Ecology, Systems Thinking
and Project-Based Learning

BY FRITJOF CAPRA

ATakgivenatthe AutodeskFoundation's
SxthAnnualConferenceonProect-BasedLeaming
Sanfrancisco,March 14,1998

center for ecoliteracy
2522SANPABLO AVENUE

BERKELEY, CALIFORNIA 94702
PHONES510.845.4595 FAX 510.845.1439



FRITJOF CAPRA

Ecology, Systems Thinking
and Project-Based Learning

Oﬁe of the foremost signs of present-day industrial society is the
presence of massively complex systems thatincreasingly permeate almost
every aspect ofour lives. We are surrounded by complexities that were
difficulttoimagine only halfa century ago—global trading and broadcast
systems, giantmultinational organizations, automatedfactories, global V¢ needt o under st and how
markets, andsoon.

The awe wefeelin contemplating these wonders of industrial technol- theecal ogi cal comni ti esof

ogyistinged by a sense of uneasiness, if not outright discomfort. Although nature, theecosystens,
these complex systems continue to be hailed for their increasing sophisti-

cation, itis becoming ever more apparentthatthey are also the main or gani zet hensel vessoast o
drivingforce of global environmental destruction, and thus the main threat

to the long-term survival of humanity. To build a sustainable society for

our children and future generations —the great challenge of our time —

naxi nnzethei r sustai nabi lity.

we need to fundamentally redesign many of our technologiesand social
institutions so as to bridge the wide gap between human designandthe
ecologically sustainable systems of nature.

Inthisendeavor of redesigning our technologies and social institutions,
thefirststep, necessarily, has to be the understanding of sustainability in
nature. Inotherwords, we need to understand how the ecological com-
munities of nature, the ecosystems, organize themselves so as to maximize
their sustainability. We need to become ecologically literate.

The mission of the Center for Ecoliteracy in Berkeley is to foster
ecologicalliteracyinK-12education. Being ecologically literate, or
“ecoliterate,” means, inour view, understanding the basic principles of
organization of ecological communities (i.e. ecosystems) and using those
principlesfor creating sustainable human communities. In particular, we
believe thatthe principles of ecology should be the guiding principles for
creatingsustainable learning communities. Inother words, ecoliteracy
offersan ecologicalframework for educationalreform.

Letme now give you a brief overview over the mostimportant com-
ponents of this framework of ecoliteracy; and to do so, let me begin with
ecology.

The word “ecology,” as you may know, comes from the Greek oikos
(“household”). Ecologyis the study of how the Earth Household works.
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More precisely, itis the study of the relationships that interlink all mem-
pers of the Earth Household. As John Muir, our famous naturalist, putitat
theturn of the century,
Whenwetrytopick outanything byitself,
wefindithitchedtoeven/thingelseinthe universe.

LIVING SYSTEMS

Theunderstanding of the relationships thatinterlink allmembers of the
Earth Household is ancient wisdom: “We did not weave the web of life,”
says Chief Seattle, “we are merely a strand in it. Whatever we do to the
web, we do to ourselves.” And in ancient China, the Taoist sage Huai Nan
Tzuwrote: “Those who follow the natural order flow in the current of the
Tao.” Both of these celebrated quotes express the very essence of
ecoliteracy.

From thisancientwisdom, letme now turnto modern science, which
is my own background. The mostappropriate scientific framework for
ecology is the theory of living systems. This theory is only now fully
emerging buthasitsrootsinseveral scientific fields that were developed
duringthefirsthalf of the century —organismic biology, gestalt psychol-
ogy, ecology, generalsystemtheory, and cybernetics.

Inallthesefields scientists exploredliving systems, which means
integrated wholes whose properties cannot be reduced to those of
smaller parts. Although we can distinguish partsinany living system, the
nature of the whole is always different from the mere sum of its parts.

Systemstheory entails anew way of seeing the world and a new way
ofthinking, known as “systems thinking,” or “systemic thinking.” ltmeans
thinkinginterms ofrelationships, connectedness, and context.

Systems thinking wasraised to anew level during the past twenty years
with the development ofanew science of complexity, includingawhole
new mathematical language and anew setof concepts to describe the
complexity of living systems.

Examples of these systems abound innature. Every organism —
animal, plant, microorganism, or human being—isanintegrated whole, a
living system. Parts of organisms —e.g. leaves, or cells —are again living
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systems. Throughoutthe living world, we find systems nesting within
other systems. Andliving systems also include communities of organisms.
These may be social systems — a family, a school, a village — or ecosys-
tems.

