
■ START HERE in learning and change. In some schools, students
receive, educators impart, and parents support. In successful organi-
zational learning initiatives, everyone learns and everyone supports.
Students can be some of the most effective instigators for organiza-
tional learning; in turn, organizational learning can be one of the
most powerful ways to develop students’ capabilities for lifelong
learning and success. Parents can also be key participants in learning
initiatives, particularly in communities (like many low-income com-
munities) where they have traditionally felt isolated from the school. 

For student involvement, see pages XX and XX, and the developmental journey on page XX.
For parent involvement, see pages XX and XX, and the story of St. Martin’s Parish on page
XX. 

ENTRY POINTS
There is no specific road map to follow in this book. Different people, in
different schools, will find different paths. Here are some of the entry
points where we have seen educators begin successfully.

■ Creating a learning classroom: A teacher may begin with the exer-
cise on page XX, and develop a more effective classroom. Then move
to “finding a partner” (page XX) and consider how to gain support at
the school and community levels. 

■ System dynamics in the classroom: Introducing mapping or simula-
tion leads students to conversations about mental models and ulti-
mately can lead to shared visions for the school. See pages XX and
YY.

■ A school’s shared vision: If there is predisposition toward change
among administrators and teachers (and ideally among some par-
ents), then a formal shared vision process can galvanize interest in all
of the learning disciplines and provide a context for a broad range of
activity. See page XX. 

■ “I want my child in a learning school”: Parents have significant
leverage for change, but not on their own. A good place to start is
with the articulation of your own mental models about the school sys-
tem (page XX); and in taking part in systemic inquiry (page XX). 

■ Personal vision: If you feel alone, no matter where you are in the sys-
tem, then you can always develop your personal vision and view of
current reality. See page XX.

■ The ethical dimension: Educators and community members can
begin inquiring about the values under which they operate. This nat-
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urally develops into discussion of the mental models that people hold
about the purpose of schools. See pages XX and YY. 

■ The nine-year conversation: A superintendent or principal can initi-
ate change not by dictating it but by developing a practice of team
learning with each of the constituencies in the system. See page XX. 

■ From the outside in: Some school systems have begun with the com-
munity’s interest in change—at the school board and parent levels.
See p. XX and YY.
Guiding ideas: You can start, in a small or large group, by articulating
the guiding principles on which learning should be based in your
school and then move to shared vision, team learning, and mental
models. 

■ Guiding ideas: You can start, in a small or large group, by articulating
the guiding principles on which learning should be based in your
school and then move to shared vision, team learning, and mental
models. 

See the article on Educational Leadership (page XX) and the guiding ideas for each part of
the book (pages XX, YY, ZZ and XX).

5. The Industrial Age 
System of Education
Peter Senge

We are all products of our age and, in turn, act in ways that re-create
that age. As an old joke goes, it is difficult to know what fish talk

about, but you can be sure it is not water. It is difficult for any of us in
“advanced” societies to overestimate the effects of the industrial age on
how we see the world. This “water”—our culturally embedded assump-
tions and habitual ways of operating—comes back to haunt us when we
try to fundamentally rethink and re-invent the industrial age institution
we call school.

But how can we “see” assumptions that are so taken for granted?
Artifacts can help in the process—like a schoolchild’s backpack.
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Stand outside a school and watch the children and adolescents enter-
ing. Notice the way they walk—stooped over, bearing backpacks that
weigh anywhere from twenty to forty pounds. Pick up one of these packs
and see how heavy it feels. It offers a material measure of workload. In
most secondary schools, which children start between the ages of ten
and twelve, teachers are limited to one group of subjects each. They
don’t work together in a way that coordinates their day-to-day efforts,
and thus they often don’t even know the total workload assigned to all
students. Would they advocate that sixty-pound children carry twenty-
five-pound bookpacks? Probably not. But the question is moot, because
they have no way of knowing how much stress the system as a whole is
piling on to these students, stress that they bear literally as well as figu-
ratively. 

Nor do the parents necessarily fully recognize the weight placed on
their children. They are dealing with their own stress levels in the high-
pressure workplaces of contemporary Western society. I have heard par-
ents say that they approve of their children’s heavy workloads: “It’s
preparing them to deal with the stress of the real world.” Metaphorically,
the parents are carrying the same backpack themselves. They have to-do
lists that they know they’ll never finish, so they think it’s perfectly appro-
priate that their kids face the same kinds of pressures.

High-achieving children often seem deeply aware of the conse-
quences of this loss of balance. “We were very surprised to find,” says
cognitive scientist Howard Gardner about a study of highly talented
children that he and colleagues are conducting, “that by the age of
eleven or twelve, many children would talk about the importance of bal-
ance in their lives. This included kids who were skaters, actors, musi-
cians, and people seriously involved in community service. They love
their work and their activity. But they observed their parents and said to
themselves, ‘This is not the kind of life I want to lead.’”

Meanwhile, the pressures keep growing, and the backpacks keep get-
ting heavier. Driven by public demands for increased performance on
standardized tests, schools and teachers find themselves forced to boost
workloads continually while also taking more and more class time to pre-
pare students for the tests on whose outcomes their budgets, and even
positions, may depend. “There are many ways to measure a successful
school,” writes New York Times education reporter Michael Winerip.
“But at this point in American history, the one that gets printed in all the
newspapers, the one that individual schools and entire school districts
are measured by and all the politicians talk about, is performance on
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standardized tests. And as long as that is true, those backpacks are likely
to be full each night starting in grade 1 and maybe earlier.” 

By and large the students remain silent as the stress level grows—
until problems erupt more visibly. When that happens, schools are
blamed for “not keeping order.” They respond, most often, by creating
even more pressure. It seems that few have any idea what they can do to
address the deeper causes of malaise. This situation leaves students with
two basic alternatives: cope or disengage. Many disengage. The system
then tracks them into classes for underachievers where they no longer
will be challenged. Most students try to cope, like the middle schooler I
saw recently pulling a “wheely”—a suitcase on wheels like those carried
by airline travelers—full of her books. I wondered to myself just how
many more pounds that could hold.

THE INDUSTRIAL AGE HERITAGE OF SCHOOLS
How did this situation arise? A little history is necessary to see a fuller
picture.

In many ways, the industrial age had its roots in the fascination of
Kepler, Descartes, Newton, and other seventeenth-century scientists
with the clock as a model for the cosmos. “My aim,” wrote Johannes
Kepler in 1605, “is to show that the celestial machine is to be likened not
to a divine organism but rather to a clockwork.” According to historian
Daniel Boorstein, “Descartes made the clock his prototypical machine.”
Isaac Newton, says Arthur Koestler, assigned to God a twofold function
“as Creator of the universal clock-work, and as its Supervisor for mainte-
nance and repair.” 

For these scientists, it became natural to conceive of the world as
made up of discrete components, which fit together like the parts in a
machine. This offered the beguiling implication that ultimately the uni-
verse could be understood completely. The behavior of atoms, conceived
as tiny bouncing billiard balls, could be predicted, as could the behavior
of more complex objects assembled from them. A worldview emerged
that became the foundation for 350 years of scientific progress: Once you
analyze the parts, the world can be predicted and controlled, as a
machine is controlled. As Russell Ackoff puts it, “the universe was
believed to be a machine that was created by God to do his work. Man,
as part of that machine, was expected to serve God’s purposes. . . . It
obviously followed that man ought to be creating machines to do his
work.” So powerful was the machine metaphor that writers like Ackoff
dubbed the industrial age the “Machine Age.”

See Daniel Boorstin, 
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Machine-age thinking became the foundation for organizations and
management when Frederick the Great, the eighteenth-century Pruss-
ian ruler, achieved military successes by instituting standardization, uni-
formity, and drill training. Before then, as management writer Gareth
Morgan notes, armies had been unruly mobs of “criminals, paupers, for-
eign mercenaries and unwilling conscripts.” Now they became great,
invisible machines, with interchangeable parts (intensely drilled men
who could replace one another easily), standardized equipment, and
strict regulations. Not surprisingly, Frederick devised many of his tech-
niques by studying machines. He was “fascinated,” writes Morgan, “by
the workings of automated toys such as mechanical men, and in his quest
to shape the army into a reliable and efficient instrument he introduced
many reforms that actually served to reduce his soldiers to automata.” 

