences in the initial conditions produce very great ones in the
final phenomenon. A small error in the former will produce an enormous
error in the latter. Prediction becomes impossible.’
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111 this assertion, Poincaré problematized the prediction-oriented project of mod-
cin science. His two-pronged argument—that is, that human measurements are
necessarily approximate and that errors in such approximations are not only cu-
mulative but self-amplifying—meant that even the most precisely measuted simple
phenomena and the most rigorously verified statistical descriptions of compli-
cuted phenomena could (and probably would) become wildly inaccurate over ime.

However, there is a subtler and mote important point to be dtawn out of
Poincaré’s statement—namely the implicit suggestion that the actions of some
systems themselves contribute to the transformations of their own possibilities.
‘T'hat is, a linear causal model of reality, one that is based on the assumption that
4 knowledge of inputs is adequate to predict outputs, does not work for all sys-
tems. In some cases, systems ate self-transformative.’!

Put differently, although a complicated system might have many components,
the relationship among those parts is fixed and clearly defined. 1f it were carefully
dismantled and reassembled, the system would work in exactly the same, predict-
able way. However, there exist some forms that cannot be distnantled and reas-
sembled, whose characters are destroyed when the relationships among compo-
nents are broken. Within these sorts of cmplex spstems, interactions of compo-
nents are not fixed and cleatly defined, but ate subject to ongoing co-adaptations.
The behaviors of simple and eomplicated systems are mechanical, They can be
thoroughly described and reasonably predicted on the basis of precise rules,
whereas the rules that govern complex systems can vary dramatically from one
system to the next. Moreover, these rules can be volatile, subject to change if the
system changes. Such precariousness arises in part from the fact that the “com-
ponents” of the complex system—at least for all of the systetns that are consid-
ered in this text—are themselves dynamic and adaptive.

The point is pethaps mote apparent through an example. Consider a social
unity, in which the “parts™ must dearly abide by some reasonably cohetent sys-
tem of rules if that unity is remain viable. As any socially competent human will
attest, the rules of interaction are neither stable nor universal. Codes of conduct
evolve; roles, responsibilities, and liberties are always differentiated to some ex-
tent; acceptable behaviots vary dramatically from one context to the next. Motre-
ovet, if such rules could somehow be fixed and uniformly applied, the result
would ptobably not be a utopia. More likely, the system would atrophy and die in
short order.

These realizations of the necessary and inevitable intemal variability and adapt-
ability of complex unities are of immense importance. In particular, they repre-
sent a more-than-subtle challenge to much of the research in the humanides and
social sciences that unfolded through the 1800s and 1900s—oriented by either a
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quasi-mechanical frame or by probability and statistics. Of particular relevance to
educational research, for cxample, the cause—~effect logic that underpinned be-
haviotist psychology is not only rendered problematic by complexity thinking,
but almost irrelevant in efforts to understand phenomena as complex as indi-
vidual understanding and collective knowledge. Specifically, the behaviorist no-
tion that learning is somehow “caused by or “due to” experience is challenged
by the complexivist sensibility that what is learned is more appropriately attribut-
able to the ggent than to the agenis context, For example, the manner in which you
are fesponding to this text is mote appropriately understood in terms of your
complex structure than in terms of the black markings on these pages, which
only act o rigger various aspects of your embodied history. With regard to peda-
gogy, then, complexivists tend to follow Freud’s assertion that teaching, under-
stood in terms of determining learning, is one of the impossible professions. (We
explore this point in much greater detail in subsequent chapters, particulatly chaps.
6and 7.)

This sensibility, consistent with Poincaré’s insight into the impossibility of
certain sotts of predictability, came to be more widely embraced in the physical
sciences through the 1900s. It culminated in the formal articulation of the con-
cepts of “self-organization” and “structure determinism.” introduced above.
Toward the close of the 1900s, complexity scientis¢ Stuart Kauffman flagged the
significance of such notons:

Since Darwin, we have come to think about organisms as tinkered-together
contraptions and selection as the sole source of order. Yet Darwin could
not have begun to suspect the power of selforganization. We must seek our
principles of adaptation in coniplex systems anew:'

In other words, the prevailing belief that adaptations can be understood in terms
of environmental causes, while appropriate for simple and complicated (i.e., me-
chanical) systems, is utterly unsuited to complex systems. Entitely new principles
of adaptation—that is, Jearning—are needed.

Itis thus that we artive at one of our central assumptions and assertions: In
this discussion of educational and research implications of complexity thinking,
we are concerned with ate learning sysiems. Moreover, following Kauffman," we
seek our principles of fearning in complex systems ancw:

WHAT [S “LEARNING”? WHAT ARE “LEARNERS"?

To reemphasize the point, this text is framed by the assumption that learning is
not simply a marter of “modification in behavior,” as asserted in much of 20th-
century psychology-oriented educational research. "This deeply entrenched asser-
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v, along with its orienting notion that “experience causes learning to happen”
ate argued here to be, quite simply, impractical and unproductive. Expetience,
tather, is better understood in terms of triggers than causes. Learning, then, is a
matier of transformations in the learner that are simultaneously physical and
lhavioral—which is to say, in biological terms, s#rwcaral Learning is certainly
conditioned by particular experiences, but it is “due to™ the learner’s own com-
plex biological-and-experiential structure, not an external stimulus.

Such assertions represent a rejection of deep-seated assumptions about lin-
car causality, an aspect of determinism, that were transposed from the analytic
sciences onto discussions of teaching through the 19th and 20th centuries. Cause—
cffect interpretations make lictle sense when learning is understood in terms of
recursive and elaborative processes. To be clear, the issue hete is no# whether the
universe is deterministic; it is whether attempts at deterministc explanations are
relevant and applicable in a domain like education. The issue of determinism
presses into the realms of cosmology and philosophy, and it 1s a matter of con-
tinuing debate, even among complexivists. It is less contentious within education,
where the assertion that teaching cannot cause learning is broadly (but certainly
not universally) accepted.

The complexivist reconsideration of learning goes even further. Not only
are the assumptions about the dynamics of Jearning challenged, so is the prevail-
ing belief about what a larmeris. To discuss this issue, we need to be a bit more
deliberate about the meaning of the word sfrusiure, which we have already used
several dmes. It turns out that the concept is vital to broader appreciations of
complexity, adaptability, and related notions.

The word structure is subject to diverse, even flaely contradictory interpreta-
tions. In English, two of the most prominent uses of the word are manifest in
discussions of architecture and biology, and it is its biology-based meanings that
are invoked here. To claborate, when used in reference to buildings, structure
prompts senses of fixed organization, preplanning, and step-following—which
arein turn caught up in a web of associations that includes such notions as foun-
dations, platforms, scaffolds, basics, hierarchies, and so on.

The biological meaning of structure is quite different. Heard in such phrases
as “the structure of an organism” and “the structure of an ecosystem,” the word
is used to point to the complex histories of organic forms. Structure in this sense
is both caused and accidental, both familiar and unique, both complete and in
process. This usage is closer to the original meaning of the word, as suggested by
its etymological links to sfrew and construe. Indeed, when the word was first applied
to architecture some 400 to 500 years ago, it was at a time when most buildings
were subject to continuous evolution as patts were added, destroyed, or other-
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wise altered. The structure of a building was most often understood in terms of
its immediate use, not its original purpose.

A very different way of explaining the distinction between architectural and
biological meaning of structure is to point out that, in the biological sense, struc-
ture is incompressible. The unique structure of a living system arises from and em-
bodies its history. Although many of that structure’s traits might be characterized
in global or general terms, the finer details—and, perhaps, most of the vital de-
tails, in terms of understanding the system’s general character—can never be
known or replicated precisely. In contrast, the vital aspects of a building or other
static form can be specified with considerable precision, and usually in highly
compressed forms such as blueprints or maps.

Retummning to the issue at hand, then, a farver in this text is understood to be
a structuting structured structure, to borrow from Dyke.™ A learner is a complex
unity that is capable of adapting itself to the sorts of new and diverse circum-
starices that an active agent is likely to encounter in a dynarmic wotld.

For us, this conception of a learner alters the Jandscape of educational dis-
course, Overwhelmingly, the word farner is used to refer to the assumed-to-be
isolated and insulated individual. By contrast, in complexity terms, learners can
include social and classroom groupings, schools, communites, bodies of knowl-
edge, languages, cultures, species—among other possibilities. One might also move
in a micro direction, extending the list to include organs and bodily subsystems,
cells, neurons, and so on.’ In this way, complexity thinking suggests, it is not atall
inappropriate to say that a discipline “argues” or a cell “knows” or a culture
“thinks.”” Such phrasings are not so much anthropomorphisms as they are ac-
knowledgments of a deep similatity of dynamical structures of many phenom-
ena.

Importantly, in the sorts of cases just mentioned, the named learner can be
considered simultaneously a coherent unity, a complex of interacting unities, ora
part of a grander unity. On this point, and of considerable relevance to both
education and educational research, complexity thinking foregrounds the role of
the observer in the phenomenon obsetved.

COMPLEXITY OF RESEARCH AND COMPLICITY OF RESEARCHERS

As mentioned, a necessary quality of complex systems is that they are open. They
constantly exchange energy, matter, and information with their contexts. In the
process, they affect the structures of both themselves and their environments.
The term environment must be used carefully. In complexity terms, it is not
meant to imply the presence of a clear, unambiguous physical boundary between

What is “complexity™? * 15

anapent and its context. Lior complex systems, agents are necessarily parts of
(i environments. It is not always possible (or useful) to determine with cet-
ranty which components are part of the system (i.e., “inside”) and which belong
1 the setting (ie., “outside”),

In fact, the closer one looks at the boundaty of a complex/open system, the
maie troublesome the issue becomes. For example, at the cellular level, it is usu-
ally not clear which molecules belong to the system and which to the setting
when one zooms in on a cell membrane. The same is true when attempting to
Jwtinguish between person and not-person at the level of the skin, or when attempt-
my, to unravel origins and authorship of a particular insight. One cannot specify
wimply—or, perhaps more approptiately, simply cannot specify—the locations
ol such boundaries in objective terms. Thus, for the purposes of studying a com-
plex form, the physical or conceptual boundaries of a complex/open system are
always contingent on the criteria used to define or distinguish the system from its
backdrop.

The ctitical point here is not that researchers must define boundaries of the
phenomena that they study (although this is a vital point). Rather, the main issue
here is that complexity thinking compels researchers to considet how they are
implicated in the phenomena that they study—and, more broadly, to acknowl-
edge that their descriptions of the world exist in complex (i.e., nested, co-impli-
cated, ambiguously bounded, dynamic, etc.) relationship with the world.

In this sense, and as is developed in greater detail in chapter 4, complexity
thinking rejects scientific objetivify, relativist subjectivity, and structuralist or post-
structuralist intersubjectivity as satisfactory foundations for any claim to truth. The
notion of objectivity—that is, of god’s-eye truths or obsetverless observations—
is deemed an impossible fiction. Conversely, the suggestion that individual expe-
rience is sufficient for claims of facticity is rejected because it ignores the linguis-
tic bases and other collective aspects of interpretations. At the same time, the
notion of intersubjectivity—that is, the belief that truths that are manufactured
and sustained strictly through social accord—is also deemed inadequate. Such
accord is necessarily nested in the grander physical world. As the argument goes,
by otienting attentions, a knower’s knowledge necessarily affects the ways a phe-
nomenon is perceived and how the knower acts in relation to that that phenom-
enon. And so, rather than striving for an impossible objectivity, embracing a self-
referencing subjectivity, or holding to a culture-bounded intersubjectivity, for the
complexivist truth is more about interobjectivity. It is not just about the object, not
just about the subject, and not just about social agreement. It is about holding all
of these in dynamic, co-specifying, conversational relationships while locating
them in a grander, more-than-human context. It is about emergent possibility as
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a learner/knower {(c.g, individual, social collective, or other complex unity) en-
gages with some aspect of its world in an always-evolving, ever-elaborative struc-
tural dance.

Complexivists lan Stewart and Jack Cohen make the point through a clever
play on words. They recombine the roots of the common terms simplicity and
complexity to generate simplexity and complicity. For them, simplexcity refers to “the
process whereby a system of rules can engender simple features, Simplexity is the
emergence of large-scale simplicities as direct consequences of rules”® Bxamples
of simplexities include Newtonian mechanics and formal mathematics, whose
“properties are the direct and inescapable consequences of the rules.”"”

As we develop in greater detail in chapter 2, a prominent issue among
complexivists is that simplexities have often been {mis)taken as descriptions of
“the way things truly are.” In an effort to interrupt this entrenched habit, Cohen
and Stewart propose the notion of complicities as a category of phenomena in
which “totally different rules converge to produce similar features, and so exhibit
the same large-scale structural patterns”'* In other words, they propose a defini-
tion that is fully compatible with the meaning of complexity that we have been
using in this chapter.

However, with their development of the word wmplicity (to rcfer to what we
are calling complexity), they powerfully foreground the fact that the researcher is
always already entangled in the phenomenon rescarched. Researchers are aspects
of even grander systems, shaped by and conttibuting to the shapes of the phe-
nomena in ways and to extents that they simply cannot know Such realizations
render research a profoundly ethical undertaking, and this is an issue that we
explore in greater detail in all of the subsequent chapters.

Complexity thinking helps us actually take on the work of trying to under-
stand things while we are part of the things we are trying to understand. It fore-
grounds that we can never develop an objective appreciation of something of
which we are part. Complexity suggests that rathcr than standing back from the
world, we must get involved (and acknowledge our implication /complicity) in the
unfoldings of the cosmos.

Indeed, smplication, complicity, and complexcity are all derived from the Indo-Eu-
ropean plek-, “to weave, plait, fold, entwine,” Such, then, is a first lesson of com-
plexity thinking, As researchers interested in issues swirling about human knowl-
edge—what it is, how it is developed and sustained, what it means to know, and

80 on—we are woven into what we research, just as it is woven into us.

CHAPTER TWO

WHAT IS “SCIENCE™?

THEREIS NO SUCH THING AS PHILOSOPHY-FREE SCIENCE;
THERE IS ONLY SCIENCE WHOSE PHILOSOFPHICAL BAGGAGE
IS TAKEN ON BOARD WITHOUT EXAMINATION.

—Daniel Dennett’

{

Currently, the movement that we are referring to as “complexity thinking” is
maore commonly called mmplexity science, a term that was adopted at the end of the
20th century to replace “complexity theory” The reasons for the shift from
“theory” to “science” revolved atound the desire to tepresent complexity re-
search as a scholatly and rigorous approach to researeh. Somewhat irenically, our
decision to speak in terms of “complexity thinking” rather than “complexity
sclence” in this text is motivated by a petvasive suspicion of the physical sciences
among educators and educational researchers. This suspicion is not entirely un-
founded, as we develop in this chapter.

In the context of contemporary discussions of education, the word seence is
usually taken to refer to both a collection of established principles on the nature
of the universe and the particular methods of investigation and verification by
which those principles are established. These methods, at least in the manner that
they are most commonly presentcd, are organized around the standard of proof
through replication: Hypotheses becomc facts and theories become truths as re-
searchers are able to demonstrate that predictable and repeatablc results can be
obtained.

If this were the only sense of the word sence at play in the contemporary
world, then stedies of complexity could never be considered scientific. Complex
phenomena present two immediate problems around the critetion of replication:
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First, vety similar systems under virtually identical citcumstances and subjected
to virtually identical stimuli can respond in dramatically different ways—as any
teacher will attest. One simply cannot predict with any great confidence how one
pupil or class will make sense of some learning event based on another pupil’s or
class’s interpretations. The second problem is even more troublesome. The same
system—ot, at least, a system that seems to have preserved its character and iden-
tity—can and will respond very diffetently to sets of conditions that appear iden-
tical. For cxample, one cannot reliably predict how a student or a classroom col-
lective will act based on responses in an earlier lesson, or sometimes a few min-
utes previous. In other wotds, strict predictability and reliability of results are
unreasonable ctitetia when dealing with systems that learn.

What, then, is meant by sdemce in the term compilexcity science if, as noted in
chapter 1, the analytic bases of inquity ate deemed inadequate and, as just men-
tioned, the critetia for vetification are rendered impracticable?

To begin to answer this question, we need to underscore once again that no
unified response is possible. In fact, a range of perspectives on the character and
status of scientific truth is represented among complexity researchers. Indeed,
there is likely as much conflict and contradiction among complexivists as there is
within almost any area of academic inquiry. In contrast to some other areas, how-
ever, complexity researchers tend to appreciate such tensions as necessary and
productive sites of insight—not mattets to be flattened out, but potential triggess
for richer understandings.

Richardson and Cilliets? sum up some of the variations in sensibilities that
are represented across complexity research by identifying three broad schools of
thought that have been represented, these being:

2) HARD (OR REDUCTIONIST) COMPLEXITY SCIENCE—an apptoach dominated by
physicists that, in effect, maintains the same desire as analytic science to un-
cover and undersiand the nature of reality, otiented by the assumption that such
a reality is determined and hence determinable.

b)SOFT COMPLEXITY SCIENCE—an approach more common in the biclogical
and social sciences that draws on the metaphors and principles developed
within hard complexity science to describe living and social systemns. In this
case, complexity is motre 4 way of seeing the world, an interpretive system rather
than a route to or representation of reality.

€) COMPLEXITY THINKING—an attitude that lies somewhere between the hard
and soft approach. It is concerned with the philosophical and pragmatic im-
plications of assuming a complex universe, and might thus be described as
representing a way of thinking and acting.
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 onwistent with a complexivist sensibility, Richardson and Cilliers acknowledge
the artificiality and illusory neatness of this classification. The vatied attitudes are
lughly intertwined and sometimes simultaneously manifest, In fact, we suspect
that « reader intent on taxonomizing parts of this book could readily classify
varying portions as fitting firmly in one or another of the above categories. The
purpose of the heuristic, then, is not to insist that one commit to a category, but
10 provide a useful device for making sense of some of the inevitable inconsis-
tencies in the field-—in the process, offering a mote nuanced picture of complex-
ity and the powerful-although-conflicted character of this patticular attitude to-
ward inquiry.

