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1

Margaret Mead sat in the front row, waiting for the group photo 
to be taken. The most famous woman scientist of her time, an an-

thropologist whose books on adolescents in the Pacific Islands spoke to 
child-raising anxieties in modern America, Mead had attended all of the 
conferences on humans and machines. Sponsored by the Josiah Macy, Jr., 
Foundation and held from 1946 to 1953, the postwar meetings aimed to 
break down disciplinary barriers in the sciences. Mathematicians, engineers, 
biologists, social scientists, and humanists debated how the wartime theo-
ries of communications and control engineering applied to both humans 
and machines. They discussed, for example, if the new digital computers, 
which the media had dubbed “electronic brains,” could explain how the 
human brain worked. After one of the group’s founding members, Norbert 
Wiener, a mathematician at the Massachusetts Institute of Technology, pub-
lished the surprisingly popular book Cybernetics in 1948, the group ad-
opted the term cybernetics as the title of its conference series. 
 The proceedings of the Macy conferences, which Mead coedited, helped 
to establish the scientific fields of cybernetics and information theory in 
the United States. During contentious meetings filled with brilliant argu-
ments, rambling digressions, and disciplinary posturing, the cybernetics 
group shaped a language of feedback, control, and information that trans-
formed the idiom of the biological and social sciences, sparked the invention 
of information technologies, and set the intellectual foundation for what 
came to be called the information age. The premise of cybernetics was a pow-
erful analogy: that the principles of information-feedback machines, which 
explained how a thermostat controlled a household furnace, for example, 
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could also explain how all living things—from the level of the cell to that of 
society—behaved as they interacted with their environment.
 The participants waiting with Mead for the group photo to be taken 
form a who’s who in cybernetics and information theory at the time (fig. 1). 
Sitting next to Mead, on her left, is Warren McCulloch, the “chronic chair-
man” and founder of the cybernetics conferences. An eccentric physiologist, 
McCulloch had coauthored a foundational article of cybernetics on the 
brain’s neural network. To his left sits W. Grey Walter, the British physiolo-
gist who built robotic “tortoises.” Directly behind Mead, in the last row, 
stands the tall figure of anthropologist Gregory Bateson, Mead’s former hus-
band, who collaborated with her on fieldwork in New Guinea and Indo-
nesia. Now divorced, they had organized the social science contingent of the 
cybernetic conferences from the beginning.
 The group’s physicists, engineers, and mathematicians stand together in 
the back row. At the end of the row, on the right, is Heinz von Foerster, an 

Figure 1. Meeting of the last Macy Foundation Conference on Cybernetics, 
Princeton, New Jersey, 1953. The interdisciplinary Macy conferences, held 
from 1946 to 1953, developed and spread the new science in the United States. 
Leading lights included anthropologist Margaret Mead and neuroscientist 
Warren McCulloch (sitting in the front row) and anthropologist Gregory 
Bateson, mathematician Claude Shannon, and physicist Heinz von Foerster 
(standing in the back row). From HVFCyb, 10:6. Courtesy of the American 
Philosophical Society.
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émigré physicist from Austria who founded the Biological Computer Labo-
ratory at the University of Illinois and coedited with Mead the conference 
proceedings. To his right are mathematician and polymath Walter Pitts, who 
coauthored the paper on neural nets with McCulloch, worked with Wiener, 
and was now at McCulloch’s lab at MIT; Claude Shannon, the mathemati-
cian at AT&T’s Bell Laboratories who founded the American school of in-
formation theory; and Julian Bigelow, the chief engineer on mathematician 
John von Neumann’s project to build a digital computer at Princeton Uni-
versity. He was also the engineer on Wiener’s wartime project that started the 
cybernetics venture.
 Some prominent figures were absent when the photo was taken at the 
last Macy conference on cybernetics in 1953. Three of the group’s earliest 
members—Norbert Wiener, John von Neumann, and physiologist Arturo 
Rosenblueth—did not attend. Wiener and von Neumann had resigned the 
year before. Wiener was furious with McCulloch because he thought Mc-
Culloch had appropriated cybernetics for his own ends. Rosenblueth, who 
had coauthored a founding paper of cybernetics with Wiener and Bigelow, 
disliked the rambling discussions at the meetings; he stayed in his labora-
tory in Mexico City, the lab in which Wiener had written Cybernetics.
 It might seem odd to today’s readers that Margaret Mead sat in a prom-
inent place at the now-famous Macy conferences and that she would be 
remembered a half-century later as one of the founders of cybernetics.1 Why 
would a world-renowned anthropologist with no expertise or apparent in-
terest in mathematics, engineering, and neuroscience attend all ten meetings, 
recruit social scientists for the meetings, and undertake the tedious job of 
editing the proceedings? When the group was first organized, Mead shared 
the enthusiasm of her husband Gregory Bateson that cybernetics would 
bring the rigor of the physical sciences to the social sciences. They thought 
cybernetic models could realistically explain the behavior of humans and 
society because they contained the information-feedback loops that existed 
in all organisms. This belief was reflected in the original title of the meetings: 
“Conference on Feedback Mechanisms and Circular Causal Systems in Bi-
ology and the Social Sciences.” Everything that Bateson wrote after the 
Macy conferences—on a wide range of subjects, from psychiatry to animal 
learning—testified to his belief in the power of cybernetics to transform 
human ways of knowing. The conferences convinced Mead that the univer-
sal language of cybernetics might be able to bridge disciplinary boundaries 
in the social sciences. The presence of Mead and Bateson among the math-
ematicians, natural scientists, and engineers in the group photo symbolizes 
the interdisciplinary allure of cybernetics and information theory.2
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 In one respect, Mead and Bateson were right to be so enthused about the 
Macy conferences. There is little doubt that cybernetics and information 
theory were incredibly influential during the Cold War. In the 1950s, scientists 
were excited that Wiener and Shannon had defined the amount of informa-
tion transmitted in communications systems with a formula mathematically 
equivalent to entropy (a measure of the degradation of energy). Defining 
information in terms of one of the pillars of physics convinced many re-
searchers that information theory could bridge the physical, biological, and 
social sciences. The allure of cybernetics rested on its promise to model 
mathematically the purposeful behavior of all organisms, as well as inanimate 
systems. Because cybernetics included information theory in its purview, its 
proponents thought it was more universal than Shannon’s theory, that it 
applied to all fields of knowledge.
 This enthusiasm led scientists, engineers, journalists, and other writers in 
the United States to adopt these concepts and metaphors to an extent that 
is still evident today. Cognitive psychologists, molecular biologists, and econ-
omists analyze their subjects in terms of the flow, storage, and processing of 
information. Some quantum physicists have elevated information theory to 
a theory of matter.3 In technology, the concepts of information theory are 
embodied in the invisible coding schemes for digital media (in cell phones, 
music files, and DVDs, for example), and in the equally invisible communica-
tions infrastructure of the Internet. Cybernetic ideas of circular causality—
that information-feedback circuits allow a system to adapt to its environ-
ments—are used to model industrial, urban, transportation, economic, and 
social systems (such as family dynamics). Although the symbolic method of 
programming computers to exhibit artificial intelligence replaced the cyber-
netic, neural-net method in the 1960s, Grey Walter’s way of building robots 
now informs the work done at the artificial intelligence laboratory at MIT. 
The noun information and the prefix cyber- mark the new vocabulary of our 
time. They inform how we talk, think, and act on our digital present and 
future, from the utopian visions invoked by the terms information age and 
cyberspace to the dystopian visions associated with enemy cyborgs and cyber 
warfare. The traces of cybernetics and information theory thus permeate the 
sciences, technology, and culture of our daily lives. Yet, those traces are often 
a vestige of the ideas that so excited Mead, Bateson, and their colleagues at 
the Macy conferences.
 Institutionally, cybernetics and information theory did not attain the 
high status that their promoters envisioned for them in the 1950s; they did 
not become major scientific and engineering disciplines. Information theory, 
whose promoters drew sharp boundaries to separate their field from cyber-
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netics, has enjoyed a better fate than cybernetics in the United States. It is a 
well-respected subfield in electrical engineering, with secure funding and a 
professional home in the Institute of Electrical and Electronics Engineers 
(IEEE) Society on Information Theory. Cybernetics has split into two sub-
fields. First-order cybernetics—based on the work of Wiener and McCulloch—
is a systems modeling discipline with a professional home in the IEEE Soci-
ety on Systems, Man, and Cybernetics. Second-order cybernetics—based on 
the work of Bateson and von Foerster—leads a more precarious existence as 
a radical epistemology in the American Society for Cybernetics and in the jour-
nal Cybernetics and Human Knowing. Despite this marginality, the found-
ers of cybernetics and information theory in the United States—Norbert 
Wiener and Claude Shannon—are now celebrated as progenitors of what is 
commonly called the information age.4

 Yet we rarely examine why we call our era the information age. The or-
igins of this discourse lie in the 1960s, when futurists, policymakers, jour-
nalists, social scientists, and humanists started writing about the coming of 
a new era based on computers and communications technology. They cre-
ated a techno-revolutionary narrative that was popularized during the dot-
com boom of the 1990s. Although social scientists and humanists criticized 
this discourse in the 1980s—Theodore Roszak, for example, called it the 
“Cult of Information”5—the phrases information revolution, information 
economy, information society, and information age have been woven into 
everyday speech. They describe the taken-for-granted belief that cell phones, 
personal computers, and the Internet are creating a new economic and so-
cial order. This discourse resembles what David Nye calls a utopian techno-
logical narrative, a variant of the nineteenth-century foundation stories in 
which the axe, watermill, and railroad turn frontier America into a second 
Eden. The utopian narrative typically emerges at the start of a foundation 
story and makes extravagant claims that a new technology will bring enor-
mous social and economic benefits.6

 The Cybernetics Moment examines the intellectual and cultural history 
of the information discourses of the Cold War, the latest of which celebrates 
how the merger of computers and communications is creating the next stage 
in American civilization: the information age. This way of talking has be-
come so pervasive in the early twenty-first century that the venerable word 
technology no longer refers in popular media to all techniques and artifacts, 
from agriculture to nuclear power, but is shorthand for information tech-
nology.7 I do not engage in debates about whether our time should be called 
an information age, whether previous information ages existed, or what 
makes our use of information technology different from pre-digital eras.8 
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Instead, I ask why we came to believe that we live in an information age, 
what work it took to make this a naturalized narrative, what scientific and 
engineering practices enabled the narrative, and what was at stake for 
groups in academia, government, industry, and the press to claim that an 
information revolution was at hand. Although I agree with critics who em-
phasize the narrative’s ideology, I focus on its history. I ask what made this 
discourse possible and why alternative narratives were diminished during 
the Cold War.
 I maintain that the invention of cybernetics and information theory is 
as important as the invention of information technologies in understand-
ing the present age. At the heart of the book is what I call the “cybernetics 
moment”—the rise, fall, and reinvention of cybernetics that occurred along-
side the rise of information theory in the United States. The cybernetics 
moment began when the two fields emerged shortly after World War II, 
reached its peak with their adoption and modification in biology, engineer-
ing, the social sciences, and popular culture in the 1950s and 1960s, and 
ended when cybernetics and information theory lost their status as universal 
sciences in the 1970s.9 I relate that history to the invention of digital com-
puters and communications systems, and the emergence of a utopian in-
formation narrative that thrived when the cybernetics moment ended. In 
adopting the language and concepts of cybernetics and information theory, 
scientists turned the metaphor of information into the matter-of-fact descrip-
tion of what is processed, stored, and retrieved in physical, biological, and 
social systems. Engineers used the theories to invent information technolo-
gies. The scientific concept of information and Wiener’s notion of a second 
industrial revolution formed the intellectual foundations to talk about an 
information age. The merger of computers and communications, starting in 
the 1970s, reinforced that narrative and gave it staying power.
 These transformations were contested at each step of the way. The defi-
nition of information, itself, was debated at length. Scientists, engineers, and 
humanists considered whether or not the new concept of information was 
semantic, whether or not it connoted meaning. Claude Shannon had dis-
carded that idea and had proved mathematically that his theory of infor-
mation measured uncertainty—for example, the uncertainty of what word 
would be transmitted next, not the meaning of the words. Yet many re-
searchers tried to turn his theory into a theory of meaning. The profusion 
of interpretations of the word information—one social scientist counted 
thirty-nine meanings of the term in 197210—was reduced in popular dis-
course to a transmission of commodified, equally probable bits in computer 
networks, or to such slogans as “information wants to be free.”
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 Cybernetics, the “new science” with the mysterious name and universal 
aspirations, was interpreted even more broadly. In 1969, Georges Bou-
langer, the president of the International Association of Cybernetics, asked, 
“But after all what is cybernetics? Or rather what is it not, for paradoxically 
the more people talk about cybernetics the less they seem to agree on a 
definition.” He identified several meanings of cybernetics: a mathematical 
theory of control; automation; computerization; a theory of communica-
tion; the study of analogies between humans and machines; and a philoso-
phy explaining the mysteries of life. To the general public, Boulanger noted, 
cybernetics “conjures up visions of some fantastic world of the future peo-
pled by robots and electronic brains!” His favorite definition was the “sci-
ence of robots.”11 Cybernetics was a staple of science fiction and a fad 
among artists, musicians, and intellectuals in the 1950s and 1960s. Writer 
James Baldwin recalled that the “cybernetics craze” was emblematic of the 
period for him.12

 The variety in the meanings noted by Boulanger points to a disunity of 
cybernetics, which was compounded by the different paths cybernetics took 
in different countries. Disunity was an ironic fate for a field that claimed to 
be an international, universal discipline that could unify the sciences.13 Out-
side the United States, cybernetics encompassed several subfields: engineering 
cybernetics, management cybernetics, biocybernetics, medical cybernetics, 
and behavioral cybernetics. Europeans embraced the field in multiple ways. 
While researchers emphasized the performative character of cybernetic 
machines in Britain, a more philosophical style of cybernetics prevailed in 
France and Germany. Cybernetics became a state science in the Soviet Union 
after proponents overcame its reputation there as a reactionary pseudosci-
ence in the 1950s. Chilean leaders looked to British cyberneticians to orga-
nize their socialist economy along cybernetic lines in the 1970s.14 The col-
lapse of cybernetics as a unifying science in the United States at this time— 
signaling the end of the cybernetics moment—occurred precisely when in-
formation was becoming the keyword of our time.
 One result is that the rich discourse of cybernetics and information the-
ory was flattened in the utopian information narrative. The basic analogy 
of cybernetics—that all organisms use information-feedback paths to adapt 
to their environment—is reduced to the adjective cyber. The scientific con-
cept of information is reduced to digitized data. In today’s discourse, infor-
mation is no longer a measure of uncertainty in communications, nor is it 
related to biological, psychological, and physical processes.
 The history of cybernetics, information theory, and the information age 
narrative can help us understand our era in several ways. The Cybernetics 
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Moment recovers the enthusiasm for the two “new sciences” in Cold War 
America, when scientists and humanists struggled to come to grips with the 
new relationships between humans and machines, and the meaning of “in-
formation.” Those attempts persist today in academia and popular culture. 
Understanding their history can help us rethink the dominant technological 
narrative of our time, why we speak of an information age, rather than an 
age of knowledge or the computer age. What difference does it make that 
we chose to use the information metaphor? Why does it matter that we in-
voke the information-conduit model, rather than the ecological model from 
cybernetics, to talk about the digital era?15 I take up that task by considering 
the relationship between technology and ideas, the interplay between the 
invention of computers and communications systems and the invention of 
cybernetics and information theory. In turn, the development of those tech-
nologies and ideas helped to construct each other.16

 The dominance of today’s discourse about an information age, which 
emerged at the end of the cybernetics moment, would have surprised Mar-
garet Mead and her colleagues who attended the last Macy conference on 
cybernetics if they had lived long enough to see it. In the 1970s, Bateson 
became a cult figure of the counterculture, which thought that his philoso-
phy of cybernetics—which embraced the unity of mind and nature—could 
solve the ecological crisis of the day. Like most cyberneticists, Bateson did 
not pay much attention to the utopian narrative of information. Norbert 
Wiener was an exception. From the very beginning, he warned about the 
social consequences of cybernetics, the vast unemployment that might ac-
company the second industrial revolution. He made the connection between 
cybernetics and what came to be known as the information age in the con-
text of competing with his former student Claude Shannon to invent a theory 
of information at the end of the World War II, a story to which we now turn.



9

Norbert Wiener was furious with Walter Pitts. The brilliant but 
erratic graduate student had lost an important manuscript of Wiener’s 

that he was supposed to edit. Pitts had checked it at Grand Central Station, 
along with his laundry and other personal items, while attending a Macy 
Foundation conference on cybernetics in New York City in October 1946, 
then forgot to pick it up when he returned to the Massachusetts Institute of 
Technology. His friends and fellow graduate students, Oliver Selfridge and 
Jerry Lettvin, failed to retrieve it for him—Selfridge a week and a half later, 
Lettvin during a trip to the city in December. Meanwhile, the threesome man-
aged to put Wiener off until they enlisted Giorgio de Santillana, a humanities 
professor at MIT and friend of Wiener’s, to track down the parcel, now 
classified as unclaimed property by the contractor who ran the checkroom. 
Wiener finally got his manuscript back in the first week of April 1947.1

 Wiener had overlooked past high jinks by Walter and his friends in this 
male, homosocial environment. They spent all of their money on an auto 
trip to Mexico to work with Wiener’s collaborator, neurophysiologist Ar-
turo Rosenblueth; stayed up late rather than working at MIT; and indulged 
in dubious moneymaking schemes with de Santillana. Wiener had to hound 
Pitts to fulfill his obligations under a Guggenheim fellowship he had vouched 
for. But the escapade of the missing manuscript, which dragged on for five 
months, had crossed a line. In one of the outbursts he was famous for, Wiener 
wrote to Pitts in Mexico, “Under these circumstances please consider me as 
completely disassociated from your future career.” Wiener apologized after 
Lettvin took the blame for losing the manuscript, but a week later Wiener 
criticized Pitts for sending him an “impertinent and evasive” postcard about 
the matter.2 Wiener wrote Rosenblueth that the affair showed the “total 

Chapter One

War and Information Theory
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irresponsibleness of the boys.” The long delay in revising the manuscript 
“meant that one of my competitors, [Claude] Shannon of the Bell Telephone 
Company, is coming out with a paper before mine.” Wiener complained to 
Warren McCulloch, “The manuscript has turned up but in the meantime I 
lost priority on some important work.”3

 The work in question was soon called “information theory” in the United 
States and Britain, a scientific theory that measured the amount of information 
(not data) transmitted in communications systems and processed by comput-
ers.4 Wiener knew Shannon was a competitor because, in March 1947, be-
fore Wiener had recovered his manuscript, he heard Shannon give a talk 
titled “The Transmission of Information” at the Harvard mathematics col-
loquium. Shannon, who earned a Ph.D. in mathematics at MIT, based his 
talk on an unclassified section of a classified report on cryptography that he 
had written at AT&T’s Bell Telephone Laboratories in 1945. It clearly stated 
a definition of information that was similar to Wiener’s. Wiener told Pitts 
that “Shannon’s work on Amount of Information is following our lines pre-
cisely.”5 In April 1947, after Wiener had recovered his manuscript—and his 
composure—he and Shannon gave papers at the same session of a mathe-
matics conference held at Columbia University. After the meeting, Wiener 
wrote to McCulloch with some satisfaction, “The Bell people are fully ac-
cepting my thesis concerning the relationship of statistics and communica-
tion engineering.”6

 Wiener’s fear of losing priority to Shannon was lessened when they si-
multaneously published similar theories of information in 1948. Shannon’s 
theory appeared in the summer and fall, in a two-part article in the Bell 
System Technical Journal, Wiener’s appeared in the fall, in his surprisingly 
popular book Cybernetics. Both men measured information in regard to the 
patterns transmitted in communication processes, whether these occurred 
in humans or machines. Both men bridged communication theory and phys-
ics by defining information with an equation that was similar to the formula 
for the physical concept of entropy, the unavailability of a system’s energy 
to do work.7

 Faced with this simultaneity, contemporaries and historians have dis-
agreed about the contributions made by Wiener and Shannon to information 
theory. One camp gives equal credit to each for mathematically equating 
information with entropy and, sometimes, for creating the theory of infor-
mation based on this concept. The attributions “Shannon-Wiener” or “Wiener- 
Shannon” are common in these accounts.8 John von Neumann, who knew 
both men, disputed this pedigree by noting that a physicist, Leo Szilard, had 
equated information with entropy in the 1920s.9 Many commentators ac-
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knowledge that Shannon drew on Wiener’s statistical theory of communi-
cation, as Shannon himself stated in the 1948 paper, but credit Shannon 
with founding the discipline of information theory because of how exten-
sively he mapped out the subject in that paper.10 Some American informa-
tion theorists went further and wrote Wiener out of a narrow history of 
their field during the celebration of its twenty-fifth anniversary in 1973 and 
its fiftieth anniversary in 1998.11

 My aim is not to settle these priority and boundary disputes. Instead, I 
discuss how Wiener and Shannon proposed similar definitions of information 
by treating the engineering problem of providing accurate communications 
in different ways, ways that depended on differences in their mathematical 
expertise and their research projects. In those contexts, Wiener and Shan-
non did much to lay the foundations for cybernetics and information theory, 
which contemporaries viewed as two “new sciences” coming out of World 
War II.12

Cybernetics and Information Theory: Wiener versus Shannon

Because of the competition between Wiener and Shannon, it should not sur-
prise us that the texts that established the two new fields—Wiener’s book 
Cybernetics and Shannon’s article “A Mathematical Theory of Communica-
tion”—were published in the same year, 1948. Although they contain simi-
lar theories of information, the texts map out two markedly different views 
of science and engineering, which stem from different intellectual agendas 
and research cultures.
 In his book, Wiener boldly announced the birth of a “new science of 
cybernetics,” a term he derived from the Greek word for “steersman.” Wie-
ner praised his colleagues in mathematics, engineering, and physiology for 
recognizing the “essential unity of the set of problems around communica-
tion, control, and statistical mechanics, whether in the machine or in the 
living tissue.” The interdisciplinary research conducted by Wiener and his 
colleagues—in developing control and communications systems, mathemat-
ically modeling the nervous system, inventing prostheses, and creating elec-
tronic computers—convinced Wiener of the extraordinary promise of cyber-
netics for the postwar era.13

 According to Wiener, it all began when he worked with Julian Bigelow 
on an antiaircraft project during World War II. Wiener consulted with Ar-
turo Rosenblueth, to whom Cybernetics is dedicated, and realized that the 
engineering theories of control and communication could explain behavior 
in both humans and machines. That analogy, expressed in the article “Be-
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havior, Purpose and Teleology,” coauthored by Rosenblueth, Wiener, and 
Bigelow, became the main tenet of cybernetics.14 From 1947 to 1952, Wie-
ner collaborated with Rosenblueth in Mexico on a five-year grant on 
“Mathematical Biology” from the Rockefeller Foundation, during which 
time Cybernetics was written and published. In the book, Wiener defined 
cybernetics as the “entire field of control and communication theory, whether 
in the machine or in the animal.” In an article in Scientific American, he 
explained that “cybernetics attempts to find the common elements in the 
functioning of automatic machines and of the human nervous system.”15 
 A tour de force that defined the field for decades, Cybernetics described 
the wide scope of the new field, and its philosophical and mathematical 
underpinnings, to experts and lay readers alike. In the nonmathematical 
chapters, which constitute about one-half of the book, Wiener dealt with a 
wide range of topics, including the aims and history of cybernetics, the phi-
losophy of time, and the role of information in society. Wiener explained the 
central analogy of cybernetics in terms of a generalized feedback control 
system. This system could model animals and automatic machines because 
they both have sensors, effectors, brains, and feedback-paths with which 
they communicate (exchange information) with the outside world and op-
erate in and on that world. To illustrate this basic principle of cybernetics, 
Wiener described similarities between the operation of digital computers 
and the human brain such as pattern recognition and “psychiatric” prob-
lems. He noted, for example, the similarity between giving electric shock 
treatments to humans and erasing a computer’s memory. In making these 
analogies, he drew on the physiological concept of homeostasis: the ability 
of a body’s feedback-control systems to maintain constant its blood pres-
sure, temperature, and other vital signs. He even mentioned the fusion of 
humans and machines, what would later be called cyborgs, by describing 
Warren McCulloch’s research on prosthetics that would allow the blind to 
see by aural means. An appendix outlined his and Shannon’s suggestions on 
how to program computers to play chess.16

 The mathematical chapters of the book dealt with the core sciences of 
cybernetics: statistical mechanics, information theory, and the theory of con-
trol systems. Undecipherable by most readers, these chapters were directed 
at Ph.D. mathematicians. The material upon which Wiener staked his claim 
as a founder of information theory, the manuscript mislaid by Pitts, formed 
the basis of the chapter “Time Series, Information, and Communication.”17 
Information was a key concept in Cybernetics. When used quantitatively, it 
measured what was communicated in the messages flowing through feed-
back control loops that enabled all organisms, living and nonliving, to adapt 
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to their environments. When used metaphorically, information related the 
principles of cybernetics to wider social issues.
 In developing his theory of information, Wiener employed the mathe-
matics of predicting events in a time series (a sequence of data distributed 
in time, in which data is recorded continuously, as by a seismograph, or in 
discrete intervals, as by a stock ticker). Wiener reasoned that the signals han-
dled by communications, control, and computer systems could be analyzed 
in a time series. “One and all, time series and the apparatus to deal with 
them whether in the computing laboratory or the telephone circuit,” Wiener 
said, “have to deal with the recording, preservation, transmission and use of 
information.” He first treated this information as the “recording of a choice 
between two equally probable simple alternatives, one or the other of which 
is bound to happen,” such as the tossing of a coin. The alternatives could be 
represented by the binary values “1” and “0.” He then derived a general 
formula to measure the amount of information in a time series. He noted that 
this quantity was the “negative of the quantity usually defined as entropy 
in similar situations.”18 Entropy measures the degradation of energy in a 
closed thermodynamic system, the disorder of the system. For example, if 
the energetic and less energetic molecules in a system containing a hot body 
and a cold body become mixed (disordered), its entropy will increase, indi-
cating that there is less energy available to do work. Wiener defined infor-
mation as negative entropy, which means, for communications systems, that 
if the selection of messages becomes more random (more disordered), less 
information will be transmitted. For Wiener, information thus measured the 
pattern and order of the messages sent, not how much data was sent.
 Wiener related his theory to the physical concept of entropy by treating 
communication as the retrieval of a message in the presence of noise. He 
noted that “the information carried by a precise message in the absence of 
noise is infinite. In the presence of noise, however, this amount of infor-
mation is finite and it approximates 0 very rapidly as the noise increases in 
intensity.” He concluded that the “processes which lose information are, as 
we should expect, closely analogous to the processes which gain entropy,” 
i.e., those that become disordered. In contrast, Shannon restricted his con-
cept of information to being mathematically equivalent to the entropy equa-
tion; he did not speak in terms of physics. Yet when Wiener turned to com-
munications problems, he derived the same equation Shannon had obtained 
for the rate of information of a noisy channel in the analog case. Wiener 
remarked, “This is precisely the result which the author and Shannon have 
already obtained,” thus revealing his familiarity with Shannon’s unpub-
lished work.19
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 In Cybernetics, Wiener applied his theory of information beyond engi-
neering problems to comment on the importance of information in society. 
In regard to national groups, Wiener argued that “whatever means of com-
munication the race may have, it is possible to measure the amount of in-
formation available to the race, and to distinguish it from the amount of 
information available to the individual. Certainly, no information available 
to the individual is also available to the race, unless it modifies the behavior 
of one individual to another.” In this instance, and in similar statements about 
the relationship between information and the size of communities, Wiener 
added the linguistic dimensions of semantics (meaning) and pragmatics (how 
communication affected its recipients) to his syntactic definition of infor- 
mation.20

