
[image: Image]


The Science of Synthesis


The Science of Synthesis

Exploring the Social Implications
of General Systems Theory

Debora Hammond

UNIVERSITY PRESS OF COLORADO


© 2003 by the University Press of Colorado

Published by the University Press of Colorado
5589 Arapahoe Avenue, Suite 206C
Boulder, Colorado 80303

All rights reserved
First paperback edition 2010
Printed in the United States of America



	[image: image]

	The University Press of Colorado is a proud member of the Association of American University Presses.





The University Press of Colorado is a cooperative publishing enterprise supported, in part, by Adams State College, Colorado State University, Fort Lewis College, Mesa State College, Metropolitan State College of Denver, University of Colorado, University of Northern Colorado, and Western State College of Colorado.

[image: image] The paper used in this publication meets the minimum requirements of the American National Standard for Information Sciences—Permanence of Paper for Printed Library Materials. ANSI Z39.48-1992

Library of Congress Cataloging-in-Publication Data

Hammond, Debora, 1951–
   The science of synthesis : exploring the social implications of general systems theory /
Debora Hammond.
       p. cm.
Includes bibliographical references and index.
  ISBN 0-87081-722-1 (alk. paper) — ISBN 978-1-60732-069-2 (pbk. : alk. paper) —
ISBN 978-1-60732-070-8 (e-book)
  1. System theory—History. 2. International Society for the Systems Sciences. I. Title.

Q295 .H354 2003
003—dc21
                                                                                                                        2003001884

Design by Daniel Pratt

19  18  17  16  15  14  13  12  11  10                               10  9  8  7  6  5  4  3  2  1


To my parents, Don and Whitty Hammond


Contents

List of Figures and Tables

Preface to the Paperback Edition

Preface

Acknowledgments

Prologue: The Quest for Peace in a Nuclear World

1 The Behavioral Sciences in Postwar America

PART I: THE SOURCES OF SYSTEMS THINKING

2 The Science of Life: Organization in Living Systems

3 Engineering, Management, and the Military-Industrial Complex

4 Cybernetics and Information Theory: Feedback and Homeostasis

5 Ecology and Social Theory: Structure, Function, and Evolution

PART II: THE FOUNDERS OF GENERAL SYSTEMS RESEARCH

6 Ludwig von Bertalanffy (1901–1972): General Systems Theory

7 The Chicago Behavioral Science Committee

Ralph Gerard (1900–1974)

Anatol Rapoport (b. 1911)

James Grier Miller (b. 1916)

8 Kenneth Boulding (1910–1993): Economics, Ecology, and Peace

PART III: EVOLUTION AND EVALUATION

9 The Society for General Systems Research: Establishment and Development

Epilogue

Bibliography

Index

About the Author


Figures and Tables

FIGURES

4.1 Sources of the Feedback Concept

5.1 Robert Park on Human Ecology

8.1 Kenneth Boulding’s Feedback Model

8.2 The Intervening Variable

TABLES

1.1 Contrasting Views on the Social Implications of Systems Theory

1.2 A Spectrum of Systems Approaches

4.1 Two Strands of Feedback Thought in the Social Sciences

7.1 The Twenty Critical Subsystems of a Living System

8.1 Kenneth Boulding’s Nine System Levels

9.1 Past Presidents of SGSR/ISSS


Preface to the Paperback Edition

This book began as a quest to understand the roots of the dysfunction plaguing the modern world, despite the benefits and promises of scientific and technological progress. It seemed to me at the time that assumptions underlying the scientific enterprise were a critical factor in determining the trajectory of contemporary developments—particularly in fragmenting the world into isolated compartments of study, seeking to dominate and control nature (even human nature), and failing to address the larger ethical and ecological contexts.

Most significant along those lines, I believe, is the tendency to focus on the individual, often at the expense of the whole. This is most readily apparent in the excesses of competitive individualism that have created obscene concentrations of wealth and power amid appalling poverty, in a world that arguably has the means to provide a much better standard of living, not to mention quality of life, for everyone. This individualistic, atomistic, reductionist mentality also characterizes our approach to medicine and health care, treating the isolated symptoms instead of the underlying causes, which often extend beyond the individual suffering from a particular disease into such areas as food policy, environmental degradation, and substandard working conditions.

Rereading the text in preparation for the paperback edition, I find the issues addressed even more relevant in the context of an increasingly polarized (even virulent) political landscape, both in the United States and internationally. The men who came together to found the Society for General Systems Research were motivated by the same impulses that inspired my own quest. They were part of efforts initiated by the Ford Foundation with the expressed goals of achieving a more just distribution of wealth, including full employment, and promoting peace in the aftermath of the Second World War. Sadly, in the intervening half-century, we seem to be moving in the opposite direction.

Nevertheless, the perspectives offered by the general systems community have nurtured some hopeful developments and provide a framework for the creation of a more sustainable society in the twenty-first century. One of the most inspiring concepts is Boulding’s idea of the integrative function, which he saw as a sort of mediator between the competitive orientation of the marketplace and the power struggles dominating the political realm. Characterized by such values as humility, mutual understanding, and respect, this dimension is sorely lacking in our world, and yet I believe it provides the key to a more hopeful future.

The emergence of systems ideas in the mid-twentieth century is a fascinating story, an important part of our collective intellectual history that deserves greater attention. I have been gratified at the widespread interest in and support of my work. I hope it may serve to honor the legacy of these individuals and to inspire a new generation of scholars and practitioners to carry their vision into the future.

COTATI, CALIFORNIA
JUNE 12, 2010


Preface

The Civilization of the Dialogue is the only civilization worth having and the only civilization in which the whole world can unite. It is, therefore, the only civilization we can hope for, because the world must unite or be blown to bits. The Civilization of the Dialogue requires communication. It requires a common language and a common stock of ideas. It assumes that every man has reason and that every man can use it. It preserves to every man his independent judgment and, since it does so, it deprives any man or any group of men of the privilege of forcing their judgment upon any other man or group of men. The Civilization of the Dialogue is the negation of force. We have reached the point, in any event, when force cannot unite the world; it can merely destroy it. Through continuing and enriching the Great Conversation, higher education not only does its duty by morals and religion, it not only performs its proper intellectual task; it also supports and symbolizes the highest hopes and the highest aspirations of mankind.

—Robert Maynard Hutchins1

I would like to think of this book as a sort of conversation, into which I hope you, the reader, might also be drawn. It began as a graduate research project, examining the work of five individuals, all Grand Old Men in American intellectual history, who founded the Society for General Systems Research in 1954—Ludwig von Bertalanffy, Kenneth Boulding, Ralph Gerard, James Grier Miller, and Anatol Rapoport. It is appropriate to begin with Hutchins and his vision of the Civilization of the Dialogue. As president of the University of Chicago in the early twentieth century, Hutchins provided visionary leadership, fostering innovative interdisciplinary approaches to scholarship and teaching. All five founders were nurtured in this exciting and fertile intellectual environment at some point in their academic career. Hutchins’s influence lives on in a liberal studies program at the Sonoma campus of the California State University system, where I have been teaching since I completed my doctorate at UC Berkeley in 1997. The Hutchins School of Liberal Studies is dedicated to interdisciplinary inquiry and an interactive seminar-based pedagogy, engaging the student as an active participant in the learning process. It embodies the commitment to dialogue and mutual understanding to which Hutchins appeals, an essential first step in creating a sustainable and enduring civilization.2

Originally written as a dissertation in the history of science, this project traces the emergence of the concept of systems as a theoretical framework in the physical sciences, the life sciences, and the social sciences (although some consider the latter an oxymoron). Like the Center for Advanced Study in the Behavioral Sciences, where the idea for the society was born, the Society for General Systems Research was an attempt to nurture conversation across a broad spectrum of disciplines, in the tradition of Hutchins and the Great Conversation, about the systems that condition our lives. In examining the intellectual biographies of the five founders, it recounts the story of a unique episode in the history of modern thought, an episode both poorly understood and worthy of reassessment.

Almost half a century ago, C. P. Snow lamented the inability of the “two cultures” to understand each other. This is unfortunately still the case; academic discourse has become increasingly polarized, reflected in the so-called science wars—between contemporary science/technology and its deconstructionist or social constructionist critics, between propriety research and ethical concerns, and even between the evolutionists and the creationists. Although the academic community prides itself on tolerance, it often fails to recognize its own exclusionary practice. What passes for dialogue in the media amounts to sound-bite shouting matches; if we are to survive, we must learn how to listen to each other with a commitment to mutual understanding and respect.

As I write, we are approaching the first anniversary of the attacks on the World Trade Center and the Pentagon—two key symbols of American wealth and power. At the time, many compared this event with the bombing of Pearl Harbor in 1941, inviting reflection on what we may or may not have learned in the last six decades. Among the many institutions established after World War II to address the challenges of the new era, the Center for Advanced Studies in the Behavioral Sciences (CASBS) was funded by the Ford Foundation to foster interdisciplinary research on the roots of conflict and the possibilities for democratic solutions to economic and political problems confronting the world community. At the dawn of the twenty-first century, such concerns are even more pressing.

The Society for General Systems Research (SGSR) was one of several organizations that grew out of associations formed during CASBS’s first year (1954–1955). This book begins by tracing the emergence of systems theory in the 1940s and 1950s as an organizing concept across a broad spectrum of disciplines: organismic biology, gestalt psychology, engineering, management, cybernetics, information theory, ecology, and social theory. It then explores the backgrounds and motivations of the five founding fathers, focusing on the relevance of their work in addressing the growing challenges to democracy, and assessing the social and political significance of systems ideas in decisionmaking processes in business and government.

In the course of my research on the history of systems thinking, I found a variety of divergent traditions. As I struggled to get a handle on the concept, I was fortunate enough to meet West Churchman, professor emeritus of business at UC Berkeley and longtime systems thinker, in the spring of 1993. When I mentioned my interest in the history of systems theory, he said, “It all began with four people [Bertalanffy, Boulding, Gerard, and Rapoport] who met in 1954 at the Stanford Center for Advanced Study in the Behavioral Sciences.” I have included James Miller in my story because he worked closely with Gerard and Rapoport and contributed substantially to the formation and evolution of the SGSR. Although it is only one of many systems-oriented institutions that emerged during this era, the general systems community reflects concerns similar to my own and turns out to have been an ideal focus for my research; it was and still is a unique and diverse group of individuals who have sought to foster meaningful conversation and to nurture authentic interdisciplinary synthesis. Recent work in this tradition provides compelling evidence of the sort of inclusive and participatory approaches to systems thinking I had hoped to discover in my research.

Nevertheless, this is by no means an exhaustive treatment of even the general systems tradition. Recently I received a letter from a former member of SGSR, Donald McNeil. Having read my dissertation, he commented that my work provides a “substantial contribution to an understanding of what went into the general systems movement,” although a complete story would include chapters on Ross Ashby, Heinz von Foerster, Stafford Beer, Russell Ackoff, and West Churchman, as well as sections on Ervin Laszlo, Erich Jantsch, Jay Forrester, Ralph Abraham, Stuart Kauffman, Robert Rosen, Louis Kauffman, and Humberto Maturana. In limiting my scope to the visions and work of the original founders and focusing primarily on the social significance of the systems concept, I have neglected important developments in the tradition, which might provide the focus for a future volume.

McNeil also suggests that my work provides a postmortem for the historical record now that the movement is moribund. I disagree. Ideas go in and out of vogue; a recent issue of Science (March 2002) features articles on new developments in systems biology. The introduction opens with a quote from Bertalanffy: “If someone were to analyze current notions and fashionable catchwords, he would find ‘systems’ high on the list. The concept has pervaded all fields of science and penetrated into popular thinking, jargon, and mass media.” The authors then note that “this is a trend with remarkable staying power, for the words quoted above were written not for today’s issue of Science, but rather in Ludwig von Bertalanffy’s 1967 introduction to his book, General System Theory, a compilation of his writings, some of which date back to 1940!”3

Systems ideas are resurfacing in a variety of contexts. Fritjof Capra has written extensively on the social significance of systems concepts. Peter Senge includes systems thinking as an essential component in his discussion of businesses as “learning organizations.” Systems concepts are gaining currency, as well, in the sustainability movement and the philosophy of deep ecology, both of which highlight the interdependent nature of relationships between the individual, society, and the natural environment. From economic and political perspectives, Allan Savory, Holistic Management: A New Framework for Decision Making; David Korten, The Post-Corporate World; and Paul Hawken and Amory and Hunter Lovins, Natural Capitalism, all draw heavily on systems concepts. Whatever the context, the systems concept highlights the importance of inclusive and collaborative approaches to understanding ourselves in relation to the social, ecological, and technological dimensions of our lives.4

Initially, my vision for graduate work entailed an exploration of the relationship between emerging paradigms in science and what I saw as a renaissance of the feminine, so it is ironic that I have chosen to write about a group of five men. It seems to be fashionable to dismiss the potentially progressive contributions of such groups, growing as they do out of elite old-boy networks. On the other hand, the work of the general systems community has laid a foundation upon which a more inclusive approach to social organization might be built. During the past five years I have become increasingly interested in what I have called the “qualitative dimension of relationship.” It struck me that, although systems thinkers generally emphasize the importance of understanding relationships within and between different kinds of systems, they often address such relationships in fairly abstract terms. Far more important, in my view, is the way in which our institutions condition our interpersonal relationships, in terms of the kinds of behavior that is rewarded and how we actually treat one another. Such concerns are at the heart of what I would consider a feminist approach to systems, and some important insights along these lines can be found in the work of these men, the value of which transcends the possible taint of their association with a privileged elite. Like living systems, ideas are capable of evolution and self-transcendence.

NOTES

1. I am unable to locate the exact source for this passage; I have included it on the syllabus for my Introduction to Liberal Studies course since 1996. See Hutchins, The Great Conversation: The Substance of a Liberal Education, vol. 1: The Great Books of the Western World (Chicago: Encyclopaedia Britannica Inc., 1952). Hutchins’s emphasis on the importance of dialogue and inquiry is laudable, although I disagree with his contention that “no dialogue in any other civilization can compare with that of the West in the number of great works of the mind that have contributed to this dialogue” (Great Conversation, p. 1). This view has in fact impoverished the dialogue and endangered the world community in failing to cultivate an attitude of inclusion and mutual respect, which I consider an essential quality of an authentic “Civilization of the Dialogue.”