It is important to undetscore that, although there are clear disagreements
atound matters of tesearch emphasis and approach, there remains a reasonable
consensus among complexivists as to what constitutes a complex phenomenon
or entity. That i, there is a broad agreement on the meaning of complexity and a
somewhat shakier accord around the meaning of saence. To render this issue less
opaque, and to make clearer our own positionings, in this chapter we move through

brief discussions of the three categories of complexity studies suggested by
Richardson and Cilliers,

SOME ORIENTING COMMENTS ON THE EVOLUTION OF
COMPLEXITY SCIENCE

Before moving into some of the specifics around the different sensibilities repre-
sented among complexivists, it may be useful to highlight some of the phases that
complexity science research has passed through over recent decades. Here we
draw on Waldrop’s and Johnson’s popular accounts of the emergence of the field.?

Eaily studies of complex phenomena were undertaken well before the coin-
ing of the phrases “complexity theory,” “complexity science,” and “complexit§
thinking”” In the main, this work consisted of dispatate and largely unconnected
investigations of specific phenomena. Examples include Jane Jacobs” examina-
tions of the rise and decline of cities," Deborah Gordon’s multi-year observa-
tions of the life cycles of anthills?® Friedrich Engels’ studies of the emergence of
social structutes in the free-markct wotld,® Rachel Carson’s examinations of the
ecological implications of industrialized societies,” Humberto Maturana’s research
into self-producing and self-maintaining biclogical unities,* and many similady
minded inquiries. Such studies were ptincipally observational and descriptive in na-
ture. The theme that unites these diverse projects is the desire to generate tich
accounts of specific phenomena, oriented by a suspicion that anthills, cities, bio-
logical unities, cultures, and so on must be studied at the levels of their emer-
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gence, not in terms of their sub-components—and certainly not in terms of
fundamental particles and universal laws. Gotdon, for instance, demonstrated
that the lives of anthills could not be reduced to the characters or life cydes of
individual ants Rather, something qualitatively different arose in the interactions
of many ants—coherences that were maintained for periods that lasted many
times longer than any single ant.

As more and more such studies were published, a handful of researchers
undertook to identify some of the qualities and conditions that seemed to be
common across the range of phenomena studied. For instance, there seems to be
wemendous redundancy among the agents that come together within most com-
plex systems. (As developed in greater detail in chap. 7, such redundancy is not
only one of the important markers used to distinguish complex systems from
complicated mechanical systems—which tend to be composed of highly special-
ized, minimally redundant components—it is also one of the conditions that can
be manipulated to affect the character of a complex unity,) Phrased differently, the
emphasis in complexity studies moved beyond a focus on detailed descriptions of
specific instances toward efforts to articulate more generalized characterizations.

With the advent of more powerful and readily available computer technolo-
gies in the 1970s, researchers with an interest in complex phenomena were given
a tool with which they could begin to test some of their suspicions and hypoth-
eses around the emergence and ongoing coherence of different systems. Very
quickly, computer simulations became a major focus in complexity research—
and, in fact, this emphasis served as the site around which complexity theory
coalesced in the late 1970s and early 1980s. It was also one of the vehicles by
which complexity research was popularized through the 1980s and 1990s as simu-
lations of flocking birds, growing cities, anthills, neural nets, and other complex
phenomena were made available through popular software, video games, and
interactive websites.®

By the 1990s, complexity research was a clearly discernible domain, evidenced
by the appearance of institutes and conferences designed to bring together re-
searchers who previously had litde occasion to interact, along with the publica-
tion of several popular histories of the nascent field." By then, prompted by the
accumulation of inter-case comparisons, the focus of complexity research had
begun to shift again, Investigators had begun to tutn their attentions to the prompt-
ing and manipulation of complex systems. Could one occasion the emergence of
a complex vnity? If so, how? Once emergent, could a complex phenomenon be
deliberately manipulated? If so, how and to what extent? Phenomena subjected
to this manner of questioning varied from ecosystems to immune systems, from
social groupings to interneuronal networks. !
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Such questions were (and are) investipated through a variety of means. Yor
exumple, increasingly sophisticated computer simulations have been developed
1 model the complex relationships among neurons in the brain ot species in an
ceosystem. More pragmatically, some reseatrchers have applied newly established
principles of complexity to revive vanquished ecosystems, to rethink established
medical orthodoxies, and to re-ofganize majot companies.”? This emetgence of a
pragmatics of transformation within complexity research is associated with the change
in title of complexity research, from complexity theory to complexcity scdence. This shift
was a deliberate one made by complexivists to flag the fact that research had
achieved a certain rigor and respectability, if not the requirements of teplication
that are better suited to studies of mechanical phenomena.

In our view, the shift toward considerations of pragmatics of transformation
has also rendered the discourse much better fitted to the particular concerns of
educators and educational researchers, given educationists’ societal responsibili-
ties for deliberately affecting learners and communities. That said, the perceived
utility of this sott of pragmatics vaties considerably across the diverse schools of
thought among complexity researchers. Returning to the three sensibilities iden-
tified by Richardson and Cilliers, then, we now turn to the conceptual commit-
ments implicit in these sensibilities as well as their possible relevancies and utili-
ties for educators and educational researchers.

HARD COMPLEXITY SCIENCE

As mentioned in chapter 1, the strands of inquiry that have come to be knitted
together into complexity science first arose within the physical sciences in the
mid-1900s. These domains have a long history of being oriented toward the ar-
ticulation of complete, unambiguous, and objective accounts of the universe, at
least insofar as popular beliefs go about the scientific project.”

The desire for these sorts of accounts predates modern science by more
than two millennia. It is anchored in an ancient assumption that the universe is
governed by fixed, immutable laws. In this view, although dynamie, the universe is
essentially unchanging—at least in terms of the sorts of phenomena that can
occur and the sorts of forms that can exist.”

Of course, this view no longer ptevails in either the sciendfic realm of the
popular imagination. On the contrary, contemporary theoties and worldviews tend
to be infused with an evolutionary sensibility—not only an acceptance, but an
expectation that things will change. Yet, it is important to undetscore that wide-
spread embrace of this notion is recent. Even in the sciences, broad incorporation
of evolutionary principles happened bately 100 yeats ago. Prior to Darwin’s ar-
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ticulation of a scientifically defensible, evidence-based theoty of evolution and
subsequent adopton/adaptation of that theoretical frame within geology, sociol-
ogy, psychology, and other domains, the project of science was understood in
rather straightforward terms of parsing up, categorizing, and labeling the pieces
of the assumed-to-be complete and dismantle-able universe. This sensibility, al-
though thoroughly critiqued, has persisted and undetpins the condnued assump-
tion that science is aimed at a totalized, fully consistent theory of everything,

There is a bit of a contradiction—even paradox—here. Modern science gave
tise to and has embraced a frame (i.e., evolutionary theory) that compels at leasta
problematization, if not outtight rejection, of the very foundations of the scien-
tific project that prompted the emergence of the theory of evolution. As it tuens
out, hard complexity science seems to be positioned within this contradicdon, in
its desire to assemble an objective account of the universe even while acknowl-
edging the possibility of emergent forms that simply could not be anticipated on
the basis of the cutrent state of affairs.

A preferred means of investigation within the hard approach is computer
simulation, in which complex systems are modeled in attempts to uncover the
conditions that undestie theit emergence and to make sense of the transcendent
capacities that arise once emergent. These simulations are, of course, rooted in
mathematics, which hard complexivists typically argue to be a means to enhance
one’s appreciation and understanding of the phenomenon at hand." Osberg,
however, argues that mathematics can be as obfuscating as illuminating, and so
we present the issues in nonmathematical terms here. To summarize Osbetg’s
atpument, while mathematics provides powerful tools that should not be ignored,
the project of botrom-up computer simulations is necessarily oriented toward
the identification of essential rules or principles that can then be tecombined to
generate complex happenings (of, at least, convincing simulations of complex
happenings). There is no disagreement that mathematics and mathematical tools
are useful for there sortr of endeavors. However, as helpful as a rule-based approach
may be, it is inadequate for understanding all dimensions of complexity and it can
in fact be a hindmnce to these understandings. A key issue is, of course, that
merely complicated tools (i.e., computers) are used to model complex phenom-
ena—ot, to invoke the vocabulary developed by Cohen and Stewart, simplexities
are being substituted for complicities."” Such a strategy can be challenged as nec-
essarily limited and limiting. At best, some argue, simulation operates on the level
of analogy, thus perhaps obscuring critical aspects of complex behaviot. '

Of course, computer simulation is not the only approach used within hard
complexity science. Other prominent strategies include close observation and
conrtrolled experimentation—and, indeed, most of the pre-computet-era studies
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thit have come to be seen as complexity-otiented fall into one or both of these
1 ategories. These studies of bechives, cell assemblies, and other physical systems
have been vital for prompting broad appreciations of the existence of complex
phenomena, However, as noted above, they have also been frustrated by prob-
lems with replicability, a critetion that comes along with the methods developed
with analytic traditions.

The importance of these issues is perhaps more evident when one considers
1 potential usefulness of complexity science within educational research. Clearly,
there are impottant things to be learned by close observations of, for example,
Irain functioning, individual leatning, and classroom collectivity. And, clearly, there
are things to be leatrned by expetimenting with, for example, varied teaching em-
phases, different school conditions, and so on. Further, a well crafted simulation
of, say, brain function or interpersonal dynamics can contribute significantly to
teacher knowledge. However, even if one were to accept the dubious premise that
such phenomena are knowable in excruciating detail, is it reasonable to expect that
the resulting knowledge would be of much use to educators? Might the collective
biological, experiential, social, and cultural issues that contribute to the shape of
every classroom event serve to undermine the udlity of such knowledge?

To be cleat, we are arguing here that a hard approach to complezity science,
while relevant, powerful, and approptiate for certain emergent phetiomena, is of
limited value to educators and educational researchers Further, a major premise
of the hard approach—namely the assumed stability of the phenomenon stud-
ied—is inherently problematic for educationists. The conditions and purposes of
schooling ate constantly shifting, and an attempt, for example, to characterize
¢classroom dynamics in absence of this realization engenders a sort of head-in-
the-sand attitude. In particular, it compels investigators to ignore their own con-
tributions to the ongoing evolutions of the phenomenon studied. In arguing for
different conceptions of engagement and outcomes, researchers oriented by hard
complexity science canniot help but trigger unpredictable shifts in the vety phe-
nomena that they might hope to capture in their webs of interpretation. An atti-
tude that is fitted to the study of insects and neurons, then, might be ill-suited to
phenomena that evolve at the paces of human actions and interactions.

SOFT COMPLEXITY SCIENCE

Regardless of which school of complexivist thought is embtaced, the movement
has drifted a long way from the conceptions of the universe and knowledge that
framed the early moments of the Scientific Revolution. At that time, the philoso-
phies of René Descartes and Francis Bacon, and the predictive powers of the
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ptinciples laid out by Isaac Newton and Johannes Kepler supported the emer-
gent belief that the universe was a grand machine. It followed that the systems
designed to make sense of this machine would be undetstood as (Newtonian)
mechanics. And, as we discuss in mote detail in chapter 3, the foundational image
of the age was the /4ne, implicit in discussions of (linear) causality, (linear} rela-
tionships, and (linear) dynamics.

By contrast, the core metaphots and images for complexivisits are more to-
ward ecosystems, co-determined choreographies, and scale-independent fractals,
For the most part, these figurative devices were first articulated by complexivists
within the hard sciences and mathematics, but they have come to be increasingly
embraced by researchers in education and other social sciences of the past few
decades.

The shift has been prompted i large part by the realization that the meta-
phorts and methods borrowed from analytic science, especially those tools drawn
from statistics {such as linear regression), are of limited use in efforts to unravel
and characterize constantly shifting phenomena. This is not to say that these
interpretive tools ate useless in the study of complex phenomena, howevet. True
to the etymological root stasis, meaning “stationary, stopped,” many statistical
methods are appropriate, for example, to provide snapshot images of leatning
and living systems. The difficulty lies in the overapplication of methods that can-
not take into account that living and learning systems can and do change. By the
time a statistical analysis of a complex unity is completed, its conclusions may no
longet be valid. (This point is powerfully demonstrated in election polls. It is also
an issue with intelligence tests and most other norm-based reference tools. For
the most part, these devices are intended to measute phenomena that ate far too
volatile for any sort of summary statistic.)

Soft complexity science, then, refers to an increasingly popular moventent within
the social sciences toward an embrace of images and metaphorts to highlight the
intricate intertwinings of complex phenomena. For example, petsonal memoties
might be characterized in terms of a fractal structure in which vittually any recol-
lection, when closely inspected, can explode into a vast web of associations. Ina
similar vein, neurologists and sociologists have drawn on a subdiscourse of com-
plexity science—namely network theory—to redescribe interneuronal structures
and interpersonal relationships in terms of “scale-free networks’™ (see chap. 3).

These efforts at redescription have not yet had as significant an impact within
educational research as in neurology, psychology, sociology, and other ateas of
human science research. Nevertheless, there have been some notable contribu-
tions to discussions of the nature of learning,” teaching, schooling,” and edu-
cational research® —mostly on the descriptive level, but the emphasis does seem
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ta he shifting toward more pragmatic tecommendations for educationists (see
chaps. 6 and 7). A prominent feature of these writings is an attentiveness to the
lipurative bases of these discussions, in contrast to popular educational discourse
m which the illustrative value of metaphors have often decayed into literalness.
lor example, Sawada and Caley have offeted the notion of dissipative structures (a
term coined by Nobel laureate Ilya Prigogine to refer to certain complex unities)
10 describe learners and classtrooms.” Doll has inter rogated the metaphoric roots
of the word ewrricatum and foregrounded its etymological relationship to the no-
tion of recursion?® (Both ate detived from the Latin exrrere, “to run.””) He develops
this idea to problematize the popular tendency to interpret curriculum in terms
of linear, unidirectional programs or movements, arguing that learning is never a
simple matter of directed progress.

Much of our own teseatch within education might be characterized as fitted
to a soft complexity science sensibility, having characterized learning, classrooms,
schools, curtricula, and administrative structutes in terms of nested, open, self-
organized systems that operate far from equilibtium (see chaps. 5 and 7). That
said, we do not regard the bulk of our wotk—or the bulk of the work of other
educational researchers with an interest in complex dynamics—in “soft” terms,
Rather, to our reading, most of it would more appropriately be described in terms
of what Richardson and Cilliers call “complexity thinking,”

COMPLEXITY THINKING

To reiterate, complexity thinking might be described as a way of thinking and
acting Linking it to 2 term introduced in chapter 1, complexity thinking might be
undetstood as an acknowledgment of one’s wmpliify—not just complicity with/in
one’s research interests, but with/in the grander systems that contribute to the
shape of and that are shaped by those research interests.

As such, complexity thinking has a much more pragmatic emphasis than
hatd and soft attitudes toward complexity science. Its principal orienting ques-
tion is neither the fact seeking “What is?” not the interpretation-secking “What
might be?”, but the practice-otiented “How should we act?”

Significantly, complexity thinking in no way represents an abandonment of
science. However, it does teject an uncritical—and, at times, as unjustified—faith
in the analytic method, its mechanical and statistical tools, and other features of
much of educational research through the 20th century. Such uncritical embrace
of analytic scientific emphases, often dubbed “scientism,” is a primary site of
critique and response by those whose work might be described in terms of com-
plexity thinking,
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not uaderstood in terms of a directed movement of information or knowledge
(as suggested in fig. 2.1), but in terms of continuous adaptation or coping as
these co-implicated phenomena maintain their respective coherences.

As will be futther developed in chapter 4, the principal theoties of learning
that have arisen in education are subject-centered constructivisms (which focus
on the individual’s efforts to maintain coherence) and social constructionisms
(which are more concerned with how individual knowers are shaped by and posi-
tioned within collective knowledge systems). And, as further developed in chap-
ter 4, complexity thinking compels a significant elaboration of this manner of
nested imagery as it presses attentions in both micro- and macro-directions. We
have found nested images of the sort presented in figure 2.3 to be particulatly
useful in underscoring that, for example, the project of formal education cannot
be understood without considering, all-at-once, the many layers of dynamic, nested
activity that are constantly at play.

Consistent with the fact that the boundaries of complex systems are difficult
tor determine, it is impossible to draw tidy lines between these sorts of organiza-
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FIGURE 2.3 SOME OTHER LEVELS OF COMPLEX CO-ACTIVITY
Nested systemns that are of interest to educational researchers extend well beyond the phe-
nomena of collective knowledge and individual understanding.*®
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tional/organismic layers. However, pragmatically speaking, they can be and often
are distinguished according to the paces of their evolutions (as suggested by the
time scale, on the right of fig. 2.3) and their relative “sizes” For example, indi-
vidual cognition tends to be seen as highly volatile (hence readily affected), whereas
a body of kanowledge or a body politic is usually seen as highly stable (hence as
pregiven and fixed, at least insofar as curriculum development is concerned). By
way of a more specific example, one might compare the centuties-long period
that was needed for Western mathematics to ineorporate a “zero concept™ to
the rapid pace at which a typical child comes to appreciate a number system that
includes zero. When considered on the appropriate scales, both can appear as
sudden insights that not only open up new vistas of possibility, but that also
transform what had previously been accepted as true or factual !

(By way of side note, the time scale in fig, 2.3 is also useful for understanding
why some strategies of hard complexity science research cannot be unpro-
blematically imposed on phenomena that are studied by educators. For example,
methods developed to study ecosystems, biological phenomena, or medical is-
sues are typically focused on traits at the species level—that is, phenomena that
are highly stable, owing to their relatively slow evolutionary pace.)