 Even more broadly, Cybernetics became well known for its philosophy 
of information. When comparing the human brain to the digital computer, 
he noted that vacuum-tube computers used much more energy than their 
biological counterparts, but the energy spent on each calculation was very 
small. “The mechanical brain does not secrete thought ‘as the liver does 
bile,’ as the earlier materialists claimed, nor does it put it out in the form of 
energy, as the muscle puts out its activity,” Wiener explained. “Information 
is information, not matter or energy. No materialism which does not admit 
this can survive at the present day.” That is, the amount of information was 
related to a choice among messages (a pattern), not to the material basis or 
the energy involved in its communication. In discussing the societal implica-
tions of cybernetics, Wiener noted that the centralized “control of the means 
of communication is the most effective” factor reducing stability (homeosta-
sis) in society. “One of the lessons of the present book is that any organism 
is held together in this action by the possession of means for the acquisition, 
use, retention, and transmission of information.” Finally, Wiener claimed 
that the technology of the present age—the digital computer and the auto-
mated control system—was creating an “age of communication and con-
trol,” a second industrial revolution.21 In 1949, a science writer interpreted 
Wiener to mean that the “19th-century [industrial] revolution was based on 
the transformation and transmission of energy. . . . The 20th-century revo-
lution is based on the transformation and transmission of information.”22

 Shannon’s article contained none of these mathematical, sociological, 
and philosophical musings about information. Published in two install-
ments, “A Mathematical Theory of Communication” was Shannon’s techni-
cal masterpiece, a lengthy treatise whose many proofs and coding theorems 
were aimed at mathematicians and communications engineers. The first in-
stallment, published in July 1948, dealt with the digital case of transmitting 
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individual symbols in a message (as in the telegraph). The second install-
ment, appearing in October, the same month in which Cybernetics was pub-
lished, dealt with the analog case of transmitting time-varying signals (as in 
the telephone and radio).23

 Although Shannon published a theory of information similar to Wiener’s, 
they approached this topic from different points of view. First, Shannon 
defined amount of information to be mathematically equivalent to positive 
entropy, indicating the amount of disorder (unpredictablity) in the commu-
nication of messages. In contrast, Wiener defined amount of information as 
negative entropy, indicating the amount of order (predictability) in a set of 
messages. Shannon commented on this difference in a letter he wrote to 
Wiener in October 1948, after reading an advance copy of Cybernetics. “It 
was interesting to note how closely your work has been paralleling mine in 
a number of directions. I was somewhat puzzled by one or two points. You 
consider information to be negative entropy while I use the regular entropy 
formula . . . with no change in sign. I do not believe this difference has any 
real significance but is due to our taking somewhat complementary views of 
information. . . . We would obtain the same numerical answers in any par-
ticular question. Does this diagnosis seem correct to you?” Wiener agreed 
that it did: “I think that the disagreements between us on the sign of entropy 
are purely formal, and have no importance whatsoever.”24 
 Second, while Wiener broadened this definition of information to include 
semantics and pragmatics, Shannon held tightly to his nonsemantic posi-
tion. In an often quoted passage from the 1948 paper, Shannon said, “Fre-
quently the messages [transmitted by a communications system] have mean-
ing; that is, they refer to or are correlated according to some system with 
certain physical or conceptual entities. These semantic aspects of communi-
cation are irrelevant to the engineering problem.”25 That problem was how 
to transmit messages accurately in the presence of noise, regardless of 
whether or not the messages made any sense. If a sender wanted to transmit 
gibberish (or a message in a private code that seemed like gibberish), it was 
the communications engineer’s duty to transmit it faithfully. Wiener’s defi-
nition of information was nonsemantic in this manner because it measured 
the amount of choice in an ensemble of possible messages. But Shannon, 
who developed his mathematical theory of communication while working 
at AT&T, adhered to the engineer’s injunction to ignore the meaning of 
messages and value their accurate transmission.
 Third, Shannon developed a much more extensive theory of information 
than Wiener’s by creating a general theory of communication. At the heart 
of Shannon’s project is the model shown in figure 2, which applies to any 



16          the cybernetics moment

communication process, whether in machines, living organisms, or a combi-
nation of these. An information source selects a message from a set of pos-
sible messages. The transmitter encodes that message and converts it into a 
signal, which is sent along a channel affected by a noise source. The received 
signal (transmitter signal plus noise) enters the receiver, which decodes it 
and converts it into a message for the destination. Shannon defined infor-
mation as the amount of uncertainty involved in the selection of messages 
by the information source, not as the amount of data selected to be trans-
mitted. The greater the uncertainty of what the information source will se-
lect from an ensemble of messages, the more information it produces. The 
maximum amount of information is generated when the choice of messages 
is random (i.e., when there is an equal probability of choosing any mes-
sage). No information is generated when the selection of messages is known. 
This made sense intuitively because the more uncertain we are of what 
message will be selected, the more information we receive. The more certain 
we are, the less information we receive. Using probability theory, Shannon 
derived a formula to measure “information, choice, and uncertainty” and 
noted its equivalence to the formula for entropy in statistical mechanics.26 
This definition of information is similar to Wiener’s, except for the sign, 
and it explains why many commentators referred to it with the attributions 
“Shannon- Wiener” or “Wiener-Shannon.”
 Shannon cites Wiener’s statistical theory of communication for the ap-

Figure 2. Claude Shannon’s general communication model of 1948 became 
the blueprint used by natural scientists, engineers, and social scientists to apply 
Shannon’s information theory to any communications system, from living 
organisms to intelligent machines. From Claude E. Shannon, “A Mathematical 
Theory of Communication,” Bell System Technical Journal 27 (1948): 381. 
© 1948 The Bell System Technical Journal.
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proach he used in considering the selection of a message from an ensemble 
of messages. But he says in the 1948 paper that he developed his theory of 
information from work done at AT&T in the 1920s. In 1928, physicist 
Ralph Hartley at Bell Labs published “Transmission of Information” in the 
Bell Labs Technical Journal, in which he defined the “amount of informa-
tion” that can be transmitted in a noiseless communications system, such as 
an ideal telegraph, in terms of the number of symbols transmitted and the 
size of the alphabet (number of possible symbols). Hartley did not take into 
account the probability of which symbols would be selected and thus did 
not treat the problem statistically. In his 1948 paper, Shannon transformed 
Hartley’s nonstatistical definition of information into a powerful statistical 
theory of how to code information to transmit it in the presence of noise.27 
Hartley’s theory was better known to engineers than to mathematicians; 
Wiener, for example, did not cite Hartley’s paper in Cybernetics. Yet the 
Institute of Radio Engineers awarded Hartley its medal of honor in 1946, 
partly for his research on the transmission of information.28

 What sets apart the work of Shannon and Wiener—besides the reversal 
of sign in their equations—is Shannon’s extensive analysis of coding. In that 
regard, Shannon introduced the important new concept of “channel capac-
ity.” In the digital case, channel capacity gives the maximum rate of trans-
mission of information in bits per second. The paper seems to mark the first 
appearance in print of the term bit (a contraction of “binary digit”), which 
Shannon attributed to Princeton University mathematician John Tukey, who 
consulted for Bell Labs.29

 Shannon argued that the concept of channel capacity allowed the com-
munications engineer to devise codes that would protect the transmission 
of information from the harmful effects of noise. Shannon used the concept 
to posit and prove several coding theorems in what he first called “informa-
tion theory” in the 1948 paper.30 The Fundamental Theorem for a Discrete 
Channel with Noise, for example, states the remarkable result that if the 
information rate of a source is less than the channel capacity, a code can be 
devised to transmit information over such a channel with an arbitrarily 
small error. The trade-offs are complex codes and long delays in the trans-
mitter and receiver (in order to do error-checking, for example).31 These and 
other theorems established fundamental limits on data compression (encod-
ing) and the transmission of information in communications systems.
 Shannon’s scheme uses the same tactic that inventor Samuel F. B. Morse 
employed to develop his famous telegraph code in the mid-nineteenth cen-
tury. Morse devised shorter codes for the most commonly used letters in the 
English language and longer ones for the rarest letters (e.g., a dot for an e, 
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and a dot, dash, dash, dash for a j). The Morse code enabled more messages 
to be sent over crowded telegraph lines than would a code that used equal 
numbers of dots and dashes for each letter.32 Shannon’s method put the 
encoding of messages on a scientific basis. But calculating the information 
parameters for human languages and devising coding schemes to send mes-
sages written in those languages, in the presence of noise, proved to be ex-
ceedingly difficult.

Wiener and the Antiaircraft Project

To understand why Wiener and Shannon presented similar definitions of 
information in the contexts of two very different publications in 1948, we 
need to consider the different research contexts in which they developed 
their theories. The types of mathematics Wiener and Shannon preferred, their 
experiences working with engineers on wartime research projects, and their 
interactions with each other illuminate the social construction of cybernet-
ics and information theory as two new postwar sciences.
 A generation older than Shannon, Wiener made his mark in mathematics 
between the world wars. He joined MIT in 1919 as a mathematical prodigy—
he received his Ph.D. in the philosophy of mathematics from Harvard at the 
age of eighteen—and became the star of MIT’s mathematics department. 
He earned an international reputation in “pure” mathematics for his work 
in harmonic analysis (the study of complex, continuous functions), the sta-
tistical analysis of time series, and other areas.33 Because he taught at MIT, 
Wiener also worked on applied mathematics by collaborating with faculty 
in its electrical engineering department. In the late 1920s, he helped Vanne-
var Bush put an engineering form of calculus on a firmer mathematical 
foundation. The experience prompted Bush to invent a series of analog 
computers, primarily to analyze electrical transmission networks, which 
culminated in the general-purpose differential analyzer in 1931.34 In 1930, 
Wiener supervised a Ph.D. thesis in electrical engineering on the synthesis of 
electrical networks by Yuk-Wing Lee, a Chinese student. After Lee returned 
to China, Wiener worked with him there on an electrical network (filter), 
whose patents they sold to Bell Labs for a small sum in the late 1930s. The 
main reason AT&T, the parent company of Bell Labs, bought their patents 
was to protect the company’s patent position, not to use the Lee-Wiener 
network.35 The experience soured Wiener on the U.S. patent system and 
AT&T for years to come.36

 During World War II, Wiener supported the war effort by working on 
research projects funded through the National Defense Research Commit-
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tee, headed by Bush, then a prominent figure in science policy in Washing-
ton. Karl Compton, the president of MIT, headed the NDRC’s Division D 
(Detection, Controls, and Instrumentation). In the fall of 1940, impressed 
by how Britain’s low-frequency radar had helped it win the Battle of Britain 
by detecting German bombers flying across the channel from occupied 
France, the NDRC established the Radiation Laboratory (Rad Lab) at MIT 
to develop high-frequency, microwave radar, and it set up a Fire Control 
section to design antiaircraft systems. Both units were under Compton’s 
division. Warren Weaver, an applied mathematician who directed the natu-
ral sciences division of the Rockefeller Foundation, headed the Fire Control 
section.37

 In late 1940, Wiener received a small contract from Weaver’s unit, for 
about thirty thousand dollars, to bring his mathematical expertise to bear 
on the antiaircraft problem. While the Rad Lab, Bell Labs, and industrial 
companies employed large staffs of scientists, engineers, and technicians to 
research the antiaircraft fire-control problem, Wiener worked with a staff of 
three—engineer Julian Bigelow; technician Paul Mooney; and a “Miss Bern-
stein,” who did the calculations as the group’s “computer”—to design a 
device that could predict the evasive actions of an enemy plane and direct a 
gun to shoot it down.38 By all accounts, studying human operators as links 
in the control systems of the plane and the antiaircraft director—that is, the 
pilot and the tracker—led Wiener and Bigelow, in collaboration with Arturo 
Rosenblueth, to realize that humans and machines could be analyzed using 
the same principles of communications and control engineering, the basic 
idea of cybernetics.39

 We know a good deal about Wiener’s wartime research because of the 
considerable interest in the history of cybernetics and of control systems 
during World War II. But we know much less about how Wiener created a 
theory of information by designing an electrical network to shoot down 
airplanes.40 Wiener gives the following version of events in Cybernetics.

To cover this aspect of communication engineering, we had to develop a 
statistical theory of the amount of information, in which the unit amount 
of information was that transmitted as a single decision between equally 
probable alternatives. This idea occurred at about the same time to several 
writers, among them the statistician R. A. Fisher, Dr. Shannon of the Bell 
Telephone Laboratories, and the author. Fisher’s motive in studying this 
subject is to be found in classical statistical theory; that of Shannon in the 
problem of coding information; and that of the author in the problem of 
noise and message in electrical filters.41
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Although Wiener says that his theory of information grew out of the anti-
aircraft project, he does not say how this occurred, nor whether the work 
of Fisher and Shannon played a role.
 Wiener and Bigelow attacked the mathematical part of the antiaircraft 
problem, predicting the path of a piloted plane taking evasive actions, at 
MIT in early 1941 with funding from a two-year grant from the NDRC. 
Samuel Caldwell, head of MIT’s Center for Analysis and a member of the 
NDRC, relayed the grant proposal to the NDRC after he and Wiener mod-
eled a curved-flight predictor on MIT’s differential analyzer. When Wiener 
and Bigelow turned that model into an electrical network, it ran into prob-
lems of stability. They then adopted a statistical approach that utilized Wie-
ner’s considerable expertise in this branch of mathematics. During the period 
of the grant, Wiener’s group presented its statistical design to Bell Labs, 
which was working on a new director; built a prototype; demonstrated it to 
the NDRC; evaluated it against actual flight data obtained by visiting mili-
tary installations; built a tracking system in the lab; and created a statistical 
theory of prediction and filtering.42

 Their prediction device was an electrical network made up of capacitors, 
resistors, and vacuum tubes. Upon receiving an input from an optical or 
radar tracker, the predictor statistically correlated past positions of the air-
plane to the present and estimated future positions in order to calculate a 
target position at which to aim a gun. The Air Force specified that these 
actions had to occur within thirty seconds—ten seconds for data collection 
and analysis, plus twenty seconds for aiming and firing the gun. Wiener and 
Bigelow treated the data as a continuous time series that could be analyzed 
statistically.43 They used the language of communications engineering to 
design the predictor. The tracking “signal,” a time series representing obser-
vations of the plane, was assumed to consist of two other time series added 
together. The “message” represented the true path of the plane; “noise” rep-
resented tracking errors, electrical transients, and deviations the plane made 
from a geometrical path. Wiener and Bigelow used correlations between 
past, present, and predicted positions to filter out the noise. They used the 
remaining signal, the message, to obtain an optimum target position by 
minimizing errors between predicted and actual positions.44

 Although they recognized problems with the director, Wiener wanted to 
continue the project, whose grant was due to expire in December 1942. The 
NDRC was more skeptical about the project and about curved-flight predic-
tors in general. In early 1943, Warren Weaver, the head of the Fire Control 
section, reported that Bell Lab’s electrical director—a straight-line predictor 
that was modified to predict curved paths—worked nearly as well as the 
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Wiener-Bigelow network on actual curved flights. It was much simpler and, 
thereby, more practical to produce for the war effort. Weaver terminated 
Wiener’s project in February 1943, and Bigelow was transferred to another 
fire-control project at Columbia University.45

 As noted by David Mindell, Wiener was an outsider to the fire-control 
traditions in place before the war—the mechanical systems approach at the 
Sperry Gyroscope Company, the communications systems approach at Bell 
Labs, and a control theory approach at MIT. When Wiener made his pro-
posal to the NDRC, he independently sought to merge communications and 
control, a prewar trend evident in the work of Henrik Bode at Bell Labs and 
Harold Hazen at MIT, which the NDRC accelerated with wartime research 
contracts.46 But Wiener was not a complete outsider. He became familiar 
with the prewar culture of communications engineering when he worked 
with Bush and Lee at MIT. He discussed the Lee-Wiener network with Bode 
and Bode’s boss, Thornton Fry, at Bell Labs during the patent negotiations 
with AT&T in the 1930s.47 During the war, Fry, a member of the NDRC’s 
Fire Control section, and Gordon Brown, head of the newly formed Servo-
mechanism Laboratory at MIT, thought Wiener’s mathematical expertise fit 
the area nicely.48 In fact, Wiener bragged to Weaver that researchers at Brown’s 
Servo Lab “are coming to us all the time with problems that are right down 
our alley.”49

 Although Wiener and Bigelow’s antiaircraft project was rejected for the 
war effort, it produced a mathematical theory of prediction and filtering 
that is used today and also forms a basis for cybernetics. The theory of pre-
diction and filtering was distributed as a classified NDRC document in Feb-
ruary 1942 and gained the racist World War II–era nickname, the “Yellow 
Peril,” among engineers because of its yellow cover and abstruse mathemat-
ics.50 Bigelow was not a mere technician. He was educated at MIT in elec-
trical engineering, had worked for the Sperry Gyroscope Company and for 
IBM, and had done graduate work in mathematics at MIT during the anti-
aircraft project. Bigelow recalled that he wrote the first draft of the NDRC 
manuscript based on notes he took of equations Wiener wrote on the black-
board. Wiener revised and published the manuscript as sole author, a common 
practice at the time.51 The NDRC report, published essentially verbatim as 
a book in 1949, merged the statistical theory of time series with communi-
cations engineering. With the prior work of Andrei Kolmogorov in Russia 
and Herman Wold in Sweden, it helped establish the foundations for the 
mathematical field of prediction theory.52

 The word information appears several times in the NDRC report, but it 
is not related to entropy. Instead, the term refers to information gained by 
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correlating time series, whether they represent a signal, message, or noise, to 
each other (cross-correlation) or to themselves (autocorrelation), rather than 
to the transmission of possible alternatives—the concept behind the theory 
he and Shannon independently published in 1948. Wiener comes close to stat-
ing that concept by saying the “transmission of a single fixed item of infor-
mation is of no communicative value. We must have a repertory of possible 
messages, and over this repertory a measure determining the probability of 
these messages.”53 Wiener did not make explicit the connection between a 
time-series analysis and information as a measure of possible alternatives 
until after the war. In fact, there are only a few instances where he wrote 
about information as a scientific concept before then. Even the protocyber-
netic article he published with Bigelow and Rosenblueth in 1943—which 
discussed the cybernetic ideas of feedback, behavior, and communication—
refers only once to information in a specialized manner, as the (nonquanti-
fied) “spatial information” a bloodhound picks up from a scent.54

 Yet Wiener did expand his study of information at this time. In June 
1944, he wrote Rosenblueth that he had “a number of papers in various 
stages of completion—statistical mechanics, prediction, multiple prediction, 
non-linear prediction, amount of information, etc., together with some phil-
osophical work on the nature of time—with [Giorgio] De Santillana” at 
MIT.55 This is the earliest instance I have found of Wiener using the techni-
cal term amount of information. The term was known in electrical engineer-
ing theory through the work of Ralph Hartley at Bell Labs in the 1920s,56 
but mathematicians commonly associated it with statistician Ronald Fisher 
who made his mark analyzing agricultural experiments. Fisher introduced 
the phrase into statistics in the 1920s and popularized it and its equivalent, 
quantity of information, among scientists in the Design of Experiments 
(1935).57 That was probably the source for Wiener’s usage of the term. A 
report on the work of the MIT mathematics department in 1944 juxtaposed 
Wiener’s research on analyzing time series with an allusion to Fisher’s work 
on determining the “amount of information” to be obtained from experi-
mental observations.58

 Whatever the source, all of the topics listed in Wiener’s 1944 letter to 
Rosenblueth found their way into Cybernetics. The collaboration with his 
close friend de Santillana resulted in the chapter “Newtonian and Bergso-
nian Time,” which contrasted reversible with irreversible time. Statistical 
mechanics and amount of information were behind Wiener’s claim that 
information was negative entropy. Prediction and filtering were the methods 
he used to combine communications and control engineering, the basis of 
cybernetics. Tellingly, Wiener prepared a research memo on this subject for 



War and Information Theory          23

a meeting of the short-lived Teleological Society, a protocybernetics group he 
helped organize in late 1944, whose members included John von Neumann, 
Warren McCulloch, and Walter Pitts (see chapter 2).59

 Pitts, who had coauthored with McCulloch an influential paper on neural 
nets in 1943, assisted Wiener on his research memo.60 On McCulloch’s rec-
ommendation, Pitts—an eccentric mathematical prodigy—joined Wiener—
another eccentric mathematical prodigy—as a graduate student at MIT in 
the fall of 1943. Finished with the antiaircraft project, Wiener wanted to 
build up a group with Rosenblueth, who was then at Harvard’s medical 
school, on what came to be called cybernetics. They wanted Pitts to repre-
sent the field of mathematical biophysics.61 McCulloch told Rosenblueth 
that Pitts’s “brain is so much like Wiener’s that it’s funny.”62 After the war, 
Pitts helped with a book (which was never published) that Wiener was 
writing on prediction and time series, an extension of the NDRC report 
that would combine most of the research topics listed in Wiener’s 1944 
letter to Rosenblueth. A hundred-page paper Wiener wrote on this project 
in early 1946 was the subject of the lost manuscript episode. It formed the 
basis for the chapter titled “Time Series, Information, and Communication” 
in Cybernetics.63

 Pitts was a valued member of the Macy conferences on cybernetics, where 
Wiener first presented his theory of information and linked that theory to his 
research on time series. Wiener made these comments at several meetings of 
the Macy group. McCulloch reported that at the first meeting, held in March 
1946, “Wiener pointed out that energy was the wrong concept to use with 
respect to communication systems which worked in terms of information.” 
McCulloch does not say if Wiener related information to entropy at that 
time.64 A transcript of an interim Macy meeting, devoted to the social sci-
ences and held in September 1946, shows that Wiener said the yes-no charac-
ter of nerve impulses could be analyzed as a discrete time series. Information 
was the logarithm of the number of impulses per second.65 Difficult-to-read 
notes taken by Margaret Mead show that Wiener discussed “amount of in-
formation,” its logarithmic measure, coding, and entropy at the second reg-
ular conference, held in October 1946. At the third conference held in March 
1947, Wiener said, “Information is a neg[ative] am[oun]t of entropy.”66

 The subject was certainly on Wiener’s mind in early 1947, the key period 
for working out this concept. That February he agreed to give a luncheon 
talk to a group of high school mathematics teachers on the subject of “No-
tions of Message and Entropy.” In May, he told Warren Weaver, now back at 
the Rockefeller Foundation, which funded his postwar research with Rosen-
blueth on mathematics and neurophysiology, “Information is equivalent to 



24          the cybernetics moment

negative entropy.” Electrical engineer Robert Fano at MIT, recalled that 
sometime in 1947, Wiener “walks into my office, energetically sucking and 
puffing on his cigar. His belly sticking out and slightly bent backward as he 
walks, [and] announced ‘information is entropy’ and then walks out again. 
No explanation, no elaboration.”67

 Wiener presented these ideas in a nonmathematical form in “Time, Com-
munication, and the Nervous System,” a manuscript he wrote in 1947 for a 
chapter in a proposed book on the philosophy of culture, edited by Filmer 
S. C. Northrop, a regular member of the Macy group. A version of the paper 
was available at the Macy conference in March 1947 and was sent to con-
ferees after the meeting. McCulloch told Northrop that “more than any 
other man he [Wiener] has helped to separate the notions of energy and com-
munication so that information begins to take on, quite properly, the sem-
blance of formal cause.” Pitts, who was then working with McCulloch at 
the University of Illinois in Chicago, also commented on the paper. Having 
just dealt with the episode of the lost manuscript, Wiener gave strict instruc-
tions to McCulloch that Pitts was not to take the Macy manuscript home 
with him and only to read it inside McCulloch’s lab! Wiener revised the 
paper as his contribution to the published proceedings of a symposium on 
teleological mechanisms sponsored by the New York Academy of Sciences 
in conjunction with the Macy Foundation. When “Time, Communication, 
and the Nervous System” was published in October 1948, it was promptly 
overshadowed by the publication of Cybernetics that same month.68

 In the Macy manuscript, Wiener uses the term amount of information in 
three related senses: to measure statistical data gained from correlating mes-
sages and noise (as in the NDRC report); to refer to meaningful statements; 
and to measure choice among possible messages, the definition independently 
derived by Shannon.69 Wiener gave the following example to illustrate the 
latter meaning of information. “If I send one of these elaborate Christmas 
or birthday messages favored by our telegraph companies containing a large 
amount of sentimental verbiage coded in terms of a number from one to one 
hundred,” Wiener said, “then the amount of information which I am send-
ing is to be measured by the choice among the hundred alternatives, and has 
nothing to do with the length of the transcribed ‘message.’ ”70

 Unlike Shannon, however, Wiener interpreted entropy in a physical man-
ner. He declared that information in a message could only be degraded, 
noted that an organism’s exchange of information with the environment 
enabled it to organize itself around greater energy, and used such phrases as 
“amount of information socially available” and the “amount of communal 
information” when discussing society as a communications system.71
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 In many ways, Cybernetics is the Macy manuscript writ large. Although 
the manuscript does not contain any equations—unlike the highly mathe-
matical book—it integrates the scientific concept of information into Wie-
ner’s evolving cybernetic ideas that communication and control processes 
guide behavior in both humans and machines. Wiener related the three 
meanings of information in the Macy manuscript to a set of ideas that 
would become central to the book: the arrow of time, message, entropy, 
feedback, and the analogy between digital computers and the human ner-
vous system.
 Yet Wiener modified the equation defining “amount of information” be-
fore Cybernetics was published. In April 1948, he explained to the publisher 
why he was making significant mathematical changes at the galley proof 
stage. “The reason for this extensive modification is that on talking matters 
over with [John] von Neumann it has become clear to me that my earlier 
definition of entropy, though qualitatively alright, was not precisely the 
thing usually called by that name, and was not as easy to handle.”72 To lend 
further scientific support to the claim that his definition of information ap-
plied in the animal or the machine, Wiener cited physicist Erwin Schröding-
er’s What Is Life? (1944), which he also added at the galley stage of Cyber-
netics. For Schrödinger, an organism “can only keep aloof from it [death, 
the state of maximum entropy], i.e., alive, by continually drawing from its 
environment negative entropy,” for example, food and water, to maintain 
itself, to maintain its order.73 For Wiener, information helped all organisms, 
living and nonliving, adapt to their environment. Thus an appropriate defi-
nition of information for him was negative entropy, as opposed to Shannon’s 
positive entropy.
 While Wiener’s antiaircraft project led directly to the feedback and con-
trol ideas in cybernetics, it led indirectly to his definition of information. Of 
the three meanings of “amount of information” that appear in the Macy 
manuscript and in Cybernetics, only one—a statistical correlation—came 
directly from the wartime NDRC report. McCulloch recalls Wiener saying 
that Bigelow impressed upon him the importance of the information con-
veyed, rather than a physical voltage or current in the antiaircraft predictor. 
That usage comports with the meaning of “information” that Bigelow em-
ployed a dozen times in an unpublished report on the predictor: as data fed 
into or retrieved from a machine, a meaning that would have been familiar 
to Bigelow as a former IBM engineer.74 Yet computer engineers did not think 
of information as a measure of choice. For Wiener, that idea seems to have 
grown out of the notion in the NDRC report that deterministic time series 
carry no information. The idea of equating a choice of possible messages 
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with entropy probably came later—sometime between 1944 and 1947—
when Wiener started to link information with the ideas that would form the 
basis for Cybernetics.
 Wiener was probably stimulated to think in those terms while Walter 
Pitts worked for him as a graduate student. A section of the 1944 report of 
the MIT mathematics department noted that Wiener’s wartime work “has 
led him to further study of control engineering as a field analogous to com-
munication engineering, and also of control in the living organism and the 
nervous system.” The mathematical technique for this research was time 
series. “In this work, he is joined by Mr. Walter H. Pitts, who independently 
has made an analysis of the nervous system as a set of switching or relay 
controls, using the theory of Boolean algebra, as Mr. Shannon had done 
before him [in his master’s thesis], but going beyond Mr. Shannon in treat-
ing the problem in time as a dynamical and not a statistical problem.”75 In 
the crucial period from 1944 to 1947, Pitts worked closely with Wiener on 
the analogy between the digital computer and the brain, neural nets, digital 
nerve impulses, and multiple prediction.76

 The consummate collaborator, Wiener thus had access to his own Claude 
Shannon in the person of Walter Pitts. The result was a theory of informa-
tion that, like Shannon’s, was indebted to the statistical theory of commu-
nication arising from Wiener and Bigelow’s antiaircraft project. But Wiener 
related his theory to time series and neural nets, rather than to cryptogra-
phy, the stimulus for Shannon’s theory.