Inspired by progress in Newtonian science, industrialists of the nine-
teenth century patterned their organizations directly after Frederick the
Great’s army, including such mechanistic structures as the “chain of
command,” the “line” and “staff” organizations, and the “training and
development” approach to learning. The organization as machine even-
tually found its prototypical embodiment in the assembly line. The
assembly line produced an unparalleled number of uniform manufac-
tured objects more rapidly than ever before. As scientific progress mani-
fested itself in new and increasingly powerful technologies, they were
incorporated into the assembly line, enabling previously unimaginable
increases in labor productivity. From 1770 to 1812, labor productivity
increased 120 times over in the British textile industry. By 1880, accord-
ing to business historian Alfred Chandler Jr., “four-fifths of the people
working on the production of goods were working in mechanized facto-
ries.” The assembly line also transformed the conditions of work: inter-
changeable, trained workers doing precisely designed repetitive tasks,
orchestrated by a rhythm set by external bosses.

It is little surprise that educators of the mid-nineteenth century
explicitly borrowed their new designs from the factory-builders they
admired. The result was an industrial-age school system fashioned in the
image of the assembly line, the icon of the booming industrial age. In
fact, school may be the starkest example in modern society of an entire
institution modeled after the assembly line. Like any assembly line, the
system was organized in discrete stages. Called grades, they segregated
children by age. Everyone was supposed to move from stage to stage
together. Each stage had local supervisors—the teachers responsible for
it. Classes of twenty to forty students met for specified periods in a
scheduled day to drill for tests. The assembly line, as a whole, was
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designed to run at a uniform speed, complete with bells and rigid daily
time schedules. Each teacher knew what had to be covered in order to
keep the line moving, even though he or she had little influence on its
preset speed, which was determined by school boards and standardized
curricula. 

Although few of us today appreciate how deeply assembly-line con-
cepts are embedded in the modern school, nineteenth-century writers
spoke admiringly of schools as analogues to machines and factories.
According to education historian David Tyack: “as eighteenth-century
theologians could think of God as a clock-maker without derogation, so
[too] the social engineers searching for new organizational forms used
the words ‘machine’ or ‘factory’ without investing them with the nega-
tive associations they evoke today.” For example, machine concepts like
standardization played a role in creating unified school systems. In 1844
Samuel Gridley Howe, a newly elected Massachusetts Board of Educa-
tion member, implemented a standardized test and used the dismal
results to galvanize public outrage about the decentralized Boston
schools, leading to their consolidation as a single, city-wide system, an
approach that ultimately influenced schools throughout North America
and the rest of the world. The result of this machine-age thinking was a
model of school separate from daily life, governed in an authoritarian
manner, oriented above all else to producing a standardized product, the
labor input needed for the rapidly growing industrial-age workplace—
and as dependent on maintaining control as the armies of Frederick the
Great.

The industrial model of schools didn’t just change how students
learned; it also changed what was taught. In the American colonial
period, for example, in local one-room schoolhouses, children might be
taught from Ben Franklin’s Poor Richard’s Almanack. Other countries
had their own local, indigenous texts—both written and oral. They
learned about weather and climate, but not for the sake of altering or
controlling the seasons. They learned about the world to understand and
fit into it, not to command or control it.

While the assembly line school system dramatically increased educa-
tional output, it also created many of the most intractable problems with
which students, teachers, and parents struggle to this day. It opera-
tionally defined smart kids and dumb kids. Those who did not learn at
the speed of the assembly line either fell off or were forced to struggle
continually to keep pace; they were labeled “slow” or, in today’s more
fashionable jargon, “learning disabled.” It established uniformity of
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product and process as norms, thereby naively assuming that all children
learn in the same way. It made educators into controllers and inspectors,
thereby transforming the traditional mentor-mentee relationship and
establishing teacher-centered rather than learner-centered learning.
Motivation became the teacher’s responsibility rather than the learner’s.
Discipline became adherence to rules set by the teacher rather than self-
discipline. Assessment centered on gaining the teacher’s approval rather
than objectively gauging one’s own capabilities. Last, the assembly-line
model tacitly identified students as the product rather than the creators
of learning, passive objects being shaped by an educational process
beyond their influence.

Seeing school as an assembly line for producing graduates illumi-
nates the reasons for the ever-weightier backpacks. The assembly-line
education system is under stress. Its products are no longer judged ade-
quate by society. Its productivity is questioned. And it is responding in
the only way the system knows how to respond: by doing what it has
always done but harder. Workloads increase. Standardized testing is
intensified. Among neurophysiologists there is a common expression,
“The brain downshifts under stress.” When we are fearful, we revert to
our most habitual behaviors. Larger human systems are no different.
Whether they espouse it or not, educators are responding to the extraor-
dinary anxiety and stress they are experiencing by turning up the speed
of the assembly line. While this might produce a bit more output, all of
us—students, teachers, and parents—should be asking whether it pro-
duces more learning. 

A SYSTEM TRAPPED 
Like other industrial age institutions today, educational institutions are
caught in extraordinary cross-currents of change. Businesses also strug-
gle with increasing pressures for performance to please external stake-
holders. They too create extraordinary stresses on their members by
attempting to get more output while reducing headcount. 

Yet, as someone who spends considerable time with educators and
businesspeople, it is my judgment that educators feel more trapped and
less able to innovate than do their business counterparts. Several years
ago I asked a group of educators a question I have often asked of busi-
ness groups: “Do you believe that significant change occurs only as a
result of a crisis?” In business groups, typically three quarters will
respond affirmatively. But, then, others will tell stories of significant
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changes that arose without a crisis, from passion and imagination, from
leaders of many types willing to take risks in favor of something in which
they believed. The group of educators responded differently. Very few
raised their hands at my first question. Puzzled, I asked, “Does that
mean that you believe that significant innovation can occur without
crises?” None raised a hand in response to this question either. Now
really puzzled, I asked: “Well, if change doesn’t occur in response to a
crisis, and it doesn’t occur in the absence of a crisis, what other possibili-
ties are there?” A soft voice from the audience responded, “I guess we
don’t believe significant change can occur under any circumstances.”
Those who have not worked within the institutions of education often do
not appreciate just how disempowered educators feel.

Most business-people believe that the reason that educational insti-
tutions do not innovate is the lack of competition. Feeling pressed them-
selves to innovate or die, they see a sense of urgency missing in
education. While I believe there is some validity to this view, I also
believe it is too simplistic. It implies that all that is needed is more com-
petition in education. Yet I see little evidence that more choice in educa-
tion, where it is occurring, is in fact creating fundamental innovation.
For example, I do not see that private schools, the primary competition
for public education among wealthier US families, break significantly
from the industrial-age views of learning. Many seem even more stress-
ful and conformist than their public school counterparts. 

Meanwhile, there have always been small numbers of highly innova-
tive public schools, often inspired by new insights into child develop-
ment or learning theory, or bold visions for how a school could truly
serve kids. Yet few can sustain their innovations beyond the tenure of a
few innovators. Once a key principal, or superintendent, or a few key
teachers leave, everything returns to the norm. 

The reason for this, I believe, is that there exist distinctive features of
schools that make sustained innovation more challenging than in busi-
ness. Until these are recognized, strategies like increasing competition
are likely to lead to disappointing long-term results.

The first distinctive feature is that primary and secondary education
is a more purely industrial-age institution than is business. While busi-
ness adopted machine-age ideas such as the assembly line, it was not
born with these ideas. Businesses have been significant social institu-
tions for thousands of years. The corporation as a legal entity dates in
some forms to the Middle Ages and, before that, to the Roman Empire.
The very word “company” has roots that reach back at least a thousand
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years, deriving from the same roots as “companion”—literally a sharing
of bread (compania, com and panis) in Latin. On the other hand, the
modern school started with one-room school houses in farming commu-
nities in the seventeenth and eighteenth centuries and blossomed into
the urban school system as we know it today in the middle of the nine-
teenth century. As a result, the vast majority of assumptions and prac-
tices of school are inseparable from the machine-age view of the world. 

Second, as it has evolved, the school system is far more tightly
“embedded” in larger social systems than is business. Individual schools
sit within local school districts, which in turn nest within state depart-
ments of education that set policy and standards. Consequently, schools
are buffeted by shifts in the political wind that pass by companies, as we
see today with pressures for increased standardized testing. Moreover,
schools are part of communities in ways that businesses are not. In par-
ticular, businesses do not have parents as part of their system of gover-
nance. Businesses have investors who basically let the business run its
affairs any way it wants, so long as it achieves an adequate financial
return. Businesses have customers who care about the quality of their
product. But those customers, by and large, do not concern themselves
with how the firm produces products or services. Parents not only have
goals for what their children learn, they have very definite ideas about
how that learning should occur.