Alltheseliving systems are wholes whose specific structures arise from
theinteractions and interdependence of their parts. Systems theory tells
us thatall living systems share a set of common properties and principles
of organization. Thismeans thatsystems thinking can be applied to inte-
grate academic disciplinesand to discover similarities between phenomena
atdifferentlevels of scale —the individual child, the classroom, the schoo,
the district, and the surrounding human communities and ecosystems.

The principles of ecology are the principles of organization thatare
commontoallthese living systems. If you wish, they are the basic patterns
oflife. Indeed, in human communities, they could also be called the
principlesof community.

Now, of course, there are a lot of differences between ecosystems and
human communities. Thereisno culture in ecosystems, N0 CONSCIOUSNESS,
nojustice, no equity. Sowe can'tlearnanythingaboutthese human values
from ecosystems. But whatwe canlearn and mustlearnis how to live
sustainably. Over more than three billionyears of evolution, ecosystems

have organizedthemselves so as to maximize sustainability. This wisdom of

natureisthe essence of ecoliteracy.

THE WEB OF LIFE

S0, how do ecosystems organize themselves? Well, the firstthing we
recognize whenwe observe an ecosystem s thatitis notjusta collection
ofspecies butacommunity, which means thatits members all depend on
oneanother. They are allinterconnected in a vast network of relation-
ships, the web of life.

Understanding ecosystems, then, leads us to understanding relation-
ships. Thisis a key aspect of the systemic understanding thatis central to
ecoliteracy. ltimplies a shift of focus from objects to relationships. A
vibrantcommunity isaware of the muiltiple relationships among its mem-
bers. Nourishing the community means nourishing these relationships.

Throughout thel i vi ngvorl d,
vefindsyst ens nesti ng

w t hi not her syst ens. And
['ivingsystensal soi ncl ude
conmuni ti esof organi sns.
These nay be soci al syst ens
—afamly, aschool , a

vi || age—er ecosyst ens.

Avi brant conmuni tyis
avareof themi tiplerel a
ti onshi psanongi t s nentoer s.
Nour i shi ngt he conmuni ty
neans nour i shi ngt hese

re aiash ps.
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Now, understandingrelationshipsis noteasy for us, becauseitis
something thatgoes counter to the traditional scientific enterprise in
Western culture. Inscience, sowe have been taught, we measure and
weighthings. Butrelationships cannotbe measured andweighed; relation-
ships needto be mapped. You can draw a map of relationships, intercon-
necting differentelements or different members of acommunity. When
youdothat, youwilldiscover certain configurations of relationships that
appearagainandagain. Thisiswhatwe call patterns. The study of
relationships leads you to the study of patterns.

MATTER AND FORM

Andherewe discover atension thathas been characteristicinscience
and philosophy throughoutthe ages. Itisatension between two ap-
proachestothe understanding of nature, the study of matter and the
study of form. These are two very different approaches. The study of
matter begins with the question, “Whatis itmade of " This leads to the
notions of fundamental elements, building blocks; tomeasuringand
guantifying. The study of form asks, “Whatis the pattern?” And thatleads
to the notions of order, organization, relationships. Instead of quantity, it
involves quality; instead of measuring, itinvolves mapping.

S0, these are two very differentlines of investigation that have beenin
competition with one another throughout our scientificand philosophical
tradition. In many traditional cultures, in the Eastand in the West, the
study of patterns andrelationships has beenfavored. In Western science,
Dy contrast the study of matter — of quantities and constituents — has
dominated. Butinrecentdecades therise of systems thinking has brought
the study of form — of patterns and relationships — to the fore again.
The main emphasis of chaos and complexity theory is on patterns. The
strange attractors of chaos theory, the fractals of fractal geometry —all
these are visual patterns. The whole new mathematics of complexity is
essentially amathematics of patterns.
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ART AND EDUCATION
As | said before, when you study a pattern, you need to map a set of
relationships, whereas the study of matter is the study of quantities that
canbemeasured. Understanding patterns requires visualizingand map-
ping. Thisis the reason why, every time the study of pattern was in the Wenyou st udy apattern,
forefront, artists contributed significantly to the advancementof science. In
Europeanhistory, the two mostfamous examples are Leonardo da Vindi, youneedtonapaset of
whose whole scientific life was a study of pattern, and the German poet rel ati onshi ps, whereast he
Goetheinthe eighteenth century, who made significant contributions to
biology through his study of pattern. studyof nat ter i sthestudy
The ;Fudy of patterﬁ, then, is central to ecolggy_ Foreducators, this of quart i ti est het canbe
recognition should beimportantalso because itopens the door for
integrating the artsinto the school curriculum. There is hardly anything neasur ed. Lhder st andi ng
more effective than the arts —whether it's the visual arts, music, or the
performingarts—for developing andrefining the child’'s natural ability to petternsrequ resvi sl i zing
recognize and express patterns. Thus, the arts can be a powerful tool for

