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CHAOS THEORY AND THE SCIENCES
OF COMPLEXITY: FOUNDATIONS
FOR TRANSFORMING EDUCATION

Charles M. Reigeluth

P ublic education in the United States is an array of highly complex sys-
tems whose behavior, or causal dynamics, has proven difficult to under-
stand. Similarly, the process of transforming a school system is highly com-
plex and difficult to predict or control. Chaos theory and the sciences of
complexity (Gleick 1988: Holden 1986; Kellert 1993; Lorenz 1995,
Nowotny 2005; Wheatley 1999) are branches of systems theory that were
developed to help understand highly complex systems. They recognize that
beneath the apparently chaotic or unpredictable behavior of a complex sys-
tem lie certain patterns that can help one to both understand, and espe-
cially in the context of the theme of this book, influence the behavior of the
system. This chapter begins with a summary of some of the key features of
chaos theory and the sciences of complexity and then explores the ways
that these theories can inform systemic transformation (paradigm change)
in K-12 education in the United States and other parts of the world.

WHAT ARE CHAOS THEORY AND
THE SCIENCES OF COMPLEXITY?

Some of the key features of chaos theory and the sciences of complexity
include coevolution, disequilibrium, positive feedback, perturbation,
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transformation, fractals, strange attractors, self-organization, and dy-
namic complexity. Each of these is briefly discussed and related to
school systems.

COEVOLUTION

For a system to be healthy, it must coevolve with its environment: It
changes in response to changes in its environment, and its environment
changes in response to its changes. Wheatley says, “We inhabit a world that
co-evolves as we interact with it, This world is impossible to pin down, con-
stantly changing . .. 7 (1999, 9). A K-12 educational system exists in a com-
munity and larger society that are constantly evolving. But how are they
evolving? Toffler (1980) has identified three major waves of societal evolu-
tion. Each has been accompanied by a fundamental change of paradigm in
all of our society’s systems, and they provide us with examples of coevolu-
tion between educational systems and their respective environments. Dur-
ing the agrarian age, the one-room schoolhouse was the predominant par-
adigm of education, with its focus on tutoring and apprenticeship. During
the industrial age, the factory model of schools became the predominant
paradigm of education, with its focus on standardization and teacher-cen-
tered learning. Now, as we evolve ever deeper into the information age, so-
ciety is undergoing just as dramatic a change as during the industrial revo-
lution, and this is putting greater pressure on our educational systems to
coevolve through a similarly fundamental shift in paradigm.

As our communities and society evolve deeper into the information
age in which knowledge work is rapidly replacing manual labor and
more and more children are being raised in poverty and single-parent or
dual-income households, the need for coevolution in education has be-
come ever more urgent (Reigeluth 1994). Banathy (1991) has pointed to
a large coevolutionary imbalance between education and society, which
Places our society in ill-health and peril. Schlechty (1990), Caine and
Caine (1997), and others have pointed out that our educational systems
are doing a better job than ever at what they were designed to do, but
that our society is increasingly calling on them to do things they were
not designed to do. Therefore, our educational systems must coevolve
t0 meet the changing educational needs of society,



CHAPTER 2

To identify how an educational system should coevolve, there are two
issues we must look at. One is how its environment has changed. This
includes changes in the community’s educational needs, in the tools it
offers to educators, and in other community (and societal) conditions
that impact education, such as drugs, violence, teen pregnancy, and
latch-key children. However, an educational system is not just shaped by
its community; it also helps shape its commun ity. Thus, the second issue
for identifying how an educational system should coevolve is the ways
the community would like its educational system to change to better re-
flect the values of the community and thereby to help make the com-
munity more consistent with its values. Therefore, an educational Sys-
tem should coevolve based on the evolvin g values, beliefs, and visions of
the community and on the evolving educational needs of the commu-
nity. This brings us to the all-important question: How can coevolution
be fostered in our educational systems?