Herein lies probably the most problematic distinction of the educa-
tion system, viewed from the standpoint of innovation and adaptation.
We all went to school together! We are all products of the industrial-age
school. Of all institutions, school sits most “upstream.” It was, for all of
us, our first and undoubtedly most formative introduction to what Dr. W.
Edwards Deming called “the prevailing system of management”—the
machine world of teachers in control, students dependent on teachers’
approval, and learning defined as getting an A on the test. Most of us
developed our survival skills for industrial-age institutions in first and
second grade. We learned how to please the teacher, as we would later
try to please our boss. We learned how to avoid wrong answers and raise
our hand when we knew the right answer, habits which would later
shape the ongoing organizational dance of avoiding blame and seeking
credit for successes. We learned how to be quiet when we felt lost,
which is why no one questions the boss in the official meeting, even
when he or she makes no sense.

Coming to recognize how much the industrial-age school lives in
each of us can be sobering. But it is also enabling. Just as school has been
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the generative institution for machine-age thinking, so too could it be a
pivot for creating more learning-oriented societies. In truth, the time to
inculcate systems thinking is when innate intuitions about interdepen-
dency are still alive and before fragmented academic subjects transform
us into master reductionists. The time to develop inquiry and reflection
skills, likewise, is when we are young, not after thirty years of institu-
tional conditioning aimed at learning to impress people with how smart
we are. It is a tragedy that, for most of us, school is not a place for deep-
ening our sense of who we are and what we are committed to. If it was,
think of the lasting impact it would have.

Such changes are unlikely to happen until we understand more
deeply the core assumptions upon which the industrial-age school is
based. This is the DNA of our contemporary school system, and it will
continue to exert its iron grip on any efforts at fundamental change until
it is recognized.

Industrial age assumptions about learning
It’s important to note at the outset that most educators would disagree in
principle with the assumptions listed below. By most educators I mean
everyone from school board members, to administrators, to teachers.
Parents often disagree with them as well. And yet the system seems to
embody these assumptions, and everyone acts as if they were correct—
even if they would prefer to act differently. Such is the power of unexam-
ined shared mental models, “theories-in-use” that often are 180 degrees
at odds with theories and beliefs people espouse. 

1. CHILDREN ARE DEFICIENT AND SCHOOLS FIX THEM. 
Years ago I heard an educator say something that I have not forgotten,
“We have no idea the trauma the young child suffers at school.” What
trauma was she talking about? 

How many of us learned in school that we could not paint? How
many of us remember the teacher telling us not to sing with the other
children because we were so out of tune? Or perhaps we learned that we
were not good at math? Or English? I believe that few of us escaped this
self-labeling. Even though we may have long stopped to recall them, we
carry these assessments of ourselves inside, often accompanied by
strategies of avoidance to disguise our deficiencies. 
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These traumas occur because conformity is a core value of the indus-
trial age: An assembly line that produced continuous variety would not
be considered efficient. This value leads naturally to seeing children as
poorly formed “raw materials” from which the school system produces
educated final products. Outside the school, learning is active and nat-
ural for people; we engage in learning constantly through day-to-day liv-
ing. But within school learning is viewed in a different way. Ed Joyner,
director of the Comer Project at Yale, calls this the “deficit perspective”
of learning—an attitude among educators and parents alike who believe
that the job of schools is to make up for innate failings in the students
themselves. 

See “The Dignity of the Child,” page XX; and “Sending Signals,” page XX. 

Educators don’t give speeches advocating the deficit perspective, but
every school child knows its sting. Young children who get Cs or Ds on
their first math test are very likely to conclude not only that their
answers are wrong, but that they are “wrong.” They experience school-
room evaluations as self-assessments: “I’m not all right. There’s some-
thing wrong with me. I don’t have what I need to succeed in life.” These
fears are reinforced by a management system that vests unilateral power
in the educational system, to determine what is studied, how it is to be
studied, and to declare success or failure. It is no wonder that most kids
internalize a simple conclusion, “I am not respected here.”

The deficit perspective is especially pernicious because it is undis-
cussable. Kids have no one to sit down and talk with about the disrespect
they experience. It is difficult for children to articulate to an adult that
they do not feel respected. When they see their peers treated with simi-
lar disrespect, the topic is even harder to discuss. Moreover, the undis-
cussability is often undiscussable: They cannot talk about the fact that
they cannot talk about the disrespect. 

Parents have their own form of the deficit perspective; when their
kids’ performance does not measure up, they conclude that they have
failed as parents. Moreover, the experience of watching their kids strug-
gle to perform often brings back the parents’ own performance anxiety
from when they were in school. Their natural concern for their children
gets mixed with their own internalized traumas from long ago. They
relive their own school anxieties every time their kids take a test or bring
home a report card. 

The deficit perspective has precursors that predate the industrial era,
including some religious attitudes that children are born wicked. But it
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is interesting that the industrial age emerged in a time in which child-
rearing experts, beginning in Europe, made the deficit perspective a
core of parental practice. As German psychologist Alice Miller shows,
many popular books on child rearing in this period spoke plainly of the
need to “break the child’s spirit and willfulness,” so that he or she would
become compliant. Dr. Shreber, a popular 1850s writer, admonished par-
ents to regard an infant’s screaming or crying as a test of wills, and
instructed them to employ “stern words, threatening gestures, rapping
on the bed . . . or if none of this helps . . . mild corporeal admonitions.”
Such methods would be necessary only a few times, Schreber insisted to
worried parents, “and then you will be master of the child forever.”
(author’s italics). Miller quotes another eighteenth century writer’s
instructions on “abolishing” willfulness in the child’s first year. Here the
machine metaphors of control and order are even more explicit. The par-
ent is instructed “to labor over them . . .” to implant a strict “love of
order,” which can “come about only in quite a mechanical way. Every-
thing must follow the rules of orderliness. Food and drink, clothing,
sleep, and indeed the child’s entire little household must be orderly and
must never be altered in the least to accommodate their willfulness or
whim.” 

The irony of the deficit view is that it substitutes parent- and teacher-
centered control for developing self-control. Rather than cultivating a
child’s sense of personal responsibility through awareness of the conse-
quences of her or his own choices, it can actually foster a deep sense of
victimization and lack of responsibility. Indeed, Miller observes that
Schreber’s son was treated by Freud for paranoia.

The deficit perspective assumes that something is broken and needs
to be fixed. It is a reasonable way to think about machines, because
machines cannot fix themselves. But it is a poor fit for living systems like
children, which grow and evolve of their own accord.

2. LEARNING TAKES PLACE IN THE HEAD, NOT IN THE BODY AS A WHOLE 
“In the Western tradition,” write philosophers George Lakoff and Mark
Johnson, “the autonomous capacity of reason is regarded as what makes
us essentially human, distinguishing us from all other animals.” The pre-
vailing Western theory sees reason as independent of perception,
motion, emotion, or any other aspect of the body. But, as the authors go
on to show, recent evidence from cognitive science (the systematic study
of mental operations in humans and computers) has proven this premise
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wrong. This evidence tells us “that human reason is a form of animal rea-
son, a reason inextricably tied to our bodies and the peculiarities of our
brains.” 

In other words, human cognitive development involves just as much
“body knowledge” as it does “mind knowledge.” Learning is inseparable
from action. “All doing is knowing and all knowing is doing,” as Chilean
biologists and cognitive scientists Humberto Maturana and Francisco
Varela put it. Knowledge, in this context, does not mean only a mental
storehouse of facts and theories, accumulated in memory, but the capac-
ity to do something with this information. Indeed, the facts and theories
may be stored not in our conscious reasoning and memory but literally
in our bodies. Most of us know how to ride a bicycle, but very few
understand intellectually how we do it—that is, the laws of gyroscopic
motion whereby the bicycle works. Similarly, we know how to talk, but
we probably don’t know all the rules and structures of language in any
conscious way. Even something as simple as dialing telephone numbers
shows the whole body nature of knowing: I cannot remember many
numbers to write them down, but if my fingers are on a key pad, they
know where to go.

But while learning occurs in the whole body, the traditional class-
room is based on the assumption that learning is a purely intellectual
affair. Only the head is required; the rest of the body can be checked at
the door. The result is a passive rather than an active learning environ-
ment. Book-learning and lectures reign supreme. Students are receivers
of so-called knowledge—mostly facts and predetermined answers to set
puzzles they must solve. 