2. I use the term “American” advisedly. Bertalanffy was from Austria and worked in Canada for most of the latter half of his career. Boulding was born into the working class in England and won a scholarship to Oxford; he also taught in Canada before moving to the United States. Rapoport was Russian, moving to the United States at the age of eleven and relocating to Canada later in life. The SGSR was an international society from its inception, with active members from the southern half of the Western Hemisphere as well as the northern. Nevertheless, it was the unique academic and cultural context in the United States at the time that fostered the group’s collaborative efforts, and thus I describe it as an “American” tradition, despite the limitations and inaccuracies of that term.

3. Lisa Chong and L. Bryan Ray, “Whole-istic Biology,” Science 295 (March 1, 2002): 1661, citing Bertalanffy, General System Theory (New York: George Braziller. 1969).

4. Fritjof Capra, The Turning Point: Science, Society, and the Rising Culture (New York: Simon & Schuster, 1982) and The Hidden Connections: Integrating the Biological, Cognitive, and Social Dimensions of Life into a Science of Sustainability (New York: Doubleday, 2002); Peter Senge, The Fifth Discipline: The Art and Practice of the Learning Organization (New York: Doubleday, 1990); Allan Savory, Holistic Management: A New Framework for Decision Making (Washington, DC: Island Press, 1999); David Korten, The Post-Corporate World (San Francisco: Berrett-Koehler, 1999); and Paul Hawken, Amory Lovins, and Hunter Lovins, Natural Capitalism: Creating the Next Industrial Revolution (Boston: Little, Brown, 1999), especially the section on “Capitalism as if Living Systems Mattered,” pp. 177–183.
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Only that day dawns

To which we are awake

There is more day to dawn

The sun is but a morning star.

—Henry David Thoreau, Walden


PROLOGUE

The Quest for Peace
in a Nuclear World

Though hate rises in enfolding flame
At each renewed oppression, soon it dies;
It sinks as quickly as we saw it rise,
While love’s small constant light burns still the same.
Know this: though love is weak and hate is strong,
Yet hate is short, and love is very long.

—Kenneth Boulding1

These days it seems that Boulding had it wrong; love is so often short-lived and hatred seems deeply entrenched, particularly in the Middle East, where two ancient cultural traditions appear to be bent on mutual destruction. Still, I am hopeful that humanity may someday emerge from this dark chapter in our collective evolution to discover more harmonious ways of living together. We are seeing all around us the bankruptcy and corruption of our current system, a way of life that has placed productivity and profit above human well-being and the sustainability of life on this planet.

My own motivation in undertaking this project grew out of my involvement in the Nuclear Freeze campaign in the early 1980s. I simply could not understand why the United States was continuing to produce such profoundly destructive weapons when we already had more than enough to destroy the world thousands of times over. I sought to understand the assumptions about reality at the root of such seemingly irrational behavior. At the time I heard a lecture by Fritjof Capra, in which he argued that the problems we face as a society (including the arms race, poverty, violence, crime, environmental degradation—and now terrorism) are systemic problems, resulting from a crisis in perception, rooted in the mechanistic model that has dominated scientific thought since the seventeenth century. In contrast to this mechanistic world view, Capra emphasized the importance of a more ecological or systemic conception, based on an understanding of our fundamental interconnectedness and interdependence, with each other and with all of life.2

This perspective on the relationship between the philosophical foundations of mechanistic science and the sociopolitical developments of the postwar era echoed my own growing sense that the greatest obstacles to the goals of peace and disarmament were limitations in the scientific framework underlying Western conceptions of reality and rationality. Returning to graduate school in 1989 to study the history of science, I was interested in understanding how theoretical frameworks in science shape our perception of reality, in turn affecting how we think about society and how we organize our social institutions. Similar concerns are reflected in the work of a number of contemporary writers. Margaret Wheatley, for example, argues that our social institutions are founded on the assumptions of Newtonian physics and the corresponding desire to maintain control, despite current developments in quantum mechanics, chaos theory, and self-organizing systems, which she believes support a more collaborative approach to organization. Mae-Wan Ho suggests that the basic paradigm of science is shifting from the machine metaphor to the metaphor of self-organizing systems, and that such a shift might change how we design our economic institutions. In his latest book, Capra explores the systemic nature of life, mind, and society as a foundation for a more sustainable culture.3

Although the rise of mechanistic science in the seventeenth century is often associated with the emergence of political democracies in the West, this dual heritage from the Enlightenment contains an inherent dialectical tension. As critical theorists in the Frankfurt School have argued, the promise of progress through the control of nature ultimately entails the control of human nature, undermining the liberating impulse of democracy and the ideals of social justice that are also part of the Enlightenment tradition. In seeking to address the limitations of mechanistic science, the heroes of my tale are not advocating a return to an earlier or antiscientific view, as much as they are challenging science to transcend its own limitations, to evolve and adapt to the changing conditions of its environment, and to develop a more expanded and inclusive sense of self-consciousness as a critical force in shaping the social order.4

The two most noteworthy architects of mechanistic science are René Descartes and Sir Isaac Newton. Descartes described the phenomenal universe as matter in motion, which could be represented in abstract mathematical terms. He also articulated a dualistic relationship between mind and matter, reinforcing Aristotle’s distinction between active and passive principles, and the Church’s radical separation of spirit and flesh. Newton elaborated fundamental laws of motion regulating the interactions of matter. Uniting the previously incommensurable terrestrial and celestial spheres, his law of gravity ultimately laid the groundwork for a totally materialistic conception of the universe.

As the father of general systems theory, Ludwig von Bertalanffy was outspoken in his criticism of mechanistic science. Like Mae-Won Ho, he proposed a more organismic approach to the study of complex systems, objecting to the narrow reductionism of classical science. Rooted in Descartes’s analytic approach, reductionist science studies natural phenomena by “reducing” them to their smallest components. While a great deal can be learned through such techniques, the scientific enterprise lacks an integrative framework to put the pieces back together again. When the focus is on the parts, and systems at higher levels of organization—individuals, societies, and ecosystems—are understood as essentially determined by these component parts, such concepts as wholeness, autonomy, and integrity become meaningless. From critical analysis to nuclear fission, we have learned well the lessons of taking things apart. Now we must begin to learn the principles of synthesis, how to put the pieces back together and create wholeness—not the rigid totalitarian wholeness that critics of holistic models fear, but a dynamic, co-creative, self-renewing, and self-transcending wholeness—a truly inclusive unity in diversity.

In this context then, I approached systems theory as a possible alternative to mechanistic thinking that might foster the kind of transformation in consciousness humanity needs in order to create a more peaceful and equitable world. As a result, I was puzzled by critiques coming out of the academic community. Depicting systems theory as a kind of technocratic ideology, these critics argued that it was responsible for creating and justifying an increasingly hierarchical social order. For Bertalanffy, however, it was the poverty of reductionism, particularly the “robot model” of humanity in behaviorist psychology, that was responsible for the totalitarianism and militarism of the postwar era. The primary question I sought to address in my research was whether systems approaches are inherently technocratic, reinforcing hierarchical and centralized organizational structures as the critics claimed, or if there might be examples of systemic approaches to the design and organization of social structures that could support a more participatory, inclusive, and truly democratic social order.

Critics tend to equate the concepts of “systems theory” and “systems thinking” with “systems analysis,” as developed by the RAND Corporation and other government-funded think tanks during the Cold War years. While some members of the Society for General Systems Research (SGSR) were involved with military and industrial applications of systems models, the dominant current of work within the group reflects a concern with the development of more collaborative approaches to decisionmaking within social systems. The founders of the SGSR shared many of my own concerns and sought alternatives to the growing power of the military-industrial complex and the increasingly dehumanizing tendencies of the emerging technocracy.

Both Kenneth Boulding and Anatol Rapoport were harshly critical of the military-industrial complex and became outspoken opponents of the Vietnam War. They worked together to develop the disciplinary field of peace research and established the Center for Peace Research and Conflict Resolution at the University of Michigan in 1956. In relation to their work in this field, Rapoport was most well known for his work on non–zero-sum models in game theory, and Boulding considered dialogue and participatory decisionmaking as key elements in any conception of peace. As an economist, Boulding was one of the first to incorporate ecological considerations, and his foundational work in ecological economics was integrally connected with his research on peace and social justice.

Echoing this integrative perspective, Wendell Berry proposes an analysis of the kind of science that has supported such destructive relationships both among humans and between the human community and the natural world: “Apparently everywhere in the ‘developed world’ human communities and their natural supports are being destroyed . . . by a sort of legalized vandalism known as ‘the economy.’ The economy now famously depends upon the authority and applicable knowledge of science. It would therefore be useful to say what is the character of this science that has benefitted us in so many ways, and yet cost us so dearly and extracted from us such deferences and such questionable permissions.” Such is the question I have attempted to explore in greater depth through the lens of the general systems community.5

Further, it is important to consider what might be the nature of such a science that could foster more harmonious relationships. The founders of the SGSR offer some provocative suggestions along these lines. An appreciation of the interconnections between the various dimensions of our lives (social, political, economic, psychological, biological, and technological) and between corresponding disciplinary perspectives is a critical first step. Berry underscores the need for “authentic conversation” among the disciplines. The following is an account of an ambitious attempt to foster such a conversation, with some significant implications for our own time.

NOTES

1. Kenneth Boulding, from There Is a Spirit: The Naylor Sonnets (New York: Fellowship Press, 1945).

2. Fritjof Capra, The Turning Point (New York: Simon and Schuster, 1982), p.16.

3. Margaret Wheatley, Leadership and the New Science (San Francisco: Berrett-Koehler, 1992); Mae-Wan Ho, cited in David Korten, The Post-Corporate World (San Francisco: Berrett-Koehler, 1999), p. 103; Fritjof Capra, The Hidden Connections: Integrating the Biological, Cognitive, and Social Dimensions of Life into a Science of Sustainability (New York: Doubleday, 2002).

4. See Max Horkheimer and Theodor Adorno, Dialectic of Enlightenment, trans. John Cumming (New York: Herder and Herder, 1972); and William Leiss, The Domination of Nature (New York: George Braziller, 1972).

5. Wendell Berry, Life Is a Miracle: An Essay Against Modern Superstition (Washington, DC: Counterpoint, 2000), p. 23.


ONE

The Behavioral Sciences
in Postwar America

In a world whose people are becoming rapidly more interdependent and in which the external forces that control them are becoming more centralized, there is urgent demand for a rational basis for planning and responsible decisionmaking. At the same time, individuals require an understanding of human behavior if they are to help maintain the democratic nature of such planning and control.

—Ford Foundation Report, 19481

Like my own quest to understand the rationale behind the seeming irrationality of the nuclear arms race, the founding of the Center for Advanced Study in the Behavioral Sciences (CASBS) in 1954 was motivated by a sense of urgency in the face of the new technologies of destruction and the polarization of the world into two increasingly adversarial camps. The opening quote reflects the primary concern of the Ford Foundation in establishing the center, still critically relevant fifty years later—how to maintain a democratic society in an increasingly complex and dangerous world.

Originally established in 1936, the Ford Foundation was faced with the task of distributing a considerable sum of money after Henry Ford’s death in 1947. Kenneth Boulding playfully describes the situation in the following excerpt from an unpublished poem entitled “Sam Small at the Center”:

So straightway the great Ford Foundation
Got into a bit of a stew,
And set up a sort of committee
To tell it just what good to do.
The committee was very distinguished,
And took all the world in its scan;
They sought for the cause of our troubles,
And found it was likely in man.
And most of them being Perfessors,
They said, without making much fuss,
“If yer want to do good with yer munny,
Yer might as well do it to us.”
And that’s ’ow the great Ford Foundation
Got this idea dumped in its lap,
To set up a sort of a Center
For studying Old Homo Sap.2

A 1948 report commissioned by the trustees reflects the atmosphere of postwar America in its five-point program to support activities that would contribute to (1) world peace and a world order of law and justice, (2) greater allegiance to the basic principles of freedom and democracy, (3) economic well-being of people everywhere, (4) improved educational opportunities, and (5) increased knowledge of factors that influence or determine human conduct, and the extension of such knowledge for the maximum benefit of individuals and society.3

The fifth program area, entitled “Individual Behavior and Human Relations,” resulted in the establishment of CASBS, bringing together experts from a wide array of disciplines in order to promote interdisciplinary research and improve the training of professionals in the scientific study of human behavior. For the foundation, this meant studying values, learning processes, communication, group organization, cooperative efforts, and individual satisfaction, and applying the resulting knowledge in planning and policymaking in business and government. The first year was particularly fruitful in generating a number of ongoing interdisciplinary programs including, of course, the Society for General Systems Research (SGSR). With the exception of Ludwig von Bertalanffy, all of the founders of SGSR had been actively involved in the planning process for the center, reflecting the close alignment between the goals and general orientation of both organizations.