DISEQUILIBRIUM AND POSITIVE FEEDBACK

According to chaos theory and the sciences of complexity, coevolution is
fostered by disequilibrium and positive feedback. Equilibrium is de-
fined as “a condition in which all acting influences are canceled by oth-
ers, resulting in a stable, balanced, or unchanging system” (American
Heritage Dictionary, as quoted by Wheatley 1999, 76). Systems can be
in a state of equilibrium, in which case, minor changes or adjustments
to the system are all that is necessary; or systems can be in a state of dis-
equilibrium, in which case, they approach the edge of chaos. This might
lead one to believe that disequilibrium is a bad thing. However, Wheat-
ley (1999) makes the following points:

“T observed the search for organizational equilibrium as a sure path to in-
stitutional death.” (76)

“In venerating equilibrium, we have blinded ourselves to the processes
that foster life.” (77)

“To stay viable, open systems maintain a state of non-equilibrium. . . .
They participate in an open exchange with their world, using what is there
for their own growth.” (78)
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“Prigogine’s work demonstrated that disequilibrium is the necessary
condition for a system’s growth.” (79)

Hence, disequilibrium is one important condition for coevolution. The
other is positive feedback, which has a particular meaning in systems
theory.

Systems may receive both negative and positive feedback. Negative
feedback provides information about deficiencies in attaining a system’s
goals, so that the system can adjust its processes to overcome those de-
ficiencies. In contrast, positive feedback provides information about op-
portunities for a system to change the goals that it pursues. Thus, posi-
tive feedback is information from the environment that helps a system
to coevolve with its environment. Often, it takes the form of perturba-
tions (or disturbances) that cause disequilibrium in a system.

PERTURBATION

A perturbation is any change in a system’s environment that causes dis-
equilibrium in a system. For example, as our society in the United States
has evolved into the information age, a new educational need that hag
arisen is the need for lifelong learning, Rapid change in the workplace
and the new reality of multiple careers during one’s life require people
to be lifelong learners. To help people become lifelong learners, schools
must cultivate both the desire to learn (a love of leaming) and the skills
to learn (self-directed learning). However, our typical industrial-age
school systems do the opposite on both counts, placing stress on the en-
vironment (coevolutionary imbalance) and causing the environment to
put pressure (perturbation) on the educational system to undergo fun-
damental change or transformation.

TRANSFORMATION
Disequilibrium creates a state in which the system is ripe for transfor-

Mation, which is reorganization on a higher level of complexity. Trans-
formation oceurs through a process called emergence, by which new
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processes and structures emerge to replace old ones in a system. Trans-
formation is paradigm change and stands in contrast to piecemeal
change, which leaves the structure of a system unchanged. Piecemeal
change often involves finding better ways to meet the same needs,
whereas transformation entails m odifying the structure of a system, usu-
ally in response to new needs. Piecemeal change usually changes one
part of a system (albeit perhaps a part that exists in all schools within a
district) in a way that is still compatible with the rest of the system,
whereas transformation (or paradigm change) entails such a fundamen-
tal change that it requires changes in other parts of the system because
the other parts are not compatible with the chan ge,

According to Duffy, Rogerson, and Blick (2000). transformation of an
educational system requires simultaneous changes in the core work
processes (teaching and learning), the social architecture of the system
(culture and communications), and the system’s relationships with its
environment.

FRACTALS AND “STRANGE ATTRACTORS”

Transformation is strongly influenced by strange attractors, which are a
kind of fractal (Wheatley 1999). Fractals are patterns that recur at all
levels of a system, called self-similarity. In educational systems, th ey can
be considered core ideas and values or beliefs (Banathy 1991; 1996) that
guide or characterize the design of the new ( transformed) system. These
recurring patterns can be structural or behavioral—that is, they can be
patterns of form or function, and they strongly influence, and are influ-
enced by, complex system dynamics (Senge 1990). One example of a
fractal in education is top-down, autocratic control. On the district level
of an educational system, the school board typically controls the super-
intendent, who controls the principals. On the building level, the prin-
cipals control their teachers. And on the classroom level the teachers
control their students.

Another example of a fractal in education is uniformity or standardi-
zation. On the district level, all elementary schools are typically sup-
posed to be the same (equal) in such key features as policies, curricu-
lum, methods, and assessments. On the building level, all teachers at the
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same grade level are supposed to teach the same content at the same
time with the same textbooks, again to provide equality. On the class-
room level, all students in a classroom are typically supposed to learn the
same thing at the same time in the same way. And even for professional
development, all teachers typically engage in the same professiclma] dc
velopment activities at the same time. Top-down control and uniformity
are but two of many fractals that characterize our factory model of
schools. Although we are beginning to see changes in some of these pat-
terns, few would argue that they were not typical of our industrial-age
educational systems, and they are still the predominant paradigm in ed-
ucational systems today.