Of course, in practical terms, an educational researcher could not possibly
account simultaneously for sevetal levels of dynamic activity. Qur suggestion is
not at all that one must accomplish or even attempt such a feat. Rather, we are
arguing for an awareness that habits of interpreting particular phenomena as
fixed ot fluid are dependent on the level of observation and the observer’s pur-
poses, #of on the phenomenon. For example, a neurophysiologist might choose
to regatrd an individual’s understanding of “red” as fixed in order to study that
person’s brain activity when objects recognized as red are encountered. A psy-
chologist, in contrast, is more likely to consider the individual’s understanding of
red as mutable, and might thus seek to unravel the experiences, emotions, and
anticipations that contribute to the person’s subjective interpretation of redness.
A sociologist might ignore subjective experiences, seeking to understand the so-
cial and cultural significance of color. An anthropologist might attempt to link
the sociologist’s and the neurophysiologist’s insights in an effort to understood
the intettwined dynamics of biology and culture in a society’s habits of distinc-
tion. And so on. As such, what red s can only be discussed in terms of the
immediate worry, not in terms of some absolute, unchanging, observer-free as-
pect of the universe.

A point to underscore here is that, with specific regard to educational re-
seatch, complexity thinking does not permit a simplistic separation of esfablished
knowledge and how knowledge is established. Both obey similar, evolutionary dynamics.
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Complexity thinking is fully consistent with a science that is understood in
terms of a disciplined, open-minded, evidence-based attitude toward the produg
tion of new, more useful interpretive possibilities. On this count, complexity think-
ing is compatible with pragmatist philosophy,” in which truth is understood in
terms of adequacy, not optinality. A claim is deemed truthful if it enables knowers
to maintain their fitness—and so, in contrast to the demands for validity, reliabil-
ity, rigor, and generalizability, complexity thinking is more orieated toward truths
that are viable, reasonable, relevant, and contingent. Once again, this attitude
foregrounds the role of the knower in the known, in contrast to the efforts of
wnalvlie seicnes o erase any race of the observer from the observation.

A el cannle ity thinking acknowledges that “compression” and “reduc-

i e ditlocnnine interpret, draw analogies, filter, discard, and generalize in
cevn bl the vast amounts of information that confront them at every
nae i Complesity thinking thus recognizes the limitations on human con-
i bul does nor equate such constraints with limitations on human
woal e
it onirary, complexity thinking within education is oriented toward the
o, which humanity seems to have transcended its biological limitations,
some prinetpal sites of inquiry oriented in this way are studies that focus on
lanpiage, writieg, mathematics, and other technologies that enable groups of
inclividuals to couple theitr perceptions and consciousnesses, in effect, cteating
grander cognitive unities—collective intelligences—whose possibilities simply
cannot be determined in terms of the summed capacities of individuals.

In the preceding paragraphs we have made reference to several different
instances of phenomena that “know” something, including science, social collec-
tves, and individuals. Complexity thinking prompts this leveljumping between
and among different layers of organization, any of which might be properly iden-
tified as complex and all of which influence (both enabling and constraining) one
another. Complexity thinking also otients attentions toward other dynamic, co-
implicated, and integrated levels, including the neurological, the experiential, the
contexrual /material, the symbolic, the cultural, and the ecological. Bach of these
levels/phenomena can be understood as enfolded in and unfolding from all of
the others. For instance, science cannot be understood without considering social
movements and societal obsessions, nor in ignorance of the subjective interests
and personal histoties of individual scientists.

These points can be rather difficult to appreciate, in large part because pre-
vailing manners of exptession in English tend to cast matters of objective knowl-
edge and individual knowing as separate, non-overlapping tregions. Hence the
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FIGURE 2.1 POPULAR METAPHORS OF KNOWLEDGE AND KNOWING
In common figurative language, objective knowledge and subjective understanding tend to
be framed in terms of twe isolated domains that must somehow be bridged.

prominence of such phrases as “getting things into your head,” “soaking things
up,” and “taking things in.”” The implicit imagery here seems to be something
toward the image presented in figure 2.1, of two sepatate spheres linked by the
unidirectional arrow of “learning”

Critiques of this figurative grounding, along with associated “banking” or
“transmission” approaches with pedagogy, have been extensive and condemning
over the past century. In their place, a new orthodoxy has arisen in which subjec-
tive understanding is nested within objective knowledge (see fig. 2.2}, Theix forms
are understood to exist in mutual relationship and both ate understood to be
dynamic and adaptive, albeit operating in much different time frames.

In this emergent figurative framing, learning is understood more in texrms of
ongoing renegotiations of the perceived boundary between personal knowing
and collective knowledge. Understood to unfold from and to be enfolded in one
another, both are construed in terms of maintaining fitness. As such, learning is

-

s

FIGURE 2.2 EMERGENT METAPHORS OF KNOWLEDGE AND KNOWING
In complexity-oriented frames, objective knowledge and subjective understanding are de-
scribed in terms of nested, co-implicated dynamics.
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not understood in terms of a directed movement of information or knowledge
(as suggested in fig. 2.1), but in terms of continuous adaptation of coping as
these co-implicated phenomena maintain their respective coherences.

As will be further developed in chapter 4, the principal theories of Jearning
that have arisen in education are subject-centered constructivisms (which focus
on the individual’s effotts to maintain coherence} and social constructionisms
(which are more concerned with how individual knowers ate shaped by and posi-
tioned within collective knowledge systems). And, as further developed in chap-
ter 4, compelexity thinking compels a significant elaboration of this manner of
neacl imagery as it presses attentions in both micro- and macro-directions. We
have found nested images of the sott presented in figute 2.3 to be particularly
aseful in underscoring that, for example, the project of formal education cannot
be understood without considering, all-at-once, the many layers of dynamic, nested
activity that are constantly at play.

Consistent with the fact that the boundaties of complex systems are difficule
to determine, it is impossible to draw tidy lines berween these sorts of organiza-
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rional/ organismic layers. Howevet, pragmatically speaking, they can be and often
are distinguished according to the paces of their evolutions (as suggested by the
time scale, on the right of fig. 2.3} and their relative “sizes” For example, indi-
vidual cognition tends to be seen as highly volatile (hence readily affected), whereas
a body of knowledge or a body politic is usually seen as highly stable (hence as
pregiven and fixed, at least insofar as curticulum development is concerned). By
way of a more specific example, one might compare the centuries-long period
that was needed for Western mathematics to incorporate a “zero concept”™ to
the rapid pace at which a typical child comes to appreciate a number system that
includes zero. When considered on the approptiate scales, both can appear as
sudden insights that not only open up new vistas of possibility, but that also
transform what had previously been accepted as true or factual ™

{By way of side note, the time scale in fig. 2.3 is also useful for understanding
why some strategies of hard complexity science research cannot be unpro-
blematically imposed on phenomena that are studied by educators. For example,
methods developed to study ecosystetns, biological phenomena, or medical is-
sues are typically focused on traits at the species level—that is, phenomena that
are highly stable, owing to their relatively slow evolutionary pace.)

Of course, in practical terms, an educational researcher conld not possibly
account simultaneously for several levels of dynamic activity. Our suggestion is
not at all that one must accomplish or even attempt such a feat. Rather, we are
arguing for an awareness that habits of interpreting particular phenomena as
fixed or fluid are dependent on the level of observaton and the observet’s put-
poses, #of on the phenomenon. For example, a neurophysiologist might choose
to regard an individual’s understanding of “red” as fixed in order to study that
person’s brain activity when objects recognized as red are encountered. A psy-
chologist, in contrast, is more likely to consider the individual’s understanding of
red as mutable, and might thus seek to unravel the experiences, emotions, and
anticipations that contgibute to the person’s subjective interpretation of redness.
A sociologist might ignore subjective expetiences, seeking to understand the so-
ciat and cultural significance of color. An anthropologist might attempt to link
the sociologist’s and the neurophysiologist’s insights in an effort to understood
the intertwined dynamics of biology and culture in a society’s habits of distinc-
tdon. And so on. As such, what red # can only be discussed in terms of the
immediate wortry, not in terms of some absolute, unchanging, observer-free as-
pect of the universe.

A point to underscore here is that, with specific regard to educational re-
search, complexity thinking does not permit a simplistic separation of established
Fhnowdledge and how knopledge is established. Both obey similax, evolutionary dynamics.
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As such, in complexity terms, the key distinction is not between product and process,
but between relatively stable aspects of collective knowledge and the somewhat
more volatile dynamics that underpin that stability,

Of course, such sensibilities are not entirely new. They might be argued to
hive been represented by post-structuralist, ctitical, socio-cultural, social-con-
structionist, and other discourses. We would not dispute this point. However,
complexity thinking takes the discussion to realms that these discourses often
ignore or evade, For the past few hundred years at least, the topics that have
predominated within educational discourse have overwhelmingly been book-ended
by the phenomena of the individual’s concerns at one extreme and society’s needs
at the other. Often, in fact, these two extremes have been cast as oppositional, as
evidenced in the ever-popular debates over whose interests schooling should most
scrve (Le, the individual’s or society’s interests).

Complexity thinking presents two challenges here. First, as suppested by fig-
ure 2.3, it looks beyond the bookends of the popular debate. Second, it intro-
duces the biological across all phenomena—from the subpersonal to the per-
sonal, through the interpersonal, across the social and cultural, past the species
level, to the interspecies space of the biosphere. In other words, complexity think-
ity embraces much of structuralist, post-structuralist (see chap. 4), and critical
thinking, but counters that these discourses often do not go far enough. A key
issue for instance, is the natute of knowledge. Complexity thinking understands
knowledge to refer to systems’ stabilized but mutable patterns of acting—and
thus supports the commonsense usages of the word knowledge to refer to what
humans, nonhumans, and human collectives know. By contrast, at least some
branches of structuralist, post-structuralist, and critical thought cannot accom-
modate such notions—with a few oriented by the extreme assertions that either
“all knowledge is socially constructed” or “individuals construct their own knowl-
edge.” Complexity thinking recognizes the “truth” of such claims, insofar as they
are noted in relationship to specific systems. But it also suggests a limited utility
to these assertions when thinking in terms of the necessarily transphenomenal
enterptise of formal education (see chap. 8).

WHAT [5 "SCIENCE”?

We have not yet answered the question that serves as the title of this chapter. To
review, we have indicated that there is a significant difference between analytic
and complexivist sensibilities, that complexity science nonetheless both derives
from and relies on analytic science, that complexity research is hardly unified, that
complexity thinking embraces a pragmatist actitude toward truth, that rescarchers
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oriented by complexity thinking within the social sciences and humanities must
he attentive to their complicities, and that complexity science compels one to be
aware of physical-biological contexts and not merely social-cultural situations.
"Tkree additional issues remain to be developed: the quest of science, the nature
of a scientific theoty, and the relationship of science to other modes of Western
knowledge production.

The first of these issues, regarding the particular foci of scientific inquity, can
only be addressed by looking at the history and evolution of scientifie research. To
perhaps overtruncate the discussion, modern analytic science atose at a time that
the universe was assumed to be fixed and finished. The project of all inquiry,
scientific or otherwise, was thus understood in terms of naming what #. Science,
true to its etymological roots of “separaring one thing from another” (from the
Latin sere, related to scissors, schism, and so on) or, even more anciently, to a
“splitding, rending, cleaving, dividing, separating” (cf. the Greek skbigein), was oti-
ented toward the project of classification. It was aimed at parsing up and naming
the universe though the identification of essential traits, key distinctions, and all-
encompassing taxonomies. Basic laws and fundamental units were actually
byproducts of this attitude, arising as finet and finer distinctions were made.

A prominent example of this distinction is the still-employed system of bio-
logical classification developed by Linnaeus in the 1700s. He grouped species
togethet into genera according to resemblances, genera into families, and so on
until, at the apex of an organizational pyramid, he arrived at six kingdoms that
encompassed all living forms. Similar examples can be found in all other classieal
branches of science, underscoring that the scientific project was originally under-
stood in terms of tracing out the fault lines of the universe. Further, this project
was assumed to be an accumulative one, pointed toward a complete and exhaus-
tive knowledge of all things.

The nature of the project changed dramatically through the 1800s as mount-
ing bodies of evidence in geology, biology, astronomy, linguistics, and other do-
mains pointed toward the likelihood that the universe was neither fixed nor fin-
ished. Rather, it seemed to be evolving—and not in entirely predictable ways.
That made at least parts of the universe moving targets, not subject to totalized
taxonomies or universal laws.

In brief, the evolutionary sensibilities that emerged in the sciences through
the 19th cenmry wete organized around a very different attitude toward under-
standing the differences and relationships among phenomena. As a result, sci-
ence changed. Dramatically. It shifted from an emphasis on dichotomizaiion to an
emphasis on bifyreations. Dichotomization is detived from the Greek dikbattomie,
“two parts.” To dichotomize is to generate two independent and unambiguously
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As will be further developed in chapter 4, Saussure described language as a
closed, self-referential system—that is, as a self-contained set of cross-references
in which meaning arises in the contrasts and gaps among words, not in their
refetences to external objects or events. As such, language is subject to continu-
ous transformation as prompted by changes in collective obsessions, the intro-
ducton of new forms, and so on. The vital criterion for the persistence of lin-
guistic forms was thus a sort of evolutionary fitness. Survival did not depend on
correspondence to something outside the language system, but to internal fitness
or consistency.

This sort of wherence theories might be distinguished from correspondence
theories on two principal counts. First, since the theoties focus on internal fit rather
than external match, the important qualities of truth are viability and utility. Consis-
tent with pragmatist philosophy, as already mentioned, truth is what wotks, and it
is subject to constant modification with new experiences and changing circum-
stances. On this count, the influence of a shift in the project of science (as
prompted by Darwin) is obvious. Second, the evolution of truth is most often a
matter of dnkering, not massive revision. Moreover, these adjustments are made
“on the fly” with little or no fanfare. Individual and collective construals of the
world, that is, are rooted in the human capacity to rationalize rather than to be

rationa.

As might be expected, this shift in undetstanding of the nature of language
is associated with a shift in the status of scientific truths. Rather than represente-
tiens, coherence theories suggest that the “facts” of scienice ate more matters of
presentations. Phrased differently, claims to truth are undetstood as means to orient
perceptions and frame interpretations, not as hard-and-fast assertions about some
aspect of reality. As such, a claim to truth, like a sclence that is attentive to evolu-
tions and bifurcations, can shift and adjust. Indeed, it must be flexible in order
maintain its own internal coherence.

For the most part, coherence theoties were developed within the humanities
and social sciences, and they were thus imposed on the physical sciences from the
outside—in particular, through such notable contributions as those of Kuhn
and Popper.” Occasionally the sensibilities announced have met with harsh, even
damning {and occasionally justified) critiques from those scientists who maintain
a more correspondence-based sense of theit work.* Given this backdrop, it is
thus interesting to note that complexity science has prompted the emergence of
coherence-like sensibilities among many scientists over the past several decades.”

The common ground of coherence theories and complexity theories is that
both are concerned with the internal reladonal dynamics of systems as condi-
tionted by events outside of those systems. This focus has prompted a realization
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that the elements or agents of a system, as Cilliers comments, “have no represen-
tational meaning by themselves, but only in terms of patterns of telationships
with many other elements.”

I lowever, complexity theories embrace not only Darwinian dynamics, but
alser the phenomenon of self-organization. That is, complexity theories are also
#itentive to the possibility of emergent, transcendent forms, and this interest
tonipels an attentiveness to the manner in which efforts at representation are co-
nnplicated in experiences of the phenomenon at hand. As Cilliers puts it, context
15 "always already part of the representation.”™ This means that, in 4 complex
network, no part of the system has any meaning in isolation from the rest of the
system (an assertion shared by coherence theorists), and so one must take into
account the structure of the whole system. In other words—and it is here that
complexity theories split from coherence theories—complexity is incompress-
ible and ever-expanding. Thus, although complexivists agree with coherence theo-
tists in the assertion that representations cannot be considered atomistic units or
accounts of fundamental laws ot elements, they part company atround the as-
sumption that representations are part of a self-contained system. For
complexivists, representations have no meaning or identity in themselves, but are
part of a greater distributed network of meaning. Theories of reality and the
vocabularies developed to describe the world ate not independent from it

‘The distinction between coherence theories and complexity theories is subtle,
but significant. The point is that complexity theories understand that they are not
hermetically sealed from the universe, but part of—responsive to and responsible
to—grander webs of relationship. Science in this frame is a participation is the
cmergence of reality, and hopefully a conscientious one in which its partialities
are routinely foregrounded.

The notion of distributed representation, taken seriously, compels a realization
that there are no universal truths. The representations that are used to make sense
of the world are products of the frames that have been chosen in order to gener-
afe meaning; they are not a pure characteristic of things in themselves, but neither
are they completely dissociated with those things. Rather, they are evolving and
ever-expanding conversations between sense-makers, the sense made, and senso-
rial encounters with the universe. Returning to a notion introduced eatlier, then,
complexity thinking posits that truth is not strictly a matter of intersubjectivity—
coherences among humans— -buc of interobjectivity— conversations between a
dynamic humanity within a dynamic more-than-human world, Rather than search
for truth, complexity thinking suggests that the best that a knowing agent can do
is to take a pragmatic stance roward the representations made. How useful are
they? What do they do? What do they entail? What do they foreground and what
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do they defer? These questions apply as much to how one teaches, W}.lat one
teaches, and the intentions of formal education as they do to the projects of
science, .
Such assertions bring us very close to the postmodern mistrust of overarching
theoretical paradigms, a suspicion encapsulated in Lyotard’s empha_r_lc statt?ment,
“I define postmtodern as incredulity toward metanarratives.” Qur 1gvocauon of
this statement might seetn somewhat paradoxical within this d_15cu5510n of com-
plexity science—a movement that is often accused of assuming the status of a
new metanatrative,
Indeed, this accusaton is perhaps a fait one when applied to the :.:n‘lphases
and attitudes of some involved in hard complexity science. However, it is not a
justfied criticism when applied to complexity thinking. As elaborated througbou:
this text, complexity thinking makes no claim to be a “theory of everything.
Rather, it is an attitude toward the interpretation of particular sorts of Phcnom-
ena, one that foregrounds its own implicatedness in those interpr_etatloxlls and,
hence, in shapes attitudes and actions toward those phenomena. Itis Parncularly
attentive to the figurative devices that are employed in its. rlePresentauons, espe-
cially the metaphors, analogies, and images that are implicit in efforts to Ljepre—
sent, On this count, complexity thinking abandons the rationalist prermsje of
modern science—that is, the assumption that there are irrefutable, foundational
truths out of which other truths might be constructed. Quite the c_on.trary, com-
plexity thinking argues, humans are not logical creatures, but assoaatlon-m?kj.ng
creatures who are capable of logic. One must thus lock at the constantly shifting
web of associations to make sense of what meaning is.