This overintellectualized notion of learning also accounts for why tra-
ditional schooling emphasizes mathematical and verbal development
over others. This is tragic, because, as Howard Gardner and others have
shown, there is a spectrum of intelligences involved in learning, includ-
ing musical, kinesthetic, spatial, interpersonal, and emotional capabili-
ties as well as the abstract symbolic reasoning of the intellect. Each
person has different talents and propensities, but we all have the poten-
tial to embrace the full spectrum of intelligences in our personal devel-
opment, and the more modalities of learning we engage, the broader and
deeper is our growth. 

See the review of Intelligence Reframed by Howard Gardner, page XX. 

I will never forget a beautiful story told by a retired chairman of the
Physics Department at MIT. He talked of vivid memories of sitting

Humberto Maturana and

Francisco Varela, T

, translated by

Robert Paolucci (Boston and London:

Shambhala Publications, 1997), p. 27. 
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underneath the piano, at age three or four, while his grandmother played
Bach. He could still feel the sensation of the music washing over him. “That
is when I became a physicist,” he said. When we assume that learning takes
place only in the head, we deny much of what makes us human.

3. EVERYONE LEARNS, OR SHOULD LEARN, IN THE SAME WAY. 
Just as there is extraordinary variety in types of intelligence, so too is
there extraordinary variety in how we learn. The past fifty years have
seen ground-breaking research on child development, on learning
styles, and on the nature of the learning process. All of this work points
in the direction of appreciating the variety of ways in which we learn.
Some children can learn only when they are moving their bodies. For
such a child, especially when he or she is young, having to sit in a chair
and not move for an hour can be torture. Others need quiet, while still
others thrive on constant activity. Some kids are natural experimenters,
always pushing themselves. Others need to be challenged. 

See the work of Mel Levine, p. XX, and Dawna Markova, p. XX. 

Despite wide familiarity among educators with theories of multiple
intelligences and different learning styles, these theories pose almost
insurmountable hurdles for the assembly-line schoolroom. Individual
teachers, even with a teacher aide, cannot possibly accommodate the
variety of learners with which they are confronted. They end up in inter-
minable struggles to maintain classroom order. They try as best they can
to make the same subject engaging for different learners. They make
themselves available to talk with unhappy parents. But they are trapped,
between the forces of a standardized curriculum and educational
process on one hand and the variety of human beings sitting in front of
them on the other. The tragic outcome is frustration on all sides: teachers
who either give up or get burned out and a great many kids who either
get cast aside or forced to learn in ways that significantly compromise
their learning potential.

Recently, a teacher commented to me that she had eighteen kids in
her class and fifteen had different sorts of “learning problems.” What is
the real meaning of this comment? For the teacher, I believe it was an
expression of frustration, a plaintive acknowledgment that she could not
provide all that her kids required. But what does it mean when three-
quarters of the kids in a class are “abnormal”? Does it not say something
about how normal is defined? 
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Similarly, what should we make of the explosion of “learning disabili-
ties” that educators now recognize? Is this really a sign of research
progress—or a sign of increasing pressure from the assembly line to
force nature’s variety to conform, through increasingly sophisticated
labels of “disability?” Are we not just making teachers more and more
sophisticated “inspectors,” able to detect increasing numbers of raw
materials that do not fit the needs of the machine? I understand that the
intent among many educators is to do more to help different kids who
learn in different ways. But the deficit model casts a long shadow on our
abilities to appreciate and work with difference. What we call “disabil-
ity” is in truth a description of mismatch between educational process
and person. Why not label the educational process as “disabled,” instead
of the person?

Moreover, what does it mean to an individual to be labeled as having
“a disability?” How does that label shape an individual’s sense of self
through his or her lifetime? Are we losing our ability to distinguish
between appreciating our differences versus seeing ourselves, and each
other, as disabled?

This growth in identified learning disabilities is closely related to the
growth in drugs prescribed to treat these different disabilities. For exam-
ple, no one knows how many schoolkids in America are taking Ritalin
today, but it is arguably the nation’s largest drug problem. Ritalin is typi-
cally prescribed for children diagnosed with “attention deficit disorder”
(ADD). Estimates of the number of U.S. school children taking Ritalin
regularly range from 1 to 8 million; some think it may be much higher.
Conservatively, this represents at least 5 to 17 percent of the students in
kindergarten through twelfth grade. A recent study in the Journal of the
American Medical Association suggested that Ritalin use among
preschoolers in day care programs, starting as young as age two, has
grown even more rapidly, increasing three-fold between 1991 and 1995,
usually in violation of the warnings from the drug manufacturer . 

Is Ritalin a boon for frustrated educators and parents and poorly per-
forming students, as is often claimed, or one more sign of the ongoing
clash between schools’ drive for conformity and nature’s variety? ADD
is a typical diagnosis for children having trouble concentrating in school.
They are not able to keep pace with the demands of their classroom.
Teachers typically alert parents that their child is having difficulties, and
the parents then confer with a physician before the drug is prescribed.
But new research on ADD suggests that its symptoms may be character-
istic of many highly creative people. 

Percentages are based on a U.S.

Census Bureau estimate of 48

million elementary and high school
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A good friend and MIT colleague was recently told by his child’s
teacher that the child probably had ADD and should be put on Ritalin.
Unpersuaded, he and his wife did some reading, discovering a book
written by two MDs, both of whom would be diagnosed with ADD were
they schoolchildren today. My MIT friend concluded from reading the
book that he too probably has ADD. He discovered, for example, that
people with ADD tend to excel at “parallel processing”—doing two or
more things simultaneously. This is one reason that such children often
have difficulty with schoolrooms that force them to do one thing at a
time. He and his wife concluded that rather than putting their child on
drugs, he should be allowed to develop his gifts and they as parents
needed to find a way to make the child’s education more compatible
with the type of person he was.

This story also illustrates the immense practical challenges posed by
the mismatch between assembly-line schools and the variety of chil-
dren’s ways of learning. One wonders why the epidemic in Ritalin and
other doctor-prescribed drugs for young children has not been met with
outrage by parents. The answer is probably that most parents today do
not have the time to be outraged. They are stressed and overworked, and
may be coping with their own stress through drugs. They are worried
that their child will fall behind in school and not get into a good college.
Most feel trapped, with few options—just as the most teachers feel
trapped, doing their best to maintain control in a classroom full of very
different learners.

Last, the “one-size-fits-all” classroom probably also accounts for why,
for many students, motivation for school learning drops off within a few
years of starting formal schooling. Their initial excitement wanes when
they sense that they are not the favored ones in this environment. They
are not highly verbal or do not think quickly. Perhaps they rebel at com-
peting with their peers. Whatever, they are not among those who fit in
the machine-age classroom.

Our assembly line thinking forces us to treat the natural variety of
human beings as somehow aberrant because they do not fit the needs of
the machine. “Those of us who have taught,” says Edward Joyner of the
Yale School Development Program, “know that you can know the sub-
ject matter well and not be able to deliver it if you don’t know the chil-
dren well” (italics added). 
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4. LEARNING TAKES PLACE IN THE CLASSROOM, NOT IN THE WORLD. 
The industrial-age school puts the classroom at the center of the learning
process. Yet genuine learning occurs in the context of our lives, and the
long-term impact of any new learning depends on its relationship to the
world around us. For example, in difficult times, painful though they
may be we often come to understandings that would not otherwise be
possible. Simply living through these times can make us stronger and
more compassionate. Similarly, our capacity to learn in any formal set-
ting such as school depends in large part on the opportunity to apply
new ideas or insights to challenges that are meaningful to us. But
because the classroom-centered model dominates, the many places
where learning occurs in a child’s life—playgrounds, home, theater and
sports teams, and (for many) the streets—are discounted. Every relation-
ship in a child’s life carries a dimension of potential learning; everything
she or he does can be done in a spirit of learning. These learning places
are all, by and large, invisible from the classroom viewpoint.

Of course, most educators understand this, and appreciate the many
contexts in which learning occurs. They know the importance of athlet-
ics, music, art, and theater. But when there are problems, the tyranny of
the classroom model comes to the surface. When there are budget pres-
sures, the arts and electives budgets are often the first to be cut. If class-
room budgets are cut, teachersmay lose supplies or be forced to squeeze
in more children, but no one thinks of eliminating classrooms altogether.
“Oh, no, you could never do that,” people say. “Because where would
children learn?” 