While it is easy, in retrospect, to be cynical about such lofty aims—and Boulding’s verses hint at the potentially self-serving nature of such endeavors—the scholars who were brought together during CASBS’s first year seemed to share a sense of mission and purpose comparable to that of the social activists of the 1960s. In its broad interdisciplinary scope as well as its perceived urgency, CASBS’s program of behavioral science research was often compared to the Manhattan Project. Critics have pointed out the irony of using the latter as the model for social-science research given the immensity of the destruction it unleashed. Also, in spite of the appeal to democracy, the idea of scientific planning and control of society clearly justifies concerns that such research efforts were in fact profoundly undemocratic and accounts to some extent for the perception of systems theory as a form of technocratic ideology.4

Despite such concerns, the increasing complexity of technological developments in the first half of the twentieth century stimulated a tremendous growth of interest in interdisciplinary research projects and problem-solving efforts. This process was intensified by World War II and the growing role of social scientists in the government and military. A number of important theoretical and technological developments were catalyzed by the war, including cybernetics, information and communication theory, decision theory, game theory, operations research, management science, and computer technology. The parallels between these fields and emerging ideas about organizational processes in biological and social systems fostered considerable cross-fertilization in a wide variety of academic disciplines.5

The CASBS was a microcosm of this explosion of interest, and while its primary purpose was to bring together scholars in the behavioral sciences, which included biology, psychology, and the social sciences, all of these fields were dramatically affected by wartime developments in technology and management. During the first half of the twentieth century, most of the support for interdisciplinary research on human behavior had come from the Rockefeller and Carnegie Foundations. After World War II, the Ford Foundation provided the major source of funding, along with increasing contributions from corporations and government. Ford was also responsible for popularizing the concept of behavioral science, a term coined by James Grier Miller in 1949 to reflect the goal of integrating the biological, psychological, and social dimensions of human behavior. Significantly, in an era when social scientists were seeking governmental recognition and support, the name allayed fears of U.S. Senate members who were distrustful of the term “social science” because it sounded too much like “socialism.” For those inclined toward skepticism, however, the term evoked associations with behaviorism and social control.6

According to James Thompson and Donald Van Houten, in their survey of the new field, behavioral science arose out of a dissatisfaction with the fragmentation among the various disciplines relating to the study of human society and culture. They describe its central concerns as reflected primarily in the fields of psychology, sociology, and anthropology, and to a lesser extent in economics, political science, and biology. While it is often associated with a hard, quantitative approach, emphasizing microphenomena, they point out that it is based on a macro focus in which human behavior is seen to be highly complex, involving interactions among many factors. Thompson and Houten identify three basic approaches to behavioral science research based on three different models of humanity, which will be important to keep in mind as we explore the social implications of systems thinking. The first emphasizes conflict in human relationships, the second portrays human behavior in mechanistic terms, and the third, most closely related to the general-systems view, understands humans as open systems. In the latter approach, which reflects the hermeneutic or interpretive tradition in the social sciences, humans are conceived as active agents rather than passive pawns, highlighting the importance of purposive behavior and cognitive processes, including perception, interpretation, and construction of meaning.7

Richard Jessor, director of the Institute of Behavioral Science at the University of Colorado where Boulding spent the second half of his professional career, describes the field as an emerging paradigm for social inquiry. According to Jessor, behavioral-science inquiry attempts to encompass both person and environment and to understand their interactions. Further, it tends to be methodologically pluralistic, seeking to integrate both hermeneutic and quantitatively oriented data-gathering approaches in the study of social phenomena. In addition, he notes that behavioral-science research tends to focus on significant social problems.8

Such focus is apparent in the programs that Bernard Berelson, director of Ford’s Behavioral Science Division, identifies as the primary centers of behavioral-science research in the mid-twentieth century. These include Harvard’s Department of Social Relations, graduate schools of business and industrial relations at the University of California and Cornell, Columbia University’s Bureau of Applied Social Research, the Survey Research Center and the Mental Health Research Institute at the University of Michigan, and several programs at the University of Chicago. These centers were organized to facilitate research that cut across traditional departmental lines and were characterized by large-scale social research on such issues as community change, human development, public health, and social attitudes.9

The University of Chicago was one of the most important centers for interdisciplinary research in the social sciences, and its behavioral-science community was very influential in shaping the program of the Ford Foundation’s Behavioral Science Division. As president and chancellor of the university from 1929 to 1951, Robert Maynard Hutchins did much to foster the interdisciplinary and innovative approaches to research that were embodied in the behavioral-science program. After leaving Chicago, Hutchins was associate director of the Ford Foundation’s Behavioral Science Division until 1959, when he founded the Center for the Study of Democratic Institutions. In a collection of papers in honor of the twenty-fifth anniversary of the social-science building at the University of Chicago in 1955, Leonard White points out that Chicago was a pioneer in the development of the social sciences, implementing an urban research program in 1923 with Rockefeller support. The highly interdisciplinary Division of Social Sciences was established in 1931. It supported a broad range of approaches, some emphasizing values and philosophy and others focused on more quantitative analysis; some in favor of social and government reform and others with a more conservative, laissez-faire orientation. This range of diversity challenges most interpretations that tend to focus primarily on the positivistic aspect of the emerging field; as with systems theory, there was a tremendous variety of theoretical and political commitments in the behavioral sciences.10

The intellectual environment at the University of Chicago also had a lot to do with shaping the initial motivation of the founders of the SGSR, every one of them having spent some time there during the 1930s and 1940s. Ralph Gerard enrolled as a freshman in 1915, and became a member of the faculty in 1927. Anatol Rapoport began his studies there in 1937, joining the faculty ten years later. Miller was hired as chair of the Psychology Department in 1948. Boulding spent two years at Chicago, between 1931 and 1933, on a Commonwealth fellowship after he had finished the master’s program at Oxford, and Bertalanffy was at Chicago on a Rockefeller fellowship in 1937–1938 and met Gerard at that time.

In association with Miller, Gerard and Rapoport were key participants in the Committee for the Study of the Behavioral Sciences that was established in 1949. The original motivation for this group grew out of a belief that the study of human behavior could benefit from the same kind of intensive research that led to the development of the atomic bomb. In fact, it was Enrico Fermi who encouraged Miller (as had Alfred North Whitehead at an earlier stage of his career) to work on an approach to the study of human behavior that would integrate biological and social dimensions. The primary purpose was to foster interdisciplinary research on problems of human behavior, although some have described it as an effort to develop the ability to manipulate and control human behavior, in response to a growing concern that the Soviet Union might be more advanced than the United States along these lines. Certainly the Behavioral Science Division of the Ford Foundation recognized a growing need for knowledge of human conduct in industry and government, reflected in increasing opportunities for professional careers in behavioral science.11

Ralph Tyler, who had been chair of the Social Sciences Division at Chicago, was appointed as the founding director of CASBS, and Gerard and Rapoport were both fellows at the center during that first year as representatives of Miller’s Behavioral Science Committee. Miller himself would have been there except that he had procured funding from the state of Michigan to establish the Mental Health Research Institute at the University of Michigan, which would become the institutional center for the Society for General Systems Research until 1967. David Hollinger’s characterization of Michigan during the postwar era as “a major site of the entrepreneurial transformation of American academia, and . . . of the intellectual revolutions in American social science associated with behavioral perspectives and quantitative methods” reflects a common, though limited, interpretation of the emerging science of human behavior. Such limited interpretations were also frequently applied to the concept of general systems theory that flowered in the fertile ground of Ford’s new center.12

THE SOCIETY FOR GENERAL SYSTEMS RESEARCH

Early in the fall of 1954, four of the distinguished CASBS fellows—Bertalanffy, Boulding, Gerard, and Rapoport—sat together at lunch discussing their mutual interest in theoretical frameworks relevant to the study of different kinds of systems, including physical, technological, biological, social, and symbolic systems. According to Boulding, someone suggested that they form a society to foster interdisciplinary research on a general theory of complex systems, and thus the idea for the Society for General Systems Research (SGSR) was born.13

Bertalanffy had introduced the concept of general systems theory in a seminar at the University of Chicago in 1937. Prior to their year at the CASBS, Gerard and Rapoport had been working closely with Miller at the University of Chicago on an integrated theory of human behavior, and Boulding had been working on an interdisciplinary approach to the social sciences at the University of Michigan. Drawing on individual archives and records of the society, this book examines the work of these five founders in depth, in order to more clearly articulate the motivating vision behind the systems concept, as well as its potential significance in my own quest. In chronicling the activities and concerns of the society as it developed, I found a great deal of support for my original intuitive sense that the “systems view” had something to offer in the articulation and implementation of a more sustaining and sustainable vision of humanity’s future.

Plans for the society were formulated at a session of the annual meeting of the American Association for the Advancement of Science held in Berkeley that December, and the SGSR was formally established in 1956. Renamed the International Society for the Systems Sciences (ISSS) in 1988, the society recently celebrated its fiftieth anniversary. It represents a unique episode in the evolution of systems thinking, as one of the most broadly based of the systems-oriented institutions that emerged during the period.

The popularity of systems concepts in the mid-twentieth century arose out of a convergence of developments in both biological and technological fields, the latter giving rise to increasingly complex social organizations and furthering concern with the management of large-scale sociotechnical “systems,” such as energy distribution, transportation, communication, and information networks. The SGSR emerged as part of this widespread and growing interest in the complexities of biological, social, and technological organization, drawing upon an impressive array of emerging conceptual frameworks in articulating a broader philosophical concern with the social and ethical implications of the new technologies.

The further evolution of general systems theory (GST) was closely intertwined with the development of the behavioral sciences in their mutual efforts to integrate insights from biology, psychology, and the social sciences in understanding human behavior, which was perceived as a particularly critical task in the context of the Cold War. An additional legacy from the World War II era was the emergence of cybernetics, information theory, computers, and highly sophisticated weapons technology, which profoundly shaped thinking on the nature of complex systems.

One of the primary goals of the general-systems group was to build on their perception of convergence in organizational processes toward a unity of science. They sought ways to overcome what they saw as the increasing fragmentation of knowledge and to build bridges across the ever widening chasms between the various ways of understanding our world, developing a new paradigm for scientific research that would cut across traditional disciplinary boundaries and provide models for integrating the physical, biological, psychological, and social sciences. The stated intention was to explore structural and functional similarities in systems at all levels of organization, seeking a kind of “general theory” of systems.

Systems theories thus emerge as a synthesis of developments in a variety of disciplinary fields, including the behavioral sciences as well as engineering and management. Drawing on their professional training in biology and the social sciences, the founders of the SGSR were all involved with the emerging field of behavioral science, focusing especially on the psychology of social organization. Over the course of its development, the society has increasingly focused on issues of management, and clearly the behavioral sciences lend themselves to applications in this area. Thus the motivating concerns and value commitments of the group, as well as the nature of the management models that emerged from their collaborative venture, became the primary focus in my quest to understand the social implications of their work.

For the founders of the society, systems theory was a theoretical framework that was holistic, taking into account the interrelationships and interdependence between the parts of a system, as well as the relationship between systems and their environments. They saw this approach as a significant departure from the more reductionist approach of traditional science, which sought to understand systems by breaking them down into their smallest parts, fragmenting knowledge about the world through the increasing specialization of separate disciplines that had very little interaction with each other. Although they acknowledged that specialized knowledge was important, they hoped to develop a workable framework for integrating different fields of study.

George Klir, member and former president of SGSR, writes, “A need for a better understanding of biological, psychological, and social phenomena initiated an interest in the study of systems with strong (non-negligible) interactions between their components, as well as between each system and its environment.” He goes on to define general system theory as “a new way of looking at the world in which individual phenomena are viewed as interrelated rather than isolated, and complexity has become a subject of interest.”14

CRITIQUE AND RESPONSE

While systems concepts and models were extremely popular and influential across a broad spectrum of disciplines during the 1960s and 1970s, they came to be viewed with increasing skepticism with the emergence of postmodern critiques of totalizing schemes and the growing disillusionment with the promise of technological progress that fueled the countercultural movement of the 1960s. Robert Lilienfeld’s argument in The Rise of Systems Theory (1978), that the societal claims of the systems thinkers served only to justify the claims to power and prestige of the technocratic elite, is characteristic of more recent reactions to systems views among social scientists. For many, systems thinking came to be associated with the highly rationalized technological and institutional systems of the late twentieth century, and the concept of system became synonymous with control and totalization.15

Most critics of systems theory, however, tend to treat the development of systems thinking as an integrated and coherent phenomenon and to downplay the considerable diversity in the perspectives and ideological orientations of different approaches to understanding systems. Far from being monolithic, the “systems movement” includes a tremendous variety of diverse and even contradictory strands of thought. Further, recent critiques fail to acknowledge the evolution of work within the systems tradition that has itself sought to address earlier critiques. The predominant conception of systems thinking within much of the academic community is based on a limited understanding of the whole range of systems thought and fails to recognize the potentially progressive and liberating implications of some developments within the systems movement.

Many members of the general-systems society were themselves quite disturbed by the applications of systems ideas in government, industry, and the military that were the focus of most critiques. Far from supporting the more hierarchical orientation of the military-industrial approach to systems, these individuals were concerned with developing conceptions of social organization that took into account the highly interdependent nature of contemporary society, while still seeking to preserve the participatory and inclusive ideals of democratic theory. In place of a totalizing vision, they emphasized the importance of a multiplicity of perspectives. Even among the founders of the SGSR there are significant differences in orientation. In discussing their work, I hope to clarify the relationship between the general-systems approach and the more technocratic orientation of such fields as systems engineering, systems analysis, and operations research.

Although the countercultural movement of the 1960s contributed to disillusionment with “the system,” aspects of the countercultural perspective, represented in the work of such writers as Gregory Bateson, Fritjof Capra, Hazel Henderson, and Joanna Macy, draw heavily on the more holistic and ecological orientation of certain developments under the umbrella of systems thinking. This countercultural systems orientation is reflected, as well, in the “Gaia hypothesis” of James Lovelock and in the emergence of “deep” ecological perspectives, which highlight the self-organizing and yet interdependent nature of living systems.16

The founders of the SGSR occupy a sort of intermediary position between the highly technocratic application of systems ideas and the countercultural view. From my perspective as a not entirely disinterested scholar, it seemed that they were primarily concerned with understanding the organizational and decisionmaking processes in human society in order to make them more responsive to human needs and not simply to manipulate or control them. My purpose, then, is to reconsider the contributions of this tradition, to clarify its fundamental assumptions and values, and to distinguish aspects that are unique to this group and set it apart from other parallel developments in systems thinking.

HISTORICAL ROOTS OF SYSTEMS THINKING

C. West Churchman, who first introduced me to the general-systems community, was a longtime member and former president of the SGSR and has written extensively on the topic of systems thinking. His own professional evolution is typical of the intellectual richness of the tradition. He describes himself as an intellectual grandson of William James, having studied philosophy with a student of James’s by the name of E. A. Singer. During World War II, he was actively involved with the development of operations research, going on to spend much of his professional career teaching in the School of Business at the University of California at Berkeley. After retirement (and into his early eighties), he continued to work in the Peace and Conflict Studies Program, teaching courses on ethics.17

In conversations with Churchman on the historical sources of systems thinking, he often identified the Chinese I Ching as the oldest systems approach. As an effort to model dynamic processes of changing relationships between different kinds of elements, the I Ching might be seen as a systemic approach, in contrast with the more systematic approach of rationalist Western thought, rooted in the work of Plato and Aristotle. The pre-Socratic philosophers were perhaps closer in spirit to the Eastern view than they were to the more orderly view of systems embodied in the later evolution of the Western tradition. This is particularly true of Heraclitus, whose inspiration is often cited in connection with the more progressive developments within the contemporary systems tradition. This contrast between systemic conceptions, which focus on interrelationships and dynamic processes, and the systematic conceptions, which are more concerned with classification and order, is critical in understanding the relationship between different views of systems in the twentieth century.