teaching systemsthinking, inaddition to enhancing the emotional dimen-

and nappi ng

sionthatisincreasingly being recognized as an essential componentof the
learning process.

THE PRINCIPLES OF ECOLOGY

When systems thinking is applied to the study of the multiple relation-
ships thatinterlink the members of the Earth Household, a few basic
principles canberecognized. They may be called principles of ecology,
principles of sustainability, or of sustainable communities; or youmight
even callthem the basic facts of life. We need a curriculum that teaches
our children these fundamental facts of life —

* thatanecosystemgeneratesno waste, one species’ waste being
another species’food;
* thatmatter cycles continually through the web of life;

thatthe energy driving these ecological cycles flows from the sun;
thatdiversity assuresresilience;
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* thatlife, fromits beginning more than three billionyears ago, did
nottake over the planetby combat but by cooperation, partner-
ship, andnetworking.

Teachingthis ecologicalknowledge, whichis also ancientwisdom, willbe
the mostimportantrole of education in the nextcentury.

PROJECT-BASED LEARNING

Because ofitsintellectual grounding in systems thinking, ecoliteracy
offers a powerful framework for the systemic approach to school reform
thatis now widely discussed among educators. Systemic school reformis
based on, essentially, two insights: a new understanding of the process of
learningand anew understanding ofleadership.

Recentresearchinneuroscience and cognitive developmenthas
resultedinanew systemic understanding of the process of learning, based
ontheview ofthe brainasacomplex, highly adaptive, self-organizing
system. The new understanding recognizes the active construction of
knowledge, inwhich allnew informationis related to pastexperienceina
constantsearchfor patternsand meaning; the importance of experiential
learning, of diverse learning stylesinvolving multiple intelligences; and of the
emotionaland social contextinwhichlearning takes place.

The new understanding ofthe learning process suggests corresponding
instructional strategies. In particular, itsuggests designing integrated curricu-
lums, emphasizing contextualknowledge, inwhichthe various subject
areas are perceived as resources in service of a central focus. Project-
basedlearningistheidealwayto achieve suchanintegration. Asyou
know, project-basedlearning consistsinfacilitating learing experiences
thatengage studentsin complex, real-world projects through whichthey
develop andapply skillsand knowledge.

THE SCHOOL GARDEN

Atthe Centerfor Ecoliteracy, werecommend growingaschool garden
andusingitas aresource for cooking school meals as the ideal project for
experiencing systems thinkingand the principles of ecology in action, and
forintegrating the curriculum. Gardeningreconnects childrento the
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fundamentals of food — indeed, to the fundamentals of life —while
integrating and enliveningvirtually every activity that takes place at school.

Inthe garden, we learn aboutfood cycles and we integrate the natural
food cyclesinto our cycles of planting, growing, harvesting, composting,
andrecycling. Throughthis practice, we alsolearnthatthe gardenasa
wholeisembeddedinlarger systems thatare again living networks with
their own cycles. The food cycles intersect with these larger cycles —the
water cycle, the cycle of the seasons, and so on — all of which are links in
the planetary web of life.

A SENSE OF PLACE

Through gardening, we also become aware how we ourselves are part
of the web of life; and thus, over time, the experience of ecology in nature
givesusasense of place. We become aware of how we are embedded in
anecosystem; inalandscape with aparticular floraandfauna; ina particu-
lar social system and culture. “Places,” writes David Orr, “are laboratories
ofdiversity and complexity, mixing social functions and natural processes...
The study of place enables us to widen our focus to examine the interrela-
tionships between disciplinesandtolengthen our perception oftime.”