Shannon and Cryptography

Even though Claude Shannon had studied briefly under Norbert Wiener at 
MIT, he developed his theory of information in the context of a different 
mathematical and engineering culture. Shannon was steeped in the discrete 
mathematics of symbolic logic, in the culture of analyzing such digital de-
vices as telephone switches and logic circuits. Wiener was expert in the 
continuous mathematics of harmonic analysis, in the culture of analyzing 
such analog devices as prediction and filter circuits. In his autobiography, 
Wiener said, “Shannon loves the discrete and eschews the continuum.” In 
all of his work, “Shannon has been true to his first intellectual love for 
problems of a sharp yes-and-no nature, such as those of the wall switch, in 
preference to problems which seem to suggest the continuous or roughly 
continuous flow of electricity.”77 Although Wiener rather snobbishly dis-
counted Shannon’s love for the discrete (digital) case and overlooked his 
analysis of the continuous (analog) case in the 1948 paper, Shannon’s pref-
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erence for the digital is evident in his graduate education and the steps lead-
ing up to his theory of information.
 After receiving dual bachelor degrees in mathematics and electrical engi-
neering at the University of Michigan in 1936, Shannon studied for his mas-
ter’s degree in electrical engineering at MIT as a research assistant on the 
Rockefeller Differential Analyzer.78 An updated version of Vannevar Bush’s 
differential analyzer, the new machine was funded by the Rockefeller Foun-
dation through the ubiquitous Warren Weaver. Two thousand vacuum tubes 
and a larger number of relays (electromagnetic switches) were added to dig-
itally control the analog, electromechanical machine. When completed in 
1942, it computed ballistic trajectories faster than the better known digital 
computers developed during World War II: the electronic ENIAC at the 
University of Pennsylvania, and the relay-driven Harvard Mark I. Larry 
Owens calls the Rockefeller analyzer “the most important computer in ex-
istence in the United States at the end of the war.”79

 In studying the machine’s digital control unit—digital because its relays 
were either in the on or off position—Shannon realized that he could apply 
the Boolean algebra he had learned at Michigan to analyze digital logic 
circuits in general.80 He developed the idea further during a summer job 
with the mathematics department at Bell Laboratories in 1937, then located 
in New York City. It was a propitious place to work, because the telephone 
system used countless relays to switch calls. Shannon finished his master’s 
thesis on relay logic, supervised by Frank Hitchcock in MIT’s mathematics 
department in the summer of 1937. “A Symbolic Analysis of Relay and 
Switching Circuits” won a major award from the American Institute of 
Electrical Engineers, which published the paper in 1938.81 Engineers widely 
adopted Shannon’s method because it could analyze any logic circuit, whether 
built from relays or vacuum tubes, or later from transistors and integrated 
circuits. As with other successful mathematical theories of electrical circuits, 
Shannon’s master’s thesis transcended the specific technology for which it 
was developed.82

 Shannon owed a good deal of his success to the fact that Vannevar Bush, 
a powerful figure in American science and engineering, took him under his 
wing. As dean of engineering at MIT, Bush advised Shannon on the relay 
paper and greatly admired him. Bush wrote a recommendation letter to get 
the paper published and hired Shannon to work on his Rapid Selector, an 
early information-retrieval machine, in the summer of 1938.83 When Shan-
non transferred from electrical engineering to MIT’s Ph.D. program in 
mathematics, Bush suggested that he apply his proven ability in symbolic 
algebra to Mendelian genetics for his dissertation.84 Bush did not drop his 
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interest in Shannon when he left MIT to head the Carnegie Institution in 
Washington in 1939. In that year he wrote to Barbara Burks, a mathemati-
cally minded psychologist at the institution’s Eugenics Record Office at 
Cold Spring Harbor on Long Island, asking her for a frank opinion of an 
exploratory paper Shannon had written on his thesis topic. Bush prejudged 
the matter, saying, “Apparently Shannon is a genius. I am not yet quite sure, 
but he has done some very unusual things with unusual types of algebra.”85 
Burks agreed with her boss, thanking Bush “for letting me have a part in 
‘discovering’ Shannon.”86

 Shannon’s nominal Ph.D. adviser was Frank Hitchcock. A longtime mem-
ber of MIT’s mathematics department, Hitchcock did not have the interna-
tional reputation of a Norbert Wiener. Shannon presumably chose to work 
with the “almost self-effacing” Hitchcock because he was an algebraist and 
had supervised Shannon’s master’s thesis.87 Shannon did take a course from 
Wiener, recalling fifty years later that Wiener “was an idol of mine when I 
was a young student at M.I.T.”88 Wiener’s recollection was more subdued. 
“While Shannon was an M.I.T. man, and while Bush was among the first of 
our staff to understand him and to value him, Shannon and I had relatively 
little contact during his stay here as a student.”89 Yet Wiener knew enough 
about Shannon to recommend him, with some reservations, for an applied 
mathematics job at the University of Pennsylvania in 1941, after he had 
finished his Ph.D. Wiener thought Shannon was “a man of extraordinary 
brilliancy and intelligence but I think can profitably spend some time on 
improving his general mathematical background instead of following his 
present tendency to limit himself in engineering problems to discrete as 
opposed to continuous methods. He has already done work of great origi-
nality and is with no doubt a coming man.”90

 Shannon did the research for his dissertation on genetic algebra with 
Burks at Cold Spring Harbor in the summer of 1939. Bush again made the 
arrangements.91 Although Burks seems to have been genuinely impressed 
with Shannon, their correspondence leaves the impression that Vannevar 
Bush, a conservative New England patrician, thought it was the duty of an 
experienced female scientist to aid an up-and-coming male scientist, espe-
cially a shy genius.92

 Shannon received his master’s degree in electrical engineering and his 
Ph.D. in mathematics at the same commencement ceremony in the spring of 
1940. Neither dealt with communication theory.93 Yet Shannon had begun 
to consider that topic while working on the dissertation. In early 1939, he 
wrote Bush, “Off and on I have been working on an analysis of some of the 
fundamental properties of general systems for the transmission of intelli-
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gence, including telephony, radio, television, telegraphy, etc.” He considered 
a communications system in terms of the mathematical transformation of 
one function “representing the intelligence to be transmitted,” into a second 
function, which was affected by noise during transmission, then trans-
formed into a third function by a receiver. Shannon was trying to prove a 
theorem that, “roughly speaking, it is impossible to reduce bandwidth times 
transmission time for a given distortion. . . . The idea is quite old; both 
[Ralph] Hartley and [John] Carson [at Bell Labs] have made statements of 
this type without rigid mathematical specifications or proof.”94

 Here are the seeds of the theory of information that Shannon would 
express in 1945 and develop more fully in 1948. A general communications 
system is represented by mathematical transformations at the transmitter 
and the receiver, and the effect of noise on bandwidth for reliable transmis-
sion is considered. What is missing from this scheme, of course, is the main 
element: the “amount of information” transmitted. Although Shannon re-
ferred to Hartley’s ideas on bandwidth, he did not mention, in the letter to 
Bush, Hartley’s related idea of using a logarithmic formula to measure the 
amount of information transmitted in a communications system.95

 Shannon put aside these ideas, finished his Ph.D., and worked at Bell 
Labs in the summer of 1940. Shannon wrote Bush that he feared he would 
not have enough freedom of inquiry if he took a permanent job in industrial 
research. Bush recommended that Shannon stay in academia for a while and 
used his considerable influence to get him a fellowship under Hermann Weyl, 
a world-renowned mathematician at the newly established Institute for Ad-
vanced Study at Princeton.96 Weyl wrote Shannon in April, “I shall be glad 
indeed to have you work on your biomathematical problems at our Insti-
tute” and to supervise Shannon as much as he could. “You will have the 
chance to discuss the matter also with [John] von Neumann and other alge-
braists who happen to be with us next year.”97

 Shannon gained a better appreciation for industrial research while work-
ing at Bell Labs that summer. He wrote to Bush, “I got quite a kick when I 
found out that the Labs are actually using the relay algebra in design work 
and attribute a couple of new circuit designs to it.” In June, Bush encouraged 
Shannon to move toward applied mathematics and advised him to finish the 
work at Bell Labs before deciding what project to undertake at Princeton. 
“The only point I have in mind is I feel that you are primarily an applied 
mathematician, and that hence your [research] problem ought to lie in this 
exceedingly broad field rather than in some field of pure mathematics.”98

 After Shannon arrived at Princeton in the fall of 1940, the mobilization 
of science and engineering for World War II pushed him toward applied 
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mathematics, and from there into a theory of information. In November, 
Warren Weaver, as head of the Fire Control section of the National Defense 
Research Committee, convinced Shannon to postpone his fellowship and 
work on one of Weaver’s projects at Princeton.99 In the typical style of the 
“old-boy” networks endemic to research contracting during the war, Thorn-
ton Fry—Shannon’s former boss at Bell Labs, a member of the Fire Control 
section, and Weaver’s former colleague in the mathematics department at 
the University of Wisconsin—had recommended Shannon to Weaver, who 
awarded him a ten-month contract at a little over three thousand dollars. 
Titled “Mathematical Studies Relating to Fire Control,” Shannon’s contract 
began on December 1, 1940, the same date as Wiener’s much larger contract 
on the antiaircraft predictor at MIT. Weaver supervised both contracts.100 
After the war, Weaver—an applied mathematician—recalled that he per-
suaded Shannon “to give up a fellowship which he then had at Princeton 
(and under which he was in the process of being a pure topologist!) to un-
dertake some studies in fire control design and prediction theory for [the 
NDRC]. He did some really stunning work for us.”101

 Shannon was less successful in his personal life. He wrote Bush in the 
spring of 1940, “As you may have heard, I was married in January and my 
wife and I have started housekeeping in Cambridge. I did not, as you may 
have anticipated, marry a lady scientist, but rather a writer. She was helping 
me with my French (?) and it apparently ripened into something more than 
French. She’s a very intelligent girl, and I hope you can meet her some time.”102 
Shannon moved with his wife, nineteen-year-old Radcliffe junior Norma 
Levor, from Cambridge to Greenwich Village to work at his summer job at 
Bell Labs. According to Norma, they were happy there, frequenting the jazz 
clubs. But the marriage fell apart when they moved to the IAS at Princeton, 
where Shannon became reclusive. Norma left Claude in 1941 when he re-
fused to seek psychiatric help. Weaver recalled that Shannon “had a tragic 
break-up in his personal life . . . and for a time it looked as though he might 
completely crack up nervously and emotionally. It is Thornton Fry who 
deserves the primary credit for getting him out of that state, and for offering 
him work in the Bell Laboratories. The rest of it is history.”103

 When Shannon joined Bell Labs as a permanent employee in Fry’s math-
ematics department in the fall of 1941, he was immediately set to work on 
war contracts. Although the full extent of Shannon’s activities during the war 
is unknown because some of it is still classified, we know that he worked in 
three areas: antiaircraft directors, a secret communications system, and the 
theory of cryptography.
 Participating in the fire-control project is probably how Shannon learned 
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about Wiener’s statistical theory of communication. In October 1941, 
Weaver suggested that Shannon sit in on a meeting at Bell Labs with John 
Atanasoff, a visiting computer inventor, about the antiaircraft director being 
designed by Henrik Bode’s group at the labs. The meeting included George 
Stibitz, an inventor of fire-control relay computers at Bell Labs and Weaver’s 
technical aide at the NDRC. Weaver made an appointment for Atanasoff to 
go to MIT after the meeting to see how Wiener and Bigelow were coming 
along with their competing antiaircraft project. Later, in July 1942, Stibitz 
and Fry later saw a demonstration of the Wiener-Bigelow predictor as rep-
resentatives of the NDRC.104

 Apparently, Shannon made similar trips to MIT. Bigelow recalled in an 
interview, “In the time I was associated with Wiener [at MIT], Shannon 
would come up and talk to Wiener every couple of weeks and spend an hour 
or two talking with him. . . . Wiener would exchange ideas with him in a 
most generous fashion, because Wiener had all the insights of what infor-
mation theory would be like and he spewed out all these ideas and his 
comments and suggestions to Shannon.”105 If Bigelow’s memory is correct, 
these visits add a new dimension to Shannon’s acknowledgment of Wiener 
in his 1948 paper on information theory: “Credit should also be given to 
Professor N. Wiener, whose elegant solution of the problems of filtering and 
prediction of stationary ensembles has considerably influenced the writer’s 
thinking in this field.”106

 Shannon’s second wartime project at Bell Labs was a top-secret commu-
nications system that allowed U.S. President Franklin Roosevelt and British 
Prime Minister Winston Churchill to communicate securely by radio-telephone. 
Declassified in 1975, Project X—also known as Sigsaly or Ciphony I by the 
U.S. Army Signal Corps—began in the fall of 1940. Two years later, a group 
at Bell Labs had turned a 1930s invention of the labs, the vocoder, a multi-
channel frequency-compression device, into a secret communications sys-
tem. The researchers digitized each of the vocoder’s signals and added to 
them a random cryptographic key, consisting of noise recorded on a phono-
graph disc. An experimental model of a twelve-channel Project X system was 
tested over the Atlantic in the fall of 1942. AT&T’s manufacturing subsidi-
ary, Western Electric, made the sets for the Signal Corps.107

 Two prominent communication theorists at Bell Labs, whom Shannon 
later drew on for his theory of information, were involved with Project X. 
Harry Nyquist worked on it in early 1941; Ralph Hartley wrote a technical 
report relating the system to his theory of information in March 1941. No 
longer full-time staff members, Nyquist and Hartley consulted for Bell Labs 
during the war. Shannon does not appear to have worked directly with ei-
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ther of them on the project.108 His main task was to mathematically prove 
the security of the Project X system. In May 1943, Shannon wrote a confi-
dential report on the Vernam system, a mechanized method of cryptography 
invented during World War I for sending secret messages over telegraph 
lines. Shannon’s report employed probability theory to prove the “perfect 
secrecy of the Vernam system,” on which Project X was based.109

 Working on Project X, which used a digitizing scheme known as pulse-
code modulation (PCM), probably stimulated Shannon to think about chan-
nel capacity, a novel aspect of his theory of information. While the vocoder 
reduced the bandwidth required to send a telephone signal, PCM required 
more bandwidth and less power per signal, but lent itself to time-division 
multiplexing (an efficient way to send multiple signals on a line). Jonathan 
Sterne stresses the importance of working on PCM to Shannon’s invention 
of information theory, noting that Bell Labs was keenly interested in devel-
oping this and other techniques to increase the efficiency of telephonic com-
munications and thus the profits of AT&T.110

 It is not coincidental that Shannon wrote his report on the Vernam sys-
tem shortly after talking with mathematician Alan Turing, Britain’s top 
cryptographer, during a secret visit Turing made to the United States during 
the war. As the Anglo-American liaison on cryptography, Turing arrived in 
Washington in November 1942 to discuss the techniques he and others at 
Bletchley Park, England, had invented to break the Enigma code used by the 
Germans to transmit messages to and from U-boats in the Atlantic.111 After 
completing his work in Washington, Turing went to Bell Labs in January 
1943 for two months, where he analyzed Project X. Turing wanted to ascer-
tain for the British government that telephoning by Project X was completely 
secure, especially because one of its main callers would be Churchill. He was 
not completely satisfied and suggested some alterations. At Bell Labs, Turing 
spent a good deal of time talking privately with Shannon “every day at 
teatime in the cafeteria,” according to Turing’s biographer Andrew Hodges. 
Among other topics, they discussed machines that could imitate the human 
brain, a project Shannon had mentioned to Bush in 1939. Hodges draws a 
connection between Turing’s and Shannon’s complementary ideas about in-
formation, but says “they were not free to discuss them” at the time, a point 
Shannon corroborated in a later interview.112

 In 1945, Shannon drew together the intellectual strands of his wartime 
research on fire-control systems and Project X to produce “A Mathematical 
Theory of Cryptography,” the classified report that formed the basis for the 
theory of information he published in 1948. Shannon recalled, “The work 
on both the mathematical theory of communications and the cryptology 
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went forward concurrently from about 1941. I worked on both of them 
together and I had some of the ideas while working on the other. I wouldn’t 
say one came before the other—they were so close together you couldn’t 
separate them.”113 In another interview, Shannon said, “In one case [you are] 
trying to conceal information, and in the other case [you are] trying to trans-
mit it.” He worked at home on information theory and “used cryptography 
as a way of legitimatizing the work.” He “was not yet ready to write up 
information theory. For cryptography you could write up anything in any 
shape, which I did.” Furthermore, “Working on cryptography led back to 
the good aspects of information theory.” Part of the 1948 paper “was taken 
verbatim from the [declassified 1945] cryptography report, which had not 
been published at that time.” It was published in 1949.114

 The close connection between Shannon’s research on cryptography and 
that on information theory is clear from the 1945 report, “A Mathematical 
Theory of Cryptography.” Figure 3 shows the diagram of a general cryp-
tographic system from the report. Although Shannon restricted his analysis 
to systems using discrete symbols (e.g., letters of the alphabet), he thought 
it could “be generalized to study continuous cases, and to take into account 
the special characteristics of speech secrecy systems,” an allusion to Project 
X.115 Initially, a key (a code) is selected from a set of possible keys in the key 
source and given to the encipherer and the decipherer. Then the encipherer 
applies the key to a message (encodes it), which is selected from a set of 
possible messages in the message source, to produce a cryptogram. The 
cryptogram is then transmitted to the decipherer who uses the key to decode 
the cryptogram and read the message. The enemy cryptanalyst, who does 
not have the key, intercepts the cryptogram and tries to decode it.116

 A major goal of Shannon’s report was to create methods to judge the 
relative merits of secrecy systems. By treating cryptology from the viewpoint 
of probability theory, Shannon assumed that the selection of a message and 
a key were statistical processes, whose a priori probabilities were known to 
the enemy cryptanalyst. Upon intercepting the cryptogram, the enemy could 
calculate new probabilities. “This set of a posteriori probabilities constitutes 
his knowledge of the key and message after interception.” Perfect secrecy 
was defined as the situation where the enemy’s a posteriori probabilities 
equaled his a priori probabilities; he would be no better off after intercept-
ing the cryptogram than beforehand. Shannon created two technical criteria 
with which to compare cryptographic systems: equivocation, a “theoretical 
secrecy index” that indicated “how uncertain the enemy is of the original 
message after intercepting a cryptogram of N letters”; and the unicity dis-
tance, “how much intercepted material is required to obtain the solution to 
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a secrecy system.” The more redundancy in a language, the shorter the unic-
ity distance. According to David Kahn, Shannon’s theory “made possible, 
for the first time, a fundamental understanding of the process of cryptogram 
solution.”117

 Shannon introduces his definition of information early in the 1945 re-
port. He proposes a mathematical quantity, the equation for the statistical 
form of entropy for discrete events, as a “numerical measure of this rather 
vague notion” of the uncertainty, or choice, in making a selection from 
possible events whose probabilities of occurring are known. He then says, 
“Quantities of this kind appear continually in the present paper and in the 
study of the transmission of information,” an allusion to his parallel work 
on information theory. The quantity, he continues, “measures in a certain 
sense how much ‘information is generated’ when the choice is made.” He 
concludes by noting “that quantities of this type . . . have appeared previ-
ously as measures of randomness, particularly in statistical mechanics. . . . 
Most of the entropy formulas contain terms of this type.”118 Shannon cop-
ied large chunks of this section of the report verbatim into the 1948 paper.119

Figure 3. Claude Shannon’s 1945 model of a general secrecy system, declas-
sified by 1949, reveals the debt his theory of information owed to his work 
on cryptography during World War II (compare with fig. 2). From Claude E. 
Shannon, “Communication Theory of Secrecy Systems,” Bell System Technical 
Journal 28 (1949): 661. © 1949 The Bell System Technical Journal.

MESSAGE

M

MESSAGE
SOURCE

MESSAGE

ENEMY
CRYPTANALYST

M

CRYPTOGRAM

E E

E

DECIPHERER
TK

�1
ENCIPHERER

TK

KEY
SOURCE

KEY
K

KEY K



War and Information Theory          35

 The nonsemantic approach, a hallmark of the 1948 paper, was also com-
mon in cryptography. “The only properties of a language of interest in cryp-
tography are statistical properties,” Shannon said in the 1945 report. “What 
are the frequencies of the various letters, of different digrams (pairs of letters), 
trigrams, words, phrases, etc.? What is the probability that a given word 
occurs in a certain message? The ‘meaning’ of a message has significance 
only in its influence on these properties.” The quantification of information 
as uncertainty played a key role in Shannon’s theory of cryptography. He 
used these quantities to calculate the information rate (in digits per letter or 
second) of a source, redundancy of a source’s language, the unicity distance, 
and the equivocation (uncertainty in decoding the original message). From 
these parameters, he judged the relative secrecy of specific cryptographic 
systems. Equivocation was “almost identical with information, the differ-
ence being one of point of view.”120

 By comparing the system diagrams in the two papers (in figs. 2 and 3), 
we can see how Shannon drew on cryptography to develop his theory of 
information. If the goal of the cryptographer is to outwit the enemy crypt-
analyst, the goal of the communications engineer is to outwit noise. Codes 
conceal information from the enemy in cryptology and allow information 
to be reliably transmitted in the presence of noise in communications. While 
the 1945 paper defined criteria, based on the information measure, to com-
pare coding schemes, the 1948 paper proved several coding theorems in 
what Shannon called “information theory.”121

Credit for Information Theory

Wiener was more interested than Shannon in who should get credit for 
equating information with entropy in communications systems. In late 1948, 
Warren Weaver thanked Wiener for sending him a copy of Cybernetics, which 
he thought was “fascinating and important,” then turned to the subject of 
Shannon. “I am sure that you have been following the work which Claude 
Shannon has recently published in the Bell technical journal. It seems to me 
that this is also first-rate. He is so loyal an admirer of yours that I find it 
difficult to decide how much of this was really inspired by you, and how 
much he deserves individual credit for. That is probably a very bad question 
to put to you, but I would nevertheless be interested in your comments.” 
Wiener apparently did not answer the letter.122 In 1953, Wiener told a sci-
ence writer that he had worked out a statistical definition of information, 
transmitted as binary digits, a few months to a year before hearing Shannon 
give his paper at Harvard in March 1947.123
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 But Wiener usually spoke in terms of joint credit. In his review of a book 
published in 1949 by Shannon and Weaver on information theory, Wiener 
said the idea of equating information with entropy “was developed about 
the same time by the author of the present review.” (He did not mention 
Fisher in this account.) Wiener further noted that Shannon drew on his 
statistical theory of communication.124 In his autobiography, Wiener em-
phasized the influence he and Shannon had jointly exerted on communica-
tions engineering. “In introducing the Shannon-Wiener definition of quan-
tity of information (for it belongs to the two of us equally), we made a 
radical departure from the existing state of the subject” by considering the 
problem of noise. “Thus, the statistical point of view in communication 
theory, which I had anticipated so many years before with my generalized 
harmonic analysis, and which Shannon and I had jointly made fundamental 
at the beginning [sic] of World War II, became inevitable and basic shortly 
after the war had begun.”125

 Scientists and engineers had an opportunity to compare the work of 
Shannon and Wiener before “A Mathematical Theory of Communication” 
and Cybernetics were published. At the annual meeting of the Institute of 
Radio Engineers, held in March 1948, a plenary symposium on “Advances 
Significant to Electronics” featured three of the most prominent scientists of 
the day. John von Neumann spoke on “Computer Theory”; nuclear physi-
cist I. I. Rabi, who had worked at the Rad Lab and Los Alamos, spoke on 
“Electronics and the Atom”; and Norbert Wiener gave a talk on “Cybernet-
ics.” Two lesser figures filled out the session. E. M. Deloraine, an engineer 
with the International Telephone and Telegraph Corporation, spoke on 
“Pulse Modulation”; and Claude Shannon talked on “Information Theory.” 
Both Wiener and Shannon dealt with the new concept of information.126 
The talks of Wiener and Shannon seem to have been well received. Henry 
Wallman, a professor in MIT’s mathematics department, wrote to Shannon 
that the “set of three talks by Wiener, [von] Neumann, and you was very 
good, and I heard many favorable comments.” Wallman reported that Wie-
ner’s book, Cybernetics, then at the galley proof stage, “is mainly philosoph-
ical and never gets down to a precise and detailed an analysis as the one you 
presented, but it’s certainly interesting.”127

 The IRE session and Wallman’s remarks foreshadow a good deal of the 
subsequent history of cybernetics and information theory: their populariza-
tion as two “new sciences” in the 1950s; the contested boundaries drawn 
around the two disciplines then and now; and persistent questions about 
how and why they reshaped the physical and social sciences in Cold War 
America.
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The fault lines between the natural sciences and the social sciences 
ran deep at the Macy conferences on cybernetics. At a special meeting 

on the social sciences, held between the first two conferences in 1946, Nor-
bert Wiener flatly stated that the social sciences did not have long enough 
runs of consistent data to which to apply his mathematical theory of predic-
tion.1 Matters got worse in 1947. The cybernetics group, chaired by Warren 
McCulloch, refused to elect psychoanalyst Erik Erikson as a permanent 
member because Walter Pitts thought he lacked rigor and logical reasoning. 
Furthermore, the group’s mathematicians and physiologists roundly criti-
cized a presentation by Wolfgang Köhler, a founder of Gestalt psychology, 
for not being grounded in neurological data. Gregory Bateson complained 
to McCulloch, “I doubt whether any of us social scientists will come up to 
his [Pitts’s] standards for another thirty years.”2

 Bateson and Margaret Mead were determined that the social scientists 
who attended the next meeting, as guests, would make a better showing in 
front of the group’s leaders, whom Bateson called the “physico-math boys.”3 
Although Gregory and Margaret were separated as husband and wife, they 
coached the guests, all of whom were linguists, at an evening party held 
in early 1948 at the apartment they formerly shared in Greenwich Village 
in New York City. To appease McCulloch, who held a low opinion of lin-
guistics, Bateson told him that “none of them [are] professional linguists.” 
Bateson also held a preconference meeting in Boston, where he was teach-
ing, which included social psychologist Alex Bavelas at MIT. Bateson and 
Mead had wanted to invite five or six linguists to the 1948 conference, but 
Bateson told McCulloch, “we are willing to sacrifice two linguists to get me 
Bavelas: making four linguists and one Bavelas.”4 In a letter inviting one of 

Chapter Two
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the linguists to the affair at Greenwich Village, Mead wrote: “I think you 
have heard something of the Conference of people interested in teleological 
mechanisms in which Gregory has been so much interested and of which he 
and I are members. . . . This is the thing that Gregory cares more about than 
any other intellectual endeavor and it is a most exciting focus of thought.”5