A strange attractor is a kind of fractal that has a powerful influence
over the processes and structures that emerge in a system undergoing
transformation. Fractals are similar to what Dawkins called “memes,”
which are ideas or cultural beliefs that are “the social counterpoints to
genes in the physical organism” and have the power to organize a sys-
tem in a specific way (Caine and Caine 1997, 33). One example of a
strange attractor, or meme, in education is stakeholder empowermen}t or
ownership, which entails providing both the freedom to make dec?'sm_ns
and support for making and acting on those decisions. On the district
level, this takes the form of the school board and superintendent em-
powering each building principal to experiment with and adoPt new ap-
proaches to better meet students” needs and to make other important
decisions (hiring, budgeting, and so on). On the building level, the prin-
cipal empowers each teacher to experiment with and adopt new ap-
proaches to better meet students’ needs and to participate in school pol-
icymaking and decision making. On the classroom level, the teacher
empowers each student to make decisions about how to best meet her
or his needs. This form of leadership at all levels entails providing guid-
ance and support to cultivate the ability to make good decisions and act
effectively on them. ‘ _

A second example of a strange attractor is customization or differenti-
ation (or diversity). On the district level, each school has the freedom to
be different from other schools. On the school level, each teacher has the
freedom to be different from other teachers. And on the classroom level.
each student has the freedom to be different from other students (with
respect to both what to learn and how to learn it). A third example is
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shared decision making or collaboration. On the district level, the school
board and superintendent involve community members, teachers, and
staff in policymaking and decision making, On the school level, the prin-
cipal involves parents, teachers, and staff in policymaking and decision
making. And on the classroom level, the teacher involves the child and
parents in decisions and activities to promote the childs learning and
development.

To become an effective strange attractor for the transformation of a
school system, the core ideas and values (or beliefs) must become fairly
widespread cultural norms among the stakeholders most involved with
making the changes. Once that status is reached, little planning needs to
be done for the transformation to take place. Appropriate behaviors and
structures will emerge spontaneously through a process called self-
organization.

SELF-ORGANIZATION

Self-organizing systems are adaptive; they evolve themselves: they are
agile (McCarthy 2003). They require two major characteristics: open-
ness and self-reference { Wheatley 1999). To be open with its environ-
ment, a system must actively seek information from its environment and
make it widely available within the system.

The intent of this new information is to keep the system off balance,
alert to how it might need to change. An open organization does not look
for information that makes it feel good or that verifies its past and validates
its present. It is deliberately looking for information that might threaten its
stability, knock it off balance, and open it to growth (Wheatley 1999, 83).

But the system must go beyond seeking and circulating information
from its environment: it must also partner with its environment. As
Wheatley (1999) notes: “Because it partners with its environment, the
system develops increasing autonomy from the environment and also
develops new capacities that make it increasingly resourceful” (84).

A second characteristic of self-organizing systems is the ability to self-
reference on the core ideas, values, or beliefs that give the organization
an identity. In this way, “When the environment shifts and the system
notices that it needs to change, it always changes in such a way that it re-
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mains consistent with itself. . . . Change is never random; the system will
not take off in bizarre new directions” (Wheatley 1999, 85).

A third characteristic is freedom for people to make their own deci-
sions about changes. Jantsch (1980) has noted a paradoxical, but pro-
found, systems dynamic: “The more freedom in self-organization, the
more order” (40, as cited by Wheatley 1999, 87). As long as the freedom
is guided by sufficient self-reference, it will allow changfzs to occur be-
fore a crisis point is reached in the system, thereby creating greater sta-
bility and order. Paradoxically, the system is “less controlling, but more
orde:rly” by being self-organizing (Wheatley 1999, 87). Typically, coevo-
Jution occurs through self-organization, but complex system dynamics
have a powerful influence on self-organization and any resulting sys-
temic transformation.