GROWTH AND DEVELOPMENT

Inthe garden, we observe and experience the life cycle of an organism
—thecycle of birth, growth, maturation, decline, death, and new growth
ofthenextgeneration. Inthe garden, we experience growth and develop-
menton adaily basis. We can follow the development of a plantfrom the
seed to the firstshoot, the growth of the stem and leaves, the buds, the
flowers, and the fruits. And when we look into a fruit, we find that at its
very corearethe new seeds; andsothe life cycle beginsagain.

Theunderstanding of growthand development, of course, is essential
notonlyforgardening butalso for education. While the childrenlearn that
theirworkin the school garden changes with the developmentand
maturing ofthe plants, the teachers’ methods of instruction and the entire
discourseinthe classroom changes withthe developmentand maturing of
the students.

Thr ough gar deni ng, weal so
becone avwar e howwe
oursel vesarepart of t heweb
of life andthus, over tine,

t heexperi encecf ecal ogyin
nat uregi ves us asense of

deae
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Sincethe pioneering work of Jean Piagetinthe 1920sand 30s, abroad
consensus has emerged among scientists and educators about the unfold-
ing of cognitive functionsin the growing child. Partof that consensusisthe
recognitionthatarich, multi-sensory learning environment—the shapes
and textures, the colors, smells, and sounds of the real world —is essen-
tial for the full cognitive and emotional development of the child. Learning
inthe school garden is learning in the real world at its very best. It is
beneficial for the developmentof the individual studentand the school
community, anditis one of the best ways for children to become ecologi-
callyliterate and thus able to contribute to building a sustainable future.

SHARED LEADERSHIP

[tisobvious thatintegrating the curriculum through gardening, or any
other ecologically oriented project, is possible only if the school becomes a
true learning community. The conceptual relationships among the various
disciplines can be made explicitonly ifthere are corresponding human
relationshipsamongtheteachersandadministrators.

INnsuchalearningcommunity, teachers, students, administrators, and
parentsare allinterlinked inanetwork of relationships, working together
tofacilitate learning. The teaching does notflow from the top down, but
thereisa cyclicalexchange ofinformation. Thefocusis onlearning and
everyoneinthe systemisbothateacher andalearner. Feedbackloops are
intrinsicto the learning process, and feedback becomes the key purpose of
assessment. Systems thinking is crucial to understand the functioning of
learning communities. Indeed, as | have mentioned, the principles of
ecology canalso be interpreted as principles of community.

Finally, the systemic understanding of learning, instruction, curriculum
design, and assessmentcanonly beimplemented with a corresponding
practice of leadership. This new kind of leadership is inspired by the
understanding of a veryimportant property of living systems, which has
beenidentified and explored only recently. Every living system occasionally
encounters points of instability, at which some of its structures break down
andnew structures emerge. The spontaneous emergence of order — of
new structures and new forms of behavior —is one of the hallmarks of

10
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life. In other words, creativity — the generation of forms that are con-
stantly new — is a key property of all living systems.

Leadership, therefore, consists to alarge extentin continually facilitating
the emergence of new structures and incorporating the bestoftheminto
the organization’s design. This type of “systemic” leadership is notlimited
toasingleindividual butcan be shared, and responsibility then becomes a
capacity ofthewhole.

COMPONENTS OF ECOLITERACY

Well, these are, very briefly, the main components of ecoliteracy. I have
tried to show you how systems thinking forms the intellectual core of this
framework; a core thatallows usto integrate the various components. Let
me summarize these components:

1. understanding the principles of ecology, experiencingthemin
nature (e.g.inaschool garden), andthereby acquiring asense of
place;

2. incorporating the insights fromthe new understanding of learning,
whichemphasizesthe child's searchfor patternsand meaning;

3. implementing the principles of ecology to nurture the learning
community, facilitating emergence, andsharingleadership;

4. integratingthe curriculumthrough project-basedlearning with
specialfocusonschoolgardens.

You can see fromthis summary thatecoliteracy ismuch more than
environmental education, whichis one of the four components. You can
alsoseethatproject-basedlearningis an essential and integral part of
ecoliteracy.

Asour century comestoaclose and we go toward the beginning of a
new millennium, the survival of humanity will depend on our ability to
understandthe principles of ecology and live accordingly. Thisisan
enterprise thattranscends all our differences of race, culture, or class. The
Earthisour commonhome, and creating a sustainable world for our
childrenandfor future generations is our common task.

Leadership, therefore,

consi ststoal argeextent in
cotinad lyfacilitatingthe
ener gence of newst ruct ures
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them nt ot heorgani zati on' s
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