 The 1948 Macy meeting seems to have gone well. Bavelas was elected as 
a permanent member, and the natural scientists did not complain about the 
guest linguists: Dorothy Lee from Vassar, Roman Jakobson and John Loetz 
from Columbia, and Charles Morris from the University of Chicago.6 One 
reason was that Mead and Bateson had worked hard to prepare them for 
the meeting. Mead later told the cybernetics group, “We select the guests 
and it is our job to brief them. Now, let me tell you, when Gregory and I 
planned that linguistics meeting two years ago, we spent about twenty hours 
before that meeting with each person; that is, first Gregory spent about 
three hours with each person, then a whole day with a group of them, with 
Jakobson and Dorothy Lee and Loetz, working it over beforehand, explain-
ing what it was all about, giving them a view of what happened in the past.” 
Mead thought the group’s custom of not briefing guests and then complain-
ing about what they said at the conference was “abominably unfair.”7

 In working through these difficulties of speaking across disciplines, by 
focusing on the communication rather than the research collaboration as-
pect of interdisciplinarity,8 the Macy conferences became a crucial site for 
the development and spread of cybernetics and information theory into the 
social sciences and biology. They provided an interdisciplinary space for 
prominent scholars from a range of disciplines to meet regularly over an 
extended period of time—in ten conferences held from 1946 to 1953—to 
discuss how to apply concepts from the two fields outside of mathematics 
and engineering.9 Other venues had more limited aims. Information theory 
was promoted as a discipline by the London Symposium on Information 
Theory and by the U.S.-based Institute of Radio Engineer’s Professional 
Group on Information Theory, both of which were established in the early 
1950s (see chapter 4). Some members of the Macy group strove to combine 
cybernetics and information theory into a universal discipline. The conten-
tious interdisciplinary communication at the Macy conferences—among 
mathematicians, engineers, physiologists, and social scientists—reveal how 
difficult that task was and the many issues at stake when the founders and 
the skeptics of cybernetics and information theory debated the promise and 
limitations of the two new fields.
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Organizing the Macy Conferences on Cybernetics

Established in 1930 to fund medical research, the Josiah Macy, Jr., Foun-
dation was part of a movement to promote interdisciplinary research in the 
United States. That path had been charted by the Social Science Research 
Council in the 1920s, which sought to integrate the social science disci-
plines. In the 1930s, Warren Weaver, as head of the Natural Sciences Divi-
sion of the Rockefeller Foundation, funded the application of physics and 
chemistry to biology to create the research area of molecular biology.10 The 
success of physics in World War II created new opportunities and problems 
in promoting interdisciplinarity. In 1949, Frank Fremont-Smith, medical 
director of the Macy Foundation, told the cybernetics group that the foun-
dation’s conference program addressed the “need to break down the walls 
between the disciplines and get interdisciplinary communication.” This was 
“particularly difficult between the physical and biological sciences on the 
one hand, and the psychological and social sciences on the other.” The prob-
lem had some urgency, he said, because the “physical sciences have devel-
oped to such a point and have gotten so far ahead of the social sciences that 
there is grave possibility that social misuse of the physical sciences may block 
or greatly delay any further progress in civilization.”11 The organizers of the 
cybernetics group thought their field would help in this regard by providing 
a common language with which to bridge the communications gulf between 
the natural sciences and the social sciences.12

 The order in which presenters spoke at the early meetings indicates the 
hierarchical assumptions behind this belief. During the first four meetings, 
held twice a year in 1946 and 1947, the mathematicians and engineers—
led by Norbert Wiener and John von Neumann—spoke first about the war- 
inspired digital computers and antiaircraft fire-control systems. Wiener ex-
plained how control systems behaved in a purposeful manner by feeding 
back the negative value of a system’s output to its input. The circular flow 
of information allowed the system to compare its current state with a pre-
set goal and take action to achieve that goal. The principles applied to living 
organisms, as well, such as the self-regulation of body temperature. The 
group’s leaders referred to this process as circular causality. Next to speak 
were the neurophysiologists, led by McCulloch and Arturo Rosenblueth. 
Their research sanctioned the cybernetic analogy between computing and 
feedback systems, on the one hand, and human brains and nervous systems 
on the other. The social scientists—the psychiatrists, psychologists, sociol-
ogists, and anthropologists, led by Bateson and Mead—spoke last, about 
how to apply these analogies to their fields.13
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 Although McCulloch abandoned this order of speaking midway through 
the series of meetings,14 the epistemological hierarchy that subjected the 
biological and social sciences to the physical sciences (in this case, mathe-
matics and engineering) was evident at the Macy conferences. The hierarchy 
is reflected in the original title of the meetings: “Feedback Mechanisms and 
Circular Causal Systems in Biology and the Social Sciences.” After Wiener 
popularized the word cybernetics in 1948, the group called its proceedings, 
Cybernetics: Circular Causal and Feedback Mechanisms in Biological and 
Social Systems, which published transcripts of the last five meetings. The 
wording of both titles reflects the hierarchy of the sciences assumed by the 
organizers, the prestige of the physical sciences in Cold War America, and 
the desire of the social sciences to emulate them.15

 The founders of the cybernetics conferences derived their structure and 
goals from two meetings held during the war. The first meeting, a Macy 
conference on Cerebral Inhibition (conditioned reflexes and hypnosis) held 
in 1942, resembled the postwar cybernetics conferences in many respects. It 
had a similar interdisicplinary profile, and several attendees became charter 
members of the cybernetics conferences, including McCulloch, Rosenblueth, 
Bateson, and Mead. Remarkably, early versions of the two founding articles 
of cybernetics were presented at the meeting. Rosenblueth outlined how the 
wartime work by Wiener and Bigelow on antiaircraft systems could provide 
a general explanation of purposeful (teleological) behavior in both animals 
and machines. McCulloch presented the research he and Pitts had done to 
prove mathematically that neural nets in the human brain could perform 
the logical functions of a generalized digital computer (i.e., of a Turing ma-
chine).16 Both articles were published in 1943. In using mathematics, engi-
neering, and neurophysiology to blur the boundaries between humans and 
machines, the presentations created quite a stir at the 1942 meeting. Mead 
recalled, “That first small conference was so exciting that I did not notice I 
had broken one of my teeth until the conference was over.”17

 Mead and Bateson drew on their connections with the Macy Foundation 
to play leading roles in the 1942 meeting and in the cybernetics conferences. 
They were colleagues and friends of psychologist Lawrence (Larry) Frank, 
a former executive secretary of the Macy Foundation who attended the 
1942 meeting and all of the cybernetics conferences. A founder of the inter-
disciplinary conference movement in the United States, Frank had intro-
duced Mead to the value of these small assemblies in the 1930s.18 Their lives 
were intertwined socially as well. As a married couple, Mead and Bateson 
rented part of Frank’s townhouse in Greenwich Village and spent summers 
with him in New Hampshire. During World War II, the Frank household 
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raised their young daughter Cathy (Mary Catherine Bateson) while they 
were busy doing war work, Margaret in Washington, DC, and Gregory in 
the Pacific.19 As adherents of the interdisciplinary culture and personality 
school in the social sciences, Mead and Frank thought the cybernetic model 
of mind could aid their broader work, assisted by Fremont-Smith at the 
Macy Foundation, to improve mental hygiene as a way to ease the tensions 
of the Cold War. Fremont-Smith had also attended the 1942 meeting.20

 The second protocybernetics meeting held during the war was domi-
nated by the natural sciences. In January 1945, a dozen mathematicians, 
physicists, engineers, and neurophysiologists met at the Institute for Advanced 
Study in Princeton at the invitation of Wiener, von Neumann, and Howard 
Aiken, head of the Navy’s Mark I digital computer project at Harvard, to 
discuss postwar plans. The invitation letter reflects the feedback-systems 
research conducted by Wiener, Bigelow, and Rosenblueth during the war. “A 
group of people interested in communication engineering, the engineering 
of computing machines, the engineering of control devices, the mathematics 
of time series in statistics, and the communication and control aspects of the 
nervous system, has come to a tentative conclusion that the relations be-
tween these fields of research have developed to a degree of intimacy that 
makes a get-together meeting between people interested in them highly de-
sirable.” Although the organizers did not invite any social scientists, they said 
that the targeted research areas had “even economic and social interest,” 
which probably referred to the recent book by von Neumann and economist 
Oskar Morgenstern on game theory.21 Wiener and Aiken suggested “that the 
group be known as the Teleological Society,” a name suggested by the title 
of the 1943 article published by Rosenblueth, Wiener, and Bigelow, “Behav-
ior, Purpose and Teleology.”22

 The first day of the two-day meeting was devoted to engineering, with 
Wiener speaking on communications systems and von Neumann on com-
puters. The second day was devoted to neurophysiology, with McCulloch 
and neurophysiologist Lorente de Nó of the Rockefeller Institute speaking 
about the human brain. Wiener wrote Rosenblueth, who could not attend 
the meeting, “In the end we were all convinced that the subject embracing 
both the engineering and neurology aspects is essentially one, and we should 
go ahead with plans to embody these ideas in a permanent program of re-
search.” The group decided not to organize a “formal permanent society” 
because their research was classified, but Wiener noted that the group planned 
to establish a professional society, journal, and research center after the war 
and said the Rockefeller and Guggenheim Foundations had indicated their 
support.23 The group assigned research projects to its members in the areas 
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of filtering and prediction; computerization of statistical problems; using 
the computer to solve differential equations in such fields as ballistics and 
hydrodynamics (probably for the atomic bomb project); and the relation-
ship between engineering and neurophysiology.24

 War pressures intervened, however, and the group disbanded. It did not 
hold its second meeting, planned for the spring, probably because von Neu-
mann was busy in “the West,” code for working on the classified atomic bomb 
project at Los Alamos.25 Complicating matters further, a plan to entice von 
Neumann to MIT, to work with Wiener in a new interdisciplinary research 
center on computers, control systems, and neurophysiology, failed to materi-
alize.26 Wiener lamented in the fall of 1945, after the war had ended and the 
MIT mathematics department was starting to reorganize, that von Neumann 
“remains an unknown quantity.” It seems that von Neumann used the MIT 
offer and another one from the University of Chicago to convince Princeton 
to allow him to build a computer, the Institute for Advanced Study machine, 
which was funded by the military and the Atomic Energy Commission.27

 In the face of these setbacks, Wiener sought other means to bridge math-
ematics, engineering, and physiology. As noted earlier, he and Rosenblueth, 
who had moved to the Cardiology Institute in Mexico City, secured a mul-
tiple-year grant from the Rockefeller Foundation to enable them to collab-
orate on “mathematical biology,” part of its ongoing program to promote 
interdisciplinary fields. Wiener also helped Pitts obtain a grant from the 
Guggenheim Foundation to work on the “mathematics of the nervous sys-
tem.” The Macy conferences on cybernetics, established in early 1946, were 
in many respects, an intellectual successor to the short-lived Teleological So-
ciety. In fact, the informal name of the meetings was the “Conference on 
Teleological Mechanisms.” The Macy conferences also complemented the 
institutional support that Wiener was able to secure after failing to establish 
a protocybernetics center at MIT.28

 All accounts agree that organizing the conferences was a joint effort be-
tween McCulloch, Fremont-Smith, Bateson, Mead, and Larry Frank. But the 
central figure was McCulloch, who was well-positioned to lead the Macy 
group.29 Trained in psychiatry, philosophy, and neurophysiology at Yale, Mc-
Culloch had set for himself early in his career the ambitious and rather poetic 
research question, “What is a number that a man may know it, and a man that 
he may know a number?” He came to think of the lifetime project as experi-
mental epistemology.30 Holding an appointment at the Illinois Neuropsychi-
atric Institute at the University of Illinois Medical School in Chicago, Mc-
Culloch had close ties with Wiener and fellow neurologists Rosenblueth and 
Fremont-Smith. The only person to attend both protocybernetics meetings 
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during the war, McCulloch was impressed with Rosenblueth’s presentation 
on feedback mechanisms at the Macy conference on cerebral inhibition in 
1942. He had convinced his coauthor Pitts to become a graduate student under 
Wiener at MIT during the war, and by 1946, McCulloch had received three 
small research grants from the Macy Foundation to study neurophysiology.31

 After McCulloch urged Fremont-Smith to establish the feedback confer-
ences, he worked with him and Bateson to select members from several dis-
ciplines to attend the first meeting. McCulloch wrote to Pitts that the agreed-
upon list was “Wiener, von Neumann, and you on Mathematical Engineering, 
and Rosenblueth, Lorente de Nó and Ralph Gerard for Neurophysiology. 
[Lawrence] Kubie (first to suggest importance of feedback in psychiatric 
problems) and Hank Brosin (a dandy) for Psychiatry. Meade [sic], Bateson 
and someone else for Sociology—Bateson, you will remember, is the man who 
insists on the importance and lack of theory in Sociology. [Donald] Marquis, 
[Heinrich] Kluver or [Kurt] Lewin and [Molly] Harrower for Psychology 
and half a dozen others from various fields not well known to me.”32

 McCulloch ordered the list of speakers to reflect the consensus reached 
at the protocybernetics meetings: that the computer-and-feedback analogy 
between humans and machines should set the agenda for biology and the 
social sciences. In suggesting the talks to be given at the first conference, 
held in spring 1946, McCulloch told Fremont-Smith that the “final, or pur-
posive, aspect can scarcely be formulated until the formal, logical, or go-
no-go [digital] aspect has been clearly stated and the men most competent 
to handle these statements are undoubtedly the mathematicians and engi-
neering brains in the group.” They should be followed by a neurophysiolo-
gist to indicate applications of these ideas to the nervous system. “If we can 
get this much clear, I believe we will be ready to attempt formulation in 
wider fields.” Bateson agreed with this hierarchy. In fact, he published an 
editorial in Science that summer on the necessity for the natural sciences to 
come to the aid of the social sciences.33

 Wiener did not play a big role in organizing the conferences. After Mc-
Culloch gave him a list of two dozen invitees in early 1946, Wiener sug-
gested adding Julian Bigelow, then chief engineer on von Neumann’s com-
puter project at the Institute for Advanced Study in Princeton, and humanist 
Giorgio de Santillana, Wiener’s colleague at MIT. But Fremont-Smith and 
McCulloch selected only Bigelow, whom McCulloch knew from the war-
time Teleological Society.34 Even though von Neumann had turned down 
MIT’s offer, Wiener wanted to push their old scheme in this new venue: “I 
think this is our great opportunity to present our point of view and that we 
ought to be in a position to correlate our talks before we begin,” which they 
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did when Wiener attended the public celebration of the ENIAC computer in 
early 1946. Wiener told McCulloch, “This meeting is going to be a big thing 
for us and our cause.”35

 The cybernetics conferences followed the pattern of the other small con-
ferences on medical topics run by the Macy Foundation at the time. Mc-
Culloch, Fremont-Smith, and Bateson chose two dozen charter members 
from a range of disciplines. There were five members from mathematics and 
engineering, six from physiology and medicine, one from ecology, eight 
from the social sciences, and one from philosophy. They invited guests and 
replaced permanent members who had dropped out. In all, seventy mem-
bers and guests attended the conference series. McCulloch chaired the two-
day meetings, all but one of which was held at a conference room in the 
Hotel Beekman in midtown Manhattan; the last meeting was held at the 
Nassau Tavern in Princeton. Macy staff recorded the wide-ranging discus-
sions (critics called them “rambling”) on the taping machinery of the day, a 
SoundScriber wire recorder. Edited transcriptions of the last five conferences 
were published from 1950 to 1955. The group selected physicist- engineer 
Heinz von Foerster from the University of Illinois as chief editor of the pro-
ceedings, and Mead and psychologist Hans Lukas Teuber as coeditors.36 
McCulloch recalled that he “could count on Margaret Mead’s keeping a 
flowchart of the discussion in her head and on Walter Pitts’ understanding 
everybody.” Mead was more critical, recalling that McCulloch “had a grand 
design in mind [for how the conversation should proceed from meeting to 
meeting]. He got people into that conference, who he then kept from talk-
ing. . . . He wouldn’t let Ralph Gerard talk. He said ‘You can talk next year.’ 
He was very autocratic.”37

 Although the cybernetics group followed the pattern of the other Macy 
conferences, its interdisciplinary reach was extraordinary. Rather than ana-
lyze the full range of those discussions, I focus on three issues that were 
debated at length at the meetings: the role of analogies and models in cyber-
netics; the relationship between cybernetics and information theory; and the 
attempt to turn cybernetics into a universal discipline with a universal lan-
guage.38 The issues proved to be of lasting concern to cyberneticians and 
information theorists for decades to come, as well as to the historians and 
sociologists who have studied these fields.

Analogies and Models

The intellectual foundation of the conferences was the cybernetic analogy 
relating humans to machines, and machines to humans. In this analogy, the 
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nervous system was deemed to work like a feedback-control mechanism, the 
brain like a digital computer, and society like a communications system—
metaphors that Wiener had popularized in Cybernetics (1948) and the 
Human Use of Human Beings (1950). The analogy had become so closely 
associated with the cybernetics conferences that one regular member, Leon-
ard Savage, a statistician from the University of Chicago, felt compelled to 
remind the group of its roots when it strayed from them in 1951: “We used 
to be a seminar or meeting on the subject of computing machines and we 
naturally do revert to the theme of the analogy between computing ma-
chines and human and social behavior, because at one time, at any rate, it 
was one of our most important theses, that we might find something fruitful 
in that analogy.”39

 By trying to turn the discussion back to the original center of the cyber-
netics enterprise, Savage raised a basic question: what made analogies and 
models fruitful in cybernetics? Were they created to represent mechanisms 
common to humans, machines, and society, to stimulate research into those 
mechanisms, or to mediate between science and nature?40 Rosenblueth and 
Wiener came down on the representational side of the question in an article 
they had published on the role of models in science in the journal Philoso-
phy of Science. Distinguishing between theoretical models and material 
models, they thought the value of the former was their logical structure and 
ability to solve black-box problems, where the box’s inputs and outputs 
are known, but not its inner workings. The material model made experi-
mentation easier to pursue by simplifying the “original complex system” to 
consider phenomena of interest. In contrast, psychologist Hans Lukas Teu-
ber questioned the literalness of machine analogies. In 1947, Teuber com-
plained to McCulloch that at the last conference, “psychology was getting 
into a squeeze between neurophysiology and robotology—until there was 
little room left for matters psychological.” Robots might “become capable 
of doing innumerable tricks the nervous system is able to do; [but] it is still 
unlikely that the nervous system uses the same methods as the robot in ar-
riving at what may look like identical results. Your models remain models.” 
The psychologist should be the “mediator between neurophysiology and 
robotology” at the meetings.41

 Margaret Mead agreed that cybernetic models were not strictly represen-
tational, but they stimulated her thinking in fruitful ways. When briefing 
psychologist Erik Erikson for his guest appearance at the 1948 meeting, 
Mead told him that the conferences were “an experiment in using concep-
tual models—drawn from the field of ‘feedback’ mechanics—to think about 
human behavior. So far most of the emphasis has been upon such concepts 



46          the cybernetics moment

as positive and negative feedback. . . . Now, we want to do more with the 
conceptual model provided by these giant calculating machines [the digital 
computers], in which there are a lot of problems analogous to those of 
human perception, memory, problem solving, etc.” That is where Erikson’s 
work would come in. “The value of the conceptual model is of course only 
methodological, there is no trap of saying the human body is a machine, but 
merely that the methods, especially the mathematics used in these machine 
problems, may be available tools for thinking more precisely about human 
behavior.”42

 McCulloch arrived at a similar result by starting from theoretical mod-
els. An experimental physiologist who had helped create a mathematical 
theory of neural nets, McCulloch wrote to Teuber, “I look to mathematics, 
including symbolic logic, for a statement of a theory in terms so general that 
the creations of God and man must exemplify the processes prescribed by 
that theory. Just because the theory is so general as to fit robot and man, 
it lacks the specificity required to indicate mechanism in man to be the same 
as mechanism in the robot. But every robot suggests a mechanistic hypoth-
esis concerning man, and it is the glory of a hypothesis that it leads to ex-
periments that do reveal the mechanisms actually at work in man.”43

 The debate about the role of models in cybernetics heated up during a 
lengthy discussion about the analogy between the human brain and the 
digital computer at the 1950 conference. Ralph Gerard, a charter member 
of the group and a neurophysiologist at the University of Chicago, ques-
tioned the digital representation of the brain as primarily a collection of 
on-and-off neurons and of the nervous system as primarily controlled by 
on-and-off electrical impulses. Gerard criticized the group for switching 
from the “as if” idiom to the “is” idiom, for treating analogies as reality. “To 
take what is learned from working with calculating machines and commu-
nication systems, and to explore the use of these insights in interpreting the 
action of the brain, is admirable; but to say, as the public press says, that 
therefore these machines are brains, and that our brains are nothing but 
calculating machines, is presumptuous.” Gerard reminded the group that 
it had considered the digital and analog aspects of the brain, and stated the 
scientific consensus that “chemical factors (metabolic, hormonal, and related) 
which influence the functioning of the brain are analogical, not digital.” He 
argued that “digital functioning is not overwhelmingly the more important 
of the two,” a minority position in the cybernetics group.44

 The discussion that followed Gerard’s presentation addressed three is-
sues: whether to model the brain as primarily a digital or an analog organ; 
the meaning and usefulness of the terms analog and digital; and the value 
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of analogies in science.45 Several members had a lot riding on the digital side 
of the debate. McCulloch and Pitts had made their reputation creating a 
logical model of the brain as a computer composed of digital neurons. Von 
Neumann and Bigelow had used this model to design and build the elec-
tronic computer at Princeton.46 During the discussion, von Neumann agreed 
with Gerard that “it is very plausible, indeed, that the underlying mechanism 
of the nervous system may be best, although somewhat loosely, described as 
an analogical mechanism.” The digital logic function of the brain then rested 
on that chemical, analog foundation. But it was unclear if messages sent in 
the nervous system were coded in a digital or analog manner. Von Neumann 
thought the proposed coding scheme was a “very imperfect digital system.” 
Although von Neumann agreed that the simple model of the neuron as an 
on-off device did not capture its biological complexity, he did not want to 
give up its digital representation.47 Bigelow explained that mathematicians 
and physicists preferred to ignore the biological structure of neurons and 
interpret them as having the “property of carrying out processes like com-
putation, that is, the property of carrying out operations which are in fact 
digital.” Gerard replied, “I think the physiologists would be likely to say that 
that is just like a physicist.”48

 McCulloch tried to mediate the debate as a neurophysiologist who had 
represented neurons as digital devices. He suggested that the analog (con-
tinuous) alpha rhythm of the brain could be the envelope of digital (dis-
crete) firings of impulses. He tried to settle the question of when to use an 
analog or a digital representation by saying that researchers should ask how 
information is coded. A continuous method of coding, as in chemical pro-
cesses, would be classified as analog; a discrete method of coding, as in 
nerve impulses, would be classified as digital.49

 McCulloch’s mediation did not settle the dispute. Instead, the group 
delved into the question of how to define the terms analog and digital. In 
practice, scientists and engineers labeled a system as “digital” if it dealt with 
a signal or a numerical quantity in a discrete fashion, and “analog” if it dealt 
with them in a continuous fashion. For example, the telegraph was digital 
because it transmitted discrete signals representing discrete dots and dashes, 
while the telephone of that period was analog because it transmitted con-
tinuous signals representing continuous changes in sound levels and fre-
quency. By a similar token, Von Neumann’s Princeton computer was digital 
because it operated on discrete numerical quantities, while Vannevar Bush’s 
differential analyzer was analog because it operated on continuous func-
tions. This distinction seemed clear-cut in those realms, but it was contested 
by the interdisciplinary Macy group. When asked by Bateson to explain the 
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difference between analog and digital, Gerard made the usual distinction 
between a continuous representation and a discrete representation, which 
he had learned from the group’s mathematicians and engineers. He gave the 
example that a dimmer switch for electric lighting was an analog device, 
while an on-off switch was a digital device.50

 The ensuing discussion did not satisfy Bateson, who broke in to say, “It 
would be a good thing to tidy up our vocabulary.” He questioned the strict 
duality between the terms analog and digital, continuous and discontinuous, 
and also the concept of analogy itself. Bateson’s probing elicited a surpris-
ing admission from von Neumann that the terms analog and digital were 
ambiguous:

Bateson: . . . First of all, as I understand the sense in which “analogical” 
was introduced to this group by Von Neumann, a model plane in a wind 
tunnel would be an “analogical” device for making calculations about a 
real plane in the wind. Is that correct?

Wiener: Correct.
Von Neumann: It is correct.
Bateson: It seems to me that the analogical model might be continuous or 

discontinuous in its function.
Von Neumann: It is very difficult to give precise definitions of this, although 

it has been tried repeatedly. Present use of the terms “analogical” and 
“digital” in science is not completely uniform.

McCulloch: That is the trouble. Would you redefine it for him? I want to 
make it as crystal clear as we can.51

 Von Neumann gave examples of different types of analog devices. Wind 
tunnels simulated aeronautical conditions (by analogy); the differential ana-
lyzer calculated continuous (analog) functions. In “almost all parts of physics 
the underlying reality is analogical,” von Neumann said. “The digital proce-
dure is usually a human artifact for the sake of description.”52 That is, humans 
often digitized nature’s analog functions to make them easier to work with.
 Further elaboration by von Neumann, Wiener, McCulloch, and others 
did not satisfy the social scientists. J. C. R. Licklider, a Harvard psychologist 
who would later head the government office that developed the predecessor 
of the Internet, understood how the terms, analog, digital, continuous, and 
discontinuous were used in mathematics and electronics, “but we would 
like explained to us here, to several of us and to many on the outside, in 
what sense these words are used in reference to the nervous system.” Mc-
Culloch asked Pitts, a mathematician, rather than the neurophysiologists, 
to answer the question. Pitts gave a lengthy explanation of how to decide 
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where a continuous mathematical series ended and a discrete one began, 
which did not settle matters, nor did interventions by Wiener, Stroud, Bige-
low, and others.53 Licklider asked, “Is it then true that the word ‘analogues’ 
applied to the context of the computer’s brains, is not a very-well chosen 
word; that we can do well if we stick to the terms ‘discrete’ and ‘continuous,’ 
and that when we talk about analogy we should use the ordinary word 
‘analogy’ to mean that we are trying to get substitution?” Savage replied, 
“We have had this dichotomy with us for four or five years, Mr. Licklider. I 
think the word [analogue] has worked fairly well on the whole. There would 
be some friction for most of us in changing it now.” Licklider became more 
frustrated as the discussion wore on. “These names confuse people. They 
are bad names, and if other names communicate ideas they are good names.” 