We undertake this project in chapter 3 through a discussion of t}_lc georperry of
complexity. To frame that discussion, our purpose here is to emphasize tlhe meta-
phorical structures of complexity thinking in contrast to the assumed-logical foun-
dational of analytic thought.



CHAPTER THREE

THE SHAPE OF COMPLEXITY

CLOUDS ARE NOT SPHERES, MOUNTAINS ARE NOT CONES,
AND LIGHTNING DOES NOT TRAVEL IN A STRAIGHT LINE,
THE COMPLEXITY OF NATURE'S SHAPES DIFFERS IN KIND,
NOT MERELY DEGREE,
FROM THAT OF THE SHAPES OF ORDINARY GEOMETRY.

— Benoit Mandelbrot

{

A few years ago, in the United States, the George W. Bush administration intro-
duced the No Child Left Bebind Act of 2001.% This proposed legislation brought
with it many implications for educatots and educational researchets, For the lat-
tet, a key issue was flagged by a renewed emphasis on the distinction between
quantitative and qualitative methods.

A major trigger in the discussions the tme was a symposium hosted by the
United States Department of Education on the topic of “scientifically based
research,” during which it was assetted:

Clinical ttials ..., the gold standard in medicine ... are the only way to be
sute about what wotks in medicine. ... {The] rules about what works and
how to make inferences about what works ... are exactly the same for edu-
cational practice as they would be for medical practice.”

The thinly veiled assertion hete is that “to be sure about what works,” educational
research must be experimental in design and quantitative in nature,

In chapter 2, we noted one major problem with this manner of assertion
{i.e., a failure to attend to the dramatically diffetent time scales used to measure
the evolutions of the phenomena under study). In this chapter, we offet another
criticism, atguing that the qualitative/quantitative distinction implicit in asser-
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tions like the one above emerge from profound misteadings of what it means to
conduct research. In particular, they are anchored in outdated conceptions of
science and evidence, ones that are oblivious to their own figurative grounds.
However, to develop this argument, we do not focus on matters of guantity, but
on the issue of shape. In terms of branches of mathematical inquiry, we argue that
debates over what is and is not scientific should be more concerned with matters
of implicit geometry than with matters of explicit arithmetic or statistics.

Drawing on the post-structuralist strategy of deconstruction, we begin by
interrogating some of the foundational metaphors of curtent discourses within
educational research, seeking to demonstrate their origins and alignments with
ancient Greek thought. Arguing that the same sensibilities were cartied uncritically
into modern science, we then explore the very different metaphors and images
that are invoked within complexity thinking. In the process, we seek to explicate
not just the simplistic character of quantitative/qualitative distinctions, but the
inherent flaws of the assumptions that give shape to projects like the No Child
Left Bebind legislation. In particular, we seek to develop the assertion that “rules
about what works and how to make inferences about what works” are in fact 7ot
“the same for educational practice as they would be for medical practice”—-or
any other domain for that matter. Complex phenomena cannot be so simple-
mindedly collapsed into the same categories.

PLANE GEOMETRY AND ANALYTIC SCIENCE

One of the important conclusions about languages by 20th-century thinkers—
shared by structuralists, post-structuralists, psyehoanalytic theotists, and pragma-
tists—is that meanings tend to be caught up in complex webs of association,
tangled metaphors, and forgotten referents, The best one can hope to do is to tug
at some of the frayed strands in these tight weaves of signification, hoping that
the right pull in the right place at the right time might start to unravel the webs.
Phrased differently, meaning emerges more from what is absent, tacit, literalized,
and forgotten than from what is present, explicit, figurative, and conscious. At-
tentions are thus prompted toward the usually-not-noticed aspects of language
and other interptetation practices that support and constrain meanings and per-
ceptions. A powerful and pervasive instance of this sort of deferral is the manner
in which notions extracted from Euclidean geometry have come to be knirted
through the English language and, correspondingly, through conceptions of truth,
justice, and other core social ideals.

Euclid’s geometry of the plane was developed in the third century BCE, and it
is the version that is called to mind for most when the word geomsetry is mentioned.
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[Var it is not the only geometty, nor is it the first geometry. Euclid’s conttibution
was (0 pather together a broad range of established (i.¢., generally accepted) math-
vimatical conclusions into a coherent, internally consistent field of mathematical
study. A century prior to this effort, Plato identified geometry—then undetstood
mure generally in terms of the logico-deductive argument—as the hallmark of
scholarly thought. Plato’s geometry was not solely concerned with figures drawn
on the plane, but more broadly with a mode of reasoning that he felt could be
used to uncover the deepest secrets of the universe. As such, he used the word
prometry to refer to a manner of inquiry 2 any domain that sought a totalized
knowledge through systematic reduction of a phenomenon or argument to fun-
dumental elements or original principles,

Euclid’s major contribution was to assign a visual form to this manner of in-
quiry with the refinement of the case of plane geometry. Using 23 definitions (eg.,
“*a point is that of which there is no part”) and five axioms (e.g, “a straight line can
be drawn from any point to any point”), he demonstrated the power of logical
argument for deriving and linking a diversity of known forms and isolated truths. In
so doing, he contributed to a transformation of the meaning of geometry.

Euclidean geometry, then, privileges not just a particular set of elements and
images, but a rational, deductive mode of argumentation. This mode has been
central to the past few centuries of scientific development. Few debate its power
or significance to matrers of knowing and knowledge. The over-application of
the logico-deductive argument has been subject to extensive critique, particularly
among postmodernist’ and pragmatist® thinkers over the last several decades—
and, more recently, by researchers oriented by studies in neurology, psychology,
and linguistcs® who have rejected the deeply engrained assumption that human
thought is mainly logical. However, largely tacit geometry associated with mod-
ern rationality has escaped such broad criticism.

For example, consider the web of immediate ctymological associates of the
word plane. Along with plain, plan, and other terms, plane is detived from the Latin
plain truth,” “plain and simple,” “master plan,”
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Planus, “flat.” “Plain language,
and related phrases, that is, are entangled in the same conceptual weave as Euclid’s
plane—as are the contemporary desires to plan ahead, to keep things on the level,
to explain (etvmologically, “to lay flat”), and so on. The uniting theme across
these ideas might be charactetized as a collective hallucination—that being, as
Rorty” describes, taken-for-granted beliefs that reality has a developmental struc-
ture, that there is a master plan that is becoming ever mote plain as it surrenders
to the prying gazes of scientists and their plane-based logic.

A defining feature of the implicit geometry is an assumption of reducibility.
Phenomena, it is presupposed, can be broken down into a finite set of simpler
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elements, as llustrated by the objects and proofs of Euclidean geometry. A plane,
for instance, can be uniquely defined by—that is, conceptually reduced to—any
pair of lines that intersect at exactly one point, Cortespondingly, a line can be
uniquely defined by two distinct points. One might thus expect notions associ-
ated with lines and points to be at least as pervasive as the logical argument in the
knit of modern thought—and such is indeed the case. In table 3.1 we have listed
some of the sorts of words and phrases that are clustered around line-based
notions derived from Latin, Greek, and German roots.

The words and phrases presented in table are just the tip of the iceberg
Other words and notions that are tangled in this web of Euclidean linearity in-
chude align, expiain, extend, justify, limit, ordinary, project, prominent, strict, and truth—
and we did not have to work very hard to generate this short and partial list.

The point (note the Buclideanism) here is not that the presence of this par-
ticular web of associations represents some sort of collective error or hidden
conspiracy. It is, rather, that this famaly of terms derive from and support particu-
far habits of interpretation. In the process, they contribute o the maintenance
and projection of what is “normal” or “natural” For instance, as we hope is
evident in the table below, beneath the literal surface of these terms is a mesh of
righmess and wrongness, of cotresmess and falsehood, of regularity and oddness,
ot direcmess and evasion. In other words, the priority of lines and lineatities in the

Term Derivation Some current usages and asscciations

right >Latin rectus, straight right angle, righteous, right handed, right of

way, right/wrong, human rights, right wing

rect- »Latin rectus, straight rectangle, correct, direct, rectify, rector, erect

reqgular  >Latin reguia,
straightedge

regulation, requlate, irreqular

stretch

rule >Latin regufa, ruler, rule of law, rule out, rule of thumb,
straightedge broken rule

line »>Latin linum, flax thread linear, timeline, line of text, line of argument,
linear relation, sight line, linear causality, toe
the line

orthe-  >Greek orthas, straight orthodox, unorthodox, orthodontics, orthogo-
nal, orthopedic

straight >German streccan, straight up, go straight, straight answer,

straight shooter, straight talk, straight and nar-
row, straight-laced

TABLE 3.1 SOME STRAIGHT-LINE-BASED NOTIONS
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Lainguape is nested in the contested spaces of good and evil, truth and deception,
norality and deviance, clarity and obfuscation.

‘J'he claim that lines and line-based interpretations ate not neutral can be under-
wored through reference to any thesaurus. One such volume® includes the follow-
iy, entries under “straight”: acorate, candid, continuotis, direct, heterosexnal, bonest, simiple,
thoroigl, trustaorthy, undeviating, virtous. Simply and directly put, to question the cul-
tural priority ot social necessity of such qualities is to risk being seen as deliberately
provocative and illogical, if not pathological. After all, consider the current conno-
Litions of works like bent, distoried, kinky, obligue, perverse, skewed, twisted, and warped—
Jll of which otiginally meant an innocent sounding “not straight” or “not level.”

This matter comes into even more dramatic relief through similar examina-
tions of the origins, meanings, and contemporary associatiofs of terms linked to
90" (right) angles, some of which are presented in table 3.2. Again, our point is
tot that this duster of notions is somehow indicative of some manner of ot-
chestrated deception. It is, rather, that such associations have become pervasive
and transparent. Their metaphoric values and intents have been lost as they have
become instances of what they name: the normal, the standard, the correct, the
orthodox. Analogical usage has decayed into illogical presupposition—a point
that is cogently illustrated with the specific example of sormal.

As taken up in detail elsewhere,” the notion of normal originally referred to
a carpenter’s square. As the adjective version of the noun nerma, normal was used
to describe angles that were reasonably close to 90° in much the same way the
word “circular” is used to refer to shapes that are reasonably close to being round.
(This precise meaning of normal persists within mathematics.) Several hundred
years ago, the notion came to be used as a metaphor for the accuracy of measure-
ments in general. Something was normal if it was sufficiently close to a pres pecified
or expected value. During the 1800s with the advent of quantitative analyses of

Term Derivation Some current usages and associations

standard >Latin stare, standardized tests, standard form, raising
stand (i.e., make a standards, standard time, rally around a
right angletoaflat  standard, standard units, standard of living,
surface) standards of behavior

normal »>Latin norma, normal curve, normatize, normative, normal
carpenter’s square child, normal development, normality

perpendicular »Latin pendere, pendulum, depend, pending, independent
to hang (vertically)  suspend

TABLE 3.2 SOME 90"-ANGLE-BASED NOTIONS
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such phenomena as heights and weight—along with less tangible constructs such
as intelligence and conscious awareness—the meaning of normal morphed into
its current senses of “the way things are” and “the way things should be.” These
interpretations are held in place by the pervasive application of normal distributions
(l.e, bell curves) to a range of phenomena, a topic that is addressed in more detail
later in this chapter.

Interrogation of the issue of the privileged status of planed, lineat, and nor-
mal thinking can be cartied much further. Another obvious site of inquiry is the
word point, a fundament of both Euclidean geometry and academic discourse,
Our task here, for example, might be construed in terms of making key points,
linking them with sound, finear reasoning as we aim at a fulsome explanation,
parallehng the Euclidean imagery in which points can be used to define #nes, which
in turn can be used to define Dlanes Ttis difficult, if not impossible, to escape such
a framing in the contemporary culture of academic writing,

To return to our argument, the assertion that orients this discussion is that
human thought is enabled and constrained by the conceptual tools that are avail-
able. In terms of the visual referents that are most often used to give shape to
understandings of truth and acce ptability, one need only glance at living spaces to
see that the forms of classical geometry are overwhelming in the constructed
material world. The influence of Euclid is obvious in homes and offices, in
rectangulated cities, in linearized conceptions of time and development, and so
on. In schools, Euclid is present in the grids used to lay out curricula, order the
school day, organize students in rooms, frame their learning experiences, mark
their progress, and so on. Within educational research, it is revealed in the promi-
nence of normal curves and linear regressions. So dominant is this geometry that
the unruly and organic are often surprising and even unwelcome. What tend to be
preferred are narratives of control, predictability, efficiency, and correlation——
such as is demanded by Plato’s logic and embodied in Euclid’s images.

FRACTAL GEOMETRY AND COMPLEXITY SCIENCE

There are two principal constructs that we challenge in the remainder of this
chaptet: first, the assumption of linear relations among dynamic phenomena (which
underpins much of conventional educational research) and, second, the applica-
tion of the normal distribution to virtually all phenomena that display some man-
ner of measurable diversity. To frame our critiques of these constructs, we must
first desctibe an alternative to their implicit Euclidean geometries,

Over the past century, a number of mathematicians have focused their atren-
tions on a set of forms whose properties depart radically from the objects stud-
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1edd by Buclid, Late in the 19th century, cutious new “patbological” or “mor;
strous”"” forms were developed, in part to challenge cet.'taln taken—for—grarllted
ussumptions about space and dimension. For example, ngeppe Peano l'tl:or%m:i -
a'way to bend a line so that it passed through every p91nt ina plane—t Et 1s, _
dimensional form was made to completely cover 2-dimensional s-pace.' atet, re
lated forms were created that are neither 1-dimensional nor 2-dimensional, but
; ional dimension.
”Lcu’llzijzofzectf:i:;c}of dimensions prompted mathematician Benoit Mandelbrot!!
10 coin the word fractal, a term that has since been adoptec.l to refer to la rather
vigorous branch of geometric inquiry. Since its el‘nerger.me, in fact, fracta gjon;:
eiry has come to influence work in many ﬁelf:is, .mcludmg all of the natu_rth ::1
ences, medicine, and economics.”? Such applications havT:.to do both wi e
manner in which fractal forms are generated and the qualities of the foril:,:\:lo
aspects that have contributed to such ttles as “the go?ometry of nat'r.lrf;‘:14 the
mathematics of the living wotld,” and “the mathematcs of corr-lplex.ity. _
On these points, fractals are generated through (pot'entlally) infinite r'eculrswe
processes—in contrast to Euclidean forms, which .m:e built up through thte I{ne%r
sequences of operations. At each stage in a recursive p'rocess, the.sta.rtlrfg po;ntthl:
the output of the preceding iteration, and the output is the S.tart].['lg point ois e
subsequent iteraton: As illustrated in figure 3.1, evclry stage in this process :
elaboration, and such elaborations can quickly give rise to unexpec_ted forms an
surprising complexity. These recursive processes are noncompres.mble—meaning
that there are no shortcuts to the eventual products {although, for sllmple examples,
such as the tree image in fig. 3.1, the outcomes are sometim.es easily foreseenl.)
Emergent fractal forms have several unusual propertles—unusu'al, at easF,
when set against the backdrop of Euclidean geomc'etry. A .fractal, for J.nstalm:(z,t li
seale independent, meaning that its bumpiness of detail remains constant no’ rnfa e
how much it is magnified or reduced. (The fractal 1magc. on the.books ront
cover is a good example of a scale independent form.) Th.JS is a quality that seenilis
to be reflected in the universe, which appeats to be no simpler or more compli-
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FIGURE 3.1 THE EMERGENCE OF A FRACTAL FORM ‘ ted through recur-
Fractal forms, as illustrated in this case of a simple tree image, are generate.

sively elaborative processes.
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cated whether examined through microscope or telescope. In contrast, a nof-
fundamental Euclidean form can always be decomposed into simpler, more basic
clements—a quality that analytic science had metaphotically extended and ap-
plied to all natural phenomena. The fact that this quality is not even apptopriate
to all mathematical constructs, let alone all complex living forms, should give re-
searchers pause.

Some fractals ate also self-similar, a cutious property by which a well-chosen
patt can closely or precisely resemble the whole, The “completed” tree itnage in
fig: 3.1 is self-similar, as illustrated in the way that each branch (or each branch of
a branch, etc.) looks just like the entire tree, Again, this is a quality that is reflected
in many worldly phenomena. By way of familiar examples, a piece broken off a
head of broccoli or a sptig of parsley will closely resemble the larger plants.
Similarly, a graphical representation of one day’s activity on a stock exchange will
bear a strong resemblance (at least in tetms of erratic detail) to graphs of a week’s,
a month’s, a year’s, or a longer period’s performance. Pethaps the most familiar
example, one that many children notice, is that a well chosen twig often looks
very much like the tree it came from,

The quality of self-similarity is well illustrated by the fern leaf in figure 3.2.
This example demonstrates that self-similarity is actually a special case of scale
independence. For self-similar forms, not only does it become apparent that struc-
tural intricacy is not always a function of scale, but that sometimes structute can
be level-independent as well. The resulting nestedness might thus serve as a vi-
sual metaphor of nested complex forms {cf, fig. 2.1), in which the dynamics of

FIGURE 3.2 SELF-SIMILARITY
Some fractal forms are self-similar—that is, a well-chosen and appropriately magnified part

precisely matches the whole. Natural forms, such as the fern frond in the image often dem-
onstrate some degree of self-similarity.
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myntems that emerge from the coupled interactions of other systems are noted to
be similar, [t is this manner of analogy that contributes to the assertion that, for
mwninee, the evolution of a species and the learning of an individual ate dynami-
cally self-similar. ‘They both obey the same complex dynamics, although on dif-
{erent scales and in different temporal frames.