DYNAMIC COMPLEXITY

According to Peter Senge, social systems have detail complex.ity and dy-
namic complexity, “When the same action has dramatically different ef-
fects in the short run and the long, there is dynamic complexity. When
an action has one set of consequences locally and a very different set of
consequences in another part of the system, there is dynamic complex-
ity. When obvious interventions produce nonobvious consequences,
there is dynamic complexity” (1990, 71). System dynamics are the W(:_‘,b
of causal relationships that influence the behavior of a system at all its
various levels. They help us to understand how a change in one part of
an educational systém is likely to impact the other parts and the outputs
of the system and to understand how a change in one part ?f an educa-
tional system is likely to be impacted by the other parts o’f E‘he system.
Dynamic complexity is captured to some extent by Senge§ 11 laws of
the fifth discipline” and his “system archetypes.” The laws include such
general dynamics as:

The harder you push, the harder the system pushes back.
The easy way out usually leads back in.
The cure can be worse than the disease.
Faster is slower.
Cause and effect are not closely related in time and space.



- - CHAPTER 2

Small changes can produce big results—but the areas of highest lever-
age are often the least obvious (see chapter 4)

Senge’s (1990) system archetypes include:

“Limits to growth” in which an amplifying process that is put in motion to
create a certain result has a secondary effect (a balancing process) that
counters the desired result.

“Shifting the burden” in which the underlying problem is difficult to
address, so people address the symptoms with easier “fixes,” Ieaving the
underlying problem to grow worse unnoticed until it is much more diffi-
cult, if not impossible, to fix.

“Tragedy of the commons” in which a commonly available but limited
resource is used to the extent that it becomes more difficult to obtain,
which causes intensification of efforts until the resource is significantly or
entirely depleted.

“Growth and underinvestment” in which growth approaches a limit that
can be raised with additional investment, but if the investment is not rapid

nor aggressive enough, growth will be stalled and the investment will be-
come unnecessary.

“Fixes that fail” in which a fix that is effective in the short run has un-

foreseen long-term effects that reduce their effectiveness and require
more of the same fix (see chapter 6.)

Senge’s laws and archetypes identify high-level or general system dy-
namics, but it is also important to identify the complex system dynam-
ics at play in a particular educational system. Those dynamics are com-
plex causal relationships that govern patterns of behavior, explain why
piecemeal solutions are failing, and predict what kinds of solutions
may offer higher leverage in transforming a system to better meet stu-
dents’ needs.

HOW CAN CHAOS THEORY AND
THE SCIENCES OF COMPLEXITY INFORM
THE TRANSFORMATION OF EDUCATION?

The remainder of this chapter explores the ways that chaos theory and
the sciences of complexity can inform the systemic transformation of ed-
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ucation. They can do so in two fundamental ways. First, they can help
us to understand the present system of education and how it is likely to
respond to changes that we try to make. Second, they can help us to un-
derstand and improve the transformation process, which is itself a com-
plex system that educational systems use to transform themselves.

UNDERSTANDING THE PRESENT SYSTEM

Chaos theory and the sciences of complexity can help us to understand
our present systems of education, including (a) when each is ready for
transformation and (b) the system dynamics that are likely to influence
individual changes we try to make and the effects of those changes.

READINESS FOR TRANSFORMATION

Chaos theory and the sciences of complexity tell us that readiness for
transformation is influenced by several factors. First, there must be suf-
ficient impetus for transformation, which is created by perturbations
from outside the system that produce a state of disequilibrium in the sys-
tem. That disequilibrium may be caused by either of two kinds of
changes in the environment (a school system’s community): 1) ones. that
create problems for the system (such as dysfunctional home environ-
ments and lack of discipline in the home), or 2) ones that present oppor-
tunities to the system (such as the Internet or other powerful technolo-
gies to support ieaming). Second, there must also be sufficient enablers
of transformation, which are created by factors inside the system, such as
“participatory” (Schlechty 1990) or “transformational” leadership (Duffy
et al. 2000), as opposed to the industrial-age command-and-control form
of leadership—or more appropriately, management—and sufficient lev-
els of trust within and among stakeholder groups, such as the teachers as-
sociation, administration, school board, and parents,