When the group could not clarify the meaning nor the origins of the terms 
analog and digital, Licklider thought the debate had gone on long enough. 
“We really ought to get back to Gerard’s original problem. We will use the 
words as best we can.”54

 The contentious debate raised, once again, the question of the role of 
models in cybernetics. Once again, the debate split along the lines of repre-
sentation versus the stimulation of research. Gerard said in his opening re-
marks that it was admirable to use the computer model to gain insights into 
the functioning of the brain. Teuber supported Gerard by saying, “To as-
sume digital action is permissible as long as we remember that we are deal-
ing with a model. The only justification for using the model is its heuristic 
value.”55 McCulloch, von Neumann, and Wiener thought models were more 
representational than that. Yet this time Wiener tried to mediate between 
the two positions using concepts he and Rosenblueth had developed in their 
article on models in science. Whether to use a digital or analog representa-
tion was really a matter of convenience. “I say that the whole habit of our 
thinking is to use the continuous where that is easiest and to use the discrete 
where the discrete is the easiest. Both of them represent abstractions that do 
not completely fit the situation as we see it. One thing that we cannot do is 
to take the full complexity of the world without simplification of methods. 
It is simply too complicated for us to grasp.”56 Wiener’s agnosticism failed 
to settle matters.
 The group made more progress on the role of models in cybernetics by 
considering material models—the feedback mechanisms that became the 
hallmark of cybernetics. The group discussed three mechanisms at the con-
ferences: Wiener’s hearing glove; Shannon’s electromechanical mouse The-
seus; and W. Ross Ashby’s homeostat. Only Shannon displayed a physical 
model to the group; Wiener and Ashby read papers about their devices. 
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Here, I discuss the two robotlike mechanisms, Theseus and the homeostat, 
and leave the cyborglike hearing glove for the next chapter.
 Shannon demonstrated the electromechanical maze-solving Theseus at 
the 1951 meeting. He built the robotlike device from about seventy-five 
electromechanical relays of the type his employer, the Bell System, used to 
switch telephone systems (fig. 4). Theseus, a three-inch-long, mouse-shaped 
piece of wood hollowed out to contain a bar magnet, moved on three wheels 
by being attracted to a motor-driven electromagnet moving on the under-
side of the metal flooring of the maze. The maze consisted of twenty-five 
squares with rearrangeable partitions and a movable metallic goal (the 
“cheese”). Programmed by the logical circuitry of the relays, Theseus would 

Figure 4. Claude Shannon demonstrated his maze-running “mouse,” Theseus, 
an early form of artificial intelligence, to the Macy conference on cybernetics 
in 1951. It showed that the logic elements used in the telephone system and in 
early computers (electromechanical relays) could simulate animal learning. 
Courtesy of AT&T Archives and History Center.
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explore the maze, bumping into walls, which it sensed with copper “whis-
kers,” and clearing passages, until it reached the cheese at the center of one 
of the cubicles, thereby ringing a bell. The digital relays allowed Theseus to 
“remember” a clear path for the next run, thus showing how a feedback 
process could enable machines to learn, a primary interest of the Macy 
group. A trial-and-error exploration algorithm enabled Theseus to find the 
cheese, after which a goal algorithm enabled it to repeat the performance 
without bumping into the walls. Both strategies were fixed rather than ran-
dom. Its many feedback loops allowed Theseus to keep searching if no 
cheese was present. Shannon designed an “antineurotic circuit” that would, 
after a few tries, break the mouse out of a “vicious circle” induced by the 
experimenter’s moving the partitions after the mouse had learned the previ-
ous configuration. During his presentation, Shannon used the terms sensing 
finger and goal, rather than mouse, Theseus (his nickname for the mouse), 
and cheese, which were favored by the popular press.57

 The published discussion of Shannon’s presentation was short and dealt 
mostly with technical questions (from Pitts and Bigelow), rather than the 
implications of his model for the biological and social sciences. After the 
meeting, McCulloch acknowledged that Shannon had “refused to talk about 
it [social implications] but he agreed to bring his gadget to show us, and I 
think we are getting him into the conversation.” A few discussants had 
brought up these topics briefly at the meeting. Upon hearing that the mouse 
would keep fruitlessly searching the maze if the goal was removed, Larry 
Frank said, “It is all too human.” Gerard, Savage, and Mead asked a few 
questions about the possible “neurotic” behavior of the mouse, but did not 
push the subject.58

 Theseus illustrates the blurring of boundaries between animals and ma-
chines that has fascinated commentators on cybernetics since the 1950s.59 
But the editors of the conference proceedings—von Foerster, Mead, and 
Teuber—noted a major problem with Shannon’s model. Goal-seeking de-
vices such as guided missiles had “intrigued the theorists [of cybernetics] 
and prompted the construction of such likeable robots as Shannon’s elec-
tronic rat.” Yet the “fascination of watching Shannon’s innocent rat negotiate 
its maze does not derive from any obvious similarity between the machine 
and a real rat; they are, in fact, rather dissimilar. The mechanism, however, 
is strikingly similar to the notions held by certain learning theorists about 
rats and about organisms in general.” Theseus thus modeled a theory of 
learning, rather than how real mice learned to run mazes. The editors con-
cluded that the “computing robot provides us with analogues that are help-
ful as far as they seem to hold, and no less helpful whenever they break 
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down.” Empirical studies on nervous systems and social groups were neces-
sary to test the relationships suggested by the models. “Still, the reader will 
admit that, in some respects, these models are rather convincing facsimiles 
of organismic or social processes—not of the organism or social group as a 
whole, but of significant parts [of it].”60

 The cybernetics group took up this issue in-depth at the next meeting, in 
1952, when W. Ross Ashby, dean of the English cyberneticians, discussed 
the homeostat, a model of the adaptive capacities of the human brain. A 
clinical psychiatrist and pathologist, Ashby constructed the homeostat out 
of war-surplus parts to illustrate the theory of adaptation through feedback 
mechanisms that he had developed before Wiener published Cybernetics. 
McCulloch had met Ashby at the Ratio Club (which one member called a 
“Cybernetics Dining Club”) on a visit to England in 1951 and was keen 
to invite him to the 1952 Macy conference. The criteria for membership in 
the Ratio Club was that one had “had Wiener’s ideas before Wiener’s book 
[Cybernetics] appeared,” and was not a full professor.61 McCulloch wrote 
to Mead that “Ashby is a must for this meeting.” He told the group that 
Ashby would help them “keep to the main topic of cybernetics, namely in-
verse feedback and homeostasis,” from which the group had strayed.62

 In his book on the homeostat, Design for a Brain (1952), which became 
a classic in cybernetics, Ashby assumed the guise of an experimenter who 
tried to determine the hidden, inner workings of the human nervous system 
by observing only its behavior. He thus treated the brain as an unknown 
“black box” having known inputs and outputs, a practice and terminology 
well-known in electrical engineering, then and now. Using this method, Ashby 
deduced that an adaptive system must contain variables, step functions, and 
the ability to randomly reorganize itself to adjust to its environment.63 From 
those principles, he built the homeostat.
 The homeostat consisted of four interconnected boxes filled with elec-
tronic gear and switches. On top of each box sat an electromagnet, whose 
pivoted needle made contact with a metallic liquid in a trough. The electrical 
output of each unit was fed to the input of another unit in a reconfigurable 
manner. If one of the needles moved out of range—deflected purposively by 
the experimenter for example—all four needles would move back and forth 
until they all reached a steady state, each within a middle range. By desig-
nating one or more of the units the “environment” and the other units the 
“organism,” Ashby argued that the homeostat modeled how an organism 
adapted to a new environment or changes in the environment, for example, 
how a body’s blood pressure and temperature could be kept stable via ho-
meostasis. The homeostat used a random search process to reach what Ashby 
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called “ultrastability.” This random feedback process, similar to that in natu-
ral evolution, was Ashby’s answer to the question, how can a deterministic 
mechanism exhibit nondeterministic adaptive behavior? Ashby thought his 
solution applied to both nonorganic and organic mechanisms.64

 Despite the vast differences between the electromechanical hardware of 
the homeostat and the biology of the brain, Ashby maintained that his de-
vice accurately represented the adaptive processes of the nervous system. In 
fact, Ashby said he designed the homeostat to copy precisely the behavior 
of the brain, not to improve it. “In particular, if the living brain fails [to 
adapt to its environment] in certain characteristic ways, then I want my 
artificial brain to fail too; for such failure would be valid evidence that the 
model was a true copy.”65 Ashby opened his talk on the homeostat at the 
1952 conference by saying, “We can consider the living mouse as being es-
sentially similar to the clockwork mouse and we can use the same physical 
principles and the same objective method in the study of both.”66 Wiener 
could not have stated the basic principle of cybernetics more clearly.
 The discussion following Ashby’s brief remarks was contentious. The 
group did not deal with the general question of model building, but the 
more specific questions of whether or not the homeostat operated as Ashby 
claimed it did, and if it was of value to psychology. A major point of dispute 
was Ashby’s claim that the homeostat adapted to its environment (by reorga-
nization) through a random process. Pitts, who had worked with McCulloch 
on the theory of random neural nets, and Bigelow criticized the homeostat 
for not being truly random in its operation and for not having a random 
network, as did the brain. Bigelow satirically concluded, “It may be a beau-
tiful replica of something, but heaven only knows what.”67

 The debate over whether or not the homeostat learned was just as heated. 
Ashby argued that the homeostat behaved differently after being presented 
with a new environment, which showed learning. Ashby agreed with a fel-
low guest at the meeting, Henry Quastler, a biologist at the University of 
Illinois, that the homeostat had a “serious fault” because its memory was reset 
after the environment was disconnected, and thus it could not remember 
how it had obtained stability when facing the same environment again. Bige-
low insisted that memory was part of the learning process, as did another 
guest, Jerry Wiesner, director of MIT’s Research Laboratory of Electronics 
and McCulloch’s new boss. Pitts and McCulloch sided with Ashby, because 
if Shannon’s Theseus learned, so did the homeostat.68

 The psychologists were not impressed with the homeostat as a model of 
learning. Teuber said that mice, cats, and humans adopt “highly stereotypi-
cal forms of behavior” to solve a problem. “Shannon’s rat does not do that, 
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and neither does Ashby’s homeostat. In that sense, these mechanisms are 
much more appropriate to certain simple learning theories than they are to 
real rats in mazes,” a view that he and his coeditors had expressed in the 
Macy proceedings. Heinrich Klüver, a psychologist at the University of Chi-
cago and a charter member of the cybernetics group, said that learning was 
“one of the least interesting” aspects of the interactions between the animal 
and the environment for psychologists. But if “Dr. Ashby’s machine is of 
some help in understanding pathology of behavior, it may be of greater 
value than merely another model for a learning process.”69

 Bateson thought the homeostat modeled learning in an ecological sys-
tem. He asked his ecologist friend George Evelyn Hutchinson, another char-
ter member of the group, “if an environment consists largely of organisms, 
or importantly of organisms, is not the learning characteristic of Ashby’s 
machine approximately the same sort of learning as that which is shown by 
the ecological system?” Hutchinson replied that it was, and also agreed with 
Bateson’s further point that the homeostat showed how such environments 
are “likely to settle down to various degrees of greater stability.”70 These 
were the seeds of Bateson’s idea of the “ecology of mind,” which became 
popular among the counterculture in the 1970s.
 A guest anatomist at the meeting, John Z. Young from University Col-
lege, London, was not convinced that Ashby’s “statistical machinery” could 
explain his own research on how an octopus learned to discriminate visu-
ally after surgery removed an optical lobe. Young preferred to think of the 
homeostat’s “memory as largely a function of a reverberating circuit,” a 
common computer analogy employed at the Macy conferences. Ashby in-
sisted that the “analogy with the homeostat could be worked out” and made 
some suggestions to that effect. He admitted the superiority of the octopus 
to the homeostat, but, remarkably, he thought that both were products of 
evolution—one natural, the other human-made. “Obviously, the octopus has 
evolved a complete stage ahead of the homeostat, and has some arrange-
ments by which it can use the homeostat principle” of random searching by 
step functions. Young was skeptical, but moved closer to Ashby’s point of 
view by the end of the discussion.71

 These divergent interpretations of the homeostat—by mathematicians, 
engineers, neurophysiologists, anatomists, ecologists, psychologists, and 
anthropologists—and the unresolved debate about the value of the homeo-
stat as a model question the characterization of cybernetics, then and now, 
as a unified discourse. The homeostat became an icon of early cybernetics, as 
argued by Katherine Hayles,72 but ironically it was not a stable artifact sup-
porting a stable discourse in the Macy group. After the meeting, McCulloch 
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reported the raucous discussion of Ashby’s paper to an English colleague. 
“Ross Ashby did a superb job of presenting complicated affairs simply and 
clearly and has made for himself many friends and admirers, even among 
those who heckled him most at the meeting. He took it beautifully and 
made his point in the face of their opposition.”73

 Ashby also gained the admiration of Wiener, who was not at the 1952 
meeting. Although Wiener privately questioned Ashby’s mathematical abil-
ity, he touted the homeostat in the second edition of the Human Use of 
Human Beings (1954). “I believe that Ashby’s brilliant idea of the unpur-
poseful random mechanism which seeks for its own purpose through a pro-
cess of learning is not only one of the great philosophical contributions of 
the present day, but will lead to highly useful technical developments in the 
task of automatization.”74 Statements like these did more than the Macy con-
ferences to make the homeostat an icon of cybernetics in the 1950s.
 The cybernetics group took up the question of the value of scientific 
models for the last time at the 1952 meeting. McCulloch repeated the posi-
tion of the editors of the conference proceedings: “The best model of the 
behavior of the brain is the behavior of the brain.” Ashby defended his style 
of model making, saying “We learn things only by building the model within 
a wide conceptual field, so that we can see what is the relation of the brain 
as it is to what the brain would be if it were built differently.” Pitts replied 
that models served two purposes: proving that a function can be performed 
by a mechanism; and gaining insight into how an organism works.75

 These reflections on scientific modeling, a key tenet of cybernetics, fell 
short of what philosophers of science wrote on the subject in the 1950s. 
In 1958, for example, Max Black at Cornell University analyzed scientific 
models under the categories of scale, analogue, mathematical, theoretical, 
and implied models. In his terminology, Theseus and the homeostat would 
be analogue models, and cybernetics, itself, would be a theoretical model.76 
Although several members of the cybernetics group published occasional 
articles in Philosophy of Science, the field’s major journal in the United 
States, they were much better at creating cybernetic models—theoretical 
and material—than in studying their role in cybernetics.77

The Turn to Information Theory

If the analogy between humans and machines was the founding metaphor 
of the Macy conferences, the idea of circular causality was the mechanism 
behind the metaphor. The concept of negative feedback as a causal mecha-
nism bridged such disparate disciplines as mathematics, engineering, biol-
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ogy, and the social sciences at the conferences and in the wider field Wiener 
had christened as “cybernetics.” Despite Wiener’s efforts from the very first 
meeting to educate the Macy group on the concept of “amount of informa-
tion,” its equivalence to negative entropy, and the central role information 
played in all communications systems, living and nonliving, information 
took a back seat to the concept of feedback during the first five Macy con-
ferences. Most regular members had become comfortable with the idea of 
feedback, even though it came from control engineering, because it reso-
nated well with previous ideas about circular causal systems in biology and 
the social sciences. Before the war, charter members Lorente de Nó and 
Lawrence Kubie had advanced the concept of circular causality in neuro-
physiology and Gregory Bateson had developed a similar idea in anthropol-
ogy: schismogenesis, the generation of schisms between groups, caused, for 
example, by escalating their reactions to each other’s actions.78 Information, 
however, was a new and counterintuitive scientific concept.
 The Macy group began to shift its focus from feedback to information at 
the 1949 meeting, the first one held after Wiener and Shannon published 
their theories of information. Pitts referred to that work by proposing that 
“Wiener’s information theory” could help settle a dispute about whether 
three hundred “thinking neurons” could account for an ant’s behavior.79 
Psychologist John Stroud continued that trend by using the terms amount 
of information and unit of information in regard to his experiments on 
human operators acting as servo systems. But neither Stroud, nor Bateson 
in the discussion of the presentation, understood that Wiener and Shannon 
defined information in regard to the number of decisions made by humans (or 
machines). Talking about information theory continued to the point where 
McCulloch thought it had gone on too long. Although McCulloch himself 
had referred to Shannon’s theory during the discussion and was a fan of it, 
he thought the meeting should “get back to the central idea of this conference, 
namely, feedback.” At that point McCulloch introduced the next speaker by 
reminding the group that Lawrence Kubie “was the first ever to propose that 
there were such things as closed paths in the central nervous system.”80

 Yet the Macy group, including McCulloch, kept bringing up information 
theory during the discussion of Kubie’s paper on human neurosis and adap-
tation.81 In regard to metaphors in psychiatry, McCulloch thought the 
“question of psychic energy has always seemed to me better quantified if 
one thought not in terms of energy, which is certainly wrong for the nervous 
system, but in terms of the amount of information that can be handled, 
and is being handled by those circuit elements which are still free to work,” 
i.e., neurons not “hung up” by a neurosis. The debate over which metaphor 
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to use, information or energy, both of which were drawn from physics, 
prompted Wiener to say at the 1949 meeting that information “is a concept 
which can go over directly from the study of the nervous system to the study 
of the machine; it is a perfectly good physical notion, and it is a perfectly 
good biological notion.”82 It was, therefore, central to cybernetics.
 The discursive shift from feedback to information intensified when Mc-
Culloch invited Claude Shannon to attend the next two Macy meetings as 
a guest. McCulloch had met him when Shannon gave a talk on communi-
cation theory in Chicago in 1949. In exchanging reprints of their papers, 
Shannon wrote to McCulloch, “There is considerable activity here [at Bell 
Labs] in information theory, computing machines and other ‘Cybernetic’ 
questions, and a fresh viewpoint [from McCulloch’s papers] is stimulat-
ing.”83 When McCulloch invited Shannon to attend the 1950 conference, he 
said Shannon would have a chance to edit the transcription of the remarks 
he made at the meeting “because we desire to have discussion as free as pos-
sible, and we often say in our shirtsleeves things we do not like to see in print. 
You may find even your chairman driven to profanity.”84

 McCulloch invited Shannon to the 1950 meeting, which was devoted to 
language, because his theory of information dealt with optimal coding and 
the statistical structure of language. Shannon presented new research on 
quantifying the redundancy of the English language. He had done a “predic-
tion experiment,” asking readers (his wife and a colleague) to predict the 
subsequent letters that would occur in sentences drawn randomly from ran-
domly chosen books. The readers guessed until they predicted the correct 
letter, then the subsequent ones. As in his 1948 paper on information theory, 
Shannon studied the statistical relationship between symbols, that is, the 
probabilities of their occurrence (what linguists called syntactics, the relation 
between signs), and ignored their meaning (semantics, the relation between 
signs and what they signified), and their effects (pragmatics, the relation be-
tween signs and their interpreters).85 Shannon assumed that the prediction 
experiment would retrieve the knowledge that experienced readers held 
about the statistical structure of a natural language. Using the probabilities 
produced in the experiment, he calculated the redundancy of English to be 
about 75 percent; it could be compressed by that amount while being com-
municated and still be understood.86

 The cybernetics group treated Shannon’s presentation with respect. Pitts 
peppered him with technical questions, while Wiener compared Shannon’s 
results to his own method of predicting time series. Shannon replied that he 
was working with an “uncorrelated time series,” which satisfied Wiener. 
Savage questioned whether picking out a book from a book shelf was a ran-
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dom selection process, as Shannon had claimed, but that was the extent of 
the criticism of Shannon’s research method.87

 Instead, the group turned to the issue of semantics, which Shannon had 
insisted was outside the scope of his theory of information. When the group 
veered from syntactics to semantics, Savage reminded them “that Shannon 
has talked about redundancy at the presemantical level. . . . I think it would 
require special and difficult experimentation to measure the semantical re-
dundancy of the language, though the experiment last reported by Shannon 
does bear on the subject to some extent in that the guesser knows English 
and is utilizing that knowledge in his guesses.” Savage’s intervention didn’t 
help. The group persisted in this vein by relating Shannon’s theory to what 
Bavelas called “second-order information” (information about the relation-
ship between the speaker and the hearer) and further issues in semantics, 
pragmatics, and how to distinguish messages from noise.88

 Savage noticed that Shannon had been quiet throughout the discussion, 
and suggested he speak up because his “ideas have been discussed for half 
an hour.” Shannon replied from the point of view of a theorist of communi-
cations systems, not the sender or receiver. “I never have any trouble distin-
guishing signals from noise because I say, as a mathematician, that this is a 
signal and that is noise. But there are, it seems to me, ambiguities that come 
at the psychological level,” such as identifying the useful part of a telephone 
conversation as signal, and the nonuseful part as noise. But “that is hardly 
a mathematical problem. It involves too many psychological elements.”89

 Licklider, a psychologist who had applied Shannon’s theory in his presen-
tation to the group on speech distortion, agreed with Shannon and pointed 
out difficulties in applying Shannon’s theory outside of engineering. “It is 
probably dangerous to use this theory of information in fields for which it 
was not designed, but I think the danger will not keep people from using it.” 
There “may have to be modifications, of course,” to use it in psychology. 
(Licklider was prescient on both counts.) When Licklider asked Shannon to 
define the “concept of information—not just amount of information, but 
information itself,” as he had done recently in a speech Licklider heard him 
give, Shannon gave a technical definition that probably did not satisfy Lick-
lider nor other nonmathematicians at the meeting.90

 The debate over Shannon’s theory of information continued when Mc-
Culloch invited Shannon and Donald MacKay to attend the 1951 confer-
ence as guests. A lecturer in physics at King’s College in the University of 
London, MacKay had received a travel fellowship from the Rockefeller 
Foundation, awarded by the ubiquitous Warren Weaver, to study American 
research at the nexus between communication theory, neurophysiology, and 
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psychology.91 McCulloch had met MacKay in England in 1949 and ar-
ranged for him to visit many members of the cybernetics group in the United 
States. These included Pitts, Wiesner, and Bavelas at MIT; Licklider at Har-
vard; Shannon at Bell Labs; and von Neumann and Bigelow at Princeton. 
The industrious MacKay made his headquarters at McCulloch’s laboratory 
in Chicago and saw more than his share of researchers, visiting 120 labora-
tories in all! He and McCulloch became great friends; they corresponded 
often and visited each other after MacKay returned to Britain at the end of 
1951.92

 At the 1951 Macy meeting, MacKay presented a comprehensive theory 
of information that combined approaches from physics and engineering.93 
MacKay defined scientific information as the vector sum of “metrical infor-
mation” and “structural information.” He derived the former concept from 
Ronald Fisher’s research in statistics, the latter from Denis Gabor’s research 
in communications. MacKay relabeled Shannon’s and Wiener’s definition of 
information as “selective information.” While scientific information indicated 
the precision and degrees of freedom of an experiment, selective information 
gauged the uncertainty of transmitting messages. MacKay gave the example 
that “two people, A and B, are listening for a signal which each knows will 
be either a dot or a dash. A dash arrives.” A, a physicist, measures the signal 
and reports receiving a “good deal of information” about it. B, an engineer, 
reports receiving “little information,” because he or she knew it would be 
either a dot or a dash. “For lack of a vocabulary,” MacKay explained, “they 
are using the phrase ‘amount of information’ to refer to different measurable 
parameters of the different representational activities in which they are en-
gaged.”94 MacKay created his general theory to provide that vocabulary.
 In regard to semantics, MacKay drew a vector diagram indicating the 
amount of structural, metrical, and selective information in any proposition, 
body of data, or representation. The projection of this “information vector” 
on an axis indicated meaning. In regard to what later became known as ar-
tificial intelligence, MacKay suggested that “trains of thought (if you like the 
term) correspond to successive transformations of information vectors.”95

 MacKay’s comprehensive theory—ranging from scientific experimenta-
tion to thought itself—went far beyond other theories of information. Even 
Wiener, who was not at this Macy meeting, had not gone that far in his wide- 
ranging book, the Human Use of Human Beings (1950). Because Shannon 
did attend the meeting and because he had insisted that his theory excluded 
meaning, his remarks on MacKay’s presentation generated much interest 
then and have continued to do so.96 Although commentators have empha-
sized the inflexibility of Shannon’s interpretation of his own theory, he took 
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a rather ecumenical stance before the Macy group. During the long discus-
sion of MacKay’s paper, Shannon replied, “it seems to me that we can all 
define ‘information’ as we choose; and, depending on what field we are 
working in, we will choose different definitions. My own model of informa-
tion theory, based mainly in entropy, was formed precisely to work with the 
problem of communication. Several people have suggested using the con-
cept in other fields where in many cases a completely different formulation 
would be more appropriate.”97

 Shannon’s admission that different concepts of information had value 
did not satisfy the cybernetics group, who continued to debate the relative 
merits of and the relationships between the theories of information that 
MacKay had combined. Bigelow asked MacKay and Shannon to comment 
on his observation that information theory as applied to communications 
defined an engineering parameter such as channel capacity rather than the 
general “concept of information in any concrete or abstract sense.” Pitts 
interjected that the term amount of information, used by Shannon, was 
complete, should not be divided, and “possibly there should be some Greek 
word invented to convey it by itself.” Shannon agreed with Pitts, then ad-
mitted, “I think perhaps the word ‘information’ is causing more trouble in 
this connection than it is worth, except that it is difficult to find another 
word that is anywhere near right.” He then repeated his own definition of 
information, saying “it is only a measure of the difficulty in transmitting the 
sequences that are produced by some information source.”98

 As chair, McCulloch let the speaker, MacKay, have the last word. “I was 
not,” said MacKay, “presenting in any way an alternative theory to Shan-
non’s, but a wider framework into which I think his ideas fit perfectly. In 
fact, as I tried to make clear, what I was doing was to show how Shannon’s 
ideas were validly applicable, I think, universally, though such an analysis 
is not necessarily appropriate to all problems. I think he is too modest in 
his disclaimer, because as long as you define your ensemble [of possible mes-
sages], then his definition of the entropy or selective-information content of 
the ensemble, it seems to me, is always applicable without any contradic-
tions.”99 The characterization of Shannon as being too modest became a com-
mon theme in later attempts to apply his theory in the physical and social 
sciences.
 After the meeting, the cybernetics group recognized that information had 
supplanted feedback as its guiding metaphor. The editors of the proceedings 
of the 1951 meeting remarked that all of the regular members “have an 
interest in certain conceptual models which they consider potentially appli-
cable to problems in many sciences. . . . Chief among these conceptual models 
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are those supplied by the theory of information.” They relegated feedback 
to second place: a “second concept, now closely allied to information the-
ory, is the notion of circular causal processes.”100 Several participants at the 
next meeting, in 1952, had referred to the scientific concept of information 
despite the fact that neither Shannon nor MacKay attended the meeting. 
After the meeting, McCulloch told the inner group, “when we started out, 
it was with a clearcut basis on inverse feedback, on negative feedback. The 
growth of information theory, in lots of places and in lots of ways, has more 
and more tended to crowd out the feedback component.”101

 McCulloch was ambivalent about the shift to information. At the start 
of the last Macy meeting in 1953, he tried to explain why the shift had oc-
curred. By the time of the 1949 meeting, the group “had become so weary 
of far-flung uses of the notion of feedback that we agreed to try to drop the 
subject for the rest of the conference.” The group “had already discovered 
that what was crucial in all problems of negative feedback in any servo 
system was not the energy returned but the information about the outcome 
of the action to date. Our theme shifted slowly and inevitably to a field 
where Norbert Wiener and his friends still were the presiding genii.” The 
group then turned its attention to computers, coding, language, and infor-
mation theory, even considering the “amount of information conferred 
upon us by our genes.” McCulloch ended his summary with a warning. “It 
is my hope that by the time this session is over, we shall have agreed to use 
very sparingly the terms ‘quantity of information’ and ‘negentropy’ [nega-
tive entropy].”102

 The group did not heed McCulloch’s warning. At the 1953 meeting, phi-
losopher Yehoshua Bar-Hillel, then at MIT, talked about the theory of se-
mantic information that he had developed with logical positivist Rudolf 
Carnap at the University of Chicago, which extensively used terms like quan-
tity of information. Bar-Hillel noted that “the concepts of entropy and ne-
gentropy have popped up in the discussion of this group more than once.” 
For another guest at the meeting, English cybernetician W. Grey Walter, 
cybernetics embraced both feedback and information. “To me, as a British 
neurophysiologist, it means, on the one hand, the mechanical apotheosis of 
reflexive action [as in his robot tortoises], on the other, the incarnation of 
information.”103