With these sotts of echoes into the realms of natural forms, fractal geometry
liis lound a broad range of applications. The most prominent examples are in
inedical science (e, to describe and study the structures and developments of
circulatory systems, nervous systems, brains, and bones), information science and
«cuumunication technologies (e.g, to compzess data and to reduce “noise™), and
1 cconomics {e.g,, to study market fluctuations). The list of applications is exten-
sive, and growing rapidly, sputred along in latge part by the demonstrated utilities
of fractal forms and recussively elaborative processes for making sense of the
structures and dynamics of complex systems.

Perhaps the most significant contribution of fractal geometry has been con-
ceptual, as a source of new images and metaphors. Complex phenomena, it seems,
are much mote fractal-like than Euclidean. They are incompressible, recursively
claborated, often surprising, Further, fractal geometry presents a challenge to the
pervasive assumption of linearity that has long been inscribed in analytic science.

To be fair, it should be mentioned that the hold of Lnear forms is not strictly
a matter of a cultural preference for lines and planes. Pragmatically speaking, a
key reason that linear mathemadcs held sway in classical times was the fact that it
leant itself to calculations that can be done with paper and pencil. Descartes,
Newton, and their contemporaries were well aware of nonlinear phenomena,
However, owing to the intractability of many nonlinear calculations (the math-
ematics involved can be extraordinarily labor-intensive and tedious), when such
situations arose they wete usually replaced by linear approximations.”® The ten-
dency reached across such phenomena as growth and ecosystemic relations. Math-

ematician Jan Stewart explains:

{This] habit became so engrained that many equations wete linearized while
they wete being set up, so that the science texthooks did not even include
the full non-linear versions. Consequently most scientists and engineers came
to believe that virtually all natural phenomena could be described by linear
equations. As the wotld was a clockwork for the 18th century, it was a linear
world for the 19th and most of the 20th century.'®

Stewart also observes that the situation has recently changed, with the advent of

more powerful calculadon technologies. Across the physical sciences, the uni-

verse has come to be seen as “telentlessly nonlinear.”"”
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That said, the deep-seated preference for line-based interpretations of phe
nomena actually appears to be more than a matter of etficient calculation. Parq of
the appeal of line graphs and linear correlations might lie in the fact that the
straight line is among those shapes that is readily plucked out of the backgroun
by human percepton. This tendency appears to be rooted in biology, meaning
that is has been learned at the species level—although it s clearly amplified by
culture. Stewart and Cohen assert that “the standard raw materials of [Euclidean
geometry], the notion of a point and a line, match the physiclogy of our visual
systems closely”™® Others have pointed to the evolutionary advantages that come
with the predilection to simplify the world through causal (linear) explanations
and efficient (linearized) action schemes."? Still others have highlighted that, from
the first few hours of birth, humans seek out lines and sensory systems amplify
perceived edges of objects® It does not seem unreasonable to suggest that such
tendencies would be carried into the artculation of mose abstract competencies
and constructs. As Cohen and Stewart put it, “Drawing fine lines is a human
tendency, an attempt to make our simplified mental labeling system match a dif-
ferently structured world, 7=

The fractal imagery that is invoked by complexity thinking, then, may tepre-
sent challenges to hoth biological predisposition and cultural preference. The
crux of this issue is that linear relations and correladons, linear trajectories and
forecasts, linear narratives, and linear report formats make for very paor tools to
portray complex phenomena. Whether such forms are embedded in quantitative
analyses of qualitative descriptions, they are of limited interpretve value and have
virtually no predictive value for complex phenomena, 2s is proven daily in stock
markets, classtrooms, and personal lives.

To underscote this point, complexity science goes beyond a critique of the
use of statistical tools in the study of such self-transforming phenomenz as learners,
classtooms, communities, and caltures—which is a matter that has long been
ensconced in quantitative-versus-qualitative debates among educational research-
ers. This numerical-versus-descriptive dichatomy is a false one, argue complexivists,
Rather, the critical distinction is between analytic and wmplex——or, in terms of
underlying images, between Bucdidear and Jractal. The recursive, nonlinear, dy-
namic characters of the latter are simply more useful in making sense of phe-
nomena that might be described in similar terms, even if human perceprual sys-
tems might be biological‘and-culturally predisposed to simpler interpretive tools.

A key to this shiftis a tecasting of mathematics s 2 source of models and
metaphots, rather than a source of actual descriptions and explanations. Tmplicit
ine this redefinition of the role of mathematics is a shift in thinking about the
nature of scientific knowledge—one that coincides, but that is not coterminous,

The Shape of Gomplexity + 47

i iy At
with an epistemological shift in the humanities that was prompted by psycho
Iytic, seructuralist, post-structuralist, and related discousses through the 20th cen-
lury (sce chap, 2). '

Notably, a prominent theme across these discourses over the past 100 yea@
Lias been the critique of the use of the normal distribution. As it tutns out, this

isue has come to be an important topic within the hard sciences as well.

NETWORKS, POWER LAWS, AND NOT-SO-NORMAL DISTRIBUTIONS

One of the most prominent and important constructs in statistics i? the normal
distribution. Its famiiar bell-shaped curve (sce fig 3.3) is used to illustrate the
mannet in which, for many pheromena, data points cluster around a cent.ral aver-
age in a particular way. The peak at the centre of the curve .marks th}e aﬂtht;letl;
mean (or average) and the distribution tapers off very rapidly on either s ~€ o)
that value. That tapering is so rapid that the chances of a data pomF that Qe‘na;ﬁs
very far from the mean, for all practical purposes, falls to zero quite fapjdljg ¥y
way of fictitious, but nonetheless plausible example, the average height of an
adult female in a given region might be 1.7 m. Most adult women would be within
a few cm of that height; a few would be slightly further from the mean, and a very
few would be still further. But no one would be 0.3 m or 21 m tall.

The sensibleness of such examples is one of the reasons that researchers
across domains have tended to assume that all phenon?ena that can vary do so
accotding to a normal distzibution. It is only recently, with the study of comglcx
dynamics, that sclentists have realized that many commonplac‘e phenomena sim-
ply do not follow a normal distribution. For instancc; consider the quihstlofr-ls,
“How powerful is 2 normal earthquake?”” and “What is the average wealth of a

person on this planet?”

34.13% 34.13%
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FIGURE 3.3 THE NORMAL DISTRIBUTION . ’ ]
The percentage values in different regions indicate the portion of data points that are ex

pected to fall inside those parts of the distribution.
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These queries actually make little or no sense. Regarding the former, it turns
out that minor tremors are pretty much constantly occurting, and these are so
frequent and numerous that if they were to be averaged with more major events,
a “normal quake” would be calculated to be very minor and scarcely perceptible
(to anyone or anything except highly sensitive equipment). The latter is rendered
insensible by the fact that wealth is so disproportionately distributed in the wotid
that a simple arithmetic average provides absolutely no useful information.

In current parlance, earthquakes and net wotth—along with a host of other
scale-free phenomena—follow power law disttibutions, not normal distributions,
Along with stock market fluctuations, skirmishes and wars, moon ctaters, fads,
extinctions of species, ocean plankton, human heart rthythms, forest fires, ava-
lanches, city sizes, intemnet hubs, web pages, and epidemics—to name just a hand-
ful of instances—earthquakes and wealth obey a distribution similar to the one
illustrated in figuye 3.4,

In btief, for phenomena that follow a power law distribution, thete is no
such thing as a “norm”—that is, a “typical” event, instance, member, or frag-
ment. Thete are no normal-sized cites, there is no represetitative historical hap-
pening, this are no typical catastrophes, there is no characteristic learning event,
there are no average insights or discoveries. Relating avalanches and earthquakes
to human insight, Buchanan desctibes the situation in this way:

Every new idea of science that pops into a theorist’s head, ot every observa-
tion made by an experimenter, is something like a grain falling on a pile of
knowledge. It may stick, and merely add to the growing structure, or it may
place 2 portion under such stress that ideas will topple. The toppling may
stop quickly or may run for a long while. ... [The] avalanchcs have no inher-
ent ot expected size. The smallest revolutions are happening every day, may

i
| . Very many
,\,»-’ ‘small’ events

{

Very few
'massive’ events

g i

i N

Magnitude of event

Frequency of event occuring

FIGURE 3.4 A POWER LAW DISTRIBUTION

The curve illustrates a very high likelihood of a minor event and a very much smaller prob-
ability of a more massive happening.
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involve only a few ... and may be virtually invisible ... just like those tiny
earthquakes going on all the time beneath our feet. By contrast, the largest
tevolutions may wipe away much of science as we know it, and are liable to

happen at any moment.”

Buchanan’s analogies between the dynamics of earthquakes and avalanches and
the behavior of hutnan systems is more than figurative speculation. These seem-
ingly wildly different phenomena appear to have some deep—and as-yer not well
understood—commonalities.

One feature that is well understood, however, is that power law distributions
only arise in scale-free phenomena—that is, in phenomena whose organizations
might be desctibed in terms of the nested, scale independent qualitics of fractal
forms, Mote recent investigations of this category of phenomena have high-
lighted that they all have a particular sort of strict architecture: They can all be
characterized in terms of a specific sort of network structure, For instance, and
pethaps somewhat surprising, it appears that social collectivities, the wotld wide
web, food webs in an ecosystem, the network of business links that support a
national economy, the network of molecules that interact in a living cell, and the
network of a brain’s intetconnected neurons all seem to be profoundly similar in
structure. More bluntly, and perhaps even more surptisingly, the very same orga-
nizing principles seem to be at work in both the physical-biological world and the
social-cultural wotld.

A key point here is that, with certain phenomena, “more”is not simply “more,”
but “different.” Watts desctibes the situation as follows, foregrounding the nested
chatacters of not just varied phenomena, but the realms of inquiry devoted to
their study:

[P]hysics has been reasonably successful in classifying the fundamental par-
ticles ... up to the scale of single atoms. But throw a bunch of atoms to-

gcther, and suddenly the story is entirely different. That’s why chemistry is a

science of its own, not justa branch of physics. Moving farther up the chain
of organization, molecular biology cannot be teduced simply to organic chem-
istry, and medical science is much mote than the direct application of the
biclogy of molecules. Ata higher level still—that of interacting organisms—
we encounter now a host of disciplines, from ecology and epidemiology, o
sociology and economics, each of which comes with its own rules and prin-
ciples that are not reducible to mere knowledge of psychology and biology.®

(We would highlight the last sentence of this citation as the basis of a ctitique of
the sensibilities framing educational research, as embodied in the No Child Lt
Bebind initiative of the G.W. Bush administration, discussed at the start of this
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chapter. The uncritical assertion that a standard of a particular sort of medical
research should be the standard for educational research betrays a profound—
and, we believe, dangerous—ignorance of the relative complexities of these phe-
nomena.)

It is beyond our purposes here to delve into the “why’s” of the profound
structural similarities of complex phenomena, but we do provide a few references
to some informative and accessible introductions to network theory in our
endnotes® As might be expected, given the range of phenomena implicated, the
areas of research involved in investigations of networks are diverse, and include
physics, mathematics, chemistry, biology, psychology, sociology, medicine, and eco-
nomics. To date, education has not drawn extensively on the emergent discussions,
but we can speculate on some topics that might prove relevant and productive,

To frame these speculations, it is necessary to point to the sotts of organiza-
tions or architectures that are studied by network theorists. Tn figure 3.5, we pro-
vide 2 image of this type of structure in which, briefly, nodes cluster into larger
nodes that cluster into larger nodes, and so on. (The image in fig, 3.5 is greatly
simplified. A diagram that is appropriate to an actual complex system would look
more like a hairball) Significantly, nodes are not “basic units,” but should be
understood a subnetworks in themselves as they /inkto one another to form hubs,
This manner of organization means that most of the interactions of an “agent”
{i.e, a node, selected at any level of organization) are with its closest neighbors,
consistent with the complexivist insight that most of the information in a com-
plex system is local. However, with the clustered arrangement, every agent is also

reasonably well connected to every other agent in the network through a rela-
tively small number of connections,

FIGURE 3.5 A SIMPLIFIED REPRESENTATION OF A SCALE-FREE NETWORK
All complex systems are organized in scale-free patterns of nodes noding into grander nodes,

The presence of a scale-free organization in a phenomenon is often taken as a critical indica-
tor that it is tikely complex.
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Perhaps the most familiar articulation of this manner of interconnectivity is
1l notion of “six degtces of separation,” first proposed by sociologist Stanley
Milpram and later populatized by the stage play and movie by the same title.” The
« L here is that, no matter how socially or spatally separate two humans might
[w, there exists a chain of acquaintances between them that consists of six or
lewer persons. This quality is sometimes called the “small wotld phenomenon,”
owing to the common expression of the rhetorical question, “Isn’t it a small
world?” when new acquaintances discover common associates.

O course, claims about six degrees of separation and small worlds ate often
impossible to verify, as condusive proofs would require a comprehensive knowl-
cdge of everyone’s social connections. Nevertheless, there is some evidence to
support the idea, based on phenomena that are more readily mapped-out. The
cver-evolving internet is a popular example, and one that is relatively easily stud-
ied through electronic means. The resulting maps reveal intricate webs of nodes
nodding into nodes, with every computer that is tied into the system separated
from every other by no morc than 12 degrees.™ Similarly, studies of neurons in
brains reveal they are also organized in a scale-free network. Specifically, as neu-
rologist William Calvin desctibes,

[The] factor of 100 keeps recurting: a hundred neutons to a minicolumn,
toughly a hundred mincolumns to a macrocolumn, a hundred times a hun-
dred macrocolumns to a cortical area ..., and there are just over a2 hundred
Brodman Areas when you total those in both hemispheres.™

"This organizational structure means that, in spite of the vast number of neurons
in 2 human brain, the pathway between any two can be surprisingly short—which
isa good thing, given the tremendous autmber of neurons in an adult brain (approx.
10"3. Mote rigidly hierarchical or centralized structures would entail vastly slower
response times and much slower paces for adaptatdon.

Among the advantages of this manner of organization is a tremendous ro-
bustness. If a node—or even a relatively major hub—were to fail, there is a strong
possibility that a scale-free networked system would remain viable. Alternative
routes for the exchange of information and matter could be selected or readily
established. Tt is because of its scale-free architecture that the brain can usually
recover from minor strokes. Other familiar examples of such robustness are air-
lines (if a major hub is delayed or shut down, the rest of the network can usually
continue} and electrical power grids (which, massive cascading failures notwith-
standing, ate able to adapt readily to fluctuations in demands and to deal with
sources that go off-line unexpectedly). Importantly, it seems that the robustness
of many networks, including social networks and knowledge networks, has as
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FIGURE 3.6 THE IMPORTANCE OF WEAK LINKS
The addition of a few weak links (represented as broken lines

) can enhance both the robust-
ness and the flow of information an a network. ;

rTluch to do with what are called weak fnks (compare fig, 3.5 and 3.6). The addi-
tion of a few links among nodes can greatly

reduce 2 network’s dependence on its
hubs and, hence, decrease its vul

. nerability. The addition of weak links can also
improve the flow of information-—which, as developed in subsequent sections

and chapters, can have important implications for the intelligence of the system

In brief then, scale-free networks have two main advantages: Firse, chey are'
able to move information cfficiently because nodes are never too dist,:mt from
one another. Second, they are usually able to withstand shocks to the system

because there ate no nodes that ate too critical to the global functioning (al-
though failure or destruction of certain nodes can lead to a fra

. gmentation of the
network)}. It is thus that one might contrast a scale-

free structure with two other

familiar manners of organization, the centralized system and the distributed sys-
tem (see fig. 3.7} ’

FIGURE 3.7 TYPES OF NETWORK ARCHITECTURES
There are three types of network architectures®:

(a) centralized, (b) de i -
free, and (<) distributed, ) decentralized orscle
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A centralized system can have highly efficient information flow because nodes
<, in principle, be separated by at most one intermediary. The downside of this
cliicicnt connectivity is that such systems are vulnerable to massive failures. If
the central hub fails to function, the entire systems will go down. In contrast, a
distributed, mesh-like system can be extremely robust. Many, many nodes could
be removed befote the system would begin to fail. However, such tobustness
vomes at the expense of efficient movement of information and resoutces. The
number of “jumps” required to move between nodes at the extremes of such
networks can be prohibitively large. The decentralized or scale-free network bal-
ances efficient communications with tobustness.

Applied to education, this discussion of scale-free networks points to several
possible sites of interpretation and study. For example, administrative units—
including jurisdictions, schools, and classtooms—tend to be highly centralized.
Might a mote decentralized structure better serve some educational ends? (We
return to this question in chap. 4, in the context of a discussion of the otganiza-
tions of classrooms.) The physical structures of schools themselves might be
reconsideted in terms of complex, networked organizations, as Upitis develops.®
In a related vein, might network theory prompt reconsiderations of the assumed
sttuctutes of disciplinary knowledge and the curricula based on varied knowl-
edge domains?

Consider, for example, mathematics. For curticulum purposes, mathematics
has been treated not as a nested and evolving network, but as a rigid edifice with
fixed associations. The resulting curriculum has been organized around an as-
sumption of an underlying Euclidean geometry, as evidenced in the emphasis on
“the basics” (usually seen to be counting, addition, etc.) in the eatly grades and
more abstract concepts at higher grades. The process of moving through topics
is most commonly construed as a matter of lineat progression through a
prespecified sequence of concepts.