Even in an age when networked computers and computer-mediated
environments make instruction available to anyone, anywhere, at
increasingly lower costs, the traditional classroom is still unquestioned. I
do not suggest that we should become uncritical boosters of the Internet
or computer technology as replacements for the classroom. Rather, I
think it is important to ask what might a classroom full of kids and adults
be like if it were truly designed for learning and seen as only one of
many settings in which learning occurs.

5. THERE ARE SMART KIDS AND DUMB KIDS
The cumulative effect of the above assumptions is seen in arguably the
deepest and most pernicious assumption of the machine-age school: that
there are only two kinds of kids, smart kids and dumb kids. The smart
kids are those who excel in school. The dumb ones do not. 
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This assumption of smart and dumb kids is so deeply engrained in
our society that it is hard to imagine an alternative. But the alternative is
right before us: All human beings are born with unique gifts. The
healthy functioning of any community depends on its capacity to
develop each gift. When we hold a newborn we do not see a smart or
dumb kid. We see a miracle of life creating itself. The loss of that aware-
ness is the greatest toll extcted by our prevailing system of education, in
and out of school.

Industrial-age Assumptions about School 
There exists another set of underlying assumptions, embodied in the
institution of industrial-age school, regarding the way the school itself is
organized and sees its task. Like the previous assumptions about learn-
ing, these assumptions are very difficult for us to see and often contrary
to what people consciously espouse. We take them for granted because
we lived in an industrial-era school for a good part of our lives: most edu-
cators have been there for most of their lives. Moreover, those of us who
are not educators work in industrial-era organizations organized along
similar principles. 

1. SCHOOLS ARE RUN BY SPECIALISTS WHO MAINTAIN CONTROL
As in all industrial-age organizations, the tasks of an industrial-age
school are broken into discrete pieces called “jobs.” One person is a
superintendent; another is a principal; and someone else is a teacher. We
assume that this sort of division of labor is an obvious necessity of work-
ing together. But we see no compelling need to build partnership among
those people or a sense of collective responsibility. Instead, it is assumed
that if each person does his or her highly specialized job, then things will
work out. The industrial-age management model breaks the system into
pieces, creates specialists, lets everybody do his or her piece, and
assumes that someone else makes sure the whole works. In fact, there
are few more individualistic professions today than teaching, with each
teacher doing their work in isolation. 

But children experience the consequences of the whole, and typically
what they experience is a highly fragmented system that is the antithesis
of a team. It’s as if basketball players decided that they needed to
rebound only at the defensive end of the floor, or if everyone in an
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orchestra decided to be soloists. “One of the most important, and chal-
lenging, things that you can possibly do in a school system,” says Corval-
lis, Oregon, superintendent Jim Ford, “is to break down the walls that
separate teachers, administrators, parents, and kids—to help people see
the school as a community and that the community is the school.” 

But what exists in most schools is a far cry from a learning commu-
nity. As one high school principal commented recently, “As I reflect on
my work, and indeed my career as an educator, I realize that my num-
ber-one concern has been control. This is the heart of what our system is
all about.” In a system based on maintaining control, it is the job of the
teachers to control the students, the administrators to control the teach-
ers, and the school board to maintain control over the system as a whole. 

Control is not an inherently dysfunctional concept—all viable living
systems have evolved capabilities for control or balance. The problem
lies in the industrial-age notion of control. A living system controls itself.
A machine is controlled by its operator. Teachers, administrators, and
boards can easily become the operators of the machine called school. 

For example, the teacher-centered assessment process that results is
increasingly anachronistic in an era where what matters is lifelong learn-
ing. If a child’s primary orientation in school becomes pleasing a teacher,
this attitude will draw attention away from developing the capacities for
more rigorous self-assessment. Meanwhile, a cornerstone of lifelong
learning is the capacity for objective self-assessment—the ability to
judge for yourself how well you are doing. In effect, teacher and student
collude in shifting the developmental burden from self-assessment to
pleasing others. The result can be adults who spend their careers curry-
ing favor rather than doing something they truly regard as meaningful.
Few educators would espouse this, but the system of specialization and
control produces it. 

Seen in this light, recent efforts to make schools more “accountable”
through test scores exacerbate the same industrial-age control thinking.
There is nothing inherently wrong with tests of performance. They are
fragmented measures and limited in their validity, but they can be useful
indicators for students and teachers alike. It is their context that is prob-
lematic. Rather than students and teachers setting their own aspirations,
performance standards are mandated from above. Rather than students,
teachers, principals, and parents using test outcomes to assess how they,
as a whole, are doing, external authorities assess performance and mete
out rewards and punishments. Rather than being seen as fragmented
and imperfect indicators, which need to be integrated with other ways of
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assessing learning, scores on standardized tests become the penultimate
measure of “educational productivity.” Rather than helping develop col-
lective responsibility, they underscore the idea that teachers and schools
are solely responsible for education, for it is their budgets and jobs that
are at stake. 

Those familiar with the business world recognize the management-
by-objectives logic behind test score accountability: Management sets
quantitative targets, measures of performance relative to targets are dri-
ven throughout the system, and people’s pay, budgets, and ultimately
jobs depend on meeting those targets. It has been the dominant system
of management for many years in industrial enterprise, and continues to
dominate many today. Deming accused this system of management of
having “destroyed our people,” because of its impacts on intrinsic moti-
vation, curiosity, risk taking and innovation, and personal responsibility.
And, despite its many proponents, it is not the only approach to perfor-
mance improvement. Accounting theorist Thomas Johnson, coinventor
of activity-based costing (ABC), has spent a decade studying companies
that top their industries in long-term financial performance and yet that
do not rely on management by objectives (what Johnson calls “manage-
ment by results”). Johnson argues that management-by-results thinking
“generate[s]enormous amounts of waste, recognized and unrecognized,”
and that “business leaders can achieve higher and more secure levels of
profitability if they . . . cease to drive work with quantitative goals.” The
alternative, “management by means,” focuses attention rather on the
way work is organized and particularly on how continual learning is inte-
grated into day-to-day activity.

Last, any system of hierarchical control, even if it has very good peo-
ple, is subject to abuse. Several years ago, I knew a sixth grader who had
been accused of cheating on a multiple-choice test. He was new to his
school. The teacher humiliated him—giving him a F and calling his par-
ents. The boy was devastated. “I didn’t look at anybody’s paper!” he said.
But the teacher refused to believe him because he had seen the boy’s
head moving. Of course, no one except the boy actually could possibly
know what he saw, as opposed to where his face was pointed. But the
teacher remained resolute in his assessment, ending the meeting with
the child’s parents by saying “Look, I don’t believe in holding grudges
against kids. If he recognizes that he shouldn’t do this again, it will not
count against him.” Interestingly, the teacher never questioned his own
assessment or observation, the subjective sense he made of what he
observed. He alone, not the child, had the power to define “cheating.” It

H.Thomas Johnson and Anders

Broms,  

(New York: Free Press, 2000) 

20 ■ Schools That Learn

New STL Chapter 1 Peter  10/11/00 11:53 AM  Page 20



was part of his role as a teacher as he saw it. For the child, the experience
reinforced his awareness of where control really lay. He felt profoundly
disrespected. The teacher’s actions, though extreme, were completely
consistent with the assembly-line model of control: Just as an inspector
has power over whether a product on an assembly line is acceptable, the
teacher has power to judge unilaterally a child’s behavior. 

2. KNOWLEDGE IS INHERENTLY FRAGMENTED. 
Control based on fragmented specialization appears to be a logical way
to organize schools because of another industrial-age assumption—the
assumption that knowledge itself is fragmented, that knowledge arises in
separate categories. Over here we have literature, which is separate
from mathematics, which is distinct from science, which in turn is dis-
tinct from geography and psychology. From this fragmented perspective,
it is easy to ignore the fact that life isn’t quite like that, that life presents
itself to us whole, that challenging problems are challenging because
they have many interdependent facets. When was the last time you
encountered a problem that was purely a math problem? Or purely an
interpersonal problem? Or a problem where you only had to figure out
the technically correct solution, and then people would automatically do
what was needed? Life’s interdependencies tend to remain invisible to
the fragmented academic theory of knowledge. Given this theory of
knowledge, it comes as no surprise that the farther an individual pro-
gresses in the formal system of education the narrower and narrower his
or her knowledge becomes. 