Interdisciplinary Blues

The discursive shift from feedback to information at the Macy conferences 
challenges the claim made by several historians that cybernetics had become 
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a universal discipline with a universal language in the 1950s. According to 
Geoff Bowker, cyberneticians used several rhetorical strategies to achieve 
this result. They claimed that the new age demanded a new universal lan-
guage, based on communications and control engineering, to span the divide 
between humans and machines. The universal discipline (or metascience) of 
cybernetics would subsume other sciences through its wide applicability, 
support them through computerization, and reorder the physics-dominated 
hierarchy of science. Slava Gerovitch has argued that the language of cybernet-
ics, in the United States, Europe, and the Soviet Union, was marked by such 
linked terms as feedback, control, information, entropy, and homeostasis.104

 Although many cyberneticians aimed to create a universal language, the 
Macy group had a more limited goal of maintaining an interdisciplinary 
discourse during the conferences. The group thus treated cybernetics as an 
“interdiscipline”—a hybrid field of knowledge existing between and within 
disciplines, similar to such new postwar fields as operations research and 
materials science—rather than as a metadiscipline.105 In 1951, the editors of 
the Macy proceedings noted, “One of the most surprising features of the 
group is the almost complete absence of an idiosyncratic vocabulary. In 
spite of their six years of association, these twenty-five people have not de-
veloped any rigid, in-group language of their own. Our idioms are limited 
to a handful of terms borrowed from each other: analogical and digital 
devices, feedback and servomechanisms, and circular causal processes. Even 
these terms are used only with diffidence by most of the members, and a 
philologist given to word-frequency counts might discover that the origina-
tors of ‘cybernetics’ use less of its lingo than do their more recent followers. 
The scarcity of jargon may perhaps be a sign of genuine effort to learn the 
language of other disciplines, or it may be that the common point of view 
provided sufficient basis for group coherence.”106

 The published proceedings bear out the editors’ claims. Although Wiener, 
Bigelow, Rosenblueth, and McCulloch often applied the language of feed-
back, information, and entropy to humans and machines, they did so less 
extensively than did some guests invited to the meetings. Psychologist John 
Stroud is a case in point. During the discussion of his research on human 
perception, presented at the 1949 conference, Stroud referred to the human 
operator as a servo mechanism, as the “machine . . . we placed in the middle” 
in an antiaircraft fire-control system. Although Wiener and other founders 
of cybernetics had popularized this way of speaking, Stroud expanded it by 
considering God to be an electrical engineer. In regard to regulating the 
brightness of human vision, Stroud “assumed that the fellow who made the 
human being put in A.V.C. [automatic volume control] circuits [like those 
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in radio sets] in addition to the ordinary ones of chemical adjustments and 
adjustments of pigment materials, pupil adjustments, and so forth.”107 When 
Teuber complained to McCulloch about the “robotology” way of talking at 
a meeting in 1947, he noted that a guest psychologist, Wolfgang Köhler, was 
“trying to outrobot every one of your robotologists.”108 The group saw 
common concepts, models, and idioms as a means to break down the bar-
riers between disciplines and improve communication between them, not as 
elements of a universal discipline.109

 Despite these tensions, the group tried to communicate across disciplines 
at the research level. The problem was not easy. McCulloch noted at the end 
of the first year that the group’s members had “come together from such 
unlike disciplines of science that they have had to learn each other’s vocab-
ularies before they could hope to understand one another. This has made it 
difficult to follow arguments which in themselves were often relatively sim-
ple.”110 At the end of the conferences, McCulloch did not think much prog-
ress had been made on this score. Research results had “been gathered by 
extremely dissimilar methods, by observers biased by disparate endowment 
and training, and related to one another only through a babel of laboratory 
slangs and technical jargons. Our most notable agreement is that we have 
learned to know one another a bit better, and to fight fair in our shirt sleeves.”111

 The editors of the 1951 proceedings thought the group had found one 
way to be interdisciplinary. “This ability to remain in touch with each other, 
to sustain the dialogue across departmental boundaries and, in particular, 
across the gulf between natural and social sciences is due to the unifying 
effect of certain key problems with which all members are concerned: the 
problems of communication and of self-integrating [i.e., feedback] mecha-
nisms.”112 As noted earlier, the editors said this unification occurred by cre-
ating a limited idiom, not a jargon or a universal language.
 Communicating across disciplines was achieved through hard work. 
Mead and Bateson spent several hours informing guest social scientists 
about the group’s beliefs and ways of talking. McCulloch did his share as 
well. In 1948, he consoled psychologist Molly Harrower, a charter member 
of the group, “It is painfully apparent in all [inter]disciplinary meetings that 
not one of us has an adequate background to understand fully what all 
members of the group produce. . . . In a sense, a mathematician may sail 
gracefully along in his high level of abstraction into almost any field, but to 
us [experimentalists] that always seems empty and inadequate.” McCulloch 
asked Harrower, rather paternalistically, to “stick with the gang” and help 
him moderate the next meeting by paying attention to the “poetical side” of 
the discourse, matching the sounds of words to emotions.113
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 Bateson worked alongside McCulloch to promote interdisciplinary com-
munication. In addition to selecting members and coaching guests, he in-
tervened in group discussions. At the 1952 meeting, Bateson felt it was a 
“challenge to the whole group to discuss” Ralph Gerard’s presentation on 
neurophysiological mechanisms. Bateson asked Gerard to explain how his 
talk could help those who were not neurophysiologists “think about prob-
lems in personal communication, in evolution, in all fields to which the cy-
bernetic approach is applicable. We are not here as a neurophysiological 
technical group, trying to solve neurophysiological problems, but we are 
profoundly interested in how those who solve neurophysiological problems 
do it. We are interested in the nature of such problems, because similar prob-
lems occur in a vast number of other fields.”114 Although the group’s neuro-
physiologists ignored this plea, Bateson extensively applied the cybernetic 
approach to the social sciences.
 Cybernetics, of course, had also become a way of thinking for other lead-
ers of the Macy conferences, including Wiener, McCulloch, and von Foerster, 
who did collaborative interdisciplinary research. But cybernetics did not 
attain the status of a universal language at the meetings. Instead, the group 
contested its vocabulary. The term information overshadowed feedback as 
the meetings progressed, and the group hotly debated the meanings of ana-
log and digital. McCulloch could not convince Shannon to discuss the social 
aspects of information. Wiener later blamed the lack of progress toward 
interdisciplinarity at the meetings on the lack of a common language such 
as mathematics, especially among the social sciences. “These semantic diffi-
culties resided in the fact that on the whole there is no other language which 
can give a substitute for the precision of mathematics, and a large part of 
the vocabulary of the social sciences is and must be devoted to the saying of 
things that we do not yet know how to express in mathematical terms.”115

 Frank Fremont-Smith had hoped that psychiatry would provide an com-
mon language for the cybernetics group. During the discussion of Kubie’s 
paper on neurosis in 1950, he was overjoyed that the group had finally 
taken the psychiatrists’ notion of the unconscious seriously: “I do feel that 
this time we have come closer to a discussion in which there was a common 
denominator for every discipline here . . . and I think it is the first time we 
have had it. I feel very pleased.” The patron was happy on that day, but the 
group did not adopt the language of psychoanalysis for its common idiom. 
McCulloch, for one, barely tolerated the discipline.116

 The goal of interdisciplinary communication remained elusive. After the 
conference series ended, McCulloch and the editors of the proceedings de-
bated whether or not to publish the group discussions at the last meeting. 
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The editors did not want to publish them because they were more diffuse 
than usual. McCulloch favored publication, even though book reviews had 
satirized the rambling way of talking at previous meetings. McCulloch told 
Fremont-Smith that such reviews had “only persuaded me that it was im-
portant to let other scientists in on the difficulties of communication in your 
wildest interdisciplinary venture. The record preserves the flow-sheet of our 
confusions and of such communications as actually occurred.” The proceed-
ings showed “to what extent science suffers from the babel of its many 
tongues and hence how necessary it is for us to learn to speak again to one 
another.” Margaret Mead disagreed, saying that “we have already published 
quite enough volumes” to show the successes and failures of communicat-
ing across disciplines.117 The editors got their way and published a thin 
volume containing three formal papers by guest members Grey Walter, Bar- 
Hillel, and linguist Yuen Ren Chao, which were bookended by McCulloch’s 
introductory and concluding remarks. The thin volume symbolizes the dif-
ficulty of achieving interdisciplinarity primarily by communication, since 
most members of the Macy group did not engage with each other in the 
second technique of interdisciplinarity, research collaboration.

Wiener versus McCulloch

The legacy of the Macy conferences on cybernetics was marred by the ab-
sence of several charter members at the tenth and final meeting in 1953, 
despite attempts by the Macy Foundation to bring them back for a reunion. 
John von Neumann, Norbert Wiener, and sociologist Paul Lazarsfeld had 
resigned and chose not to attend the last meeting. Arturo Rosenblueth and 
Lorente de Nó had not attended for some time and missed the last meeting 
as well. Because Wiener had done so much to establish the Macy group and 
the field of cybernetics, his absence left a gaping hole. It was not smoothed 
over by a letter that McCulloch and Fremont-Smith sent to him, signed by 
the conferees under the heading: “Affectionate greetings to our Father in 
Science from his Cybernetics children.”118

 Undoubtedly, the letter was heartfelt, but it masked the fact that Wiener 
had resigned from the group in early 1952 after cutting off relations with 
McCulloch, Pitts, and Jerome Wiesner at MIT. Wiener was troubled that 
MIT had hired McCulloch to establish a cybernetics research unit at its 
military-funded Research Laboratory of Electronics, headed by Wiesner. In 
December 1951, Wiener complained to the president of MIT that the uni-
versity had allowed McCulloch to set up a lab with lavish government fund-
ing, a level of support it had not given him, and about the irresponsibility 
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of McCulloch’s researchers Pitts and Jerry Lettvin, who had sent Wiener an 
“impertinent” and “gloating” letter about the lab’s facilities. Wiener also 
disliked McCulloch’s expanding role in cybernetics. He described McCulloch, 
who wore a full beard and affected a Bohemian lifestyle, as a “picturesque 
and swashbuckling figure in science whose attractiveness is considerably in 
advance of his reliability.” Wiener concluded, “It is probably impossible for 
me to prevent my field of work being made into a rat race by every eager 
beaver that wishes to appropriate it, but I can definitely say that the present 
atmosphere is not one in which I can continue my work in cybernetics.” The 
president assured Wiener that MIT valued him highly. Bell Labs provided 
the majority of the support for McCulloch’s lab, and Wiener should take it 
as a compliment that McCulloch was working on the “practical implica-
tions of your fundamental concepts” in cybernetics.119

 Wiener was not moved. He wrote a colleague at this time that “Professor 
McCulloch is a somewhat expansive personality and has taken such measures 
to aggrandize his role in cybernetics at the Macy meetings and elsewhere, that 
I feel that I am gradually being elbowed out of public participation in 
them.”120 Wiener formally resigned from the group in February 1952, tell-
ing the foundation that the “Macy meetings on Cybernetics have served 
their purpose, which was that of establishing this discipline as a matter of 
general interest.” He did not mention his feud with McCulloch, but he did 
bring it up shortly before the last meeting in 1953. Wiener threatened to sue 
Fremont-Smith and McCulloch over remarks McCulloch had made, in his 
precirculated address to that meeting, “concerning the direction of my work 
and my intentions which are in fact injurious to me. . . . The fact that these 
statements are made in a tone of pretended friendship does not remove the 
damage they are capable of doing, nor exonerate either of you in any way.”121 
Fremont-Smith and McCulloch probably orchestrated the letter from the 
“Cybernetics children” to mollify Wiener.
 In previous disputes with colleagues, Wiener usually made up with them 
after letting off steam and receiving some sort of apology. This time he kept 
up the feud with McCulloch, Pitts, and Lettvin until his death a decade later, 
in 1964.122 Wiener’s biographers, Flo Conway and Jim Siegelman, argue 
that MIT’s support of McCulloch and his expanding role in cybernetics 
only partially explains why Wiener broke up with McCulloch and his boys. 
Wiener’s daughter Peggy claimed in an interview that the breakup was due 
to a family matter that was kept secret for more than fifty years. She said 
that Wiener’s wife, Margaret, jealous of McCulloch’s growing influence at 
MIT, told Norbert a made-up story about sexual improprieties that Pitts 
and Lettvin had taken with their other daughter, Barbara, when she worked 
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as a lab assistant for McCulloch in Chicago. Wiener apparently never learned 
that the story was false.123

 Although some scholars have decried the break between Wiener and Mc-
Culloch for sabotaging the future of cybernetics,124 the rupture raised an 
immediate question in the minds of cyberneticians: who spoke for cybernet-
ics? At the time of the last Macy conference, Wiener complained to Grey 
Walter that McCulloch “has manipulated himself into a position at M.I.T. 
in order to give some color to his tendency to speak in my name about 
Cybernetics.”125

 The question of who spoke for cybernetics, who proscribed its principles 
and how they should be applied, loomed large after the Macy conferences 
ended. The issues debated with such passion at the meetings—the role of 
models and analogies in cybernetics, the relationship between cybernetics 
and information theory, and whether or not cybernetics represented a uni-
versal discipline with a universal language—were just as enthusiastically 
debated by the disciplines represented at the Macy conferences, which ad-
opted, modified, and extended cybernetics in their fields. The popular press 
shared that enthusiasm and thus helped create the cybernetics craze of the 
1950s.
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In the spring of 1949, the American poet Muriel Rukeyser wrote to 
Norbert Wiener, whom she had met during the war, that his recently 

published book Cybernetics “has been meaning a great deal to me.” The 
biographer of American physicist J. Willard Gibbs—whom Wiener celebrated 
as a founder of cybernetics—Rukeyser enclosed a poem she had written that 
“might interest you in its suggestion of information and its answer to the sym-
bols of entropy.” Wiener was “much complimented.” He thought her book on 
Gibbs had expressed a deep relationship between information and entropy. 
“As for me, I am utterly confused by the success of the Cybernetics book, and 
feel that within a very short time I must get back from the false position of 
being a newspaper figure to new work on mathematical physics.”1

 It was disingenuous of Wiener to depict himself as the victim of press 
sensationalism. Time magazine reported in 1950 that some critics thought 
his writings, which equated the electronic computer with the human brain, 
were sensational, a view shared by some colleagues.2 Yet there is little doubt 
that the mathematically dense Cybernetics surprised everyone when it be-
came a best seller. Published in the fall of 1948, the book sold seven thousand 
copies in its first four months and fifteen thousand by the end of 1949, when 
sales finally slowed down.3 Booksellers were confounded. The New York 
Times Book Review noted, “Off the beaten track, two books have amazed 
dealers by their sales—Dr. Norbert Wiener’s ‘Cybernetics’ and Al Capp’s ‘The 
Life and Times of the Shmoo’ [an armless, pear-shaped cartoon character]. 
‘Cybernetics’ is a serious scientific treatise on the workings of the human 
and electronic brains, while the ‘Shmoo’—well, everyone knows what Shmoos 
are.” Business Week compared the surprising success of Cybernetics to that 
of another scientific book published in 1948, Alfred Kinsey’s Sexual Behav-

Chapter Three
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ior in the Human Male. “The public response to it [Cybernetics],” noted 
Business Week, “is at least as significant as the content of the book itself.”4

 Numerous magazines and newspapers reviewed Wiener’s book, ranging 
from the middle-brow Time magazine to the high-brow Saturday Review of 
Literature, and from the national New York Times to the local Norfolk, 
Virginia, Ledger-Dispatch.5 The popularity of Cybernetics on college cam-
puses surprised two of Wiener’s colleagues in mathematics. Will Feller wrote 
to Wiener a month after the book was published, “Wherever you go across 
the Cornell campus you find someone reading Cybernetics.” Joseph Doob 
told Wiener, “I am amazed to discover how many copies of Cybernetics are 
wandering around here [the University of Illinois]. I do not know whether 
people understand it, but surprisingly many think that ownership is neces-
sary.”6 In early 1949, American Speech took notice of the new word cyber-
netics, and a radio station in Siloam Springs, Arkansas, asked Wiener how 
to pronounce it. The editors of Webster’s Dictionary made a similar request 
that summer. Wiener preferred “SIGH-ber-nee-tics,” which did not catch 
on.7 In 1952, a firm in Long Island, New York, called itself the National 
Cybernetics Company without asking Wiener’s permission to do so. An in-
censed Wiener told the Better Business Bureau that he had defined cybernet-
ics as a science and thus did not trademark the term, but he still thought his 
permission should be sought by those trying to make money from his ideas.8 
Scientists and philosophers debated at length what promise, if any, the new 
science held for their fields, while writer James Baldwin recalled that the 
“cybernetics craze” was emblematic of the 1950s for him.9

 Why was cybernetics taken up so enthusiastically by a wide variety of 
social groups in the 1950s? The Macy conferences were crucial to spreading 
the gospel of cybernetics in the biological sciences, the social sciences, and 
the humanities. Many researchers and promoters followed their lead and 
wanted to emulate the prestige that the physical sciences had gained by 
developing new weapons in World War II. Others thought cybernetics would 
unify the sciences, which had become too specialized. More broadly, the 
cybernetics craze fed off a lively public discourse about the changing rela-
tionship between humans and machines, a discourse stimulated by the in-
vention of electronic computers (electronic brains) in the Cold War and the 
fear that automation would cause mass unemployment. The many reasons 
to embrace cybernetics encouraged multiple interpretations of a field that 
claimed to be universal, as the public and experts alike tried to fathom the 
new science with the mysterious name.
 Far from being a neutral spectator, a detached scientist who sat by while 
his work was popularized and adopted, Wiener extensively promoted cyber-
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netics in the media and to scientists. He gave interviews to reporters, spoke 
to scientific conferences, appeared on radio and television programs, wrote 
encyclopedia articles, and published a popular book, The Human Use of 
Human Beings (1950), which discussed the social implications of cybernet-
ics. Through these herculean efforts, Wiener blurred the sharp boundaries 
that supposedly exist between genuine science and simplified popularization, 
in an attempt to control the fate of field he had named.10

Robot Brains and Automatic Factories

We can begin to understand the surprising popularity of Cybernetics in the 
United States despite its forbidding mathematics, by noting that it was the 
first book that described the new digital computers. Newspapers had touted 
them as giant “electronic brains” since the unveiling of the army’s secret 
wartime project, the ENIAC, at the University of Pennsylvania in 1946. They 
touted the ENIAC, whose vertical racks of electronic gear lined a U-shaped 
room, surrounding its (often invisible) female programmers with eighteen 
thousand vacuum tubes cooled by its own air-conditioning system, as a 
machine that could think faster than Einstein.11

 In the nonmathematical sections of Cybernetics, Wiener not only de-
scribed how the new machines worked as high-speed calculators, the focus 
of most newspaper coverage, but how the science of cybernetics explained 
the inner workings of human and electronic brains. He described computers 
as the central nervous system for robotlike devices that received informa-
tion from sensors, such as photo cells, and acted on the world through ef-
fectors, such as electric motors. He took the position, unusual for a scientist 
at the time, of warning the public about the dangers of his own research, 
that an unchecked cybernetics might throw people out of work by creating 
computerized “automatic factories.” The Saturday Review of Literature re-
marked, “before this book was published it was not known to the ordinary 
man the lengths to which the human imagination could carry these massive 
combinations of tubes, meters, gauges, photo-sensitive cells, electronic de-
vices, scanners, and other magical devices known or still in the womb of 
time.”12 Science writer John Pfeiffer, a friend of Warren McCulloch’s whom 
Wiener did not want to publicize his work, said it was the “first book to de-
scribe some of the technological and philosophical implications of such ma-
chines, and to indicate what they mean to future generations.” Pfeiffer thought 
that Edmund Berkeley’s Giant Brains: Or Machines That Think (1949), a 
more detailed account of how computers worked, “should make an ideal 
companion volume to Norbert Wiener’s much-discussed ‘Cybernetics.’ ”13
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 Another factor in the book’s success is what we might call the “Hawking 
effect,” after the huge popularity of physicist Stephen Hawking’s A Brief 
History of Time, published forty years later in 1988. Although its mathe-
matics was not nearly as formidable as that in Cybernetics, in both cases 
many people seem to have purchased the volumes because they were touted 
as the book to read—or display on one’s bookshelf—in order to keep up on 
a newsworthy science. In 1949, David Dietz, the science editor for the 
Scripps-Howard news service, praised Cybernetics as one of three “bril-
liant” science books of the year. It was “Mathematical in spots. Not easy 
reading. But a ‘must’ if you would be abreast in science.”14 The students 
carrying a brand-new copy of Cybernetics across colleges campuses would 
have probably agreed. The odd title, “Cybernetics,” from the Greek word 
Kybernetes, meaning “steersman” or “governor,” which Wiener mistakenly 
thought he was the first person to apply to a science, no doubt helped sales 
as well. Reviewers alluded to this reason for the book’s success when they 
referred to its “formidable name” and “mystifying title,” the “strangely titled 
best-seller” that was Cybernetics.15

 Newspapers and magazines, which usually covered the book in their 
science sections, focused on three interrelated themes. First, they explained 
that cybernetics was a “new science” founded on the analogy between human 
brains and the “electronic brains” of digital computers. Second, they dis-
cussed Wiener’s warning that computer-controlled “automatic factories” 
would throw people out of work in a coming “second industrial revolu-
tion.” And third, they noted that the scientific concepts of information and 
feedback were central to understanding the robotlike machines. All three 
themes are evident in a news release distributed by Science Service in the fall 
of 1948. Wiener approved the release himself, which was probably written 
by his daughter, Barbara, who had worked for the service that summer.16

 The three themes are evident to varying degrees in my survey of forty 
newspaper and magazine articles regarding cybernetics that were published 
in the first year and a half after the book appeared. Nearly all of them en-
gaged with the first theme, which the press had already popularized by 
calling computers “electronic brains.” The titles of book reviews in the news 
magazines follow this trend: “The Brain Is a Machine (Newsweek); “In 
Man’s Image” (Time), and “Machines That Think” (Business Week).17 The 
second theme, the automatic factory of the second industrial revolution, 
received less coverage, occurring in about one-half of the articles. It was 
reflected in such newspaper headlines as “Devaluing Brains in Industry” and 
“Mechanical Slaves Forecast”; both phrases came directly from Cybernet-
ics.18 The third theme, principles of information and feedback systems, was 
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not well covered. About one-fourth of the articles mentioned the scientific 
theories of information or feedback control. No headline carried the words 
“information” or “feedback.” Although Wiener did not refer to “robots” in 
Cybernetics, about one-fourth of the articles used this language. The “sen-
sational” term was not confined to the popular press: Science Digest titled 
its extract from Cybernetics, “World of Robot Brains.”19 Wiener, himself, 
contributed to this discourse by stating in a 1949 interview, that the “second 
industrial revolution of electronic robots is here.” He also wrote a prologue 
in 1950 for MIT’s revival of Karel Capek’s play R.U.R. [Rossum’s Universal 
Robots], which had coined the term “robot” in the 1920s.20

 The computer-brain analogy was so prevalent in the early press coverage 
that it set the terms for defining the popular meaning of cybernetics in the 
United States. William Laurence, a science writer for the New York Times, 
captured this meaning in the headline, “Cybernetics, a New Science, Seeks 
the Common Elements in Human and Mechanical Brains.” The Los Angeles 
[Daily] News described cybernetics as a “kind of synthesis of physics and 
physiology.” The “crux of its theory is based on the close analogy between 
robot thinking machines and the human nervous system.” But journalists 
often dispensed with the physiological element and reduced the meaning of 
cybernetics to the science of computers and robots. The Saturday Review of 
Literature said “Cybernetics is about the development, theory, and philoso-
phy of what science fantasy writers have long known as the mechanical 
brain.” The Wilmington, Delaware, Star put it succinctly: cybernetics was 
the “new science of robot brains.”21

 The specter of cybernetic unemployment caused a great deal of angst in 
the newspapers. The Philadelphia Inquirer expressed this fear by shifting the 
meaning of cybernetics from a science to a technology. Cybernetics “would 
substitute machines for brains, much as the industrial revolution of the last 
century substituted machines for muscles.”22 The prediction came straight 
from an often-quoted passage in Cybernetics. The “first industrial revolution, 
the revolution of the ‘dark satanic mills,’ was the devaluation of the human 
arm by the competition of machinery,” Wiener wrote. “The modern indus-
trial revolution is similarly bound to devalue the human brain at least in its 
simpler and more routine decisions.” Highly skilled white-collar jobs such 
as the scientist and administrator might survive. “However, taking the sec-
ond revolution as accomplished, the average human being of mediocre at-
tainments or less has nothing to sell that is worth anyone’s money to buy.”23

 These dire statements gained currency during a national debate about 
automation. Historian Amy Bix has shown that the fear of technological 
unemployment, widespread during the Great Depression, lingered beneath 
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the affluence of the early postwar era.24 On the optimistic side, advocates 
promoted automation as a “new gospel of postwar economics.” In 1949, 
Fortune magazine extolled the advantages of the “automatic factory,” pre-
dicting that automatic “eyes” (photo cells), “noses” (gas detectors), and “elec-
tronic brains” would perform better and be more reliable than their human 
counterparts. On the pessimistic side of the debate, Wiener discussed his 
predictions with U.S. congressmen and met with labor leader Walter Reuther, 
head of the United Automobile Workers (UAW), to advise him about how 
to deal with the onset of computer-controlled factories. Yet Wiener’s advice 
was also sought by management. Time magazine described Wiener in 1950 
as a long-haired “prophet who is listened to by short-haired, hardheaded 
businessmen.”25

 Information was a minor theme in the early media coverage of Cybernet-
ics for a variety of reasons. The subject was apparently too technical for 
newspapers and magazines, despite the fact that the news release for the 
book gave a nonmathematical exposition of information theory and that 
Wiener described the term “quantity of information” in an article in Scientific 
American.26 Nearly all of the dozen articles I surveyed that discussed “in-
formation” used the term in a general sense to refer to what was processed 
by computers or nervous systems. The sole exception was Scientific Monthly, 
which gave a mathematical definition of “amount of information.”27

 I have found only one article in the popular or scholarly press that com-
bined the rhetoric of the “second industrial revolution” with that on “infor-
mation” before the 1960s. Science writer Harry Davis began his 1949 piece 
on “mathematical machines” (computers) in Scientific American by claim-
ing, “A new revolution is taking place in technology today. It both parallels 
and completes the Industrial Revolution that started a century ago. . . . The 
19th-century revolution was based on the transformation and transmission 
of energy. . . . The 20th-century revolution is based on the transformation 
and transmission of information.” Although Davis did not cite Wiener, the 
statement was clearly inspired by Cybernetics, which loosely linked the idea 
of a second industrial revolution with computers that transformed informa-
tion, not energy. Davis was familiar with the book, having interviewed Wie-
ner for the New York Review of Books. But it was Davis, not Wiener, who 
made the explicit connection between information and the second industrial 
revolution, thus creating the rhetorical basis for what would later be called 
the “information age.”28

 The press promoted cybernetics as a science that blurred the boundaries 
between humans and machines by publicizing cybernetic mechanisms. These 
ranged from models of behavior, such as Claude Shannon’s mouse, Theseus, 
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which he presented at a Macy conference on cybernetics, to prosthetic de-
vices. All of the mechanisms used information and feedback to pursue goals 
in either deterministic or random ways.29