Plato’s Republic anticipates attempts at rational planning and “social engineering” of society that are frequently associated with the systems approach. In his critique of the systems approach, Lilienfeld refers to the technocratic social engineers as “scientist-kings.” Michael Ghiselin, writing in 1974, suggests that the Republic, along with Aristotle’s Politics, embodied an organismic conception of society, a central conception in some systems views, which is further developed in the early schools of sociology. For Ghiselin, the organismic (or holistic) view is inherently teleological (or purposive), reflected in the Aristotelian notion of final cause. By positing the whole as primary, “that for the sake of which” individuals exist and by which they are determined, adopting a “downward” conception of causality, holism imputes purposiveness into the world, something inadmissible in contemporary science. As a self-confessed radical individualist and rigorous neo-Darwinian, Ghiselin rejects such a view, reflecting a perspective fairly common among biologists, although this is changing with the recent emergence of such fields as developmental systems. And of course, progressive social theorists also reject the concept of “downward causation,” associated with holistic and organismic models, as subordinating the interests of the individual to that of the collective.18

For Ghiselin, holism is equivalent to the Leibnizian notion that we live in “the best of all possible worlds,” reflecting the common complaint among sociologists that systems approaches tend to reinforce the status quo. Leibniz is, in fact, often referred to as an important precursor of systems theory in his notions of “living machines” and “living automata” and in his quest for a universal mathematics. Peter Galison discusses the significance of Leibniz’s theory of monads in connection with the development of cybernetics. Some aspects of the systems view might also be seen as an extension of the esprit de système associated with Descartes’s mathematical rationalism. At any rate, systems theories can be seen as rooted in two distinct developments: some that have attempted to reintegrate a more holistic perspective and others that have grown out of the quantifying spirit, nurtured in the scientific revolution of the seventeenth century and further developed in the ensuing century of the Enlightment, or the Age of Reason. Within both the holistic and the rational traditions, there are respective branches fostering either static or dynamic interpretations, resulting perhaps in either repressive or liberating consequences for humanity, although the distinctions are not always so clear.19

Looking at more recent philosophical traditions, systems thinking has drawn variously from positivism, pragmatism, Hegelian dialectics (with its emphasis on dynamic processes of change), and the organismic holism reflected in the work of Alfred North Whitehead and Jan Christiaan Smuts. Bertalanffy grew up in the Vienna of the logical positivists, and was a student of Moritz Schlick, through whom he was introduced to the “Vienna Circle.” Although he rejected what he saw as the reductionism of their conception of positivism, Bertalanffy was sympathetic to their ideal of a unified science, elaborating his own organismic approach based on his work in developmental biology. As the only member of the group trained in the social sciences, Boulding drew on the pragmatist tradition, acknowledging George Herbert Mead and John Dewey as important precursors to his work on the role of perception in the evolution of social systems.20

Part 1 of this study offers a brief overview of specific developments contributing to the evolution of general-systems thought, in the fields of organismic biology and gestalt psychology (Chapter 2), engineering and management (Chapter 3), cybernetics and information theory (Chapter 4), and ecology and social theory (Chapter 5). Systems ideas emerge out of a complex synthesis of developments in what might seem to be relatively unrelated fields. My own introduction to the systems field was in connection with research on theoretical orientations in biology. I had not realized the extent to which developments in technology and management were central to the evolution of systems ideas, and in fact I shared my generation’s general distrust of these fields. Perhaps the dominant strand of systems analysis, as distinguished from systems theory, can be seen as a progression from systems engineering, which deals primarily with technological systems, to management science and organizational theory, which deal with the dynamics of complex technological systems that include human individuals and social organizations. The evolution of organizational theory then overlaps with contemporary developments in social theory, which are similarly influenced by ideas from cybernetics and information theory during this period. The development of cybernetics, in turn, was rooted in biological discoveries relating to organization and the maintenance of steady states in living organisms through the process of homeostasis.21

The second chapter describes these developments in the field of biology, which were central in shaping my own initial understanding of systems, as well as that of the five founding members of SGSR. Bertalanffy’s conception of organismic biology, with its roots in the examination of developmental processes, provides an important starting point for his elaboration of GST. Miller’s research on living systems was significantly influenced by his association with Walter Cannon and Lawrence Henderson at Harvard and their work on self-regulating mechanisms in living organisms, which was also influential in the evolution of Talcott Parsons’s social-systems theory. Organismic models in both ecology and social thought were equally important in the development of systems concepts. The holistic orientation of these fields during this period is also reflected in the emergence of gestalt psychology, a major impetus in the development of the behavioral-science field as well. Further developments in biological systems thinking, in the rational (or quantitative) tradition, came with the mathematical analysis of population. Most significant in this field was the work of Alfred Lotka and Vito Volterra, who developed equations for representing predator/prey relationships, which had a significant impact on the evolution of Bertalanffy’s thinking and also informed Nicholas Rashevsky’s work in mathematical biology at the University of Chicago, in turn shaping the development of Rapoport’s conception of GST.22

Chapter 3 outlines the significant influences that came out of engineering, particularly in connection with the development of complex technological systems including transportation, communication, and energy networks, as well as the organizational skills that were necessary to implement and manage these systems. J. Willard Gibbs’s work on thermodynamics had a profound impact on the early evolution of systems thought, shaping early conceptions of systems in biology and sociology. More significant, in connection with my own concerns, is the way in which engineering models formed the foundation for management theory, beginning with the time and motion studies that characterized Frederick Taylor’s “scientific” approach to management. Perhaps even more important were military developments during World War II, which required far more sophisticated coordination of increasingly complex technologies, ushering in such fields as operations research, systems analysis, and game theory. All of these developments highlight the critical role of the decisionmaking process in the establishment and maintenance of social organization, a central focus in Boulding’s work and in my own understanding of the significance of systems ideas.

The emergence of the fields of cybernetics and information theory is described in Chapter 4. Cybernetics drew its inspiration from ideas about feedback and homeostasis in Cannon’s work on self-regulation in living systems, as well as from engineering developments in connection with self-correcting weapons systems. Equally important was Leo Szilard’s 1929 paper discussing the difference between matter/energy and information that might be seen as ushering in the information era. Claude Shannon and Warren Weaver’s book, The Mathematical Theory of Communication (1949) was second only to Norbert Wiener’s Cybernetics (1948) in shaping the evolution of systems thinking. And the growing concern with information and communication can be seen in the evolution of functionalist thought in social theory, as well as in more recent currents of literary criticism and deconstruction.23

While the cybernetic idea of feedback is not the only principle of interest to the general-systems theorists, it provides the most important conceptual breakthrough in understanding interrelationships between different components of complex systems, as well as an alternative to the linear causal models of traditional mechanistic science, incorporating an appreciation for mutual causality and the self-reinforcing patterns of trial and error that can account for learning and development. To some extent, cybernetics and related developments in information theory and technology emerged from the extension of mechanistic models, while Bertalanffy’s conception of GST arose out of a holistic and antimechanistic impulse. Although the further evolution of GST drew extensively from cybernetics and information theory, reflected in the overlapping memberships of the Society for General Systems Research and the American Society for Cybernetics, both Bertalanffy and Boulding tended to distinguish between what they saw as the evolutionary and developmental orientation of the general-systems approach—highlighting the importance of learning and reflexivity—and what they saw as an orientation toward control reflected in the emphasis on equilibrium in the cybernetics approach.24

This tension between control and self-organization becomes even more pronounced in Chapter 5, which explores the roots and the influences of systems thinking in both ecology and social thought. Systems concepts in ecology and social theory are explored together, as both fields examine interactions between individual organisms and their environment, a focus that Darwin’s theory of natural selection served to reinforce. The first part of the chapter traces the emergence of ecology as a new discipline in the twentieth century: the evolution from organismic to systemic models, the emergence of economic metaphors and mathematical modeling (including feedback models), the proliferation of different schools such as population ecology and ecosystem ecology, and the gradual transition away from any consideration of the relationship between the human community and the natural environment.

Theoretical frameworks in social thought reflect a similar evolution, in the transition from Spencer’s organismic model to Parson’s social-systems theory, for example. The second section of the chapter provides a brief schematic overview of different trends in social thought, focusing specifically on the tension between functionalist and interpretive schools of thought. The tension between these two perspectives highlights the relationship between objective and subjective dimension of human experience. In the interpretive view the role of perception, values, and motivation becomes much more significant.

The new field of social psychology, also central in the development of the behavioral sciences, sought to understand the social factors shaping individual human behavior. Kurt Lewin’s work in field theory was particularly influential in this regard. Social psychology generally built upon an open-system model for examining human behavior, viewing humans as purposive, interdependent with the physical and social environment, and actively involved in transactions with that environment as they pursue their goals. In this model, individuals require the mental capacity for deciding, as well as an appreciation for the role of belief systems and information in shaping their decisions. The decisionmaking process thus becomes a critical area of analysis.

DEFINING THE GENERAL-SYSTEMS APPROACH

The SGSR was one of several efforts to synthesize these diverse strands of systems thought. Perhaps the most distinctive characteristic of the general-systems group was its focus on articulating common principles that would apply to many different kinds of systems. Russell Ackoff, whose interest in GST evolved out of his work in operations research and management theory, identifies three kinds of systems—technological, biological, and social. Bertalanffy’s initial conception of the range of systems to be considered was even broader, including natural physical systems as well as psychological and symbolic systems. Within the general-systems community, there are different views as to the “reality” of these systems. James Miller emphasizes his concern with concrete systems, which can be identified and described, rather than abstract systems, which have no basis in the real world. Raul Espejo, on the other hand, argues that systems are only mental constructs that can help in understanding complex patterns of interrelationships, but cannot reflect the actual world.25

In formal mathematical terms, a system can be defined as a set of differential equations that describe the relationships between different variables, which can be solved in order to maximize or minimize particular values. This process forms the basis for much of the early work in operations research and management science, with the help of computers that were capable of solving the complex sets of equations involved in such cost-benefit analyses. The ethical problems with this approach are obvious, although it was often very effective in achieving its ends. With the evolution of computer technology beyond the purely computational mode, however, techniques of mathematical modeling and simulation of complex systems have paved the way for dramatic developments in chaos and complexity theories that have begun to challenge the old managerial ethos.26

Although some critics have objected to the use of a single term to cover so many diverse kinds of entities, a system can be defined in general terms as a set of relationships between discrete things that together form some kind of coherent pattern and/or whole that is capable of maintaining itself through time. For the general-systems community, the concept implied a concern with the relationship between a system and its environment, where system and environment can be defined differently depending upon the level of the phenomenon under consideration, resulting in a nested, or “holonic,” model where every entity can be seen as either system or environment, depending on one’s perspective. Another key element of the general-systems view is the open nature of living systems, raising the question of how such systems maintain their identity and preserve some aspect of self. Such a question highlights the tension between the maintenance of order and stability in a system and the potential for evolution and change, a central theme throughout this study.27

In discussing the evolution of systems thinking, Kramer and Smit point out that there is “no generally accepted, clearly defined body of knowledge concerning systems thinking,” and they suggest that the multiplicity of systems approaches is reflected in the variety of terms, including systems theory, systems thinking, systems approach, systems analysis, systems synthesis, systems engineering, etc. These terms refer to various fields of knowledge that sometimes overlap and are often very much at odds. In addition, such terms are often used indiscriminately by systems thinkers themselves.28

There are, however, some commonalities between the various systems approaches. They have all emerged in conjunction with attempts to solve the increasingly complex problems of industrial society. Systems concepts evolved out of parallel efforts in a variety of fields to facilitate the kind of interdisciplinary communication that was necessary to address the multidimensional aspects of such “messy” problems. In the process, ideas from engineering were applied in biology and social theory, while developments in biology, particularly concepts of feedback and homeostasis, in turn influenced developments in engineering. The various systems approaches are all rooted in two fundamental premises: (1) reality is seen in terms of wholes, and (2) the environment is seen as an essential component. Expanding on this definition, Peter Checkland writes that the systems view “assumes that the world contains structured wholes which can maintain their identity under a certain range of conditions,” and cites Russell Ackoff, who wrote in 1974 that we are living in “The Systems Age.”29

THE FOUNDERS OF THE SOCIETY FOR GENERAL SYSTEMS RESEARCH

Ludwig von Bertalanffy is generally considered the father of general systems theory and his work is addressed in depth in Chapter 6. The concept of the open system, inspired by his work in developmental biology, is his most important contribution to the field. Essentially, it is based on the argument that living organisms cannot be understood as equilibrium systems. Instead, they are capable of maintaining themselves in a continual nonequilibrium state and maintaining complex levels of organization by importing matter and energy from the environment and exporting their entropy or waste. While he did not speak in terms of the “spontaneous emergence of order” characteristic of more recent developments in chaos theory, similar insights are reflected in his emphasis on the autonomy, creativity, and spontaneity of living organisms, and the progressive emergence of increasingly complex self-organizing systems.

Having been influenced in his early years by the Vienna Circle, Bertalanffy later rejected the reductionism of their approach, although he shared their dream of the unification of knowledge. Although Bertalanffy initially conceived GST in mathematical terms, much of his writing reflects a deeper concern with the mechanistic and reductionist orientation of then-current models in biology and psychology. The most significant influences in the evolution of his own thinking were philosophers and mystics, including Heraclitus, Nicholas of Cusa, and Leibniz. In parallel with the Theoretical Biology Group in England, he worked to develop an organismic conception of life that would address what he saw as the limitations of the mechanistic view without appealing to the supernatural forces of vitalism. His holistic and antimechanistic orientation can be seen in his attraction to the gestalt school of psychology and his vehement rejection of the stimulus-response model in behaviorist psychology. For Bertalanffy, the behaviorist conception of the organism as entirely passive contributed to a view of humanity that justified totalitarian forms of social control. In contrast, he emphasized the active and self-organizing character of human behavior.

As the field evolved, Bertalanffy described GST as a humanistic approach in contrast to the more dehumanizing orientation of many of the technological and managerial applications of systems models. He distinguished between the more radical implications of systems philosophy, which entailed a rethinking of traditional conceptions of ontology and epistemology, and the applications of systems technology, which were primarily geared to solving practical organizational problems of modern industrial society, without reexamining its fundamental assumptions. He hoped to challenge the limitations he saw in the linear causality and mechanistic orientation of classical science. From my own perspective, the most interesting aspects of his work are his critique of mechanistic and reductionist approaches in science and his emphasis on the importance of multiple perspectives, which are often ignored in critiques of his work.