SYSTEM DYNAMICS

System dynamics are complex sets of causes and effects that are largel}r
probabilistic, meaning that a cause increases the chances that an effect
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will take place but does not require that it must take place. The complex
sets of causes and effects are also highly interactive, meaning that the
extent of influence of a cause on an effect is strongly influenced by other
factors, including other causes. Regarding causes, system dynamics pro-
vide us with an understanding of aspects of the current System that will
likely influence the viability and durability of any given change. For ex-
ample, we come to learn tha high stake tests that focus on lower levels
of Ieaming in Bloom’s taxonomy (Bloom, Krathwohl, and Masia 1956)
are likely to reduce the viability and durability of attempts by teachers
to develop higher-order thinking skills because such efforts will neces-
sarily reduce the amount of time the teachers spend on the lower-level
content, causing a decline in the high-stakes test scores, Regarding the
effects of any given change, system dynamics provide us with the ability
to predict the effects 4 change is likely to have on the o
transformed educational system, such as levels of stude
example, as the Saturn School of Tomorrow found
1991), allowing students to be self-directed learners

tion in “time on task” to learm the important skills and understandings,
resulting in a reduction in learning

utcomes of the
nt learning. For
(Bennett and King

UNDERSTANDING THE TRANSFORMATION PROCESS

self a complex system comprised of man
dynamics. With research and experience we can expect to learn much
about the dynamics that influence the subsystems and processes that are
most likely to foster Systemic transformation, but chacs theory and the
sciences of complexity tell us that we cannot hope to control the trans.
formation process (Caine and Caine 1997, \fﬁ"heaﬂey 1999). Caine and
Caine state that “the underlying belief is that we are in charge and can
control the nature of change. All the reports on how difficult it has been
to change education confirm the failure of this logic”
and the sciences of complexity also tell us that we ca
the process through the use of such tools as strange a

(12). Chaos theory
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to succeed (no children left behind), then the purpose of assessment
should be to compare students with a standard of attainment, so that they
may continue to work on a standard until it has been met. The current
report card, with its list of courses and comparative grades, could be re-
placed by an inventory of attainments that are checked off as they are
reached by each student. This one change could exert powerful leverage
on other parts of the system, most notably the way teaching and learning
occur in the classroom—leverage that might be more powerful than the
forces that the rest of the system would place on the inventory of attain-
ments to change it back to a sorting-focused assessment system. Fur-
thermore, if appropriate strange attractors have been developed (e.g.,
enough stakeholders have expanded their mental models to encompass
the belief that student assessment should be designed to inform learning
rather than to sort students), those strange attractors will create a pow-
erful force in support of such a compatible leverage point and against
those aspects of the current system that would otherwise be working to
change the assessment system back to what it was.

CONCLUSION

Just as the industrial revolution made the one-room school house obso-
lete, the information revolution has made our current factory model of
schools obsolete. Our educational systems must transform themselves to
better meet the dramatically changing needs of our children and com-
munities. An understanding of chaos theory and the sciences of com-
plexity (two recent developments in systems theory) is crucial to suc-
cessfully navigate such systemic (or paradigmatic) transformation of our
educational systems. Helpful concepts include coevolution, disequilib-
rium, positive feedback, perturbation, transformation, fractals, strange
attractors, self-organization, and dynamic complexity. These concepts
can help us to understand when a system is ready for transformation and
the system dynamics that are likely to influence individual changes we
try to make and the effects of those changes. Furthermore, chaos theory
and the sciences of complexity can help us to understand and improve
the transformation process as a complex system that educational systems
use to transform themselves. Strange attractors and leverage points are
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particularly important to help our educational systems to correct the
dangerous evolutionary imbalance that currently exists.
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USING SYSTEMS THINKING
TO IMPROVE TWENTY-FIRST
CENTURY SCHOOLS

Bill Thornton and George Perreault

A we enter the twenty-first century, schools in North America are
faced with demands from governmental mandates to dramatically im-
prove performance, often expressed in the form of assessment of stu-
dent performance on standardized tests. In the United States, the No
Child Left Behind (NCLB) Act is the most obvious example of this
movement, but local, state, and provincial governments have all begun
to exert increasing pressure. School systems have typically reacted by
adopting various “silver bullet” programs without looking carefully at
the deep changes that are needed to improve complex organizations Jike
public schools. Significant lasting change is not possible without using
systems theory to guide reform.

An analysis of the complexities of the issues facing education leads to
the conclusion that change is not a linear function and that each change,
no matter how small, can have consequences at many levels within an
organization. Practicing education leaders, therefore, must have the
tools and skills to envision the impact of proposed changes on various
systems and subsystems of schools. At the same time, leaders need to be
able to plan changes across the many domains within an organization.
Because systems thinking can provide a tool for understanding the
structure of an organization and can provide a way to examine the impact
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