For curticulum purposes, what if the architecture of mathematics were
reframed in terms of a nested, scale-free network? This shift might prompt atten-
tions away from assumptions of universal basics and linear progress toward no-
tions of highly connected ideas/nodes and neighborhoods of ideas, thus prompt-
ing pedagogical attentions toward the nieed to dwell with concepts/situadons.
The key question here is not “What is foundational?”, but “What are the highly
connected ideas?” or “What sorts of notions and competencies are manifest
throughout the network?” In turn, the structure of a curriculum would have to
be transformed from a directed movement through topics to a study of neigh-
bothoods of concepts—that is, according to the sort of structure illustrated in
figures 3.5 and 3.6, rather than the currently ubiquitous line.
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This suggestion, while entirely speculative, may not be so far-fetched. Stud-
les of the structure of mathematics have yet to be completed, but it seems rea-

sonable to conjecture that the results will be similar to recent studies of language.
As Barabasi notes,

Our measurements indicate that language, viewed as a network of synonyms,
is hierarchical [i.e., a clustered network] as well, a few highly connected words
like “turn,” “take” or “go,” each with over a hundred synonyms, holding the
various lexical modules together®

Similar sensibilities have been applied to other domains. Historians, for example,
are beginning to reject the pervasive assumption of (line-based) chains of events
that are presumed to precipitate monumental happenings.* Rather, invoking no-
tions associated with power laws, the emergent sensibility is focused more on the
constant accumulation of small events that trigger cascades of incidents of vary-
Ing significance. The underlying image is more toward an ever-growing sand pile
in which any happening might prompt a landslide— but it would be a gross over-
simplification to attribute the slide to the final perturbation. The habit of histori-
ans has been to identify such moments as the %eys, when they may only be trigpers.
They do not cause, in the direct linear sense. Rather, the “pile” of accumulated
events determines the outcome, In other words, history is being rethought, notin
terms of sudden monumental events and “great men,” but in terms of slow
accumulations and triggers.®
Another site in which network thinking is starting to challenge cultural as-
sumption is the manner in which science is (and scientists are) organized, The
deeply entrenched belief in the lone genius in solitary pursuit can be shown to be
problematic through rather simple examinations of co-authorships and bibliog-
taphies. For most of the past century, at least, the bulk of scientific research has
involved large teams of investigators. It is now commonplace to encounter scien-
tific papers that have 10 or 20 co-authors, Major discoveries, similarly, are rarely
attributed or attributable to single researchers. For example, the 1994 announce-
ment of the “top quark” was credited to 450 different physicists. Surowiecki specu-
lates on the reason for this trend toward collaboration:

As science has become ever more specialized and as the number of subfields
within each discipline has proliferated, it’s become difficult for 4 single person
to know everything he [sic] needs to know:™

Surowiecki offers several other, more striking examples of shared inquiry, such as
the recent discovery of the virus responsible for sars. This particular effort in-
volved teams around the world that, linked electronically and otiented by the
Same urgent purpose, detected and verified the role of the virus in mere weeks,
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e phenomenon of shared research and joint a1..1ﬂ10rshjp is pe‘rhaps best
niederstoad in terms of a shift in the culture of scientific research—in effe-ct, a
volledtive realization that sudden insights are rarely, if cver, matters of solitary
po i, ‘The phenomenon is also linked to the simple fact that rcsearche-rs who
:‘. dliborate are generally more successful and productive. As de Solla Price fmd
Ieaver have shown, “the most prolific man [sic] is by far the most collaborating,
wnd three of the four next most prolific are also among the most frequently

: k!
sollaborating”™

(iiven this situation, it should not be surprising that rescarchers interested in
nupping intellectual influences, theoretical prcferer%ces, and _research emphasles
within specific disciplines have started to generate images with th_e same scale-
trec architecture as is illustrated in figure 3.4.” These maps are decidedly fractal-
Iihe, consisting of nodes that connect with other nodcs into larger nodes, and so
on, 1o generate patterns reminiscent of frost on wmdo“‘r panes, to rc.»o_t sys;eis
ol poplar groves, the structure of the internet, and the interconnectivity of the
himan brain. In other words, the notion of an edifice of knowl‘ed.ge—of un?m-
lupuous foundations and logical hierarchies of assocmiflons—ls_ likely a ffcuon,
atid a damaging onc when imposed on schools and curdcula. E,vldence points Fo
the likelihood that collective knowledge, like the individual brain, h.as an organic,
wetworked structure. The implications for education and for educational research,

i would seem, are profound.



CHAPTER FOUR

THE NETWORK OF COMPLEXITY

WHEN WE TRY TO PICK OUT ANYTHING BY ITSELF,
WE FIND IT HITCHED TO EVERYTHING ELSE IN THE UNIVERSE.

—John Muip

L

/

Sir Isaac Newton, regarded by many as one of the greatest intellects in the history
ol Western mathematics and scietice, once famously attributed his academic suc-
cesses to having “stood on the shoulders of giants.” The quotation has become a
familiar one, but it bespeaks an attitude toward knowledge that is decidedly
un—comp16x.

As developed in previous chapters, the prevailing opinion at Newton’s time
was that a mathematics-informed science was progressing toward a total{ized) un-
derstanding of thie universe. The growing body of rigorously tested and verified
knowledge was thought to be linear—that is, cumulative and forward (or upward),

Complexity thinking troubles the metaphots of accumulations of knowl-
cdge and progress toward a foreseeable endpoint that underlie these assump-
rions. For complexivists, the emergence of new interpretive possibility is framed
more in terms of expansiveness and outward movement. The associated image is
something more toward the ever-branching possibilities that appear as water flows
outward over a surface. In other words, the development of insight seems to be
more a matter of expanding the space of the possible by exploring the current
space of possibility. As such, the creation of knowledge is “progressive” not
because it is moving in a given direction, but because it is constantly elaborating
what has 2lready been established. It is expansive, but not directional.

Such progress is decidedly collective, as we began to develop in the final
section of chapter 3. Significantly, the purpose of emphasizing collectivity is not
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to dismiss, diminish, or discount individual identity, subjective knowledge, or per-
son-al agency. Rather, the point is that researchers not only depend on the :vori of
icn' predecessors, they are just as reliant on the insights of their contemporar-
les—an assertion that is supported by the manner in which increased connectiv-
1t.y among humans has contributed o 3 rapid expansion of technological possi-
b.ljljty.2 It is not a case of collectivity vervus individuality, but a situation of cl())ll
tNE:-possibilities—arising—in—the-rnutually—specjfying-acti'\rities—ofw -
ageunts.

autonomongs-

The .intention of this chapter s to provide a more detailed, but still unavoid-
ably partial, account of how complexity thinking fits into the contemporary land-
scape of thought, Oux otienting assertion is that complexity thinking is shaped as
much by prevailing discourses as by its history. As such, we must be attenfive t
thfi sensibilities announced in other domains, Complexity thinking itself com el(:
.thlS attitude, underscoring that new potentials arise in the commingling of egst-
Ing possibilities. A main purpose of this chapter is thus to flag the emergent
f:haracter of complexity thinking—that is, to highlight that complexity scicncge i
in fact, an instance of what it purports to study. "

. The discussion is organized around two important developments: the articu-
lation of a scientifically defensible theory of evolution in the 1800s and th d
of self-organizing systems in the 1900s. e

THE TRANSITION FROM METAPHYSICAL/SUPERNATURAL
TO PHYSICAL/NATURALIST WORLDVIEWS

One of the most significant intellectual shifts in modern times was the develo
me.nt of empirically grounded and rationally defensible theories of CVOlutiOljl—
This accc?mpﬁshmcnt is typically attributed to Chates Darwin and the criticai
moment is usually identified as his publication of The Origin of Species in 1859
However, although Darwin’s contributions were undeniably profound jt‘ is
not really appropriate to identify him as the sole author of evolutionary th , h
Indeed, his writings can be construed ¢ coltama

sensibilities, His grandfather and his fa
As well, 30 years before the appearan

as minor elaborations of extant cultural
ther had alteady published on the topics,

. ea ce of The Origin of Species, Charles Tyell
published Principles of Geology in which he argued that natural landscapes wirc

shape.d ;.md continuously reshaped by geological forces, not by the hand of God
II:] a snnjllar vein, linguists had developed branching tree diagrams to illustrate theO
bifurcations of European languages from a common protolanguage, and Darwin
was .cert?.inly aware of their conclusions. With regard to biologic’al evolution
Denis Diderot and Jean-Baptiste Lamarck were among those who had alread);
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spectlated on the common origing of different forms in the first half of the
18iK)s. [n other words, not only had the stage been set and the audience prepared
lur Charles Darwin’s treatise on the emergence of life itself, he had been exposed
to some of the theory’s core principles since his early childhood. The publication
ol e Ordgin of Species, then, was more an instance of elaborated networked thinking
than it was a break from established orthedoxies by a rugged individualist.

This is not to say that Darwin offered little new. Quite the contrary, he made
4 majot contribution by knitting together many strands of thinking into a coher-
ent, viable, and evidence-based theory of evolutionary development. The publica-
tion of The Origin of Speses thus trigeered (but certainly did not “cause™) a consid-
vrable acceleration of evolutionary theories in almost all branches of the physical
and social sciences, including most obviously botany, astronemy, sociology, and
voology. In an essay to mark the 50th anniversaty of the publication of Darwin’s
majot work, John Dewey commented that Darwin had already displaced thou-
sands of vears of entrenched assumption within the sciences.’ In the near century
that has passed since Dewey wrote, evolutionary theories have come to serve as
the commonsense backdrop of almost all academic and popular discourses.

It is important to be clear about the nature of the conceptual shift wrought
by evolutonary thought. Prior to Darwin, the universe was overwhelmingly un-
derstood as fixed and finished. As developed in chapter 2, the task of science in
this frame was construed in simple and straightforward (ie., accumulative and
ditected) terms of naming and classifying parts. More specifically, this project
was uncritically organized around a wotdview ardculated by the ancient Greeks
and most commonly attributed to Plato. In brief, the physical universe in which
humans dwell was understoed as a sort of flawed reflection of a perfect and
timeless Ideal realm—a metaphysical (literally, “after or beyond the physical”) or
supernatural (“above nature™) reality. This realm was considered the source and
the goal of all #idos, or ideas, as the word is tendered in current translations of
Plato’s works,

However, 150 years ago, at the time that Darwin wrote, eides was more com-
monly translated as spedes, rather than /dess. The terms are etymological relatives.
Idea and eidos derive from the Greek idefn, “to see,” and species from the Latin
specere, “to look.” The Greek #dein is echoed in contemporary words like zdensify
and idzofogy, and the Latin specere is heard in words like spectator, spectacies, and specn-
late. Darwin’s proposal of an “erigin of species,” then, was a deliberately pro-
vocative assertion. With that simple phrase, he challenged the prevailing ortho-
doxy that species-ideas were fixed forms that had ne beginnings. In the process,
he reduced established classification systems to little mote than temporary and
flawed conveniences for making sense of differences among organisms,
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Much in contrast to the prevailing belief system inherited from the Greeks,
Darwin saw change and accident 28 norms rather than as deviances from perfec-
tion. For him, they were the definers of creative possibility, aspects of a grand
evolutionary dance, a continuous tinkering with one’s own sttucture and the struc-
ture of one’s context, Darwin’s accomplishment, then, was the desctiption of
Physical ot natural processes (versus metaphysical states or supernatural influences)
that could not only explain the observed structures of species-ideas, but that
could account for their transformations into other species-ideas without the su-
pervision or intervention of ag intelligent designer, The physical/natural process
itself, Darwin posited, is ntelligent, able to produce and select among a range of
innovative possibilities i the face of constantly changing circumstances. e sug-
gested that nature could be seen to pull itseif up by its own bootstraps through a
sort of quasi-tandom self-assemblage. He further atgued that nature is always in
the process of becoming something else, constantly (but not deliberately—evo-

tingencies) testing new species-ideas, forever pushing out the borders of possibil-
ity and filling the spaces created,

A contrast between the terms melaphysical and physical is useful to undetscore
the conceptual shift proposed by Darwin and so many of his contemporaries, As
mentioned, the prefix mets- means “above or beyond,” and in Darwins time en-
gendeted a sort of disdain of disregard for things physical. The word physical,
detived from the Greck Physis, “growth, nature” is a cognate of phyein, “to bring
forth.” (Phyesn is also the root of the English infinitive s be) In critiquing meta-

of principal interest, The physical could and should be understood in its own
right, not as some impetfect reflection of 4 metaphysical reality.

EVOLUTIONARY THOUGHT AND EDUCATIONAL THEORIES

One of the major developments in the field of education in the past half-century
has been a problematization of an ancient and still commonsensical belief about
the relationship between objective knowledge and subjective understanding, To
pethaps oversimplify, knowledge tends to he commonsensically cast in terms of
some #ing, “out there,” whereas undesstanding tends to be described in terms of
more tentative, ever-shifting, fallible personal interpretations that teside inside
one’s head. Within this frame, learning is a process of intetnally representing
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Objective Learning

Knowledge

I {GURE 4.1 POPULAR METAPHORS OF KNOWLEDGE AND K-NO'\N[NGderstanding sre ok
in common figurative language, objective knowledge and subjective un
(A

i idged.
1en framed in terms of two isolated domains that must somehow be bridg

iti i i such as s~
what is out there—or, less critically, as ingesting knowledge. Phrases P
' ng 1 i olid founda-
quiring insight, grasping ideas, exchanging information, foed for tboudght, i) o -
' ) e j ' tandings—
[ ' knowledge, and consiructing unders
lions, structured arguments, buzlding dg S
st g:taze the suxface of this web of associations—help to hold these deep
assumptions in place, . e
Graphically, these tugns of phrase seem to be organized around th‘e ot
’ . . C
image presented in figure 4.1 (which we first introduced in chap. 2), zln;]v
o i i ence,
knowledge and understanding are taken to be two discrete regions and,
’ .
i f taking things in.
learning becomes a process o - -
Su%h a frame was famously critiqued by Paulo Freire in his conderr;n.atlto o
. . . .
“banking education,” through which Jearning and teaching are interprete m. e )
, i i iti icipate
of depositing and storing information.” Freire’s critique was, however, ;ntl:h pate
§ at there is
by at least several centuries in the work of John Locke, who argued t e
. L Arning
clearly nothing that moves from the outside to the inside in moments of Je tg
i indivi re construct-
i oned, is that individual knowers a
What must be happening, he reas . . e
ing internal representations of their wotlds on the bases of their expe ;
i i es. In
constantly revising and updating these models to fit with new clrcumstc;imc .
i i i tand-
other words, Locke argued for a world in which the internal world of unthers
: oving the arrow
i ! | £ the external, real world, thus rem ~
ing was a reflection ot mirror o e e § the ano
jectl ctive understanding
t objective knowledge to subje
that was thought 10 connec ‘ ocine
(see fig. 4.2). Unfortunately, this model preserved the separation of kn;)iwe o
' . . < 27 " M m e
knowledge, which was still assutmed to be “out there,” effectively hiding
L]
iti d.
bushes waiting to be uncovere "
There were critics of Locke’s view—saotably a contemporzythn e
i e
Giambattista Vico, as will be developed shortly. But it was not un | the 200
, i ' i objective knowledg
tions of the relationship between
centaty that new concep ' e nowiedse
and subjective understandings began to gain broad acceptance. Rejecting
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FIGURE 4.2 LOCKE'S IMAGE OF KNOWLEDGE AND KNOWING

John tocke elaborated that commaonsense understanding of the relationship between objec-
tive knowledge and subjective knowing (as illustrated in fig. 4.1) by suggesting that subjec-
tive understanding is rooted in one's physical experiences in the physical world. This sort of
image underlies what are depricatingly called “trivial” constructivisms.

Locke’s central assumptions—namely that truth is out there and that personal
understanding is a matter of intetnal representation of such truth—these new
theories posited a different relationship between undetstanding The image was
more toward that presented in figure 4.3, in which undesstanding was suggested
to be nested in knowledge. Of course, such a reframing demanded very different
conceptions of both knowledge and understanding, As detailed in subsequent
sections of this chapter, they came to be understood mote in terms of nested
dynamics than separated objects, wherein appearances of volatility ot stability are
matters of temporal scales, not inherent qualities. Correspondingly, learning was
recast in terms of the ongoing fitness, whereby both knowledge and uaderstand-
ing were subject to continuous tinkering to maintain viability. We now move into
more detailed discussions of these issues.
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FIGURE 4.3 A COMPLEXIVIST IMAGE OF KNOWLEDGE AND KNOWING

Complexity theories of collective knowledge and individual knowing not only recast these
phenomena as enfolded n and unfolding from one another, but posit that they abey simifar
evolutionary dynamics (albeit on very different time scales).
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LVOLVING THINKING:
IHE EMERGENCE OF STRUCTURALIST THEORIES

It is not an exaggeration to suggest that, through the 20th century, the gap be-
tween the physical sciences and the arts and humanities grew progressively wider.

T'he divergence seemed to climax in the 1970s and 1980s, as social construction-

ist discourses took hold in the humanities,

Oversimplified, social constructonist discourses are a subset of coherence
theuries (see chap. 2) that converge around the conviction that all knowledge is
socially constructed—that is, that the criterion for facticity is not verification, but
intersubjective accord. Things are true because collectives agree that they are
rue. Of course, such an assertion flies in the face of the project of modern
sctence, which is overwhelmingly framed in terms of discopering facts rather than
ereating them. Toward the end of the century, the seeming impasse was the focus
of numerous humanities-based critiques modern science and, in response, many
(generally vitriolic) science-based critiques of discussions of epistemology within
the arts and humanities.’

A curious aspect of this situation is that social censtructionism and 1ts re-
lated discourses actually find their roots in the physical sciences, reliant on the
sort of thinking prompted by Darwin, As developed in chapter 2, structuralist
discourses rely on a cohetence model of truth, as opposed to a correspondence
madel. The major implication here is that coberence theories are concerned with
systems’ internal consistencies as the central criterion is for viability, not any sort
of match between internal functioning and external conditions,

Those coherence theotdes that might be called “structuralist” were, in the maie,
part of a general movement that swept across and through most of the arts and
humanities in the early 1900s. The movements’ most profound influences were in
linguistics, mathematics, psychology, and sociology, largely through the contribu-
tions of Ferdinand de Saussure, Nicholas Bourbaki,” Jean Piaget, and Lev Vygotsky.