This fragmented theory of knowledge is antithetical to a systems view
of reality, that reality is comprised fundamentally of relationships, not
things. The systems view recognizes the interrelatedness of subject mat-
ter. Industrial-age schools find it very difficult to recognize those interre-
lationships; instead, they implicitly tell students that what matters most
is the size of their narrow pile of knowledge. 

“The fragmentation of knowledge is the saddest irony of our busi-
ness,” says Tim Lucas. “Here we have all of this incredible life-nourish-
ing material—literature, mathematics, and on and on. It’s unending.
Kids recognize its vitality when they start out, and yet, somewhere along
the line, it becomes dead for so many of them. And the institutions are
often dead too. There may be little spots of light, but it is so sad, because
what could be more exciting than the knowledge of civilization?”
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3. SCHOOLS COMMUNICATE “THE TRUTH.” 
Our system of education is based on an implicit theory that philosophers
call “naïve realism.” Naïve realists are people who think that “what they
see is.” We all live most of our lives as naive realists because the data of
our senses present themselves to us with such compelling force. We then
tend to treat our perceptions as absolute fact. This is not a problem per
se; it is a characteristic of human perception. The problem arises when
we fail to recognize that it is happening. In the traditional industrial age
schoolroom, teachers do not teach as if they are communicating socially
constructed views or interpretations. They teach as if they are communi-
cating truth. Kids learn “what happened” in history, not an accepted
story about what happened. Kids learn scientific truths, not models of
reality that have proven useful. They learn the one right way to solve a
particular problem, not the complexities of different perspectives on the
same phenomena. As a consequence, students’ tolerance for ambiguity
and conflict is diminished, and their critical thinking skills fail to
develop. They fail to see the contingency of human understanding.
Instead, they become habituated to sanitized, politically correct bits of
knowledge, only to eventually find themselves deeply frustrated and dis-
oriented by life’s complexities. 

Humberto Maturana and Francisco Varela have developed a pioneer-
ing theory of the biological bases of cognition. A synthesis of biological
and psychological science, the implications for human beings of the San-
tiago theory of cognition can be summarized in the simple statement,
“Everything said is said by somebody.” No human being ever produces a
definitive statement about reality. It’s not biologically possible to do so.
This fact does not invalidate science or history, any more than it does lit-
erature or art. But it does invite us to consider science or history as a
social phenomena, whereby communities of people agree to certain
standards and procedures and thereby advance a continually evolving,
shared understanding, which is always imperfect. Nor does the Santiago
theory imply that there is no reality independent of human observation
(a philosophical view called solipsism). It simply states that human
beings cannot make absolute statements about reality. 

What does this mean for schools? Consider the teachers who touched
you as a student, not because they knew the answer but precisely
because they didn’t know. Their curiosity inspired you, and their passion
fired your imagination. They were so excited about what you might learn
together that you loved them as teachers. You valued their experience.
You knew they had thought about their subject a lot, and you were inter-
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ested in their thoughts, but they didn’t give you the answers. When they
told you “This is what happened,” they were really saying “This is one
view of what happened; here is something to think about.” Your ques-
tions were regarded as a valid way to link established ideas to your own
understanding. In fact, they had their own questions, and it was this
common questioning that made the two of you, ultimately, equals.

By contrast, naïve realism fits neatly with and subtly reinforces the
deficit perspective of learning. It reifies the view that children are defi-
cient, by establishing a caste of experts—teachers—who hold the
answers. Because their answers are unquestionable, the superiority of
the teacher’s knowledge, and the inferiority of the student’s, is institu-
tionally established.

4. LEARNING IS PRIMARILY INDIVIDUALISTIC AND COMPETITION ACCELERATES LEARNING
Because we see knowledge as something that teachers have and stu-

dents are supposed to get, we see it as possessed by individuals, and we
tend to see the learning process as being similarly individualistic. But
this is a dangerous oversimplification. 

Consider something as basic as walking. Learning to walk appears to
be a prototypical individual learning process. But is it really? Consider
the importance of having the examples of parents, siblings, and other
children to emulate. In fact, what it means to learn to walk is to join a
community of walkers, just as mastering natural language brings us to
membership in a community of talkers. When we think in this way, we
come to realize that all learning is social as well as individual.

Yet the traditional schoolroom focuses almost exclusively on the indi-
vidual perspective. Individual learners are supposed to master subject
matter. Individuals are tested for their comprehension, and individuals
compete with one another to determine how well they do.

I do not believe that competition is inherently bad. I am the type of
person who enjoys competition and have always loved competitive
sports. I believe that under the right circumstances, competition can
enhance learning. But I also believe that, many of our modern societies,
such as the United States, have lost appreciation for the healthy balance
between competition and collaboration. The two can coexist. Indeed,
they do so in most healthy living systems. Nature exhibits competition
when different animals compete for the same food, but it also exhibits
collaboration, as when packs of animals hunt together, or when one
species creates conditions that aids another’s survival. In fact, the whole
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idea of individual competition at the heart of evolution today seems like
a curious nineteenth-century oversimplification, as we better under-
stand they ways that entire ecosystems survive or die out. “Living beings
. . . are no more inherently bloodthirsty, competitive, and carnivorous
than they are peaceful, cooperative, and languid,” writes microbiologist
Lynn Margulis (codeveloper of the Gaia hypothesis). “Among the most
successful—that is, abundant—living beings on the planet are ones that
have teamed up.” Plants and fungi, animals and bacteria, exist in contin-
ual ongoing symbiosis. 

Ultimately, the consequences of excessive competitiveness go beyond
who wins and loses to affect us all. We internalize competitiveness as a
basic ingredient of any organizational setting. In businesses this results
in people often expending as much of their energies competing against
one another as in competing against their external “competitors.” In all
settings, we come to see ourselves in a never-ending struggle to win, or
at least to avoid losing. This situation affects winners as much as losers,
and stamps all of us with habits of thought and action that shape our
behavior for a lifetime—what social scientist Chris Argyris calls “defen-
sive routines.” His research has shown why “smart people don’t learn” in
many work settings, because they have so much invested in proving
what they know and avoiding being seen as not knowing; these routines
are poignant examples of Alfie Kohn’s famous phrase, “punished by
rewards.”

Although many educators today espouse concerns about excessive
competition and the importance of collaboration, educational practices
remain highly ambivalent on the subject. It often appears that educators
fail to see just how thoroughly competition is designed into schools.
Many teachers lament that “students focus too much on grades,” ignor-
ing the multitude of signals those students have received their entire
school career that grades are the key to success in school and what mat-
ters to get into college. Several years ago, I participated in a meeting of
state school department heads, at the outset of interest in “quality man-
agement in education.” Dr. Deming was the keynote speaker. He began
his presentation by saying “We’ve been sold down the river by competi-
tion,” and proceeded to talk about the experience of leading firms
around the world in fostering collaboration and shared responsibility.
When he was done, one of the state leaders said, “Dr. Deming, obviously
you don’t know that we educators also value collaboration. Cooperative
learning strategies are being used in many schoolrooms in America
today. And I don’t see anything wrong with rewarding those schools who
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do it best.” Apparently, for this educational leader, collaboration was
great for kids but not for adults; he had seemingly discounted the idea of
teachers, administrators and schools collaborating to build common
knowledge.

Conditions for Innovation
Undoubtedly, many will argue that these assumptions have always
underlain industrial-age schools. Traditional schools have served society
well, and past attempts at radical change, like the free schools movement
of the 1960s and 1970s, have not proven themselves sustainable. In
response, I would argue that past efforts at innovation, while unsuccess-
ful, also grew out of appreciation of the limitations of machine-age think-
ing. Moreover, basic institutional innovation takes decades, not years.
Many writers have developed the theory that basic innovation, espe-
cially the innovations that create new industries, involves ensembles of
technologies. For example, the birth of the commercial airline industry
involved many innovations in aircraft design in the first three decades of
the twentieth century, but it also required the development of jet
engines and radar in the 1940s. Like technological innovation, institu-
tional innovation usually arises only as multiple new “component inno-
vations” come together to create ensembles of new ideas and approaches
that can support widespread application. I believe the conditions for just
such innovation exist today. 