Chapter 7 explores the collaborative work of Gerard, Miller, and Rapoport on the newly established Behavioral Science Committee at the University of Chicago in the early 1950s, and later at the Mental Health Research Institute at the University of Michigan. Although Miller wasn’t one of the initial four who articulated the vision of SGSR at the CASBS lunch table, he was closely connected with Gerard and Rapoport and his work was central to the development of the society.30

Although his training was in the field of neurophysiology, Gerard was closely associated with the community of ecologists at the University of Chicago. The “Chicago School” of ecology emphasized the importance of community and cooperation in its studies of animal behavior, a central aspect of Gerard’s organismic view of society. He was also a participant in the Macy conferences on cybernetics in the 1940s and 1950s. The range of his interests was quite broad. He was often asked to give summary comments at conferences, and he wrote extensively on topics relating to the role of science in society. Of the original founders, his orientation toward the behavioral sciences reflects the strongest tendency toward social control. At the same time, he was also the least involved with the society as it evolved.31

Miller, on the other hand, was very active in the society and regularly attended the annual conferences. As he writes in his introduction to Living Systems, his work was profoundly influenced by Alfred North Whitehead at Harvard. Equally significant was the work of biologists Walter Cannon and Lawrence Henderson, also at Harvard, on the physiology of homeostasis. Both Whitehead and later Enrico Fermi at the University of Chicago encouraged Miller to try to integrate concepts in the biological and social sciences. As a psychiatrist, in the developmental years of the field, he had a solid background in both areas. He was hired as chair of the Psychology Department at Chicago in 1948, and began working toward the establishment of an interdisciplinary institute in the behavioral sciences.

Rapoport was primarily interested in the application of mathematical models to the understanding of biological and sociological processes. His participation in Nicholas Rashevsky’s Committee on Mathematical Biology, also at Chicago, was probably the most important influence in the development of his thinking. He applied Warren McCulloch and Walter Pitt’s model of neural networks to other phenomena such as the spread of disease or the spread of rumors in populations. He was interested in semantics and the symbolic dimension of human behavior, which he thought had to be understood in structural rather than analytic terms. Both he and Boulding were very active in the newly emerging field of peace research, which also grew out of associations formed at CASBS, based on the work of Lewis Richardson, who had developed mathematical models of conflict situations. Rapoport’s work in game theory reflects this focus, challenging the more militaristic conclusions of the government-funded think tanks during the 1960s and 1970s in his articulation of non–zero-sum models of interaction.

The Committee on the Behavioral Sciences began meeting under Miller’s leadership in 1952 and continued until around 1967, with Gerard, Miller, and Rapoport as the most consistent members of the group. The committee reflected widespread efforts to develop integrated approaches to the study of human behavior, which were accelerated in the climate of the Cold War. The University of Chicago was one of the most important centers for interdisciplinary research in the social sciences, and the behavioral-science group was very influential in the formulation of the Ford Foundation’s program for CASBS. Gerard and Rapoport continued to meet during their year at CASBS, with Miller joining them whenever he could. He had procured funding from the state of Michigan to establish the Mental Health Research Institute at the University of Michigan, which was to become the institutional headquarters of the general-systems society, drawing a number of researchers from Chicago and CASBS, including both Gerard and Rapoport.

An analysis of Boulding’s critical role in the evolution of general-systems thinking, and as the real hero of my tale, concludes this section in Chapter 8. While Bertalanffy is acknowledged as the father of general systems theory, Boulding was instrumental in initiating the establishment of the society and was actually responsible for bringing Bertalanffy to CASBS during that first year. Boulding is the only member of the four who was not a biologist, although his thinking was significantly influenced by biological models. He saw every system of interacting populations as an ecosystem, incorporating insights from ecology into his work in economics and social theory, and is recognized today as one of the primary founders of the field of ecological economics. He was also very active in the Quaker community and his interest in systems was integrally connected with his work on peace research. Together with Anatol Rapoport, he established the Center for the Study of Peace Research and Conflict Resolution at the University of Michigan.

The most important influence in Boulding’s conception of general systems theory was the series of interdisciplinary seminars that he taught at the University of Michigan beginning in 1950. Reflecting dominant themes of the postwar era, the first seminar addressed a variety of perspectives on competition and cooperation. The second focused on the elaboration of a theory of the individual, leading to the development of Boulding’s taxonomy of different kinds of systems based on levels of complexity. In the third seminar, he sought to articulate a theory of growth, in the context of which he was first introduced to Bertalanffy’s ideas. The fourth seminar addressed the theme of information and the fifth dealt with conflict. One of his most important contributions to the general-systems view was his concept of the image, a perceptual framework that is both cultural and evolutionary, which inspired his ongoing concern with the role of perception and values in the decisionmaking process.

EVALUATING THE HERITAGE OF GENERAL-SYSTEMS THOUGHT

The last section of the book provides a brief summary of the activities and contributions of the SGSR as it evolved during its first few decades (Chapter 9) and explores their significance in relation to my own motivating questions (Epilogue). The society nurtured a number of diverse areas of interest within the general-systems community, creating various task forces, educational programs, annual conferences, and institutional centers that emerged in connection with its evolution. Articles contributing to the elaboration of the general-systems perspective were published in the annual yearbooks, edited primarily by Rapoport. In general, the concerns and orientations of the general-systems group cover a substantially broader range than most other systems-oriented traditions and institutions, which some felt might have contributed to a decline in membership in later years, while others believed that the relative openness of the group fostered innovations that might not find a place in more narrowly conscribed organizations.

Despite the relative openness, there are several areas of tension that emerge within the society, to some extent reflecting disciplinary commitments, in an ongoing evolution of C. P. Snow’s Two Cultures. From the perspective of my own question, the most significant tensions seemed to lie along the polarities outlined in Table 1.1. Of course there are others ways of viewing the tensions. Some define the contrast in terms of closed and open systems. There are tensions between instrumental and values-based orientations, and between holistic, ecological, and mechanistic perspectives. Boulding distinguished between “special” general systems, reflected in the more quantitative approaches to modeling systems, and “general” general systems, reflecting a broader philosophical inquiry into the overall dynamics of social, biological, and technological systems that embraces concerns with values and meaning. Perhaps most significantly, there is the tension between seeking to understand the world and seeking to change it.32

Although the stated aims of the society were initially theoretical, to foster research into formal similarities between different levels of organization, over time its members became increasingly concerned with practical applications in policy and management, as well as with efforts toward social change. The society has struggled to integrate the technological and social dimensions of systems thinking, often distinguished as “hard” and “soft” systems approaches, and is unique in attempting to bridge these diverse fields and find some common ground.

Table 1.1. Contrasting Views on the Social Implications of Systems Theory



	Self-Organization

	Externally Imposed Order and Control




	Free Will, Creativity, Spontaneity

	Determinism




	Participatory Decisionmaking

	Hierarchical Decisionmaking




	Democracy

	Technocracy





During the 1970s the SGSR became closely associated with the American Society for Cybernetics (ASC), which grew out of the initial conferences on cybernetics sponsored by the Macy Foundation and, in later years, tended to focus less on the technological aspects of cybernetics, and more on the role of self-reflexivity in the evolution of purposeful behavior, in what Heinz von Foerster named “second-order cybernetics.” The SGSR has some affinity, although fewer direct connections, with the system dynamics group that was rooted in Jay Forrester’s work on urban dynamics at the Massachusetts Institute of Technology. Forrester’s work drew on his background in control engineering, using computers to model feedback processes in complex social and industrial systems, and provided the foundation for The Limits to Growth (Meadows et al., 1972), an influential critique of exponential growth sponsored by the Club of Rome, as well as the more recent work of Peter Senge (1990) on the concept of the learning organization.33

The SGSR also had some connections with such organizations as the RAND Corporation and the International Institute for Applied Systems Analysis in Austria, which was modeled after RAND, although both of these organizations tended to involve a more limited focus on traditional systems analysis as well as more direct affiliations with government and industry. Table 1.2 reflects my attempt to categorize some of the developments within the very broad conceptual framework of systems thinking. The general-systems, cybernetics, and system-dynamics groups tended to incorporate more critical and ethical dimensions in their work. Although some developments within the system tradition clearly lent themselves to projects in social engineering, a number of thinkers within these three groups sought to address critical questions about the processes involved in the design and planning of social institutions.

In the Epilogue, I offer my reflections on the significance of the general-systems approach in the context of contemporary developments in social thought and practice. The general-systems group made important contributions to contemporary understanding in a number of areas that have generally been unrecognized or misunderstood. Recent work in this tradition offers unique and important insights, particularly in the areas of organizational theory and practice. The tension between hard- and soft-systems approaches is clearly a central issue, closely related to my own motivating question as to whether the general-systems view tends to support hierarchical organization and social control or more participatory and inclusive forms of social organization. There has been substantial work addressing issues of conflict, power, and the role of the systems theorist within the systems community, and a 1995 conference of the United Kingdom Systems Society addressed the question of whether or not an “emancipatory” systems approach might be possible.

Members of the SGSR have been particularly concerned with understanding the reasons for the decline of interest in systems theory in recent years. Perhaps most significant is the influence of postmodernism with its distrust of universalizing frameworks and metanarratives. General systems theory might appear to be the ultimate metanarrative, yet many of the general-systems theorists bridged modern and postmodern frameworks, anticipating some of the recent development in social theory, particularly in their analysis of the social construction of knowledge. Central to this project were epistemological considerations growing out of cybernetic and neurophysiological insights into the self-reflexive nature of perception, the “second-order cybernetics,” which focused on the process of observation and the relationship between the observer and the observed.

Table 1.2. A Spectrum of Systems Approaches



	Problem Solving

	Modeling

	Synthesis/Integration

	Change in Consciousness




	Systems Engineering

	System Dynamics

	Cybernetics

	New Paradigm Thinkers




	Systems Analysis

	Systems Ecology

	General Systems Theory

	Deep Ecology




	RAND Corporation

	Dynamical Systems Chaos/Complexity

	

	





The concept of self-organization, which is fundamental to general-systems thought, emerged initially out of theoretical work in developmental biology and provides a biological framework for understanding social organization that might support participatory and inclusive forms of social organization, unlike the earlier organismic models that tended to promote social control. In contrast to the classical mechanistic view, which tends to reinforce a deterministic understanding of human behavior, many in the general-systems group emphasize the importance of creativity and spontaneity, encouraging individuals to take a more active part in the process of determining their own reality.34

Although he acknowledges the potentially destructive aspects of technology in homogenizing human culture and disrupting the international community of nations, Daniel Boorstin describes the United States in glowing terms as “the most technologically advanced great nation in the late twentieth century” and “a center from which radiate the forces that unify human experience.” Despite barriers, he argues that “the converging powers of technology will eventually triumph.” Such technocratic optimism is generally considered to be part and parcel of the systems view. West Churchman also describes the systems approach as essentially optimistic about the potential for coordinating complex human and technological systems, although his conception of the systems approach is grounded in ethical considerations and recognizes the systems analyst or observer as an integral part of the system.35

Christopher Lasch suggests that progressive optimism rests on “a denial of the natural limits on human power and freedom, and it cannot survive for very long in a world in which an awareness of those limits has become inescapable.” Related to this growing awareness is an understanding of the essentially political nature of the scientific and technological enterprise, as scientists are being forced into a greater awareness of their relations with the power system in society. In parallel with the technocratic vision, another more critical perspective emerged, highlighting the potential for technology to be used as an instrument for control and domination. Beginning with Max Weber and including such writers as Lewis Mumford, Jacques Ellul, and the critical theorists of the Frankfurt School, the inexorable advance of technology and the bureaucratic mentality is seen to be generating “a paralyzing web of instrumentality” and enslaving modern man. By emphasizing technology and embracing the “myth of the machine,” contemporary Western culture has neglected important aspects of human life.36

The instrumental mentality, often seen as the essence of modernity, is described by David Harvey as positivistic, technocratic, and rationalistic, embodying such values as “absolute truth, rational planning of ideal social orders, and standardization of knowledge and production.” The systems view tends to be seen as the apotheosis of modernity. On the other hand, the general-system group reflects facets of the postmodern perspective in its concern with pluralism and its appreciation for the social construction of knowledge. Furthermore, a number of contemporary systems theorists have drawn heavily from critical theorist Jurgen Habermas’s analysis of the instrumental rationality of the “systems world” and its subordination of the subjective experience of the “life world.”37

Postmodern perspectives emphasize the ultimate irreconcilability of heterogeneity and difference, and tend to see liberation only “outside of the system,” much as the generation of the 1960s thought that the only possibility for creative change was outside the system. In contrast, members of the general-systems community tend to see the interactions between diverse components of the social system as potentially coherent, without having to be constrained or controlled. And in fact, as many in the countercultural generation have discovered, there is ultimately no place that is truly outside of the system. This is most beautifully articulated in the work of the Vietnamese Buddhist monk Thich Nhat Hanh, who explains how, if one looks carefully at a piece of paper, one can see the sun and the water that nurtured the growth of the tree, as well as the logger who cut it down and all of the processes involved in the production and distribution of the paper. Echoing the perspective of deep ecology, he suggests that there is nothing that does not have a connection to that piece of paper. Similarly, despite our efforts to maintain the illusion of separate existence, there is ultimately nothing that is truly “outside” of the system.38

In his analysis of the postmodern spirit, Harvey suggests that the city, as the ultimate achievement of modernity, is “not falling victim to the totalitarianism of planners, bureaucrats, and corporate elites” (although these days they seem to be making some heroic efforts in that direction). It is rather, he argues, “much too complicated a place ever to be so disciplined.” On the other hand, it is in the cities that we are witnessing the ultimate breakdown of both the human community and the natural environment, a situation that systems theorists might describe as a bifurcation point, with the potential for either further disintegration or the emergence of a more equitable and sustainable form of social organization. This possibility for self-transcendence within the system is critical for an understanding of the potentially liberating aspects of systems theory.39

NOTES

1. From Arnold Thackray, “CASBS: Notes Toward a History,” CASBS Annual Report (1984), p. 63.

2. From Kenneth Boulding Collection in the University Archives at the University of Colorado in Boulder, hereafter referred to as KEB/CU, in a file entitled “Unpublished Verse.”

3. See Thackray, “CASBS: Notes Toward a History,” pp. 59–71, for a good summary of the Ford Foundation’s planning process for the center; also “Appendix: Historical Note on the Development of the Center” (in Kenneth E. Boulding Collection at the Bentley Historical Library at the University of Michigan in Ann Arbor, hereafter referred to as KEB/ MI, Box 5, Correspondence, Sept. 1954), pp. 2–4.