As with all intellectual movements, many of the defining sensibiliies of struc-
turalism can be traced back through preceding centuries. For instance, in addition
to incorporating the eveolutionary dynamics described by Darwin, structuralists
also drew on insights of 17th-century thinker Giambattista Vico, Born into the
conceptual climate of the Scientific Revolution, which was prompted by thinker
such as René Descartes and Francis Bacon, Vico denounced their analytic phi-
losophies. He felt that their emphases on mathemasdcs and the physical sciences
undermined the important contributions of other facets of human knowledge,
including art, thetotic, history, and language. Vico saw knowledge-making as en-

tailing a certain level of uncertainty rather than as an inevitakle progress toward



64 « Complexity and Education

certainty. As such, he felt that analytic thought served to limit invention and to
stifle thinking,

Vico also offered dramatically different views of rationalist mathematics and
empiricist sclence, Departing from the millennia-old belief that mathematics was
objectively real (indeed, the epitome of metaphysical truth), he saw mathematics
as the product of human minds—that is, as convictions that existed only in hu-
man brains. Science he saw in terms of interactions between the btain and the
natural world. For him scientific truth was not totally created in the mind, but
through experimentation that bridged mental construct and physical constraint,

Vico is often identified as someone who was centuries ahead of his time.
Perhaps more than any of his contempotaries, he offered a radically new way to
think about knowledge—one that came to be incorporated not only into struc-
turalist sensibilities, but that was to figure prominently in the emergences of exis-
tentialism, pragmatism, psychoanalysis, and other academic movements that un-
folded more than 150 years after his death. Perhaps his most significant contribu-
tions was his arpument that knowledge is created, not discovered—a notion that
was to gain considerable momentum when it was coupled to the evolutionary
dynamics described by Darwin more than a century latet,

This point was dramatically demonstrated within Saussurian (structuralist)
linguistics, Bourbaki (structuralist) mathematics, and Piagetian and Vygotskian
(structuralist) cognitive theoties. Bach of these projects might be characterized as
an cffort to describe and assemble a closed and internally consistent system in
which terms, propositions, and other constructs are rendered meaningful by vir-
tue of their relationships to other terms and propositions, not because they are
associated with some aspect of the “real” wotld. For example, according to
Saussure, a2 word is meaningful because of its associations and dissociations with
other words—with the implication that meanings must be constantly shifting,
Invoking the biclogical sense of structure (see chap. 1), Saussure framed lan-
guage as a living, organic form composed of ever-evolving and inter twining parts.
For him, languages are the products of circular {recutsive) interactions between
two or more brains, Linguistic symbols are the go-betweens (in the sense of
mutual triggers, not in the sense of physical objects) that allow minds to connect.

The biological sense of structure is also useful to interpret the way Piaget
used the term to describe learning and the emergence of personal understand-
ings. He borrowed the structuralist qualities of self-reference, self-containment,
internal coherence, and no need for external correspondence to articulate his
own account of how individuals come to eonstrue a world. In so doing, he of-
fered a physical theory of cognition that broke from deeply entrenched metaphysi-

cal assumption. Paget rejected the nation that the *teoth i oo there™ i some
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higher, not-directly-accessible realm, arguing something more toward the belief
that “truth keeps happening’” as individuals revise understandings and expecta-
tions to maintain their psychological fitness with their expetiences. (This point
marks the major break with “trivial” constructivist theories, many of which posit
1 knower-independent, fixed truth.)

Within both psychology and education, Piaget’s work has helped to triggera
proliferaton of what have come to be called constructvist theoties. Unfortunately,
there are many versions of constructivism that actually have licde to do with
Piaget’s research, owing in large part to resilient metaphysical assumptions on the ‘
natures of knowledge, reality, and personal identity.” In terms of the relationship
of his work to structuralist (and complexivist) sensibilitics, the ctitical point to
remember is that Plaget’s theory of cognition revolves around the assumption
that the sense a person makes of an eventis less a function of the qualities of that
event and more about the complex history of the agent’s linguistically affected,
hiologically enabled, and culturally infused structure.

In the language of complexity—noting that such vocabulary was not avail-
able at the time——DPiaget described personal cognition as a sclf-organizing, adap-
tive phenomenon. He went even further, to relate the phenomenon of individual
cognition to the grander systems of language and culture by speculating that,
hecause each person knits her or his understandings out of unique sets of expe-
riences, those higher order phenomena must obey a similar complex dynamic,
Such speculation marks the overlap of Piaget’s research into individual cognitive
structures and the work of his contemporary, Vygotsky, who was more centrally
concerned with the manner in which the world is jointly construed and the man-
ner in which the social world shapes the individual,

Orver the past few decades, many, many pages in many, many research jour-
nals have been given to comparisons of Piaget’s and Vygotsky's theories. For the
mast part, this literature has been devoted to efforts to reconcile the two bodies
of work—a move that is often prompted and frustrated by a failure to appreciate
that they were interested in distinct phenomena. Complexity thinking is helpful
here, in its suggestion that personal cognition is nested in—that is, enfolded in
and unfolding from—collective activity. This frame helps to explicate the rela-
tionship between Piaget’s interest in how learnets incotporate/embody new ex-
pericnces and Vygotsky's focus on how individuals ate incorporated into the body
politic. Different processes are at work, and different concerns atise at these two

levels of organization.

O this poing, it is worth underscaring that almost all seructuralist discourses,
including those bused i the theones of Plager and Vygotsky, share one more
anportant clement. They all tend o employ hody ased metaphors to deserihe
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their particular interests and foci. Examples include a hody of knowledge, a social
corpus, the body politic, a student body, and the biological body (see fig, 2.3). This similar-
ity, of course, also foregrounds some significant divergences among constructivist
theories, because the bodies studied vary considerably in structure and form.
These differences, in turn, underscore the complexity scientific principle that,
while such nested phenomena can be understood to have deep similarities, they
cannot be collapsed into or reduced to one another. New laws emerge and new
rules apply at each level of complex organization.

EVOLVING THINKING:
THE EMERGENCE OF POST-STRUCTURALIST DISCOURSES

Structuralist theories are principally concerned with the manner in which certain
phenomena—including culture, language, and individual cognition—are organized.
These theories inquire into the relational webs that afford such phenomena their
coherence. While they are, of course, concerned with the dynamics that give rise
to and that inhere in their objects of study, in the main those interests are second-
ary at best.

In the latter half of the 20th century, 2 complementary set of discourses
arose that were more focused on issues of dynamics. These pog-structuralist theo-
ries follow the structuralist argument that terms are rendered meaningful through
systems of difference and differentiation, not through unambiguous reference to
something real or ideal. However, post-structuralists tend to concern themselves
more with the power structures at work—deliberate and accidental, explicit and
tacit—within these systems of difference. One might say that the focus is not so
much on the weave of the garment of knowledge, but its lining—the usually
unnoticed, generally invisible dynamics that give it is shape. One of the terms
used to flag this focus is discourse.

Discourse refers to the intettwining structures—linguistic, social, and so on—
that frame a social or cultural groups’ preferred habits of interpretation. A dis-
course organizes and constrains what can be said, thought, and done. The em-
phasis here is on language, but post-structuralist theories are also attentive to the
activities and traditions that are prompted and supported by specific vocabulaties
and patterns of language use. Each discourse has its own distinctive sets of (mostly
tacit) rules and procedures that govern the production of what is to count as
meaningful or senseless, true or false, normal or abnormal.

Discourses always function in relation or opposition 16 one anothet, Those
that might be labeled post-riructuradist have the particulir quality of being discourses
about discourses, ot example, they are uttentive o the theoretical commitinenis
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and personal/social implications of their and other discourse systems. Unlike
maost other discourses that employ the prefix poss- in their titles, including
postmodernism and postformalism, the post- of post-structuralism is not meant
10 signal a problematizing or even a rejection of structuralist sensibilities, but an
¢laboration. Saussure and his contemporaries actually set the stage fot the emer-
pence of post-structuralism by arguing that language must be understood as a set
of relations rather than in terms of discrete wotd units. Post-structuralists have
extended Saussure’s emphases on structural analyses of language, asserting that
these structures must not be considered in decontextualized or dehistoricized
terms. In other words, for post-structuralists, cohetence is a necessary but not a
sufficient criterion for the meaningfulness of a system. Rather, they atgue that it
15 immersion in culture that defines the particular mode of human consciousness.
Such immersion must be understood not in terms of isolated discourses, but in
terms of simultaneous, ovedapping, and interlaced discourses.

The most obvious candidates for post-structural critique are religions and
tnetaphysical philosophies, but there are mote subtle, seemingly commonsensical
discourses (about, for example, science, capitalism, and democracy) that ate argu-
ubly more important sites for interrogation. One of the major instgatots of post-
structuralist critique, Michel Foucault, offered several powerful illustrations of this
manner of scholarly pursuit as he sought to explicate how systems of meaning are
entangled with cultural beliefs atound sexuality, sanity, normality, and social ordet®

Post-structuralist discourses aim to show how absences, slips, misalignments,
and other deferrals contribute to the productions and evolutions of meaning, In
peneral, they are also tied to examinations of power, a term that is translated from
the French words poaveir and puissance. The principal meanings of these wotds
have to do with “ability,” “wherewithall,” “means,” and “capacity to act”—that is,
power fo. However, they can also be used to refer to “force” and “strength”—or,
prer over—and the specific connotation varies across post-structuralist discourses.

We have gone into some detail in describing the character and context of
Jost-structaralist theorles because, in out assessment, they are readily fitted to
complexivist sensibilities, where the complex systems under examination ate cul-
1ire, the body politic, and bodies of knowledge. Close readings of post-structut-
st eritiques, particulatly those from the 1970s and 1980s, demonstrate that they
+onsistently anticipated such complexivist notions as self-organization, self-main-
tenanee, mutual specification of agents, adaptation, nested ofganization, and so
om, I othet words, despite the lack of open or direct lines of communicaton
Iwrween the seiences and the humanities through the middle part of the 20th
century, highly compatible sensibilitien esmerged aronnd the shared realization thar

(he 1ools of chssical seicnee were inudedquate tooandertand collective aciviry,
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More is said in subsequent chapters on the relevance of post-structuralism
for education and educational research. The important point for our immediate
putposes is that, although these discourses arose independently of complexity
discourses, they rely on very similar understandings of the dynamics and charac-
ters of certain sorts of phenomena. In other words, both post-structuralist and
complexity theoties have a self-awareness of sorts: They both provide insight not
only into how other discourses atise, but into how they themselves emerge and
opetate. Moreover, in post-structuralism’s well-developed explications of the na-
tures and roles of discourses, these theories offer imporrant contrbutions to
understandings the complexities of human interaction. Two examples are post-
structural theorists’ characterizations of the interlaced, co-dependent aspects of
discourses and discussions of what it might mean to rgpresent knowledge. We
address the latter contribution in greater detail at the end of this chaprer.

But perhaps the most important conttibution of post-structuralist discourses
is around their explications of the role of social and cultural norms and conven-
tions. Numerous commentators, many of whom locate their work in education,’
have offered rich and varied accounts of the hegemonic discourses that support
and “naturalize” racistns, colonialisms, sexisms, heterosexisms, classisms, and other
manners of oppression, repression, and suppression. Some have also provided
accounts of the emergence of these discourses." Consideration of this work is
vital in any examination of the relevance of complexity thinking for education.

EVOLVING THINKING:
THE SHIFT IN THE PHYSICAL SCIENCES

By the close of the 20th century, evolutionary assumptions had become so
commonsensical and so transparent that they dominated discussions of knowl-
edge and truth within the arts and humanitdes. At that time, a small group of
thinkers that straddled these domains and the physical sciences began to note
some deep resonances between emergent sensibilities, Preliminary explications
of these resonances were often greeted with skepticism—as evidenced in the
varied responses to works such as Lyotard’s The Postmodern Conditivn—owing, it
seems, to the fact that divergent and non-intersecting evolutionary paths had
unfolded through the century. In particular, within the arts and humanities, much
of the thinking was explicitly defined in contradistinction from the sciences.
But an important qualification must be made here. The “sciences’ that were
rejected within much of 20th-century structuralist, post structuralist, and related
theoties were the sciences of 1700s and 1800y the ornentations and emphases
of which, as developed in chapier 2, were actlly dimmssed or eelipsed through
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the 1900s within the sciences. Much of the critique of “scentism” and “positivist
science” within the arts and humanities, then, is useful for marking an important
bifurcation in thought that occurred over a century ago. However, to assume that
those accounts are still appropriately applied to all of contemporary scientific
inquiry is to succumb to a crude parody or caricature to the evet-evolving scien-
tific project.

We have ourselves experienced this issue. In different contexts, we have dared
to utter the word “science,” only to be subjected to the same sorts of critiques
that were offered 50 and 100 years ago. Many, it seemns, cannot appreciate that not
only does science evolve, but that its evolutions are subject to the same sorts of
extant cultural sensibilities that render other discourses sensible and insensible.
On this matter, a still-irresolvable issue for some seems to be the apparent differ-
ences between the humanities and the physical sciences regarding the source of
truth: For the former, the current emphasis is on collective accord; for the latter,
itis on an attentiveness to the physical world.

It would thus be overly optimistic to suggest that the time has come for these
branches of thought to come together. However, it is not unreasonable to suggest
a much greater compatibility than was apparent or acknowledged through most of
the past century. The enduting difference temains the tension between intersub-
jectivity and objectivity as the basis of truth, As the popuiar argument goes, social
agreement would not seem to have that much effect on the sum of 1 + 1, on the
speed of the earth’s rotation, or on the behaviors of subatomic patticles.

Be that as it may, it has become apparent that humanity does indeed have
profound effects on some aspects of the physical world—aspects that were pte-
viously considered an independent backdrop of scientific inquiry. These effects
include the impact of humanity on the genetic pool of the species (e.g, through
warfare, migration, medicine, poltution, and genetic engineering), the biodiversity
of the planet {e.g., through hunting, disease spread, habitat reduction, and climate
change), and weather and climate patterns (e.g., though ozone depletion, farming
practices, and deforestation). Such instances ate examples of the complex inter-
relationships between knowledge and the things-known. Knowledge affects pet-
veptions, attitudes, and actions, which in turn can play a significant role in shaping
the conditions of that knowledge.

As introduced in chapter 2, the term inferobjectivity has been introduced by
some thinkers, including Humberto Mamrana'' and Bruno Latour,'? as a sort of
conceptual hybrid of imtersubjectivity and olyjectivity. One of the reasons for this move
1 10 attemprt o bring humanities-baned and physical sciences-based discussions
ol truth into greater dialogue, Ax slready developed, the notion of interobjectivity

i oriented by the ansertion that there i no abjective  that ix, iree sianding, cler-
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nal, knower-independent—knowledge. Phrased differently, there are no observerless
observations or measutetless measurements Any and every identification entails
and implicates an identifier. In reflexive terms, acts of observing and measuring
generate observers and measurers at the same time that they generate observa-
tions and measurements.

In effect, interobjectivity is a restatement of the notion of compiierty, as devel-
oped in previous chapters. The terms point to the emergent realization that the
cultural project of knowledge production, whether identified as scientific or oth-
erwise, must be understood in terms of the complicity of the observer in knitting
the fabric of relations through which observations are rendered sensible. Efforts
at the generation of knowledge are suggested to be not just matters of intersub-
jective accord, but of the mutually affective reladonships between phenomena
and knowledge of phenomena-—that is, interobjectivity.

An important principle here is that descriptions of the universe are actually
part of the universe. Hence, the universe changes as descriptions of the universe
change—again foregrounding the evolutionary assumption that the universe is
not a fixed or finished form. On this count, complexity theories are aligned with
ecological discourses and share those discourses’ interests in Darticipatory epicte-
miolpgres. Within this category of theories, knowledge is understood to inhere in
interactions, That is, knowledge is embodied or enacted in the ever-unfolding
choreography of action within the universe. Stated bluntly, the truth isn’t out
there.

Nor however, is the truth “in here,” as some sort of strictly internal, subjec-
tive, or even intersubjective, phenomenon. Rather, what is known is acted out in
what is done, and what is done contributes to the unfolding of the cosmos. Edu-
cationally speaking, this manner of argument mires schooling and research in
very complex ethical issues. There is no innocent knowledge, no benign truth, no
consequenceless assumption. Deliberate participation in the development and
maintenance of knowledge, then, always and already entails 2 contribution to the
unfolding universe. However benevolently conceived, that contribution may ex-
ceed its intentions and imagined consequences. Examples are not hard to come
by: The move by educational researchers in the mid-1900s to impose behavioral
psychological principles on classtoom structures is a cogent example. The reduc-
tion of teaching to outcome-oriented, reward-administering techniques was un-
deniably unfortunate. Similarly, the more recent shift toward constructivist dis-
courses may be having similarly problematic outcomes—and, as argued elsewhere,
the blame for emergent difficulties might properly rest on the shoulders of edu-
cational researchers who seem to pay little attention to the consequences of their
studies and reports."
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As is no doubt apparent from the preceding few paragraphs, the notion of
mierobjectivity does not lend itself to simple explanation. One of the reasons for
1his difficulty is that the word engenders rejections of some of the most deeply
vngrained cultural assumptions about the nature of the universe. Most obvious is
the premise of analytic science that descriptions of phenomena are separate from
ne'tual phenomena. To be clear here, interobjectivity does not assert a direct causal
connection of descriptions and the things described. The point is #of that things
« hange because they are noticed and described, but that knowers’ actions are
wliered by virtue of their descriptions. As actions shift, the physical texture of the
world is affected, a point that has been dramatically demonstrated over the past
ventury, For example, the illnesses that are currently of greatest concern, the
nocial issues that occupy attentions, and the climates that are now studied are all
«omplezly emergent and, in obvious ways, prompted by entrenched habits of
ohservation, interpretation, and action.

Not to overstate the case, the notion of interobjectivity is far from having
vaprured either the popular imagination or the general attention of the scientific
ratablishment, It is, nonetheless, a corollary of complexity science and, as men-
fioned, an issue of immense relevance to educators.

All that said, by the time that the notion of intetobjectivity had been for-
mally articulated, late in the 1900s, some educational theorists had already em-
braced the sort of thinking that it announced. Their principal influences, how-
ever, were not discussions of the philosophy of science, but the emergent do-
muins of phenomenological and psychoanalytic thought.

It YOND EVOLVING THINKING:
1HE CONTRIBUTIONS OF PHENOMENOLOGY AND PSYCHOANALYSIS

I e of the critical foundations of Western philosophy has been a deep suspicion
i the trustworthiness of human perception. From Plato through Descartes, per-
1 pion was seen as inaccurate and easily deceived, and this fallibility contributed to
wmistences for proof, whether via rational argument ot empirical demonstration.