First, there are unprecedented signs of breakdown in the assembly-
line school concept and process. Extraordinary stress—not just on stu-
dents, but on teachers, administrators, and parents—is one symptom of
breakdown. Another is the increasing separation of “haves” and “have-
nots.” Those who can afford it increasingly put their children in private
school, where they purchase smaller class sizes, the opportunity to be
surrounded by other elite students, and access to teachers who are more
satisfied with their working conditions. Others opt for home schooling,
by some accounts the fastest growing segment of precollege education,
estimated to involve 500,000 to 1.25 million children. But neither pri-
vate nor home schooling are options for the majority of families, and
those in public school are being increasingly shut out of society’s best
opportunities. As a result of growing inequity, social unrest and distur-
bance are growing. Moreover, judging from conversations I have had in
recent years, concern over education seems to be growing throughout
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the industrialized world at levels that would have seemed almost
unimaginable a few years before. 

Second, many of the historic conditions upon which the industrial-
age school relied no longer exist. Part of this is due to demographic
changes. The captive female labor market that schools depended on to
draw the majority of teachers has disappeared, as women now pursue a
much broader range of professions. Even more problematic, traditional
schools depended on traditional family and community structures that
no longer exist. In the United States, the traditional family structure of
one parent working and one parent at home to raise kids ceased to be a
social norm during the 1960s and 1970s. It has been replaced by families
with two working parents or single parents as the norm. Today, among
families with children under eighteen, only 26 percent have one or more
parents home during the day. (Even this figure may be inflated due to
the increasing number of parents working from their homes, which gives
more opportunity for contact with children but also creates stress due to
conflicting professional responsibilities.)  The other three-quarters of
school kids have no one to come home to. A breakdown of the traditional
parent-child-school relationship has resulted. Schools now have to take
on more of a child care role, and conversations between parents and
teachers often are more focused on easing parents’ stresses than on help-
ing the children academically. 

Perhaps as historic is the elimination of the school’s monopoly on the
provision of information, due to the growth in communication and media
technology. One hundred years ago, children knew little of what was
going on in the larger world. Today, the typical teenagers has at least as
much access to knowledge about the world as parents and teachers have.
Moreover, media technologies such as computers, video games, and the
Internet provide a mix of fun and learning in ways that school rooms
cannot match: they are controlled by the learner, available when the
learner is ready, and embedded in networks of mutual interests among
peers. Changes in family structure have rendered these media technolo-
gies especially influential, since they often fill the gap as substitute parents.

Last, even if these multiple symptoms of profound change were
ignored, the simple fact is that the working world is no longer looking for
“industrial workers.”  Employers of tomorrow likely will place a much
higher value on listening and communication skills, on collaborative
learning capabilities, and on critical thinking and systems thinking
skills—because most work is increasingly interdependent, dynamic, and
global. The former dean of MIT’s engineering school, Gordon Brown,
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used to say “To be a teacher you must be a prophet—because you are
trying to prepare people for a world thirty to fifty years into the future.”
By continuing to prop up the industrial age concept of schools through
teacher-centered instruction, learning as memorizing, and extrinsic con-
trol we are preparing students for a world that is ceasing to exist.

Still, it is easy to be daunted by the challenge of transforming indus-
trial-age schools, especially considering that their underlying assump-
tions still match the thinking of most people and most of society’s
institutions. But, I think such reactions miss an important point. The
challenge is not to come up with a simple set of fixes. Indeed, the
machine-age concept of “fixes” is part of the problem. Many historians of
school reform, from Seymour Sarason to Diane Ravitch to David Tyack
and Larry Cuban, have noted the ways in which well-intentioned “fixes”
have made problems worse. Schools are not “broken” and in need of fix-
ing. They are a social institution under stress that needs to evolve. The
only hope for the future lies in growing awareness and willingness to
experiment from many quarters and many philosophical perspectives.
No one person has to come up with all the answers; indeed, that may be
exactly what is not needed.

But what will cause the diverse innovations needed to lead to a
coherent overall pattern of deep change?  I believe that the answer lies
in a new guiding metaphor. Just as the machine metaphor shaped the
thinking that created schools in the industrial age, the emerging under-
standing of living systems can guide thinking for the future.

AN ALTERNATIVE TO THE MACHINE MODEL OF SCHOOLS 
Over the past hundred years, a revolution has been occurring in our sci-
entific view of the world, a “systems revolution.” It started in physics
and moved gradually into biology. It has roots in engineering, especially
the understanding of dynamic feedback systems. This revolution is pen-
etrating gradually the cognitive sciences and the social sciences. But this
process is just at its outset, especially the appreciation of living systems
as opposed to static mechanistic systems. Because it takes a very long
time for a fundamental shift in scientific worldview to work its way into
society, even though the beginnings of the systems view date to 1900 or
so, our institutions are still organized based on machine thinking that
dates to the seventeenth century. Probably another 50 to one hundred
years will pass before the systems revolution to becomes integral to our
way of living as has the machine thinking that preceded it. 
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What is this revolutionary living systems view all about at its
essence? It starts with the assertion that the fundamental nature of real-
ity is relationships, not things. Our Newtonian culture tells us that the
world is comprised of things. But the science of the last hundred years
tells us that more than 99 percent of every substance is empty space!
Even the remaining 1 percent is not just “very little things” such as
atoms and electrons, but a kind of probability that tangible properties
will occur in that subatomic space. 

At a more human scale, this “thing” that we call a body is, in fact, not
nearly so material as it appears to us. The inventor Buckminster Fuller
used to hold up his hand and ask, “What is this?” 

Most everyone answered, “It’s a hand.”
“No,” he would say, “it is a patterned integrity. It is the capacity to

produce hands, a structure of relationships which continues to manifest
itself as a hand.” Our hand is continuallyreplacing itself , as old cells die
and new ones are born. It takes a few months to replace all the cells in
the hand, but we get a completely new pancreas every day, and the
entire body replaces itself in a few years. In that sense, your body does
not “have a hand,” or a foot, or any other particular body part, so much as
it has the capacity to produce all of these continually. This is a stunning
statement of fact for those of us used to thinking that “We are our bod-
ies.” But this is the nature of living systems. The body is more like a
river, with new substance flowing through and being organized continu-
ally, just as the banks of the river organize the water flowing through.
Seeds do not produce trees. They organize the process of creating trees.
Things are not the basic building blocks of living systems but the results
of living systems. “Thingness” arises out of a more fundamental reality of
relationships. 

It is for this reason that biologists call living systems “autopoetic,”or
self-producing. A living system has the capacity to create itself.   In the
revolutionary new understanding of living systems, some scientists also
believe that living systems are distinctly characterized by emergent self-
organization (behaviors and structures that cannot be predicted based on
past behaviors and structures) and cognition, the ability to “make sense”
of their environment. Although the new science of living systems is in its
infancy, we are clearly learning that we have treated much that sur-
rounds us like lifeless things—trees, planets, even social systems like
schools—because we have not understood deeply enough the properties
associated with life. 

This represents a fundamental distinction between living systems
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and machines; living systems are self-made while machines are made by
others. Ironically, the more we understand living systems, the more
aware we become of the mental conditioning inherent in the industrial
age. Unlike machines, living systems continually grow and evolve, form
new relationships, and have innate goals to exist and to re-create them-
selves. They are neither predictable nor controllable like machines,
though they have patterns of behavior that tend to recur and their future
development can be influenced. Moreover, living systems create
machines, starting with the simple tools used by birds and other mam-
mals, right up to our most sophisticated technologies. In a sense the liv-
ing systems view subsumes the machine view rather than being opposed
to it. When relativity theory gradually became accepted, it was said that
“Einstein replanted Newton’s plant in a larger pot.” The same could be
said of the living systems age relative to the machine age. The problem is
not machine age thinking per se but the dysfunctional habit of seeing
everything through that lens.

What would happen if school was organized around appreciation of
living systems rather than machines? In effect, this is the question
addressed by the rest of this book. But we can begin with a few rumina-
tions.

First, the learning process would come alive. Consider, for example,
the subject of biology. Ironically, the very study of life itself is for most
students a dead, boring subject. I was shocked to discover recently that
our oldest son was taught high school biology exactly as I had learned it
many years ago: endless disconnected facts to memorize about cell walls
and nuclei, ectoplasm and endoplasm, then more facts about blood cells
and muscle tissue cells, and so on and so on. But biology is a completely
different subject when the learner starts with understanding how a liv-
ing cell functions, how it creates itself, and how it interacts with its envi-
ronment to maintain internal balances conducive to the dynamic
processes continually unfolding within it. Moreover, instead of learning
about these ideas as scientific facts to be memorized, what if learners get
to discover them themselves through interacting with computer simula-
tions that let them create cells and experiment with how they would sur-
vive and adapt under different circumstances. What about cancer? At
one level, cancer is nothing but uncontrolled cell division—mitosis run
amuck. Could learners create conditions in their simulations that would
cause the signals from surrounding tissues that normally limit cell divi-
sion to fail? All of a sudden, students are discovering for themselves the
many lives of the cell, the prototypical living system. When you consider
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the contrast between biology under the machine learning model and the
living system model, which do you think would be more captivating and
fulfilling? 