4. See Peter Taylor, “Technocratic Optimism, H. T. Odum, and the Partial Transformation of Ecological Metaphor After World War II,” Journal of the History of Biology 21:2 (summer 1988), for a comparison of the behavioral sciences with the Manhattan Project.

5. See Steve Heims, Constructing a Social Science for Postwar America: The Cybernetics Group, 1946–1953 (Cambridge, MA: MIT Press, 1991), for a discussion of the enlistment of social scientists in efforts to contain communism. As he notes, the link between government and intellectuals was much greater during this period than it is today.

6. I am indebted to James Miller for pointing out the political significance of the behavioral-science concept. See also Ralph Tyler, “Institutional Organization of the Behavioral Sciences,” in Bernard Berelson, ed., The Behavioral Sciences Today (New York: Basic Books, 1963), p. 12. Corporate contributions were directly primarily toward research related to personnel and consumer behavior.

7. James D. Thompson and Donald R. Van Houten, The Behavioral Sciences: An Interpretation (Reading, MA: Addison-Wesley, 1970), pp. viii, xi, 3–5.

8. Richard Jessor, “Behavioral Science: An Emerging Paradigm for Social Inquiry,” in Perspectives on Behavioral Science: The Colorado Lectures (Boulder, CO: Westview Press, 1991), p. 314.

9. See Tyler, “Institutional Organization,” pp. 18–20, 23.

10. Leonard D. White, The State of the Social Sciences (Chicago: University of Chicago Press, 1956), pp. 1–4.

11. See eight problem areas articulated by the Ford Foundation’s Behavioral Science Division in Thackray, “CASBS: Notes Toward a History.”

12. David Hollinger, “Academic Culture at Michigan, 1938–1988: The Apotheosis of Pluralism,” Rackham Reports (1989): 64. See also Dorothy Ross, The Origins of American Social Science (Cambridge: Cambridge University Press, 1991), pp. 457, 472–473, for a discussion of the quantitative orientation of the behavioral sciences. She discusses the extension and elevation of scientism in the work of Harold Lasswell, whom she describes as the father of the behavioral movement in political science in the 1950s.

13. While the story is often repeated that the idea for SGSR was hatched at CASBS, Boulding and Bertalanffy had already exchanged correspondence discussing the possibility of forming a society to study general systems theory prior to the opening of the center. They had also sent out letters soliciting interest in such a venture, receiving an enthusiastic response from Rapoport among others (see Chapter 9 for further discussion).

14. George Klir, “Preview: The Polyphonic GST,” in George Klir, ed., Trends in General Systems Theory (New York: Wiley, 1972), pp. 1, 16.

15. Robert Lilienfeld, The Rise of Systems Theory: An Ideological Analysis (New York: Wiley, 1978). See also Ida Hoos, Systems Analysis in Public Policy: A Critique (Berkeley: University of California Press, 1972); Donna Haraway, Simians, Cyborgs, and Women: The Reinvention of Nature (New York: Routledge, 1991), especially chapters 3 and 9; Taylor, “Technocratic Optimism”; Ross, American Social Science, p. 456; and Jean-François Lyotard, “From the Postmodern Condition: A Report on Knowledge,” in David Ingram and Julia Simon-Ingram, eds., Critical Theory: The Essential Readings (New York: Paragon, 1992).

16. See, for example, Gregory Bateson, Steps to an Ecology of Mind (New York: Ballantine Books, 1972); Fritjof Capra, The Turning Point (New York: Simon and Schuster, 1982); Lawrence Henderson, Paradigms in Process (Indianapolis: Knowledge Systems Inc., 1991); and Joanna Macy, Mutual Causality in Buddhism and General Systems Theory (Albany: State University of New York Press, 1991). On the Gaia hypothesis, see James Lovelock, Gaia: A New Look at Life on Earth (Oxford: Oxford University Press, 1982); and on deep ecology, Freya Mathews, The Ecological Self (Savage, MD: Barnes and Noble, 1991). See also Carolyn Merchant, Radical Ecology: The Search for a Livable World (New York: Routledge, 1992); and Carolyn Merchant, ed., Ecology: Key Concepts in Critical Theory (Atlantic Highlands, NJ: Humanities Press, 1994); and Edward Goldsmith, The Way: An Ecological World View (Boston: Shambhala, 1993).

17. See C. West Churchman, The Design of Inquiring Systems (1971), The Systems Approach (1979), and The Systems Approach and Its Enemies (1979). He was the primary author, with Russell Ackoff and Leonard Arnoff, of Introduction to Operations Research (1957), one of the first textbooks in the new field.

18. Lilienfeld, The Rise of Systems Theory; Michael Ghiselin, The Economy of Nature and the Evolution of Sex (Berkeley: University of California Press, 1974), pp. 9–12. The reemergence of systems concepts in biology can also be seen in a recent issue of Science (vol. 295, March 1, 2002), which featured a series of articles on systems biology.

19. Peter Galison, “The Ontology of the Enemy: Norbert Wiener and the Cybernetic Vision,” Critical Inquiry 21 (autumn 1994): 255; Jessica Riskin, “From Electricity to Economy: Enlightenment Debates in Natural and Political Philosophy” (unpublished paper addressing the Cartesian “spirit of systems”). George Richardson traces the notions of living machines and living automata to Leibniz’s “Monadology” (1714), in Feedback Thought in Social Science and Systems Theory (Philadelphia: University of Pennsylvania Press, 1991), p. 64.

20. See Alfred North Whitehead, Science and the Modern World (New York: Macmillan, 1925); and Jan Christiaan Smuts, Holism and Evolution (New York: MacMillan, 1926).

21. The field of dynamical systems theory, which is not addressed in this study, deals with complex mathematical systems and laid the groundwork for contemporary developments in chaos and complexity theories, which have recently begun to shape developments in technology and management, as well as in biology, ecology, and social theory.

22. See Richardson, Feedback Thought, p. 49; and Thompson and Van Houten, The Behavioral Sciences, p. 13.

23. Norbert Wiener, Cybernetics: Or Control and Communication in the Animal and the Machine (Cambridge, MA: MIT Press, 1948); also Human Use of Human Beings: Cybernetics and Society (New York: Avon Books, 1967/1950), p. 27; Nic J.T.A. Kramer and Jacob de Smit, Systems Thinking: Concepts and Notions (Leiden, Netherlands: Martinus Nijhoff, 1977), p. 4. Kramer and Smit suggest that Leo Szilard was in the forefront with his observations on the relationship of information to the concept of entropy, in “Über die Entropieverminderung in einem thermodynamischen System bei Eingriffen intelligenter Wesen,” Zeitschrift fur Physik 53 (1929). See J. Willard Gibbs, Elementary Principles in Statistical Mechanics, Developed with Especial Reference to the Rational Foundation of Thermodynamics (New York: C. Scribner’s Sons, 1902). See also Galison, “Ontology of the Enemy,” for a discussion of the impact of Wiener’s work on Jean-François Lyotard’s conception of language and communication in The Postmodern Condition, trans. Geoff Bennington and Brian Massumi (Minneapolis: University of Minnesota Press, 1984).

24. Bertalanffy was in Austria during the early development of cybernetics in the United States and was not part of that conversation, which may perhaps account for his insistence on the uniqueness of his own approach.

25. See Raul Espejo, “What Is Systemic Thinking?” System Dynamics Review 10:2–3 (summer/fall 1994): 199–212. George Klir, whose work in the systems field has tended more toward the “hard,” quantitative approach, has identified five epistemological categories of systems, in more technical terms: (1) the experimental frame, or source system; (2) the given activity of variables; (3) the behavior system; (4) the state transitory system; and (5) the structure system. From Applied General Systems Research: Recent Developments and Trends (New York: Plenum Press, 1978).

26. See Hoos, Systems Analysis, p. 22, for an example of a mathematical definition of a system; and Margaret Wheatley, Leadership and the New Science (San Francisco: Berrett-Koehler, 1992), for a discussion of the implications of quantum mechanics, chaos theory, and self-organization theory for management.

27. Arthur Koestler coined the term “holon” to describe the nested nature of systems, each holon containing within itself smaller holons while also being part of a larger holon (The Ghost in the Machine [New York: Macmillan, 1968]). In Systems Analysis, Hoos disapproves of the looseness of the word “system” and “the convergence of multiplicity of diverse disciplines and intellectual streams that have somehow been rendered congenial through semantic similitude.” Pointing out a variety of meanings for the term “system,” including concepts of interaction, interdependence, integral wholes, set of ideas, theory as opposed to practice, structure, and “the combination of a political machine with big financial or industrial interests for the purpose of corruptly influencing a government,” she argues that the “common emphasis on wholes serves to maintain a superficial but spurious impression of epistemological universality and consensus” (pp. 15–17, 27).

28. Kramer and Smit, Systems Thinking, p. v.

29. Ibid., pp. 1, 5–6; Peter Checkland, Systems Thinking, Systems Practice (New York: Wiley, 1981), pp. 6–7.

30. Miller is listed, along with Margaret Mead, as one of the founders of the society in General Systems, the yearbook of SGSR. Mead, however, was not involved in the initial efforts that led to the founding of the society, so her work is not discussed at length, although her involvement in the initial meetings of the society is addressed in Chapter 9. Her contributions to the emergence of cybernetics is discussed at length in Heims, Constructing a Social Science.

31. Gregg Mitman’s account of the Chicago School of Ecology in The State of Nature: Ecology, Community, and American Social Thought, 1900–1950 (The University of Chicago Press, 1992) includes an extensive discussion of Gerard’s work.

32. See C. P. Snow, The Two Cultures and the Scientific Revolution (New York: Cambridge University Press, 1959). Tables 1.1 and 1.2 were originally developed for a plenary address on the history of SGSR. See Debora Hammond, “Exploring the Genealogy of Systems Thinking,” Systems Research and Behavioral Science 19 (2002).

33. See Von Foerster, ed., Cybernetics of Cybernetics: The Control of Control and the Communication of Communication (Urbana: Biological Computer Laboratory, University of Illinois, 1974); Heims, Constructing a Social Science, p. 283; Jay Forrester, Urban Dynamics (Cambridge, MA: MIT Press, 1969) and World Dynamics (Cambridge, MA: MIT Press, 1971); Donella Meadows et al., The Limits to Growth (New York: University Books, 1972); and Peter Senge, The Fifth Discipline: The Art and Practice of the Learning Organization (New York: Doubleday, 1990).

34. Niklas Luhmann has incorporated the concept of autopoiesis (“self-making”), developed in the work of Humberto Maturana and Francisco Varela, in his conception of general systems theory. While further consideration of his work is beyond the scope of this project, it deserves further study, as do the ongoing debates between Luhmann and Jurgen Habermas on the relative merits of systems theory and critical theory. Significantly, many current members of SGSR/ISSS have drawn heavily from the work of Habermas (see Chapter 9).

35. Daniel Boorstin, The Republic of Technology: Reflections on Our Future Community (New York: Harper and Row, 1978), p. xv; C. West Churchman, The Systems Approach and Its Enemies (New York: Basic Books, 1979).

36. Christopher Lasch, The True and Only Heaven: Progress and Its Critics (New York: Norton, 1991), p. 530. Also Stuart S. Blume, Toward a Political Sociology of Science (New York: Free Press, 1974), pp. x, 1; and David Noble, America by Design: Science, Technology, and the Rise of Corporate Capitalism (New York: Alfred A. Knopf, 1977), pp. xx–xxii. The Frankfurt School included, most notably, Theodor Adorno, Max Horkheimer, and Herbert Marcuse. See Martin Jay, The Dialectical Imagination: A History of the Frankfurt School and the Institute of Social Research, 1923–1950 (Boston: Little, Brown, 1973).

37. David Harvey, The Condition of Postmodernity (Cambridge, MA: Blackwell, 1989), p. 9. Harvey is drawing on a discussion from PRECIS 6 (1987): 7–24. See Jurgen Habermas, The Philosophical Discourse of Modernity (Cambridge, MA: MIT Press, 1992).

38. Thich Nhat Hanh, Being Peace (Berkeley, CA: Parallax Press, 1987), pp. 45–47. Joanna Macy draws on Buddhist insights in her discussion of the concept of mutual causality causality in connection with both general systems theory and the Buddhist notion of “dependent co-arising” (Mutual Causality in Buddhism and General Systems Theory [Albany: State University of New York Press, 1991]).

39. Harvey The Condition of Postmodernity, p. 5, in reference to Jonathan Raban’s argument in Soft City (London: Hamilton, 1974).


PART I

The Sources of Systems Thinking


TWO

The Science of Life:
Organization in Living Systems

Are there not general principles of stabilization? May not the devises developed in the animal organism for preserving steady states illustrate methods which are used, or which could be used, elsewhere? Might it not be useful to examine other forms of organization—industrial, domestic or social—in the light of the organization of the body?

—Walter Cannon, The Wisdom of the Body1

My own introduction to the field of systems thinking came about in connection with my search for a “new paradigm”—an alternative to the mechanistic world view that Fritjof Capra had identified as the source of many of our contemporary problems. At first I had expected to focus on twentieth-century developments in physics, such as relativity theory and quantum mechanics, and their theoretical implications in relation to my own quest for a better world. Margaret Wheatley has actually followed a similar path in her discussion of the implications of quantum mechanics, chaos theory, and concepts of self-organization for the way in which we organize and manage our social institutions. In Leadership and the New Science, she suggests that the Newtonian framework for understanding our world has resulted in a focus on control. On the other hand, the flowering of modern science catalyzed by Newton’s work is often associated with the emergence of democratic social movements in the eighteenth century. From this perspective, the “mechanistic paradigm” carries a progressive impulse. Then again, both Carolyn Merchant, in The Death of Nature, and David Kubrin, in “How Sir Isaac Newton Helped Restore Law ‘n’ Order to the West,” have pointed out how the triumph of the mechanistic world view resulted in a more exploitative attitude toward nature (and women) and the suppression of the more radical egalitarian social movements of that period.2

The variety of perspectives on the relationship between theoretical frameworks in science and their social and political implications fascinated me, and in exploring the meaning and significance of mechanism and its alternatives, I ultimately focused on the field of biology. Significantly, the founders of SGSR were also drawn to the systems perspective through their interest in biology and the organizational processes in living systems. Although developments in engineering and management fields are highlighted in the technocratic approach to systems, the emergence of organismic conceptions in biology, psychology, and sociology during the early twentieth century was more important for the evolution of general-systems thought. Of course, biological concepts were interpreted in varying ways within different currents of systems thought, and were often appropriated to reinforce and legitimize managerial applications of systems concepts. Ludwig von Bertalanffy was one of the most influential organismic biologists during the early twentieth century, and his impassioned critique of mechanistic views was linked to his rejection of the “machine view of man” that he saw as inherent in industrial society. On the other hand, Ralph Gerard’s organismic conception of society was rooted in a different tradition and was perhaps more closely aligned with the emerging technocratic order.3

The two main issues confronting theoretical biologists at the turn of the century were (1) the nature of life and the relationship between biological/psychological and physical/chemical phenomena, and (2) the processes of evolution and development. Questions about the nature of life informed the debates between mechanistic and vitalist orientations that focused on the source of organization in living systems and the nature of consciousness. Organismic biology emerged as an attempt to overcome the dichotomy between these two views and to redefine the relationship between the physical and biological sciences, establishing biology as an autonomous science. In contrast to the primarily reductionist orientation of mechanistic models, which sought to explain biological phenomena primarily in terms of physical and chemical reactions at the molecular level, organismic approaches sought to understand living organisms in holistic, dynamic, and interactive terms.