Pereeption, that is, was overwhelmingly cast as the impassible membrane
thue weparated the knowet from the known world. However, at the termn of the
Mty century, a few new theoretical frames began to emerge in which petception
wun 1einterpreted not as the point of disjuncture, but the site of unification of
et wnd contexe. The perceiving body started to be redescribed as the source of
mewning and mind, ax opposed to some sort of impenctrable bivlogical prison.
I'wor af the most influentin] movements in the early development of the notion
ol the embodied mind were paychoanalyain andd phenomenaology.
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From their beginnings, these theories spanned the physical and the social
sciences. Indeed, they could be appropriately described in terms of
transdisciplinarity, Sigmund Freud drew on and was influenced by studies in neu-
rology, medicine, psychology, sociology, and biological evolution. The authors of
phenomenology had a similar list of influences, and it is worth underscoring that
these conceptual sources prompted attentions to the complex intettwinings of
the experiential/ cultural and the genetic/biological in the emefgence of knowl-
edge and identity. So oriented, some of the conttibutions of psychoanalysis and
phenomenoclogy have come to be echoed in almost every 20th-century academic
movement. For instance, the suggestion that human consciousness is more a pas-
senger than a pilot was revolutionary, inttoduced as it was at a time when con-
scious thought was the principal and sometimes exclusive focus of philosophy,
psychology, and education. Freud helped foreground the roles of social habitus
and nonconscious processes in the shaping of individual and collective charac-
ters. An important conttibution of psychoanalysis to contemporary thought is its
refusal to separate the individual’s constitution of the world and the wotld’s con-
stitution of the individual, which could be read as a variant of the notion of
interobjectivity. This conceptual move was hinged to a reframing—even a
complexification—of individual subjectivity. Freud rejected the radical individu-
alism of modernism, arguing instead that human identities are transitory, frag-
mented, and interlocked. Experiences of subjectivity are actually manifestations
of intersubjective processes.

Similar notions were developed within phenomenclogy, which was first at-
ticulated in the early 1900s by Edmund Husserl. He sought to study phenomena
by tutning toward “the things themselves”—a phrase he used as a sort of critique
of the still-pervasive assumption that the goal of science was to aspire to ideal,
metaphysical truths than lay beyond the things themselves. Husserl sought to
debunk petsistent beliefs in essential qualities and ideal forms, and he developed
a means to study how it is that the world becomes evident to awareness. In par-
ticular, he sought to foreground the role of intentionality, oriented by the asser-
tion that all perception is oriented to and by objects in context. His phenomeno-
logical theory and its associated methods were thus about physical engagement
with the world, about the complex intertwinings of concept and percept—about
interobjectivity. This wotk was to be elaborated through the 20th century, and
among the most notable contributions were those of Maurice Merleau-Ponty.
Although first published in the late 1940s (in French), his Phenomenology of Peregp-
tion'* remains a standard reference in studies of perception and consciousness.

At the same time that phenomenology was emerging in lurope, pragmatist
philosophy was emerging in North Americn. [t too was greatly influenced by
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Diewinian thought—perhaps even more so. Some of its principal authors, in-
v nding Chatles Sanders Peirce, William James, and John Dewey, made explicit
use of evolutionary notions to desctibe knowledge and its production. This point
i most obvious in their core assertion around the nature of truth. As previously
teveloped, for the pragmatist, truth is what works. This definition that is grounded
1 Darwin’s notion of fitness and it foregrounds the roles of context and timing,
During the late 1800s and eatly 1900s, when pragmatism was coheting as a for-
mal philosophy, thete was no shortage of examples to illustrate this suggestion.
Mot prominently, Darwin’s The Origin of Specier had already toppled libraries of
miientific treadses, and Einstein’s theories of relativity were poking holes in
Newton’s seamless fabtic of the universe.

"The pragmatist movement is notable for its immediate and emphatic asser-
tom that questions of collective knowledge cannot be dissociated from matters
i morals, ethics, personal meaning, and cultural standards. No claim to truth
was permitted to be construed as inert, simply because all truth was understood
to exist in an intricate web of collective meaning. It is thus that truth, the wotld,
andd cxistence, to the pragmatist, are understood as sorts of collective fantasies.
They are conttivances in which we all participate and to which we all contrib-
ute -and this conclusion of pragmatism is not at all dissimilar from the notion
ol complicity as developed by complexivists Cohen and Stewart.

In brief, then, it would be an unfortunate and egregious error to suggest that the
wensihilities announced by complexity thinking have not been well-represented in the
wadlemic literature, generally, o the educational research literature, specifically.'®

1] YOND EVOLVING THINKING:
Tt EMERGENCE OF EMERGENT THINKING

{)ne of its most significant contributions to contemporary discussions of educa-
tinn is around the question of how norms and conventions evolve and sustain
themiselves, On this count, complexity thinking has emerped as an important
comiplement to post-structuralist, psychoanalytic, phenomenclogical, and prag-
unitist thought—not just providing support to established critiques of cultural
shiictures, but pointing toward new possibilities for interrupting those structures.

Complexity science, like any domain of academic inquiry, evolves. In one
woeount of the major transitions during its brief histoty, Steven Johnson'® de-
ncithes its carly stages in terms of loosely related observational studies of diverse
(rhenomeni The uniting feature wan a realizution thar the structures and dynam-
iow of he forms studied did not lend thepmelven 10 extablished scieatific meth-
by, but few if any aliernatives hudd been prenented al tha point.
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The second stage, which unfolded through éhe late 1970s through: the late
1990s, was focused on generalization across examples. Much of this work was
organized around increasingly sophisticated computer modeling as researchers
sought to identify structural similarities of complex phenomena and to mimic
their dynamics, often with surprising success. The third, and current, stage is
morte concerned with what might be called a “pragmatics of transformation” in
which the principal emphasis is on affecting the behaviors and characters of com-
plex phenomena.

These stages, of course, are largely arbitrary heuristic conveniences. These
were no sharply defined transitions in the emergence of complexity science. For
example, the first stage could be argued to have begun in the early 1800s with the
development of an evolutionary sensibility in many branches of academic re-
search. Simiatly, a number of studies in the early and mid-1900s could be cited:
Friedrich Engels’ examinations of the emergence of cities and class structures,
John Dewey’s (and other pragmatists”) critiques of the development of cultural
sensibilides, Jean Piaget’s research into individual learning and cognition, and Alan
Turing’s explotations of “morphogenesis”’" to menton only a few instances.
Such examples, of course, are only idendfiable in retrospect, but all were con-
cerned in one way or anothet with how a unity could assemble itself without
direction from a master plagner.

An important, consolidating shift occurred in the mid-1900s as researchess
across domains began to draw more explicitly on one another’s works. Sociolo-
gist Jane Jacobs’ discussion of the emergence and decay of American cides,” for
nstance, was explicitly informed by information scientist Warren Weavers cat-
egorization of different sorts of systems (as presented in chap. 1). By the 1960s,
a host of still-disparate—that is, not-yet identified as conceptually related—stud-
ies were being undertaken, Humberto Maturana looked at autopoietic'® biological
systems, Bvelyn Pox Keller investigated non-equilibrium thermodynamics, Marvin
Minsky described the brain in terms of distributed networks, and Deborah Got-
don attended to the life cycles of anthills, The list could be easily extended. Across
these diverse phenomena, some cutious features seemed to be remarkably simi-
lar. For example, not only did the unities seem to self-organize, but they seemed
to fearn. Indeed, some of them appeared over time to get more inselipent—that is,
capable of more flexible, more effective responses to previously unmet circum-
stances (see chap. 5).

These studies provided the impetus for the emergence of complexity theory,
and the phenomenon of self-organization ' m¢ an object of study in its own
right. Equipped with literally hundeed: ot Tily deriled examples of complex
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FIGURE 4.4 INTERMEDIARY LEVELS OF COMPLEX COHERENCE
Complexity thinking prompts attention toward possible intermediary levels of complex co-
herence that occur between subjective understanding and abjective knowledge.

puters, researchers set out to investigate the deep similarities of anthills, brains,
and social movements.

With regard to discussions in education, this emphasis of complexity re-
scarch has contributed to 2n important elaboration of 20th-century discussions
of the relationship between collective knowledge and individual understanding,
spucifically that there are other levels of dynamic and adaptive coherence that
must be taken Into account in discussions of education. Complexity thinking
proints to the inadequacy of nesting personal undesstanding within collective knowl-
cdpe (see fig, 4.3, above) as it posits the presence of several intermediary layers of
nested cohetence that are of vital relevance to educators (see fig, 4.4).

All of these phenomena are understood within complexity thinking to be
cvolving. Mote provocatively, all are cognitive. None is 2 matter of representing the
“real” world at a different scale; rather, each has to do with ongoing adapration to
dynamic circumstances.

A good deai of research, both inside and outside of education, is cuttently
rlevoted to the study of such nested systems. However, it is the most recent phase
ol the evolution of the field that we feel is so critical to studies of learning and
o hooling, with their concerns not just for interpreting the complexities of indi-
wichials and coliectives, but for deliberately affecting their structures and behav-

o Wirh its current ingerest in how complexity might be created, maintained,

anl manipulated, complexity science has come o be well fitted to the specific
and explicit coneerns of edncuor and educanonal researehers,
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be applied to educational research (which is the focus of the Part 1T). After all,
research into molecular biology and slime molds, or even neurophysiology, is a
far cty from the sotts of issues and concerns that atise in the work of classroom
teachers, school administrators, and curriculum developers.

The contributions of comiplexity thinking to education and educational re-
search, then, are not necessarily direct ones. Nevertheless, some important ptin-
ciples can be readily adapted to the particular concerns of educationists. For ex-
ample, one of the topics that we focus on in subsequent chapters is tecent fe-
search into the processes by which a collection of I'rbecomes a collective of we—
that is, the transition from a disconnected to a connected structure atound a
matter of shared concern, These sorts of phase transitions ate onie of the hall-
marks of complex entities, and it turns out that much has been learned about
how they can be recognized and described (the foci of chaps. 5 and 6} as well as
occasioned {the foci of chaps. 7 and 8.

One of our goals in these discussions is to foreground the complementary
characters of post-structuralist and complexity theories. Consistent with com-
plexity thinking, the discussion proceeds with the assumption that a convetsation
across relevant domains of inquiry is necessary to being able to make sense of
the phenomena at hand. As such, while occasional reference is made to, for ex-
ample, the interactions of atoms, such allusions are in no way intended to suggest
that humans interact or behave in ways identical to elemental particles. Rathet,
the point is that major developments in human understanding usually occur when
new and previously unnoticed associations are made between seemingly dispar-
ate phenomena.

Put differently, contra Descartes” assumption and assertion that humans are
logical, it appears that members of the species are not principally rational crea-
tures, The capacity for logico-rational thought rides on the surface of connec-
tion-making systems like the associative structure of the brain or the weave of
language. In other words, humans are mainly analogical. We urge teaders to bear
this realization in mind in the chapters that follow, as our intention in those chap-
ters is to present new associative possibilities, new threads for a mote complex
weave. For us, the project here is not to represent reality, but to participate mind-
fully in the unfolding of new possibilities for action and interpretation.

PART TWO

COMPLEXITY THINKING,
EDUCATION, AND
EDUCATIONAL INQUIRY

(v



CHAPTER FIVE

Descriptive Complexity Research:
QUALITIES OF LEARNING SYSTEMS

EVERYTHING IS WHAT IT IS
BECAUSE IT GOT THAT WAY.

—D'Arcy Wentworth Thomson’

As developed in the previous chapter, for most of its brief history, complexity
science has focused on observation and descripdon of self-organizing, self-main-
taining, adaptive—that is, for our purposes, farning—systems. Although new
cmphases have emerged in the field, this one remains prominent and vibrant.
With regard to educational phenomena, given the relatively slow uptake of com-
plexity thinking by educational researchers (relative, at least, to research in sociol-
ogy, econormics, anthropology, psychology, and business), the descriptive aspect
of complexity research remains especially relevant,

Indeed, some important preliminary questions temain unresolved. For ex-
ample, while 2 handful of theorists have speculated that classroom collectves,
schools, and bodies of knowledge might propetly be considered as complex emer-
pent phenomena (see chap. 6), the evidence to support such suspicions is sparse
and based largely on analogies made to teseatch conducted in other domains In
this chapter, then, we offer more detailed explications of the qualities of complex
systems introduced in chapter 1, with a view toward applying those descriptors to
a range of educational phenomena in the nexe chapter.

In the current discussion, we tocus on some of the conceptual issues that
prresent themelves in rexenrchers' ellori, i, to reeognize and, second, 1o char-
actetize inntunees of complexity, To rendes the dinewmion nunegeahle, we deal



80 » Complexity and Education

specifically with social collectivity as one instance of complex emetgence. Be-
cause 2 broad range of general issues is presented, we use 2 single illustrative
example to link various parts of the discussion. In chapter 6, more concerned
with how the desctiptive emphasis has been represented in the educational re-
search literature, we use the opposite strategy by citing a broad range of studies
and locking across several level of complex organization in an attempt to illus-
trate some of the issues that can atise in deseription-oriented complexity research.

In this chapter, our movement through descriptors and our elaborated ex-
ample is oriented toward the articulation of 4 preliminary set of assertions around
what it might mean for educational researchers to adopt, adapt, and contribute
strategies of description and redescription from the complexity sciences. As will
become clear through the discussion, these aspects of complex systems cannot
be easily pried apart. Fach is profoundly dependent on every other. As such, we
qualify the discussion by highlighting the artificiality of any attempt to analyze
complexity. The suggestion here is #of that complexity can be reduced to these
aspects, but that these aspects are useful for helping observers identify and make
sense of complex structures and dynamics.
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SELF-ORGANIZATION

Certainly the most commonly cited quality of a complex system is the manner in
which it bootstraps itself into existence. Somehow, these sorts of collectives de-
velop capacides that can exceed the possibilities of the same group of agents if
they were made to wotk independently. Ants self-organize into colonies, birds
tnto flocks, humans into various sorts of social groupings, and so o

Self-organization is also known as emergence and, of the many insights of
complexity science, it is simultaneously the mast impostant and the mOst difficult
1o appreciate. Somehow, agents that need not have much in common-—uch less
be oriented by a common goal—can join into collectives that seem 1 have cleax
purposes.

One of the difficulties in studying instances of emergence is that the specific
conditions and mechanists of its occurtence can vary dramatically #¢103S situa-
nons. Clearly, for exampie, the processes at work in the emergence of an anthill
arc not identical to the processes that give rise to a body of knowledgé Neverthe-
loss, some preliminary generalizations can and have been made about What needs
to be in place for self-organization to happen—and our discussiofs ©of these
points are distributed through the remaining chapters.

Within the education literature, perhaps the most prominent exploration and
source of illustrations of self-organization is Peter Senge’s Schools it Learr’—
wlthough, notably, neither selforganigation not emergence (ox, for that mattes, much
ol the established vocabulary of complexity science at all) is involeed it the book’s
neitr-600 pages. As far as alignment with complexity thinking, the most explicit
statement is provided in a chapter on “systems thinking,” an academic Movement
nominentin the 1970s. Systems thinking is focused on the emergent® of physi-
calsystems (and might be contrusced wirh cybernetics, which is focused more on
identional or concepnal e s e one of the magor ribatarices of current
comple s de cotacs i he e a1l ! T miehe chus
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numerous discussions of, for example, the joint cantributions of parents, teach-
ers, administrators, and stadents in healthy school systems. For the most part,
these discussions are framed in terms of collective possibility rather than indi-
vidual responsibility, and these etnphases are contextualized in supporting anec-
dotes and explications of the contexts and purposes of schooling,

The book is structured around dozens of case studies that serve to illustrare
the central theme that the educational whole can be greater than the sum of its
parts. In fact, the book itself is structured to convey this message: The grander
therne is intended to arise as the varied anecdotes and interpretations are allowed
to “speak” to one another. In these regards, the text offers a potentially vibrant
demonstration of self-organization. Conversely, however, it offers reladvely little
by way of formal explication of complexity thinking, In the context of this dis-
cussion of educational research, then, it might be more appropriate to describe
the book as a survey of possible self-organizing phenomena that are of intexest to
educators, as opposed to a reporting of reseasch per se. Further, with its reliance
on systems theory, rather than the more general discourse of complexity thinking,
the book is mainly concerned with the maintenance of social units and does not
address the vital educadonal issue of the production of complex knowledge.

Lo fact, although the number of complexity-informed repotts appeats to be
increasing exponentially within the educational research literature, very few of
thesc writings have taken on the actual phenomenon of emergence, opting most
often to examine already-emergent understandings, classrooms, schools, and other
systems. There have been a few exceptions that will be discussed in more detail in
chapters 6 and 7. By way of illusteadon here, Davis and Simmt' report on a few
instances of self-organization, the first a teachers’ collective that arose around the
need to complete some challenging academic tasks, and the second a classroom
collective that cohered around the development of a mathematical concept. In
each case, they argue, the emergent callective generated insights that surpassed
the insights of any individual member. In their discussion of these happenings,
Davis and Simmt raise the provocative suggestion that the often-mentoned phe-
nomenon of “the teachable moment” may in fact be a case of emergence on the
classroom level—that is, a moment in which a unity of action and purpose atises.
They further point out, however, that many of the features of the contemporary
classroom, including a fragmented curriculum and radically individualized assess-
ment practices, militate against instances of self-organization,

Once again, however, there are few descriptive studies of self-organized phe-
nomena within the education literature, For the maont part, in fact, educational
resciech repores that deaw on compleaity thmlan oom 1o he weirten from the
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50 pervasive within education that focused efforts at description or explication
might not be practical or fruitful undertakings. By contrast, researchers in other
ficlds have devoted considerable energies to such descriptions, notably business®
and sociology.® Across these descriptions, 2 prominent theme is the range of
triggers that might prompt the emetgence of a social collectivity. To this end, in
the case of human systems that it seems, there tends to be a need for a shared

identification—an artifact, a belief, a consolidating event, or, most often, the ap-
pearance of a common enemy.”
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