 An early prosthetic mechanism was the “hearing glove.” Wiener helped 
initiate the project in 1948 at MIT’s Research Laboratory of Electronics, 
where he advised the communications group. Drawing on previous work 
done at AT&T’s Bell Laboratories on visible speech (a sound spectrograph), 
which was associated with the vocoder (a 1930s device that reduced the 
amount of information needed to produce recognizable speech), Wiener 
and Jerry Wiesner, head of the lab, proposed to build a hearing glove to 
convert a vocoder-like signal to the sense of touch, rather than to the sense 
of sight. As pointed out by Mara Mills, the “team at MIT reinvented ‘skin 
hearing,’ based on the vocoder.” The MIT researchers were not familiar with 
the decades-long history of using tactile sensations and gloves to aid hear-
ing. But they did obtain permission from AT&T to continue their research 
after Leon Levine, the graduate student assigned to develop the hearing glove, 
learned that Bell Labs had covered the method in a 1937 patent.30

 Levine designed and built an electronic device that converted spoken 
sounds into vibrations sensed by a person’s fingertips (fig. 5). In the mecha-
nism, code named Project Felix, a microphone converted sound waves into 
electrical signals, which were broken up into five signals representing five 
octaves. These were amplified and converted into mechanical vibrations 
applied to each finger. The goal was to generate a unique pattern of vibra-
tions for each phoneme. Once the bugs were worked out of the system, the 
laboratory, which had built a prototype based on Wiener’s suggestions, 
intended to miniaturize it into a portable hearing glove. They intended the 
device to be used by deaf people to improve their speech by comparing the 
patterns of vibrations they created when speaking into the microphone to 
those created by nondeaf speakers. Presumably, the device would also act as 
a regular hearing aid to translate speech into sensory patterns.31

 Unfortunately, there were many bugs to be worked out in a device that 
Wiener had prematurely described in a public lecture in early 1949 and in 
academic journals.32 In late 1949, Wiener touted the device again, this time 
in a lecture he gave on sensory prosthesis at the American Mathematical 
Society. The address drew more media coverage than the talk given earlier 
in the year. The New York Times, an Associated Press newspaper story, and 
Life magazine heralded the new wonder coming from the lab of the famous 
founder of cybernetics, coverage that reinforced the negative stereotype of 
a “helpless deaf audience.”33

 The bugs lasted from the outset of the project to its demise. In the fall of 
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1949, the MIT lab reported that the five-channel system “failed to differen-
tiate the phonemes adequately,” but that a seven-channel unit gave a “unique 
pattern for each phoneme.”34 Researchers studied electrical stimulation of 
the skin and thought it would work better than mechanical vibrations. In 
early 1950, they addressed these problems by testing copper electrodes to 
electrically stimulate a subject’s forearm on a seven-channel unit. In the 
spring, they used a different type of microphone and added a random-noise 
generator to tune the device, all to no avail. The researchers reported in the 

Figure 5. Designed and built by Norbert Wiener’s cybernetics group at MIT in 
1949, the hearing glove reproduced sound patterns as tactile sensations on the 
fingers of one hand. Wiener designed the device as a prosthesis and as a means 
to investigate the cybernetic principles of aural systems. From Norbert Wiener, 
The Human Use of Human Beings: Cybernetics and Society (Boston: Houghton 
Mifflin, 1950). Reprinted by permission of Houghton Mifflin Harcourt Publish-
ing Company.
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summer that “Felix has operational shortcomings. Whenever the subject’s 
ability to receive words varied substantially from one test to another, we 
could not ascertain to what degree this was the fault of the subject or of the 
equipment.” Digitizing the amplitude of the signals did not help.35

 Because of the media hype, MIT and Wiener were kept busy explaining 
to impatient parents of deaf children, and also to Helen Keller, who had 
tried out the device in the lab, that it was still in the experimental stage. 
Keller wrote Wiener, “I can never be too grateful when I reflect that you have 
said the experiments you are trying out for the deaf are the first constructive 
application of cybernetics to human beings.”36 Wiener stopped working on 
Project Felix in 1952, after he severed relations with Jerry Wiesner, and the 
project languished.37

 The press took a more active role in promoting Wiener’s autonomous 
mechanism, the moth/bedbug. In the spring of 1949, Wiener convinced the 
Research Laboratory of Electronics to assign graduate students the task of 
building a machine to illustrate the principles of cybernetics for a forthcom-
ing article in Life magazine. Life paid for its construction, and its editors 
negotiated with Wiener about what functions the device should perform 
and its general design. Wiener presented two alternatives for a mobile device, 
one with an umbilical cord connected to the apparatus, and one without a 
cord. Wiener wrote to Edward Kern, an editor at Life, “I think it highly 
desirable that you make up your mind what Life really wants and that you 
come up here prepared to make some definite decisions.38

 The lab built a photo-cell mechanism mounted on a three-wheeled cart 
that could be configured as a light-seeking “moth” or a light-avoiding “bed-
bug” (fig. 6). No umbilical cord was used, making it more like a robot. The 
machine used two feedback paths (voluntary and postural) to model two 
types of tremors. It simulated an intention tremor—which occurs when a 
goal such as reaching for a glass of water is attempted—by overloading 
voluntary feedback. It simulated a Parkinsonian tremor—which occurs at 
rest but subsides when performing a specific function—by overloading pos-
tural feedback. Simulating a Parkinsonian tremor illustrated an analogy 
between maladies in humans and machines that Wiener, Rosenblueth, and 
Bigelow had identified in their 1943 paper on teleology. Wiener wrote to 
Kern that two European colleagues had seen the moth/bedbug and “were 
fascinated by it. One of them told me that it was very lucky for me that the 
burning of sorcerers was not in vogue at present.”39

 Although Life paid for the work, its senior science editor decided not to 
publish photographs of the moth/bedbug. The editor objected that the de-
vice illustrated the analogy between humans and machines by modeling the 
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nervous system, rather than showing the human characteristics of computers, 
which was Life’s objective. The magazine wanted a device that performed a 
common human behavior that would be easily recognizable by readers, and 
it put the cybernetics story on hold.40

 The science editors put their efforts, instead, into a cover story on com-
puters for Time magazine, which was owned by the parent company Time-
Life. Wiener was interviewed for the story, which publicized his and Warren 
McCulloch’s work on cybernetics, Claude Shannon’s on chess-playing ma-
chines, John von Neumann’s on the computer at Princeton, and Howard 
Aiken’s on the relay computers at Harvard, which were funded by the navy. 
Published in January 1950, the article marks the first time a computer, the 

Figure 6. Another “communication machine” designed and built by Norbert 
Wiener’s group at MIT in 1949 was the moth/bedbug. An early light-sensing 
robot, it illustrated cybernetic principles by simulating Parkinsonian tremors. 
From Getty Images.
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Harvard Mark III, appeared on the cover of Time magazine. Boris Artzy-
basheff, a well-known cartoonist who specialized in anthropomorphism, 
drew the cover’s Cold War illustration of the Mark III as a naval officer. 
Originally, Kern had wanted the cartoonist to depict the moth/bedbug for 
Life, but Wiener objected to an anthropomorphic drawing and preferred 
photographs of the actual device.41 After the Time cover story appeared, 
Kern wrote to Wiener, “Plans for doing a Life article on Cybernetics have 
fallen flat for the moment because of Time’s story last month.” Life did not 
publish an article on the moth/bedbug, but the device received a modicum 
of publicity when Wiener included a diagram and a description of it in the 
first edition of The Human Use of Human Beings (1950).42

 The interactions among Wiener, Life magazine, and MIT’s Research Lab-
oratory of Electronics reveal an extreme form of blurring the boundaries 
between genuine science and popularization. Funding for laboratory re-
search came not from the university, industry, nor the federal government, 
as was typical in Cold War America, but from a popular magazine, which 
decided in the end whether or not to publicize Wiener’s type of research and, 
thus, how to interpret cybernetics to the public.
 Throughout these negotiations, Wiener stood by his position that the 
moth/bedbug was a research tool to study human physiology, not a robot. 
That view was shared by the two main builders of cybernetic mechanisms 
in England, both of whom attended the Macy conferences on cybernetics. 
W. Ross Ashby constructed the stationary homeostat to model how random 
neural networks adapted to changes in the environment. Although the ho-
meostat achieved its goal in unpredictable ways, it worked toward the pre-
determined end of ultrastability. In contrast, W. Grey Walter built two mo-
bile “tortoises” in 1949 to model physiological and psychological behaviors 
whose ends were not predetermined. Constructed of war-surplus electronic 
parts, the battery-powered, wheeled, dome-shaped devices (giving them 
their tortoise shape) used photo-cells to sense the presence of light and con-
tact rings to sense the presence of physical objects. Having a small lightbulb 
on their “foreheads,” they were attracted to moderate light and repelled 
by bright light. As they navigated their environment of physical objects and 
lights, the tortoises exhibited such behaviors as tropism, self-recognition 
(while facing a mirror), and mutual recognition (while facing each other). 
Grey Walter named them ELSIE (Electro-mechanical robot, Light Sensitive 
with Internal and External Stability) and ELMER (ELectro-MEchanical 
Robot). Later tortoises had small memory circuits and could thus “learn” 
how to interact with their environment.43

 The humanlike tortoises, ELSIE and ELMER, and the mouselike Theseus 
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proved to be irresistible to the American press, unlike Ashby’s stationary 
homeostat. Waldemar Kaempffert, a science writer for the New York Times 
agreed with Grey Walter that the unpredictable movements of the tortoises 
exhibited a form of “free will.” John Pfeiffer titled his Popular Science story 
on Theseus, “This Mouse Is Smarter Than You Are.”44

 A discordant note was struck by journalist Serge Fliegers, who inter-
viewed Howard Aiken at Harvard and Wiener at MIT for a 1953 article in 
the American Magazine. Drawing on a distinction made by the 1950 Time 
magazine story on computers, Fliegers created the narrative of a “Battle of 
the Brains” between those who believed that computers could think (Wiener 
and Ashby) and those who dismissed the idea because computers simply 
followed instructions (Aiken). Fliegers called the latter group the “anti- 
Cybernetics faction,” and identified Wiener as the “central figure of the new 
cult of ‘Cybernetics.’ ” Tensions did exist between Aiken and Wiener. In 1947, 
newspapers had reported that Wiener refused to attend a military-funded 
conference on computers that Aiken had organized at Harvard because 
Wiener had publicly said that year that he would no longer accept military 
funding for his research (see below). But the metaphor of a “battle” between 
Aiken and Wiener, over whether computers could think or not, simplifies a 
complex situation. In fact, Fliegers noted Wiener’s ambivalence on the sub-
ject. Because Fliegers admired Wiener’s polymath abilities—telling Wiener’s 
secretary that her boss was “definitely the lion at a LIFE party to which I 
took him”—he probably emphasized the conflict with Aiken to dramatize a 
rather conventional story about electronic brains.45

 An actual dispute between Wiener and a computer designer remained 
private. In early 1951, George Stibitz, who invented relay computers at Bell 
Labs during World War II, complained to Life magazine about a 1950 photo 
caption that said Wiener had “successfully applied cybernetic theory to 
problems of radar and naval gunnery and the ‘electronic brain’ calculating 
machines.” Stibitz acknowledged Wiener’s wartime work on antiaircraft 
systems but bristled at the implication that cybernetics had led to the inven-
tion of the electronic computer. Stibitz wrote to Wiener that he and Aiken 
“had designed and had built computers with most of the important features 
of the present ‘Giant Brains’ long before you took an interest in the subject.” 
Stibitz thought such confusions resulted when the press used the term cy-
bernetics in two senses: to refer to the science of control and information 
processing; and to Wiener’s own contributions in this area. Journalists thus 
made an illogical deduction of the form: Wiener invented cybernetics, com-
puters were a branch of cybernetics, thus Wiener invented computers. Wie-
ner replied by repeating the position he had stated in Cybernetics: in 1940, 
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he wrote a memo to Vannevar Bush, head of the research and development 
effort in the war, about how to use digital computers to solve partial differ-
ential equations, methods that Bush did not pursue.46

 The publicity for cybernetics shot up again when The Human Use of 
Human Beings, directed toward a broad audience, appeared in 1950. Wiener 
discussed the project in 1949 with Robert Morison at the Rockefeller Foun-
dation, which funded his cybernetics research with Arturo Rosenblueth. 
Morison was not keen on the idea. He wrote in his diary, which was circu-
lated to other foundation project officers, that Wiener “has decided that it 
would bore him merely to rehash the former book [Cybernetics] and he 
showed us a list of chapter headings which suggest that he has in mind a 
treatise on the entire subject of communication. He insists that he could write 
such a book in two months in the summer.” Morison thought Wiener was 
writing too many books. Wiener had not discussed the project with Rosen-
blueth, a friend of Morison’s, whom Wiener knew “takes a very dim view 
of any popularization of science whatsoever.” Morison concluded, “it seems 
clear that W. really does need the money which he hopes that a popular 
book might bring him, but he is extremely conscientious and would not want 
to do anything which his fellow scientists might feel was infradig [undigni-
fied].” Morison privately hoped that Wiener would drop the project. “I doubt 
if he could stand the sort of criticism he would be likely to get if he writes a 
book in two months on the vexed subject of communication.”47

 Wiener ignored Morison’s advice and signed a contract with Houghton 
Mifflin for a book tentatively titled the “Communication State.” He planned 
to write the book over the summer at his farm in New Hampshire, dictating 
it to his secretary, Margot Zemurray, and drawing on previous essays. He 
promised Rosenblueth that he would only work on page proofs during his 
research stay in Mexico, unlike the last time, when he wrote the entire man-
uscript of Cybernetics in an office off of Rosenblueth’s laboratory.48

 True to his word, Wiener finished the book manuscript in August 1949 
and revised it in the fall.49 Houghton Mifflin gave it the title The Human 
Use of Human Beings: Cybernetics and Society. Editor Paul Brooks said a 
title such as “Pandora” or “Cassandra,” also proposed by Wiener, was “ab-
solutely out of the question. It would, in the opinion of everyone here, kill 
the book dead.” Brooks derived the title from a sentence in the introduction, 
in which Wiener criticized the dehumanizing effects of fascism, big business, 
big government, and assembly-line work: “I wish to devote this book to a 
protest against this inhuman use of human beings.” Wiener was “delighted” 
with the new title.50

 Published in the fall of 1950, The Human Use of Human Beings was not 
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simply a popular version of Cybernetics written for a lay audience. Wiener 
described the entropic definition of information without using mathematics, 
but he went beyond that to add a semantic dimension to the scientific con-
cept of information (see chapter 4). More broadly, he promoted cybernetics 
as a universal science by extending it to social issues. He defined cybernetics 
as the “study of messages” and argued that “society can only be understood 
through a study of the messages and the communication facilities which 
belong to it.” To make his case, Wiener introduced the basic analogy of cy-
bernetics, that because both humans and communications machines con-
sisted of effectors, sensors, “brains,” and information-feedback paths, they 
could both be studied by the principles of control and communications 
engineering. In this manner, society itself could be analyzed as the commu-
nication of messages between humans, between humans and machines, and 
between machines and machines. As in Cybernetics, Wiener addressed so-
cial issues by warning of adverse social implications, and by relating the 
scientific concept of information to language, communication, and society. 
But now, he dealt with those topics at length. In a nonmathematical manner, 
he used the principles of information and feedback to correlate an organism’s 
structure with its ability to learn, to analyze language in terms of information 
theory, to illustrate the nonmateriality of messages and information, and to 
describe new communication machines such as the moth/bedbug and the 
hearing glove. He addressed wider social issues by showing how adopting 
a cybernetic viewpoint could improve the writing of laws, reveal problems 
with the Cold War demands for secrecy in science, and point out the dangers 
and opportunities of the “Second Industrial Revolution.”51

 Most reviewers did not know what to make of the book. Journalist Stuart 
Chase, a venerable critic of capitalism, called it a “brilliant and disorderly 
book.”52 A reviewer in Scientific American satirically captured its idiosyn-
crasies by saying that the “reader is apt to be dazed, as well as dazzled, by 
a book which in a brief 200 pages discusses entropy, Mexican frescoes, the 
Industrial Revolution, Parkinson’s disease, the patent system, the logarith-
mic scale in [thermodynamic] order-disorder relations,” and a host of other 
seemingly unrelated subjects.53 Because of the popularity of Cybernetics, 
a wider range of magazines and newspapers covered The Human Use of 
Human Beings, from the high-brow Atlantic Monthly to the low-brow Pa-
rade Magazine. The New Yorker noted, “Everyone who reads even Quick [a 
pocket “news weekly for busy readers”] has heard of Dr. Wiener.” As with 
the media coverage of Cybernetics, reviewers emphasized the coming sec-
ond industrial revolution created by robot brains, rather than information 
or feedback. Titles such as “Mind in Matter,” “Automatic Age,” and “The 
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Cybernetic Way of Life” reinforced this meaning of cybernetics.54 Many 
commentators repeated Wiener’s warnings of the harmful consequences of 
automation. The Christian Science Monitor said Wiener was a “Jeremiah 
with the taste and learning of a Renaissance humanist, the free-ranging in-
tellectual gusto of a William James. He is a mathematician who sees red 
when he finds men reduced to soulless digits, a machine-maker who rebels 
against treating men as machines.”55

 Following the book’s publication, Wiener actively promoted cybernetics 
in the media, more so than any other cybernetician in the United States or 
Britain. Personal reasons included the monetary one mentioned by Morison 
and the deep psychological insecurities that arose from being raised as a 
child prodigy by his father.56 In the fall of 1950, he gave interviews on the 
book for the Mary Margaret McBride radio program and for programs on 
two other radio stations in New York City. He signed up with a Brooklyn 
lecture bureau to give three talks at the substantial sum of one hundred 
dollars per lecture.57 Late in the year, Life magazine featured a plan by 
Wiener and two MIT colleagues, political scientist Karl Deutsch and historian 
Giorgio de Santillana, on how the United States could survive a nuclear attack 
by building railway lines and highways around cities to decentralize industry 
and disperse the population. Offered during the height of the Cold War, as 
Communist China entered the Korean conflict, the proposal was “cybernetic” 
in the sense that it viewed the city as a communications system.58

 Wiener hit the publicity trail again with the publication in 1953 of 
Ex-Prodigy, the first volume of his autobiography. Simon and Schuster lined 
up interviews with New York City book review editors, a second stint on 
the McBride radio show, a slot on Edward R. Murrow’s radio show to read 
his statement for the Cold War “This I Believe” series, and an appearance 
on NBC’s Today television show.59 Wiener also wrote a short article on 
cybernetics for the annual volume of the Encyclopedia Americana in 1952 
and then a longer article for its 1955 edition.60

 In 1953, at the urging of Jason Epstein, an editor at Doubleday, Wiener 
substantially revised The Human Use of Human Beings for a second edi-
tion, in order to broaden its appeal. The structure of the book remained the 
same, but Wiener removed technical passages, shortened chapters, and tied 
his cybernetic vision to a philosophy of life based on entropy. That concept 
explained how humans, societies, and communications machines used in-
formation feedback systems to create life, to exist. Fed on information (neg-
ative entropy), these local entities could temporarily delay the inevitable 
increase of entropy, which would lead to the earth’s heat death. At the sug-
gestion of Epstein, he introduced the categories of Augustinian and Mani-
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chean to explain two views of nature. Wiener saw the statistical aspect of 
nature as Augustinian (as an organic incompleteness), rather than as Man-
ichean (as a malicious opposition), and thus as knowable through mathe-
matics, because nature would not trick the observer in a Manichean way. He 
also employed the terms to distinguish the Augustinian scientific attitude of 
the individualistic prewar era from the Manichean militarized big science 
of the Cold War.61 The hard work paid off. Total sales of The Human Use 
of Human Beings climbed to more than fifty thousand copies by the end of 
1956, while the total sales of Cybernetics plateaued at thirty-three thousand 
at the end of 1959.62

 Writing, lecturing, and giving interviews exhausted Wiener. He begged 
off writing two long articles on “cybernetics” and “information theory” for 
the 1957 edition of the prestigious Encyclopedia Britannica, citing other 
literary commitments (he was finishing the second volume of his autobiogra-
phy). He recommended, instead, his former student and competitor, Claude 
Shannon, who had written a positive review of Cybernetics. Shannon wrote 
both articles, defining cybernetics as Wiener had, as the “science of control 
and communication processes in both animals and machines.” On the ques-
tion of the boundary between cybernetics and his own area of information 
theory, Shannon said that cybernetics “overlaps” such fields as neurophysi-
ology, computers, and information theory. Having witnessed the debates on 
creating a common language of cybernetics at three of the Macy meetings, 
Shannon thought cybernetics was “universal” in the limited sense that it 
sought to “find features common to these diverse disciplines.”63

A Cold War Science, Science Fiction, or a Scientific Fad?

The social meaning of cybernetics had a triple valence in the 1950s. When 
the media portrayed cybernetics as the science of robot brains, it linked the 
discipline to civilian applications, such as automatic factories; military uses, 
such as guided missiles; and scientific “fads,” such as dianetics. Wiener pro-
moted cybernetics as a civilian science and tried to control its image by dis-
tancing it from the military and from fringe groups. To him, it was a means 
to bridge engineering and biology for peaceful purposes, not a Cold War 
science, science fiction, nor a scientific fad.
 The case for viewing cybernetics as a Cold War science was strong, be-
cause the height of its media coverage, from late 1948 to early 1951, oc-
curred during the fervor of the early Cold War. The blockade of Berlin by 
the Soviets and the American airlift of supplies into Berlin began in the sum-
mer of 1948 and continued into 1949. Tensions increased further in 1949 
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when NATO was established in the spring; the Soviet Union unexpectedly 
exploded its first atomic bomb in August, several years ahead of the pre-
dicted timetable; and China was “lost” to the Communists in the fall. The 
Cold War intensified in 1950 when President Harry Truman announced the 
hydrogen-bomb project, State Department official Alger Hiss was convicted 
of espionage, and Senator Joseph McCarthy made his infamous speech in 
West Virginia, claiming to hold in his hand a list of communists working in 
the State Department. The Korean War started that summer and the United 
States entered it in the fall. In response, Truman submitted a defense budget 
of $50 billion in early 1951, up from $13 billion for the previous year. Re-
search in science and technology—especially in atomic energy, guided mis-
siles, electronics, computers, and communications—skyrocketed in univer-
sities and government laboratories.64

 The media covered these topics extensively during the Cold War. News-
papers and magazines typically portrayed electronic computers, a major 
subject in Cybernetics, as giant scientific calculators built for the military—
symbolized by the Harvard Mark III depicted as a naval officer on the 1950 
cover of Time magazine.65 Cybernetics shared a World War II–pedigree with 
computers and many other sciences and technologies. In those hothouse 
years for research and development after the war, Scientific American ran 
articles on the invention and development of the transistor, Wiener’s cyber-
netics, von Neumann’s and Morgenstern’s game theory, electronic comput-
ers, Shannon’s information theory, Shannon’s chess-playing automata, Grey 
Walters’s tortoises, and operations research.66

 Yet robot brains and automatic factories, rather than the military uses of 
cybernetics, dominated media coverage in the 1950s. By depicting comput-
ers as robots—with sensors, effectors, and memory—newspapers and mag-
azines emphasized Wiener’s view of cybernetics as a civilian enterprise, one 
associated with biology, psychology, medicine, and the mechanization of 
labor.67 Although the new science produced life-enhancing prosthetics as 
well as automatic factories and the specter of technological unemployment, 
these were civilian hopes and fears, not military ones.
 Wiener influenced the civilian image of cybernetics by publicizing his 
antipathy toward military research, a stance covered extensively by news-
papers and magazines. In December 1946, he refused, on moral grounds, to 
send an engineer working on a guided-missile project at the Boeing Aircraft 
company a copy of his declassified wartime report on antiaircraft predic-
tion. In the letter, published by the Atlantic Monthly in January 1947, Wie-
ner said that the “policy of the government itself during and after the war, 
say in the bombing of Hiroshima and Nagasaki, has made it clear that to 



The Cybernetics Craze          85

provide scientific information is not a necessarily innocent act, and may 
entail the gravest of consequences.” In the present case, the “practical use of 
guided missiles can only be to kill foreign civilians indiscriminately, and it 
furthers no protection whatsoever to civilians in this country.”68 That same 
month, the New York Times reported that Wiener refused to speak at the 
computing conference organized by Howard Aiken at Harvard because of 
the military use of computers. He told the sympathetic Bulletin of Atomic 
Scientists in 1948 that government funding had degraded “the position of 
the scientist as an independent worker and thinker to that of a morally ir-
responsible stooge in a science-factory.”69 Wiener made similar comments 
in private. He wrote to Warren McCulloch that the Harvard meeting “is 
under Navy auspices and that is enough to damn a job for me even though 
the job is less evil than poisons,” an allusion to McCulloch’s own research 
on biological warfare. “I am also giving up all work on the computing ma-
chine because it is too closely associated with the guided missiles project.” 
In 1950, he asked the Air Force Cambridge Research Laboratories not to 
put his name on their mailing list. “As you know, I do not work on militarily 
sponsored research.”70

 But how could Wiener, who had made his opposition to military research 
so public, work at the same time on two cybernetics projects at MIT’s Re-
search Laboratory of Electronics—where most research was funded by the 
Department of Defense’s Joint Services Electronics Program—one of which, 
the hearing glove, was funded solely by the military?71 How could he ask 
that his name not be placed on a military lab’s mailing list, when it had 
appeared on a published laboratory progress report for the hearing glove, 
which he touted in The Human Use of Human Beings?
 To understand Wiener’s apparently inconsistent actions, consider how 
he distinguished between acceptable and unacceptable military research. 
Wiener wrote in the Bulletin of Atomic Scientists, “I refused to furnish that 
information [to the Boeing engineer] on the basis that I did not wish to 
participate in any way in a military program [guided missiles] of which I did 
not approve.”72 In a press release for Cybernetics, Wiener was quoted as 
saying he would “not work on any project that might mean the ultimate 
death of innocent people.” In the book itself, he lamented bringing cyber-
netics, the science of command and control, into the “world of Belsen and 
Hiroshima.” The best cyberneticians could do was to educate the public 
about the “trend and bearing of the present work, and to confine our per-
sonal efforts to those fields, such as physiology and psychology, most remote 
from war and exploitation.”73

 In late 1951, three years after the publication of Cybernetics, Wiener 
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became discouraged with the growing use of cybernetics by the military. 
Wiener wrote to Grey Walter that he was “very much disturbed by the way 
in which cybernetics has been largely taken over by workers in the field of 
controlled missiles. When I get back to the States [from a research trip to 
Mexico], I shall have to reconsider radically what fields I shall preempt for 
myself for further research and what fields I shall abandon.”74

 Prosthesis was an acceptable area of research for Wiener, an area he had 
first discussed in Cybernetics.75 The intense fighting during the early days of 
the Korean War in the summer of 1950 prompted him to clarify his research 
position at MIT. He wrote the head of the MIT’s mathematics department, 
“I would like any association that it may be necessary to have with war 
work to be on the medical side. I am thinking of participation in the tech-
nology of prosthesis and automatic medication.”76 This justification cov-
ered both the hearing glove, a prosthesis, and the moth/bedbug, which simu-
lated a physiological disorder. Even though the military had funded protheses 
since the nineteenth century, Wiener apparently viewed the field as an area 
“most remote from war and exploitation.” He did not write about the mil-
itary’s growing interest in the medical and biological sides of cybernetics.
 In the 1950s, Wiener questioned the Cold War political consensus, what 
Paul Edwards has called a “closed-world” discourse that supported the 
building of computers and cyborgs.77 Wiener objected to the State Depart-
ment’s policy of containment when it interfered with the internationalism 
of science, and he called for more communication with the Soviet Union to 
ease Cold War tensions.78 He told his publisher that Vannevar Bush’s recent 
book, the Cold War manifesto Modern Arms and Free Men (1949), was the 
“absolute opposite and counterpart of my [new] book.” In The Human Use 
of Human Beings Wiener pointed out the baneful effects of classifying sci-
entific research and criticized his colleagues John von Neumann and Claude 
Shannon for being cold warriors. Shannon had pointed out that his research 
on a computer program to play chess could be used to evaluate the best 
military moves. “Let no man think that he is talking lightly,” Wiener said. 
“The great book of von Neumann and Morgenstern on the Theory of Games 
has made a profound impression on the world, and not least in Washington. 
When Mr. Shannon speaks of the development of military tactics, he is 
not talking moonshine, but is discussing a most imminent and dangerous 
contingency.”79