Organismic perspectives emphasize organizing relations and highlight the concept of emergence, the idea that phenomena arising out of the interaction of component parts of a system are more complex than the parts themselves and cannot be explained on the basis of the parts alone. In her discussion of organicism as a new paradigm, Donna Haraway points out the importance of metaphor in the elaboration of new models in science. The metaphor of the organism, central to this new paradigm, highlights the importance of structural coordination as well as the relative autonomy of biology in relation to physics. Ernst Mayr made a similar argument for the autonomy of biology, suggesting that the distinction between the organic and the inorganic is not a question of substance but of organization.4

On the other hand, like the systems models that emerged out of organismic biology, organicism was also rooted in analogies between living and nonliving systems. Paul Weiss, whose work shaped the development of Bertalanffy’s thought, applied systems concepts from engineering to problems in embryology. Although critical of organismic models, Michael Ghiselin suggests that analogies between different fields can serve a useful and legitimate function in the evolution of science. He cites Darwin’s work as an example of the transfer of ideas and ways of thinking from one field to another, in applying concepts from geology and economics to an understanding of biological evolution, and suggests that there may be “far greater unity among natural phenomena.” The nature of this unity forms one of the central dilemmas in debates between holistic and reductionist orientations and is a central preoccupation in the evolution of systems theories. Significantly in relation to later critiques, Haraway describes reductionism as an approach based on the assumption of a unified nature, while she suggests that organicists tended to see the world in more pluralistic terms.5

A key feature of most organismic models is a rejection of the atomism and reductionism of physics and chemistry. Unlike the vitalists of the late nineteenth and early twentieth centuries, who appealed to immaterial or supernatural forces in their rejection of the mechanistic model, the organicists of the 1920s and 1930s hoped to develop empirically grounded laws to describe the behavior of organisms, shifting the terms of the debate from metaphysical to epistemological grounds. These laws, regarding patterns of integration and organization, would be unique to biology. Two of the earliest organicists, writing in the 1910s, were J. S. Haldane, who was the first to call himself an organicist, and E. S. Russell. Both of them thought that neither vitalism nor mechanism were sufficient to address the problems confronting biology, and believed that the fundamental unit of biology was the whole individual organism. According to Russell, the organismic conception “allows us to look on the living thing as a functional unity . . . and to realize how all its activities . . . subserve in cooperation with one another the primary end of development, maintenance, and reproduction.”6

In connection with ensuing efforts to explain the functional unity of living systems in scientific terms, biological research in this tradition focused on the nature and genesis of organic form, in connection with contemporary developments in evolution and embryology. Similarly, gestalt psychology emphasized the perception of form as a holistic and evolutionary process. The most significant contributions to the emergence of systems thought from the organismic tradition were its emphasis on (1) the source of organization in complex systems, (2) the role of information in the maintenance of that organization, and (3) the importance of considering any system in relation to its environment.7

Haraway identifies three major lineages of organismic thought in the early twentieth century that are relevant to the emergence of systems ideas. The German-speaking group includes the founder of gestalt psychology, Wolfgang Köhler, engineer/biologist Paul Weiss, and Bertalanffy. From England, she identifies two subgroups: the early organicist biologists Haldane and Russell and psychologist C. Lloyd Morgan; and a later group including Joseph Woodger, Joseph Needham, and Conrad Waddington, who were all concerned with problems in embryology and formed part of the Theoretical Biology Group in England, along with Dorothy Wrinch and J. D. Bernal. The third major lineage grew out of the work of the late-nineteenth-century French physiologist Claude Bernard and includes American biologists Walter Cannon and Lawrence Henderson, along with the English neurologist Charles Sherrington. The influence of this last group was most significant in connection with the work of Gerard and James Grier Miller.8

Organismic biology was also shaped by a number of parallel developments in other fields. From philosophy, the holistic approaches of Alfred North Whitehead and Jan Christiaan Smuts were particularly important. Miller studied with Whitehead at Harvard, and traces his interest in the integration of biological and social theory to Whitehead’s encouragement. Mathematical developments also had a profound impact on the evolution of organismic models, most significantly in the work of Alfred Lotka and Vito Volterra on population dynamics and in D’Arcy Thompson’s classical work On Growth and Form, which elaborated the mathematical foundations of the science of form. Kenneth Boulding considered Thompson’s work central to the evolution of his own thinking, along with that of Lotka, whom he referred to as the “John the Baptist of General Systems.” Lotka is also credited with the introduction of the open-system concept, which was further developed in Bertalanffy’s work.9

Gerard’s organismic conception of society was profoundly shaped by Herbert Spencer’s early work in sociology, reflecting the ongoing relationship between biological models and social thought. Another important development in connection with the rise of both organismic and molecular biology had to do with the role of information in overcoming the entropic tendencies of matter and allowing for the evolution of complex living systems, which ultimately provided a critical breakthrough in research on the mechanisms of genetic transmission. A consideration of the issues central to debates between vitalists and mechanists in the early 1900s will provide some context for this broad range of developments in biology during the first half of the twentieth century.

VITALISM AND MECHANISM

Central to the debate between vitalism and mechanism is the nature and source of organization in living systems. In general, vitalists argue that physical and chemical laws are not adequate to explain the complex organization and seemingly purposive phenomenon of life, and that some kind of organizing intelligence is necessary to explain the ever-increasing complexity of living forms. Aristotle’s notion of final cause (i.e., the purpose for which something is created) is fundamentally a vitalist notion, implying intelligence or purposiveness in the evolution of life. This is reflected in the Aristotelian concept of entelechy, defined as the form-giving agency or force that regulates and directs the development and functioning of organisms. The term “entelechy” was adopted by the German biologist Hans Driesch, the foremost spokesman for the vitalist position at the turn of the century, whose work provided inspiration for Bertalanffy’s conception of organismic biology. Driesch describes entelechy as an immaterial organizing principle that is responsible for the organization and regulation of inorganic matter in the phenomenon of life.10

Another important dimension of the debate echoes the perennial dilemma between free will and determinism, mechanists tending toward a more deterministic orientation and vitalists arguing for the increasing autonomy of organisms at progressively higher levels of organization. Although mechanists might be able to explain the details of life in materialistic terms, Driesch argued that mechanism was incapable of explaining their relationship to the functioning of the whole organism. For him, the autonomy and wholeness of the organism were fundamental and closely interrelated. In contrast with the mechanistic view, which might be seen as focusing on externally imposed laws of nature, Driesch’s concept of entelechy posited an intrinsic and autonomous organizing principle. In rejecting mechanistic analogies between the apparent purposiveness of machines and the similarly illusionary purposiveness of human existence, Driesch argued that the former are determined by a static structure, and that the teleology (or purposiveness) of living organisms is dynamic, enabling them to respond to changes in their environment.11

Driesch’s position grew out of his work on developing sea urchin embryos. According to the prevailing mechanistic theory of development, if he cut the embryo in half in its early stages, each half should develop into half of a sea urchin. What emerged instead were two whole though somewhat smaller sea urchins. From this experiment, he derived the concepts of equipotentiality and equifinality that were central to the development of Bertalanffy’s conception of organismic biology. Equipotentiality referred to the ability of evolving cells to differentiate themselves in response to the pattern of the whole organism. In other words, cells were differentiated in accordance with their position in the developing organism, not according to some predetermined program within each individual cell. Equifinality referred to the ability of the embryo to reach its final state from many different starting points and through different developmental pathways. Rather than being rigidly determined, developmental processes in the embryo were able to adapt to changing conditions, maintaining the integrity of the developing organism.12

Jacques Loeb, a contemporary of Driesch, provides a noteworthy example of the mechanistic perspective as it was articulated in early-twentieth-century biology. Reflecting the materialistic reductionism common among biologists during that period, he argued that consciousness and life were merely “epiphenomena” of physical and chemical interactions. In what Philip Pauly describes as his “engineering approach” to biology, Loeb sought to control the behavior of living organisms. He was a pioneer in the objective analysis of behavior, and a precursor and major mentor of the behaviorist psychologist John Watson. He emphasized quantitative analysis, sought to ground ethics in biology, and believed in the power and privilege of science to master the natural world, as reflected in the following passage from The Dynamics of Living Matter (1906):

In these lectures we shall consider living organisms as chemical machines . . . , which possess the peculiarities of automatically developing, preserving, and reproducing themselves. The fact that the machines which can be created by man do not possess [these] powers constitutes for the present a fundamental difference between living machines and artificial machines. We must, however, admit that nothing contradicts the possibility that the artificial production of living matter may one day be accomplished. It is the purpose of these lectures to state to what extent we are able to control the phenomena of development, self-preservation, and reproduction.13

Loeb’s “mechanistic conception” is epitomized in his efforts, also using sea urchins, to stimulate the development of the embryo without the intervention of sperm, anticipating recent efforts at cloning a variety of organisms—plants, animals, and possibly (horrifyingly) even humans.14

In connection with later critiques of systems theory, it is important to recognize the roots of such manipulative approaches to humans and nature in the mechanistic tradition, and the central place of antimechanistic conceptions in the formation of Bertalanffy’s general-systems view. In contrast to critiques claiming that holistic thinking lends itself to social control, Lily Kay has argued that the potential for social control in the reductionism of molecular biology made it most attractive to the Rockefeller Foundation.15

At stake in the vitalist-mechanist debates was the nature of matter and its relationship to life. The dichotomy between these two positions emerges out of the Cartesian separation between mind and matter. This can be traced back even further to the Aristotelian concept of matter as passive, inert, and radically discontinuous from the forces that act on matter and give it form. The seventeenth-century mechanistic models of Descartes and Newton maintained this dualistic orientation, including a transcendent principle to organize and maintain the machine. Although this mechanic was banished in the eighteenth century, Haraway suggests that mechanists were never able to completely rid themselves of the “ghost in the machine,” and that “the splits of mind and body, structure and function, efficient and final cause were never sutured during the reign of corpuscular philosophy,” as Newton’s model was commonly known. Vitalism, she argues, was not opposed to the machine theory itself, but rather to the materialism inherent in most mechanistic models. Since the idea of self-regulation had not yet emerged as part of the mechanistic paradigm, Driesch chose to resurrect the mechanic rather than to abandon the machine paradigm.16

In contrast, most contemporary mechanists have adopted a notion of matter as dynamic and self-moving, in which the principle of organization is inherent. Steven Pepper describes the difference between these two positions as a transition from “discrete” to “consolidated” conceptions of mechanism. The first is based on the metaphor of the machine, with matter as entirely passive, while the second is rooted in relativistic conceptions of space-time and the equivalence of matter and energy. Leo Szilard’s 1929 paper distinguishing information from matter/energy further transformed mechanistic models, providing a materialistic basis for explaining the evolution of organic form, as well as an important key to unraveling the structure of DNA, the “master molecule” of life. Concepts of feedback and homeostasis, emerging out of Claude Bernard’s work, provided additional support for explaining life in material terms. As Haraway points out, nineteenth-century mechanists compared organisms with actual machines, while “neomechanists” of the mid-twentieth century, concerned with the molecular basis of genetics, describe the organism/machine relationship in terms of codes, language, and computers. The “machine metaphor” shaping our understanding of biological organisms has thus evolved to reflect the increasing complexity of our technology.17

THE EMERGENCE OF ORGANICISM

In “The Endurance of the Mechanism-Vitalism Controversy,” Hilde Hein argues for the continuity of issues central to the debate. In her view, the antimechanistic impulse of vitalism is further elaborated in twentieth-century organicism, with its emphasis on holism and emergence in contrast to the reductionist and mechanistic perspectives prevalent in the parallel development of molecular biology. Pnina Abir Am offers an alternative perspective on the relationship between the two fields, identifying the roots of molecular biology in the organicism of the British Theoretical Biology Group (TBG). For her, the metaphor of the organism/system provides a basis for a nonreductionist unity between physics and biology. These varying interpretations can be seen as a reflection of the slightly different orientation of the three lineages identified by Haraway; Bertalanffy clearly positions himself in opposition to the mechanistic view, while the orientations of the TBG and the Claude Bernard School are somewhat more ambiguous.18

Haraway describes organicism as an entirely new paradigm, distinct from both vitalism and mechanism. She draws on the work of Philip Ritterbush, who sees romanticism as the starting point for modern biology, citing Samuel Taylor Coleridge’s early-nineteenth-century differentiation between organic and mechanical forms in terms that are echoed by organicists a century later. Coleridge emphasizes the priority of the whole over the differentiation into parts, the importance of the process of growth and development in the manifestation of form, and the centrality of internal processes in the determination of the organism. The relationship between form and process was further elaborated by Whitehead, who suggested that the concepts of organization, wholeness, and internal relations provided a foundation for a new unified science, once the certainties of deterministic physics had been shattered by developments in relativity and quantum theory.19

Haraway describes the similarity between biological organicism and the emerging concept of structuralism in the social sciences, in their respective concern with organizing relationships. Biological concepts of structure, growing out of insights from crystallography into the nature of molecular structure, were central to the emergence of a nonvitalist organicism. Jean Piaget defines structure as “a system of transformations” and has identified similarities between structuralist approaches in different disciplines. Like organicism, the notion of structure is based on the concepts of wholeness, transformation, and self-regulation. Issues of form in structuralism are dealt with not in terms of a static anatomy, but in terms of systematic and dynamic transformations that conserve the totality.20