See pages XX, XX and XX for more examples of systems thinking in science education.

Several years ago I met a woman who taught English literature in a
high school on the south side of Tucson, in a high-poverty neighborhood.
She had to teach Shakespeare to Hispanic and Native American kids
who were wondering how they would survive the next day. The indus-
trial model made the story of Hamlet into a kind of a thing—a set of
character names and plot lines to be memorized. But her boyfriend, who
taught science in another school, had been using computer simulation
models like that of the way cells worked. So she decided to build a simu-
lation of Hamlet. It traced the growth of Hamlet’s anger and resentment,
the way that this, in turn, made the king and queen misunderstand him,
and the tragic results. 

Suddenly Hamlet came alive. The kids could ask questions like
“What if Polonius hadn’t hidden behind the curtain? What if Hamlet
hadn’t slain him? What if he had done something else? What might have
happened?” A static tableau became a living tapestry of people interact-
ing with one another, brought alive because the learners could them-
selves interact with Hamlet through translating their what-if questions
into simulation experiments. I will never forget sitting around with some
of those kids two years later and listening to one boy, Raphael, a His-
panic student who was thinking of dropping out of school before
encountering her class. I asked him to tell me what that computer simu-
lation model of Hamlet had meant to him. “My brain popped open,” he
said. He got reconnected to school, his grades improved, and he gradu-
ated. He also rediscovered his love for music. We talked about the career
he was making for himself as a musician. Spontaneously, he started drawing
system causal-loop diagrams with the other kids—to discuss his music!

Clearly, there is something significantly different about studying sub-
jects as if they were alive. Such an educational process rests on:

■ Learner-centered learning rather than teacher-centered learning
■ Encouraging variety, not homogeneity—embracing multiple intelli-

gences and diverse learning styles and
■ Understanding a world of interdependency and change rather than

memorizing facts and striving for right answers
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There is also something different about treating schools like living
systems instead of as machines. In particular, it means: 

■ Constantly exploring the theories-in-use of all involved in the educa-
tion process

■ Reintegrating education within webs of social relationships that link
friends, families, and communities

When we inhabit a school as a living system, we discover that it is
always evolving. We participate in that evolution by asking questions
like “Why is the system this way? Why do these rules exist? What is the
purpose of this practice?” We are not willing to settle for explanations
meant to pacify us, such as: “The people who have the power make it
that way.” Since we are part of the system ourselves, we are drawn to
inquire more deeply, to look for ways that our own assumptions and
habitual actions are integral to creating the system as it operates today.
Constantly questioning becomes a way of life for students, teachers, par-
ents, and administrators. 

The assumptions identified here can provide a starting point. They
are generic, not specific. Each will be more influential in some settings
than in others. What is important is for all concerned to think together
for themselves about how these and other assumptions play out in their
own school setting and to see where their energies for innovation really lead.
Only then will the idea of school as a living system actually come alive. 

The aim of this questioning is not criticism but learning, making the
school environment about learning for everyone concerned. I remember
asking a principal of a very innovative school several years ago how she
defined her job. She answered, “My job is creating an environment
where teachers continually learn.” She believed that teachers being
deeply engaged in their own learning process would inevitably enable
them to create a learning environment for students.

Finally, school can reestablish its place as a social institution by mak-
ing children’s lives, not the classroom, once again the center of their
learning. There are examples in the text that follows—such as the
Creswell, Oregon, school district— where  the aim became to encourage
everyone in the community who had natural contact with school chil-
dren to see themselves as part of the school process. For example,
monthly “kid days” were organized where school was officially closed so
that people could get together in informal dialogues and look at the self-
creating social networks that were in fact making the school possible. 
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“There were people in my dialogue group whom I wasn’t particularly
fond of,” one student recalled later. “I didn’t dislike them, but I didn’t
see them as people I could relate to. Then we started talking; they
shared their views and I listened to what they had to say. Now, when I
pass that group in the hall, I have less reason to think that they dislike
me. The dialogue gave at least one person in each of the different cliques
in our school a thought: Maybe this person isn’t so different and we
should probably treat him or her with some respect.”

Another student noted that Creswell, according to a friend’s older
brother, had been a much more violent place a few years before. “Fights
were more common; conflict was part of the school culture. I’ve just kind
of attributed this change to the things we do here now, to the time we
spend bringing people into the culture and helping them understand
that that’s not how most people solve problems.”

For Creswell’s learning relationship with the community, see page XX. 

I believe that stories like Creswell are possible because there exists a
deep hunger among adults to be more connected to the lives of children.
We cannot walk away from children, even if we are not parents or educa-
tors. Human beings are deeply, innately connected to the lives of chil-
dren. The care for children seems to be rooted deeply in us, as part of
our biological heritage. 

While reconnecting with education as a social process may seem ide-
alistic, it is worth noting that this how it was for the vast majority of our
collective history. Indigenous cultures have educated their young for
tens of thousands of years without industrial schools. In Daniel Quinn’s
novel My Ishmael, he describes “the tribal educational system”: “Young-
sters ‘graduate’ from childhood at age thirteen or fourteen, and by this
age have basically learned all they need in order to function as adults in
their community. They’ve learned so much, in fact, that if the rest of the
community were simply to vanish overnight, they’d be able to survive
without the least difficulty. They’d know how to make the tools needed
for hunting and fishing. They’d know how to shelter and clothe them-
selves.” They have done all this without any schools, simply by doing
what all children do: by watching their parents and other members of
the community, and spending time with the people who know something
about what they want to learn. “Graduation” from the tribal system
inevitably involves a rite of passage, where people are not only tutored
in the tribe’s heritage and traditions but learn the importance of endur-
ing suffering and facing a challenge on their own. 

We are interested in hearing your

views about the assumptions you
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Of course, there are limits to such a system. Life does not move back-
ward. We will not go back to living in tribes. Bu, one might think that an
approach to education that has been around for many thousands of years
warrants being taken seriously—that we would look to understand how
it works. In particular, to take the tribal education system seriously, we
would have to adopt the assumption that children are continually learn-
ing, that learning occurs in day-to-day situations of living, and that the
institutions that support learning are integrated into the workings of society.

Learning is nature’s expression of the search for development. It can
be diverted or blocked, but it can’t be prevented from occurring. The
core educational task in our time is to evolve the institutions and prac-
tices that assist, not replace, that natural learning process.

WHO WILL LEAD THE CHANGE? 
One last comment on why schools seem remarkably difficult institutions
to change and where particular leverage may lie. Industrial-age schools
have a structural blind spot unlike almost any other contemporary insti-
tution. This blind spot arises because the only person who could in fact
reflect on how the system as a whole is functioning is the one person
who has no voice in the system, no power to provide meaningful feed-
back that could produce change. This person is the student. 

The student is the one person who sees all the classes, the stress at
home, the multiple conflicting messages from media and the total envi-
ronment. Kids know when the overall workload is too big or small, when
the stress level is too high or the level of respect too low. But they have
no power or standing in the system. Their opinions are discounted. They
are, after all, just kids—in a system run by adults, supposedly for their
benefit.

I have come to believe that the real hope for deep and enduring
processes of evolution in schools lies with students. They have a deep
passion for making schools work. They are connected to the future in
ways that no adult is. They have imagination and ways to seeing things
that have not yet been reshaped by the formal education process. And
they are crying out wanting to be involved, to become more responsible
for their environment. 

Imagine that we enforced a rule on a company’s workers: under no
circumstances are you to talk to customers. We would not expect that
company to survive for long.  Similarly, to the extent that they silence the
voice of the student, schools are designed to not innovate.
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This does not mean that all that is needed is student leadership. But
it does mean that without student leadership, there is little hope. The
rest of us have been in the system of education for our entire lives. We
are truly the fish in the water of industrial-age assumptions. Young peo-
ple are acutely aware of how dramatically our world is evolving away
from those assumptions, often more so than adults. And young people
are still new enough to the system that they can see the tacit rules and
assumptions and help the rest of us see them as well. 
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