Bertalanffy’s original work in theoretical biology drew heavily on Driesch’s work in developmental biology. The challenge of explaining the process of differentiation in embryonic development lies at the heart of organismic conceptions in biology. Two other major influences in the evolution of Bertalanffy’s work were gestalt psychology and mathematical biology. In their discussion of systems thinking, Nic Kramer and Jacob de Smit credit Wolfgang Köhler with the first impulse toward general systems theory, in his attempts to explain human behavior using holistic rather than mechanistic principles. What was important for him was the overall configuration of a complex whole rather than the structure of its parts. In his 1924 book on physical Gestalten, Köhler sought analogies between organic and inorganic systems that could explain the unique qualities of organic systems. The idea of the open system, introduced initially by Alfred Lotka in his 1925 work on population dynamics, provided an important key to resolving this dilemma. Bertalanffy’s development of the open-system concept, which will be discussed at greater length in Chapter 6, marks his major contribution to the emergence of general systems theory.21

There are important parallels with Bertalanffy’s work in the TBG of Cambridge, England, which included as core members J. D. Bernal, Joseph Needham, Conrad Waddington, Joseph Woodger, and Dorothy Wrinch. Woodger translated Bertalanffy’s first major book on development into English, and encouraged the other members of the group to read it. Waddington was one of the members, as was Bertalanffy, of the Alpbach Group, which met in 1968 to address similar issues in theoretical biology. Waddington and Weiss were both interested in the relevance of field concepts, which had already been successfully appropriated from physics in gestalt psychology, to problems in embryology. This line of inquiry built on the earlier work of D’Arcy Thompson on the mathematics of form, drawing Waddington into the field of topology (through the work of René Thom), which was also influential in the work of the general-systems group.22

The primary aim of the TBG was to incorporate the power of logic and mathematical explanation into biological thought without adopting the traditional mechanistic framework, focusing instead on hierarchical organization, form, and development as the central concerns of a new theoretical approach to biology. Like the general-systems group, the TBG and the Alpbach Group were seeking a common metaphor that could be applied to different areas of science. In addition to Thompson’s influence, Whitehead’s organic philosophy of science was important in the development of the TBG’s transdisciplinary research program. They sought a new rationale for scientific unity in a theoretical and experimental synthesis that would cut across the fields of biology, chemistry, physics, mathematics, and philosophy, focusing primarily on problems of segregation and differentiation in embryology. The group christened this new program “mathematico-physico-chemical morphology.”23

The TBG sought a basis for scientific unity in problems of organization, grounded in their recognition of the isomorphism, or similarity in form, of structures and processes in physical and biological systems. Abir Am suggests that this conception of isomorphism reflected a pluralistic conception of lawfulness and an insistence upon the epistemological parity between physics and biology, unlike those who see in such concepts another form of reductionism. Echoing the aims of the general-systems community to foster interdisciplinary research, the TBG sought to overcome disciplinary monopolies of scientific authority. Although the Rockefeller Foundation was very interested in supporting such projects in disciplinary synthesis, the reigning powers at Cambridge University were less receptive to such goals, and a check from the foundation that had been sent to support the group’s research was returned.24

Abir Am’s characterization of the sociopolitical context of the TBG is particularly interesting in light of contemporary perspectives on the systems movement. She describes the TBG as socially active, “striving for change in both science and society in the name of avant garde ideals.” For the TBG, as for many early-twentieth-century visionaries of progress, including H. G. Wells, biology was seen as the science of the future. Beyond the deterministic models of Newtonian physics, the field of biology was thought to provide unique opportunities for liberation. The TBG’s research program was based on a cooperative model of scientific authority, decentralized and participatory rather than hierarchical and centralized. In her description of the interdependence of the cognitive, social, and political components of this group’s work, Abir Am portrays their search for scientific unity in pluralistic and participatory terms that echo the goals of the general-systems community, as a “search for transdisciplinary liberation from the oppressive power and paradoxes grounded in the disciplinary monopolies and tight social control constituting the classical scientific order.”25

The epistemological parity of the physical and biological sciences was grounded in the concept of emergence, which is a central feature in organismic models. In what has become a defining characteristic of systems thinking, emergence implies that the whole cannot be reduced to the sum of its parts or, in other words, that a reductionist approach to understanding the world cannot contain the whole story. In Emergent Evolution (1992), David Blitz identifies the key components of the idea of emergence. He describes evolution as a universal process of change, which is capable of producing qualitative novelties (i.e., the emergence in a system of a property not possessed by any of its parts). In addition, reality is seen to be analyzable into levels, each consisting of systems characterized by significant emergent properties, further reinforcing the epistemological independence of different disciplines. In his articulation of an evolutionary holism, Smuts echoes the gestalt psychologists, arguing that the motive force of evolution is the formation of “wholes,” which is an inherently creative process, not a mere unfolding of immanent potentialities.26

Blitz points out that Darwin saw evolution as continuous and quantitative, supporting the position taken by Ernst Haeckel (“panpsychism”) that even inanimate objects possess some level of psychic or mental capacity. Alfred Wallace, on the other hand, who formulated a theory of natural selection independently of Darwin, believed that qualitative novelties could arise through the process of evolution, in particular the phenomena of life and mind. Like the vitalists, however, Wallace attributed these novelties to a supernatural agency. The concept of emergent evolution, as articulated by C. Lloyd Morgan, a comparative psychologist,attempted to combine the recognition of qualitative novelty with a naturalistic evolutionary process. Morgan placed emergence at the heart of a philosophy of evolution and on that basis developed a theory of physical, biological, and psychological levels of reality.27

Among the TBG, Needham, in particular, was interested in the idea of levels of organization, which he saw as an evolutionary succession of types of organization from atoms to world commonwealths. The concept of hierarchical levels of organization, central to notions of emergence and preserved in the concept of integrative levels in biology, is also a key feature in the systems view, and has been the focus of much criticism, due primarily to the confusion over different meanings of hierarchy. The influence of Spencer’s understanding of evolution as a progression from the inorganic to the organic to the superorganic, in seemingly justifying the subordination of the individual to the social order, also underlies concerns with holistic and organismic models in the social sciences. In contrast, William Morton Wheeler, another early theorist of emergence, posited an innate tendency toward cooperation among humans and other organisms, reflecting Spencer’s view.28

This concern with levels of organization was rooted in a holistic conception of the natural world and a belief that biological structures could not be understood in isolation, but instead had to be considered in relation to their environmental context. Just as tissues and organs can only be understood in relation to the organism as a whole, so the organism itself must be considered within the larger ecological and social contexts. Higher levels of organization thus become autonomous units, rather than simply aggregations whose identity is wholly determined by their constituent parts. For the neuroscientist Roger Sperry, this holistic view implies a kind of “downward” causation, in contrast to the reductionism and materialism that he identified (and disliked) in such developments as communism in politics and behaviorism in psychology. His description of the “directive holistic form of control,” which he thought characterized organismic models, clearly reinforces the critiques. Not all organismic thinkers interpreted holism in terms of downward causation, however. Instead, the relationship was often understood in terms of mutual causality. Nevertheless, an orientation toward top-down control can be seen in the school of thought growing out of Claude Bernard’s work in physiology. His most influential students, Walter Cannon and Lawrence Henderson, had a tremendous impact on the evolution of organismic and systems models.29

THE CLAUDE BERNARD SCHOOL OF PHYSIOLOGY

Claude Bernard was a mid-nineteenth-century French physiologist who was particularly interested in the organism’s ability to maintain a stable internal environment (milieu interne) in the midst of a constantly changing external environment. In addition to articulating an experimental approach in biology, he is acknowledged for his work in such areas as digestion, the role of the pancreas and other glands, the regulatory function of the blood in maintaining temperature, and the relationship between the motor and sensory components of the sympathetic nervous system. In line with organismic biologists of the early twentieth century, he believed that vital phenomena were conditioned but not completely determined by physical and chemical factors. He was antireductionist, insisting on the unity of organic processes and the importance of viewing the organism as a harmonious whole. However, unlike his later followers, he did not extend his models to social contexts. And unlike most systems theorists, he did not believe that organic processes could be expressed mathematically, due to the immense complexity and variability of living organisms.30

In addition to Haldane, early-twentieth-century biologists associated with Bernard include the English neurologist Charles Sherrington and the Americans Lawrence Henderson, a biochemist, and Walter Cannon, a physiologist, both of whom were at Harvard in the early twentieth century, shaping the evolution of Miller’s conception of living systems. All of them were concerned with the functional integration of the various organs and systems in living organisms, especially in the organization and integrative function of the nervous system and its relationship with the endocrine system. Sherrington published The Integrative Action of the Nervous System in 1906. Henderson focused on blood chemistry, specifically in terms of the maintenance of the acid/base equilibrium. Growing out of his World War I studies of shock, Cannon became interested in the regulative mechanisms responsible for maintaining homeostasis in the organism. Both Henderson’s The Fitness of the Environment (1913) and Cannon’s The Wisdom of the Body (1932) were extremely influential in the elaboration of systems concepts in mid-century America.31

Like the British organicists, Henderson and Cannon were trying to overcome what they saw as the limitations of the reductionist approach in biology, emphasizing the integration and coordination of equilibrium processes in the organism. They promoted an interactive view of natural phenomena, in which the attributes of any part in isolation are not the same as when they are interacting with others in a whole. In addition, their work contributed substantially to an understanding of the organism’s capacity for internal self-regulation. Historian of biology Garland Allen notes that the general climate of the 1920s fostered integrative approaches in science and refers to their approach as a form of “holistic materialism,” which he describes as a middle ground between mechanistic materialism and “all-out idealism.” In the latter category he includes vitalism, organicism, and emergence, along with the work of Bertalanffy, reflecting a stronger affinity between the Henderson and Cannon school of organismic biology and traditional mechanistic approaches.32

In contrast to the decentralized and pluralistic orientation of the TBG, both Cannon and Henderson contributed to the ideal of centralized social control as an analogy to what they saw as the highly centralized regulatory processes in living organisms. Robert Lilienfeld suggests that Henderson foreshadowed systems theory in his “early and influential use of the term system,” which he derived from the physicist J. Willard Gibbs, as well as in his scientism, his passion for quantification, and his “enthusiastic and somewhat simplistic belief that systems models can adequately encompass the totality of a society.” Drawing from Vilfredo Pareto’s work in sociology, Henderson’s systems model of social processes emphasized equilibrium processes and was very influential in the work of Talcott Parsons, Robert Merton, and other sociologists of the period.33

Cannon’s ideas were enormously influential in the development of ideas about feedback in cybernetics as well as in Parson’s social-systems theory. One of Cannon’s most influential students (and later colleague) was Arturo Rosenbleuth, who coauthored the 1943 paper “Behavior, Purpose, and Teleology” with Norbert Wiener and Julian Bigelow that triggered the development of cybernetics. Cannon’s concept of homeostasis became a general principle to describe the establishment, regulation, and control of steady states for social and industrial organization. In the epilogue to The Wisdom of the Body, he drew a number of comparisons between organic and social processes, one example being his discussion of the transportation system in society as analogous to the fluid matrix in the body, with the corresponding task of insuring the flow of necessities to all members of the social organism. Cannon’s work parallels the rise of Keynesian economics in its emphasis on planning and regulation over laissez-faire individualism. Just as individual cells resign the problems of regulation to the central nervous system, so the independence of individual members of society is sacrificed in favor of social control and organization.34

This emphasis on social control, and the corresponding devaluation of the individual, is the focus of most critiques of systems approaches. Acknowledging an ideological commitment to competitive individualism, Michael Ghiselin reflects a common view among contemporary biologists in preferring the model of the free-enterprise economy (i.e., competitive survival) for analogical comparisons. He sees the holistic orientation of what he calls the “Harvard crypto-vitalists” (including Whitehead, Henderson, Cannon, and Wheeler) as teleological and anti-Darwinian. The problem with extending the idea of homeostasis to society and viewing it as a kind of superorganism is that it depends on the perception of a unity and cohesion among the parts that, he argues, does not exist. From his perspective, Darwin’s theory of natural selection precludes any notion of design and undermines the idea that individuals in society exist for the sake of some larger being. Rather than being integrated in the same manner as organs in organisms, individuals in society are, in his view, continually at war with one another.35

In contrast to Ghiselin’s view, organismic approaches emphasized the importance of cooperation and symbiotic relationships in both ecological and social contexts. Building on the organismic principle of hierarchical order, functionalist models in social theory could be appropriated to reinforce ideologies of social control. On the other hand, the emphasis on organizational processes, which characterized the organismic tradition, inspired some social theorists to explore the role of information and communication in preserving the responsiveness of the system as a whole to its individual members.36

The importance of information can be seen in the emergence and development of the field of genetics, sometimes described as the first uniquely and archetypally American science, and the consequent unraveling of DNA, the “master molecule.” Whether or not it marked the triumph of the synthetic program promoted by the Cambridge organicists, as Abir Am suggests, molecular biology highlighted the importance of codes. The problem of information transfer, central to an understanding of genetic processes, challenged physicists of the period, who had never encountered such problems in the inorganic world. Erwin Schrödinger’s famous essay, What Is Life?, suggested that the code-script contained in the chromosomes could account for the ability of living organisms to overcome the inevitable tendency toward increasing entropy legislated by the second law of thermodynamics.37

As the field of molecular biology evolved, Haraway suggests that the concept of the gene became less atomistic, “metamorphosing into a system with structural laws,” paralleling the emergence of organicist and structural concepts in developmental biology. Further, as Garland Allen points out in his history of twentieth-century biology, the physicists, including Niels Bohr, Max Delbruck, and Schroedinger, who were interested in applying insights from physics in examining questions relating to information in biological systems (the “informationists”), shared the antimechanistic and antireductionist orientation of the organismic tradition.38

In his elaboration of the feedback concept, Cannon provided an important contribution to this growing preoccupation with information and communication systems, marking a major turning point in the transition from organismic to systems models that came about in the 1940s and 1950s. This transition from the metaphor of the organism to that of the system is reflected in the emergence of cybernetics and information theory and the corresponding shift in emphasis from such concepts as integration and homeostasis to a focus on feedback, information, and communication. It was also profoundly influenced by parallel developments in the fields of engineering and management, providing grounds for continuing dialogue between two ostensibly unrelated fields. This dialogue is at the heart of the evolution of systems thought, and the implications drawn from the interaction between technological and biological developments in theories of information and feedback have significant consequences for the further evolution of both ecological and social theory.39
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