 In the era of McCarthyism, Wiener defended Dirk Struik, his colleague 
and friend in MIT’s mathematics department, from charges of trying to over-
throw the government by teaching Marxism at a nearby college. Concerned 
about Wiener’s agitation in the Struik case, MIT president James Killian 
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assured the Rockefeller Foundation, which funded Wiener’s research, that 
Wiener “has not himself been involved in any Communist or Communist 
front activities.” Nevertheless, the FBI monitored Wiener’s antimilitary state-
ments and his long-standing friendship with the British biologist J. B. S. Hal-
dane, a prominent communist.80

 Wiener aided the Cold War effort to some extent in the 1950s. The pro-
posed plan to protect American cities from nuclear attack fits in that cate-
gory, even though it was a defensive measure. In 1953, he consulted for the 
Office of Naval Research, which supported mostly basic research, and lec-
tured on cybernetics before the Industrial College of the Armed Forces.81 
Yet the contrast between Wiener and Warren McCulloch, the second-leading 
figure in cybernetics, was stark. Lily Kay has noted that McCulloch “was a 
militant anti-communist and was deeply committed to the cold war.” He did 
research on biological warfare, held research grants from the navy, and 
consulted for NASA and all three of the armed forces, mostly on the medical 
and biological applications of cybernetics.82 In the 1960s, he and Heinz von 
Foerster, former chief editor of the proceedings of the Macy conferences on 
cybernetics, helped establish a new military-supported area of cybernetics 
called “bionics.”
 The opposing attitudes toward the Cold War held by McCulloch and 
Wiener led to some uneasy tensions between the two men. In the letter tell-
ing McCulloch about his decision not to attend the computer conference at 
Harvard in 1947, Wiener extended his antimilitary policy to the work his 
daughter might do in McCulloch’s laboratory, saying, “I would not want 
Barbara to be employed in any job having even the most distant relationship 
with biological warfare.”83 At the Macy conference on cybernetics in 1949, 
McCulloch said neither John von Neumann nor Julian Bigelow could attend 
the meeting because they “are at present overrun by civil servants inspecting 
the apparatus which they are at the moment soldering,” the military-funded 
electronic-computer project at the Institute for Advanced Study. Wiener 
asked, “Civil servants or civil masters?” McCulloch replied sharply, “I spent 
the day yesterday at Princeton. I know what they are up against.”84 The 
exchange did not make it into the published proceedings of the conference. 
These tensions were probably a factor in Wiener’s breaking-up with Mc-
Culloch in the winter of 1951–1952.
 At the same time that Wiener was trying to keep the civilian meaning of 
cybernetics paramount in the public eye, he was fending off interpretations 
of it as science fiction. Although many scientists and engineers were fans of 
science fiction—including Wiener, who had tried his hand at the genre—others 
objected when the media portrayed cybernetics in sensational terms, as the 
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science of robots. Wiener contributed to the problem, himself, in The Human 
Use of Human Beings, when he described the prospect of telegraphing a 
human by turning its body into a code on one end of the line, transmitting 
the coded signal, and then reconstituting the body from the code on the 
other end of the line. Wiener said he engaged in this fantasy, “not because I 
want to write a science fiction story . . . but because it may help us under-
stand that the fundamental idea of communication is that of the transmis-
sion of messages, and that the bodily transmission of matter and messages 
is only one conceivable way of attaining that end.” Scientific ends thus sanc-
tioned the story for Wiener, but he criticized how others linked cybernetics 
to fantasy. In his 1956 autobiography, Wiener said that he had watched over 
the introduction of cybernetics “very carefully through a period where what 
I intended as a serious contribution to science was interpreted by a consid-
erable public as science fiction and as sensationalism.”85

 That charge was a real concern to some social scientists. Management 
specialist John Diebold wrote in 1952, “Writers such as Norbert Wiener, by 
emphasizing the similarity of automatic control systems and the nervous 
systems of humans and animals, have made the world of science fiction seem 
indeed to be upon us, with a race of human-like robots already in the mak-
ing. No interpretation of the facts could be more perverse—or disturbing.” 
When psychologist George Miller reviewed the Macy conference proceed-
ings, he complained, “Since the boundary between cybernetics and science 
fiction has never been overly sharp, those of us seriously interested in the so-
cial and psychological applications of this kind of thinking have often wished 
for some standard of scientific respectability in this young discipline.” He 
did not think the rambling Macy proceedings helped in that regard.86

 To make matters worse, science fiction writers identified cybernetics as 
the science of robots. Advertisements for Isaac Asimov’s I, Robot (1950) 
and Kurt Vonnegut’s Player Piano (1952) appeared alongside ads for books 
by Wiener, Berkeley, and Diebold in a special 1952 issue of Scientific Amer-
ican dedicated to automatic control systems.87 Asimov did not mention cy-
bernetics in I, Robot; all but one of the book’s nine short stories were pub-
lished before Cybernetics appeared.88 But later science fictions writers took 
notice of cybernetics. Bernard Wolfe’s disturbing 1952 novel, Limbo—about 
a future United States in which voluntary amputees are fitted with atomic- 
powered prosthetics, becoming cyborgs—drew inspiration from cybernetics. 
Wiener is a hero to the pro-prosthetics faction in the novel, whose narrator 
and characters speak of “cybernetic rape,” “cybernetic might,” “cybernetic 
brotherhood,” “Wienerity,” and so forth.89 Author Erik Fennel took a dim-
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mer view of Wiener’s work and wrote to Time magazine to complain about 
its glowing review of Cybernetics:

A plague upon Professor Norbert Wiener for his treatise on Cybernetics, and 
a king’s-size murrain upon you for publicizing it!
 I make my living writing science-fiction—(Do you smoke opium or just 
get stinko to dream up that wild, fantastic, impossible stuff?’ my friends 
ask)—and characters like Wiener are lousing up the racket. . . .
 Yes, the pincers of [modern] technology squeeze inexorably upon the poor 
science-fiction writer.
 Two of my pet themes have been machines (or robots) replacing humans 
with a civilization of their own, and machines that go crazy and raise 
assorted hell for/with their creators.
 But from now on the fans will bat my ears down with letters starting, 
‘You’re nuts. Wiener says, page x, line x, that ———’.
 The era of carefree flirting with the psychiatry of mechanisms has departed.
 I wish a psychotic robot afflicted with the electronic variant of hydropho-
bia would bite Dr. Wiener. Hard.90

Wiener replied in kind, “Your plague received and contents noted.” Then he 
turned to the serious question Fennel had raised about the relationship be-
tween science and science fiction. “You people really are between the devil 
and the deep sea. If your story isn’t sound, it doesn’t have any kick and if 
it is sound, it naturally is in a field that is going to be appropriated by the 
scientist.” Because Wiener struggled to publish science fiction and mystery 
stories, he may have taken satisfaction in lecturing a successful writer from 
the standpoint of a scientist.91

 The association with science fiction cut both ways for cybernetics. Clyde 
Beck, a fan and early literary critic of science fiction, argued that science 
fiction readers were responsible for the great popularity of Cybernetics.92 
But John Burchard, chair of MIT’s Technology Press, which copublished 
Cybernetics with John Wiley and a French firm, thought that Wiley’s pro-
posed advertising for the book was undignified. Burchard complained, “The 
‘Science Fiction’ flavor, to my mind, will attract the wrong kind of buyer, 
and by its nature, the book will disappoint those who buy it under such a 
misapprehension.”93

 Kurt Vonnegut put cybernetics front and center in the futuristic Player 
Piano, his first novel. In the book, Paul Proteus, head of an automatic factory 
at General Electric, gave the text of an important speech to his secretary, Dr. 
Katharine Finch, to type. “That’s very good, what you said about the Second 
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Industrial Revolution,” Finch said. Proteus replied that it was “Old, old 
stuff.” Norbert Wiener had “said all that back in the nineteen-forties. It’s 
fresh to you because you’re too young to know anything but the way things 
are now.” As the novel unfolds, inequalities become unbearable, and workers 
destroy the GE plant, the legacy of a new world order in which computers 
run factories and make all managerial, economic, and political decisions (a 
scenario Wiener had worried about in The Human Use of Human Beings). 
When asked by the publisher for an endorsement of Player Piano, Wiener 
said he was “complimented by the references to myself and cybernetics,” but 
he thought it was mediocre science fiction and not up to the caliber of work 
by his heroes Jules Verne and H. G. Wells. “In short, I feel that it was inevi-
table that your book be written, and it will probably be written by different 
authors four or five times over with varying degrees of unoriginality.”94

 Defending cybernetics against charges that it was a scientific fad proved 
to be more contentious. The Nation magazine remarked in 1950, “Cyber-
netics should not be confused with words like technocracy and dianetics 
which involve prescriptions for the ills of mankind. Wiener has invented the 
word to describe a new field of scientific study, rather than a theory of be-
havior.” The Saturday Review of Literature predicted that cybernetics “is 
not likely to parallel the rapid rise and fall of [engineer] Howard Scott’s 
technocracy [movement of the 1930s] and we should do well to study care-
fully modern developments in ‘communication and control in the man and 
the machine.’ ”95 The proponents of technocracy, dianetics, and general se-
mantics disagreed with these sentiments and saw strong parallels between 
cybernetics and their movements.
 In 1950, Donald Bruce, the editor of Technocracy Digest, wrote to Wie-
ner in response to a newspaper story on cybernetics that appeared in the 
Vancouver Sun. “We Technocrats have been keeping a close watch on any 
of your statements.” They had been quoting the newspaper story in their 
public lectures and would print it in their magazine. Titled, “Machines May 
Ruin Us, if Reds Don’t,” the story quoted Wiener’s warning that a period of 
technological unemployment more severe than that in the Great Depression 
would be brought about by automatic factories if these were not responsi-
bly controlled by society. The story resonated with the technocracy move-
ment’s belief, publicized by Howard Scott in the 1930s, that only the politico- 
economic system of technocracy—which was based on energy units rather 
than on the price system, and run by engineers rather than politicians—could 
control modern machinery, thus avoiding technological unemployment and 
ensuring a life of leisure and abundance for all.96

 In 1951, CHQ, Technocracy, Inc., criticized Wiener for visualizing the 
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possibility of an “automatic social mechanism,” a computerized feedback 
system that would make all political and economic decisions. “But the vi-
sion seems to frighten him, or at least worry him, for he cannot convince 
himself that it will be used to serve mankind beneficially.” Furthermore, 
“Technocracy would like to remind Norbert Wiener and all other Americans 
that a technological social mechanism, working on the feedback principle, 
was presented to the American people nearly 20 years ago,” the Technate of 
North America. It would provide the “know-what” and well as the “know-
how” called for by Wiener to ensure the socially responsible use of the new 
technology.97 Wiener responded by distancing himself and cybernetics from 
technocracy. “As technocracy not only involves a theory of life but a certain 
amount of propaganda organizations, I feel very hesitant to identify my 
name explicitly with it. I don’t want to bring down the thunderbolts against 
you that are falling, and I think very justifiably, on the heads of the dianetics 
people. You must understand that in the confusion of fan mail, and possibly 
hostile mail, I must watch my step very closely.” Wiener further explained 
his position in 1954, writing to Technocracy Digest that as a scientist, he 
had to remain impartial and not associate with “any group which attempts 
to make a claim to represent the influence of my ideas. In other words, my 
social function is to create, and not to propagandize.”98

 Wiener had much more trouble distancing cybernetics from dianetics 
and general semantics, both of which were labeled as scientific “fads” at the 
time.99 L. Ron Hubbard, the engineer turned science fiction writer and 
founder of dianetics, the basis for scientology, published Dianetics: The 
Modern Science of Mental Health in 1950. Hubbard announced the “new 
science of the mind” in the April 1950 issue of Astounding Science Fiction, 
to which he was a frequent contributor. The theory claimed that the mind 
was composed of three divisions: the conscious “analytical mind” (which 
functioned like a computer with memory); the subconscious “reactive mind” 
(which operated like a low-level computer with memory at the cellular 
level); and the “somatic mind” (which put the commands from the analytical 
or reactive mind into physical effect). Mental illnesses (psychoses, neuroses, 
compulsions, etc.) and psychosomatic illnesses (asthma, allergies, arthritis, 
etc.) were caused not by faults in the computing mechanisms, which were 
“perfect,” but by engrams (cellular memories of painful physical or emotional 
experiences) being sent as posthypnotic-like suggestions from the reactive 
mind to the analytical mind. Dianetics claimed to cure these illnesses through 
talk therapy, by auditors recovering engrams from patients and erasing them 
(refiling them in inaccessible sections of analytical memory).100

 Dianetics superficially resembled cybernetics, in that both theories com-
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pared the mind to the electronic computer, and “neuroses” in humans to 
those in computers. Physicist Yvette Gittleson observed in American Scien-
tist that Hubbard drew on cybernetic ideas without acknowledging them. 
“Cybernetics is the big new idea of the times, and in my opinion Hubbard 
(who never mentions the word) has got cybernetics, and got it bad; this 
is to say, he has got it wrong.” Whereas Wiener talked about the parallels 
between minds and computers, Hubbard literally thought the mind was a 
computer that does not make mistakes. Gittleson referred to that way of 
thinking, common in newspapers, as a “mal-emphasis in regard to the cy-
bernetic approach” because machines did not “hold the key to why we be-
have like human beings.” She thought that it was “perhaps inevitable that 
the productive thinking which generated the cybernetic point of view should 
beget some incidental monstrosities amidst the voluminous literature accu-
mulating in and about the field. It is to be hoped, however, that such ambi-
tious misapplications as dianetics will be infrequent.”101

 Wiener could not have agreed more. He heard about dianetics from a 
former student of his at MIT, John Campbell, who was editor of Astounding 
Science Fiction. As one of Hubbard’s earliest patients, Campbell wrote to 
Wiener about Hubbard’s forthcoming book and his magazine’s promotion 
of it. Campbell thought Wiener would “be greatly interested” in dianetics 
“as suggesting a new direction of development of the work from the cyber-
netics side,” and that “further study of dianetics will be of immense aid in 
your projects.” To the contrary, Wiener drew a sharp boundary between 
cybernetics and dianetics. He implored the dianetics organization, through 
his lawyer, to stop using his name in its promotional literature and told one 
correspondent who had noticed a similarity between dianetics and cyber-
netics, “I have no connection [with] dianetics nor do I approve the fanfare 
of claims which Mr. Hubbard makes. If he has used any part of my ideas, 
he has done so at his own responsibility, and I do not consider myself in-
volved in any way in his ideas.”102 He complained to a social scientist that 
literary men did not understand the new machine age and were “ready to 
succumb to any moral quack,” as seen in the “great sales of Dianetics, of 
Velikovsky’s Worlds in Collision, and the recent spoof on the flying sau-
cers.”103 In 1951, Wiener asked his lawyer to stop the Dianetics foundation 
from listing him as one of its associate members. Wiener considered the 
action to be “detrimental to my standing as an honest scientist.”104

 In sharp contrast, two other leaders of cybernetics and information the-
ory thought highly of L. Ron Hubbard. In August 1949, Claude Shannon 
wrote to Warren McCulloch “in behalf of a friend, Mr. L. Ron Hubbard,” 
asking McCulloch to meet with Hubbard to judge his work from the point 
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of view of psychiatry: “If you read Science Fiction as avidly as I do you’ll 
recognize him as one of the best writers in that field. Hubbard is also an 
expert hypnotist and has been doing some very interesting work lately in 
using a modified hypnotic technique for therapeutic purposes.”105

 McCulloch did not see Hubbard because of a trip to England he took 
that fall, but he did correspond with Hubbard. In December, Hubbard 
thanked Shannon for aiding him with his research on the mind and prom-
ised to send Shannon a copy of Dianetics as soon as it came out. Although 
Hubbard did not mention cybernetics in the book, he had said in an earlier 
article that dianetics was a “member of that class of sciences to which be-
long General Semantics and Cybernetics and, as a matter of fact, forms a 
bridge between the two,” a view he repeated in the letter to Shannon. Hub-
bard told Shannon that his theory of the mind dealt with function rather 
than structure. He hoped that dianetics, as an engineering science, would 
lead to an understanding of the structure of the mind.106

 Dianetics soon came under siege. The American Psychological Associa-
tion denounced it in the fall of 1950 as bordering on pseudoscience, and the 
New Jersey State Board of Medical Examiners instituted proceedings against 
the Hubbard Dianetic Research Foundation for practicing medicine without 
a license in 1951. The foundation went bankrupt in 1952. Yet McCulloch 
cooperated with dianetics that year by giving permission for the organiza-
tion to reprint his paper, “The Brain as a Computing Machine.”107

 Hubbard was not alone in perceiving a link between cybernetics and 
general semantics, a mental health therapy based on a synthesis of neurol-
ogy, epistemology, and linguistics, created by Alfred Korzybski before the 
war. In 1949, Korzybski wrote to Wiener that after reading Cybernetics, he 
felt that his own books, which dealt with the relationships between neurol-
ogy and mental functions, “were not mere idiocy on my part. I owe you a 
great debt and I am grateful to you for putting my own work on such solid 
grounds [in mathematics and the natural sciences] as you have done.” Ana-
tol Rapoport and Alfonso Shimbel, researchers in mathematical biology at 
the University of Chicago, argued that cybernetics and information theory 
supported the tenets of general semantics.108

 Wiener would have none of it, though he had ties to Rapoport’s and 
Shimbel’s colleague at Chicago, Nicholas Rashevsky. After some pointed 
exchanges with the Institute for General Semantics, Wiener replied to a cor-
respondent, who wondered why he had not mentioned Korzybski in Cyber-
netics, since they had such similar ideas. “You will find that Alfred Korzybski 
is quite as unwilling to be identified with me as I am with him. If I were to 
have many years contact with Southern California, I might become even as 
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Korzybski, but to be perfectly frank I find the theatricalness more than a 
little transpontine.”109 Several avant-garde musicians, writers, and artists 
also appropriated cybernetics as a liberating and guiding force in their work, 
which probably did not please Wiener either.110

Cybernetics in the Sciences, Engineering, and the Humanities

In his books, articles, and private correspondence, Wiener drew sharp bound-
aries separating cybernetics from science fiction and scientific “fads” so that 
cybernetics would be taken seriously by scientists.111 That project suc-
ceeded to a remarkable degree in the 1950s. By claiming that the human- 
machine analogy and the language of cybernetics were universal, Wiener 
and the interdisciplinary Macy group helped spread the cybernetic viewpoint 
throughout the sciences, engineering, and the humanities in the United States 
in the 1950s. Historians have emphasized two aspects of these universal 
claims. Geof Bowker argues that cyberneticians used rhetorical strategies 
such as legitimacy exchange (claiming expertise by linking one’s research 
with another field) to establish cybernetics as a universal discipline that 
applied to all fields. Peter Galison labels cybernetics as an interdiscipline 
and argues that it was at the heart of the postwar transformation of the 
European Unity of Science movement in the United States, what he calls the 
“Americanization of Unity.”112 These arguments help explain the wide ap-
peal of cybernetics in academia but not the contestations about the meaning 
of an interdisciplinary science that claimed to be universal.
 Many natural scientists in the United States were excited about cyber-
netics. Physicist Churchill Eisenhart at the National Bureau of Standards 
praised Cybernetics for heralding a “new discipline” in an effusive review 
for Science, the premiere scientific publication in the country. In Physics 
Today, John von Neumann praised the “great virtuosity” of Cybernetics for 
describing the analogy between computers and biological systems. Although 
von Neumann criticized Wiener’s claims of priority to mathematically 
equate information with entropy, he hoped his review conveyed “some feel-
ing of the book’s brilliancy, as well as of its bounds.” For physicist Léon 
Brillouin at IBM, cybernetics offered a theory of information as negative 
entropy that helped explain why living organisms did not violate the second 
law of thermodynamics.113

 Evelyn Fox-Keller and Lily Kay have shown that life scientists, especially 
molecular and developmental biologists, readily embraced cybernetics in 
the 1950s because of its promise to mathematically model living organisms 
and break the genetic code.114 Henry Quastler at the University of Illinois, 
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who attended the last two Macy conferences on cybernetics, stressed the 
information-theory aspect of applying cybernetics to biology.115 Biophysi-
cist Walter Rosenblith praised Cybernetics in a review published in the pres-
tigious Annals of the American Academy of Political and Social Science. He 
regularly attended Wiener’s dinner seminar on scientific method and later 
worked with him at MIT’s Research Laboratory of Electronics. He lauded 
Wiener for attempting “to bring about a new synthesis” at a time of increas-
ing specialization in science, by suggesting the “new trinity of matter, energy, 
and information.”116 The movement of cybernetics into ecology is epito-
mized by the work of Howard Odum at the University of North Carolina, 
who created ecological system models based on cybernetic principles.117 
The laboratory research of Warren McCulloch and his assistants at MIT 
provide the best examples of cybernetic neurophysiology.118

 Researchers at AT&T’s Bell Laboratories also held a high opinion of 
cybernetics. Henrik Bode, a prominent theorist of electrical circuits and 
Claude Shannon’s boss at the labs, gave talks on cybernetics at local sections 
of the American Statistical Association and the American Society for Quality 
Control in 1949. That same year, Shannon reviewed Cybernetics for an elec-
trical engineering journal, saying “Professor Wiener, who has contributed 
much to communication theory, is to be congratulated for writing an excel-
lent introduction to a new and challenging branch of science.”119 He also 
joined one of the cybernetics clubs sprouting up in the United States. Before 
Shannon attended his first Macy conference on cybernetics, he and a col-
league, engineer John Pierce at Bell Labs, attended meetings of “The Cyber-
netics Group” in New York City in 1949, when the subject was communi-
cation theory.120 Control system engineers were more skeptical, but Hsue 
Shen Tsien at the Jet Propulsion laboratory at the California Institute of 
Technology titled his 1953 textbook on control engineering Engineering 
Cybernetics.121

 Social scientists took a while to warm up to cybernetics. In 1949, the 
American Sociological Review thought the book Cybernetics and its doc-
trine were impressive. “Yet in the end it is doubtful if social scientists have 
much to learn here.” Wiener’s argument that the social sciences could learn 
from communications and control engineering might be true. But Wiener’s 
“admitted unfamiliarity with the social sciences, and his dependence on 
analogical reasoning, will leave many social scientists skeptical.” The book 
was “too technical,” and Wiener was “too naive” about the social sciences.122 
Several researchers demonstrated the value of cybernetics to the social sci-
ences, including two men who had learned their cybernetics from Wiener: 
political scientist Karl Deutsch, a colleague of Wiener’s at MIT; and anthro-
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pologist Gregory Bateson, a mainstay of the Macy conferences on cybernetics 
and a confidant of Wiener’s (see chapter 5).
 Several humanists paid tribute to the new field of cybernetics in their role 
as public intellectuals. Dixon Wecter, a historian at Berkeley who wrote for 
upper-class magazines and newspapers, commended Wiener’s self-regulating 
theory of communication as a means to understand culture and society. 
Wecter was one of the few social commentators to stress this aspect of cy-
bernetics in the media. Lewis Mumford, the renowned architectural critic 
and historian of technology, received a complimentary copy of The Human 
Use of Human Beings from the publisher and effusively praised it to Wiener. 
“The combination of intelligence, human insight, and courage you display 
in that book sets a high level for the rest of us. I feel as if I should thank you, 
not just personally, but on behalf of the human race!”123 A young Marshall 
McLuhan at the University of Toronto wrote to Wiener to praise Cybernet-
ics and The Human Use of Human Beings as a way to introduce Wiener to 
his own first effort in the humanistic study of technology. In The Mechanical 
Bride: The Folklore of Industrial Man (1951), an innovative study of adver-
tising, McLuhan thought Mumford wrongly assumed that the “organic is 
the opposite of the mechanical.” To rebut this idea, McLuhan cited Wiener’s 
assertion that “since all organic characteristics can now be mechanically 
produced [through electronic computers], the old rivalry between mecha-
nism and vitalism is finished.”124 In his masterwork, America as a Civiliza-
tion (1957), journalist and educator Max Lerner quoted Wiener’s idea that 
“communication is a dialogue between people united against the common 
enemy, whether we call it entropy or chaos.” It was one of the few popular 
references to Wiener’s extensive discussion of entropy in his books.125

Criticism, Ambiguity, and Multiple Interpretations

The enthusiasm for cybernetics in the American academy was not universal 
in the 1950s. Indeed, the field was dogged by persistent criticism, ambiguity, 
and multiple interpretations, which most histories of cybernetics in the 
United Stated ignore.126 Alphonse Chapanis, a researcher in human-factors 
engineering, voiced a common criticism when he asked in a 1949 review of 
Cybernetics, “Is there anything more to cybernetics than an analogy and an 
interesting intellectual argument? Does it help us understand behavior any 
better? Does it open the way to new and exciting research on the physio-
logical mechanisms of behavior? In the reviewer’s opinion, the answer to 
all these questions is ‘no.’ ”127 Others criticized Wiener’s coinage of a new 
term to encompass existing fields. In 1953, information theorist Robert 
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Fano, a colleague of Wiener’s at MIT’s Research Laboratory of Electronics, 
questioned the need for the term cybernetics. He wrote to a colleague in 
Britain: “I, for one, have some doubts about the wisdom of giving a new 
name to a collection of well-established fields. I know, for instance, that 
some people in the servomechanism field do not particularly care to be 
called ‘Cyberneticians.’ ”128

 Part of the problem scientists and engineers had with cybernetics was the 
ambiguity about its meaning. Mathematician Joseph Doob wrote to Wiener 
in the summer of 1948 that the “title of your new book is intriguing. Did you 
make up the word [cybernetics] or does it really have a meaning?” After re-
ceiving a copy of the book, Doob paternalistically wrote, “I am glad my wife 
is a doctor; she was invaluable in discussing your nonmathematical remarks.” 
Esther Potter, director of the Dewey Decimal System at the Library of Con-
gress, was equally puzzled. “We have read and reread reviews and explana-
tions of the content of your book and have even tried to understand the book 
itself, only to become more uncertain as to what field it falls into.” Books 
could only be assigned one number in the Dewey system. Should Cybernetics 
be catalogued under psychology, computing devices, or mathematics?129

 British information theorist Donald MacKay commented on this ambiguity 
in a report he sent to the Rockefeller Foundation about his fellowship year in 
the United States in 1951. MacKay included a diagram to illustrate the “field 
of study covered under this Fellowship,” which drew lines between boxes la-
beled “probability and statistical mechanics, mathematical logic, information 
theory, computing theory, physiology, psychology, and stability and control.” 
The diagram, MacKay said, “outlines some of the interconnections between 
subjects sometimes compounded—and confused—under the name ‘Cybernet-
ics’; but its purpose is as much one of disentanglement as of unification.”130

 Warren Weaver at the Rockefeller Foundation, who funded the research 
of Rosenblueth and Wiener that led to the writing of Cybernetics, read the 
book when it appeared and wrote to Wiener that it contained “fascinating 
and important material,” but he was puzzled by its philosophy. “I have read 
the first chapter three times, and think I really understand it now.” Weaver 
then turned to the article on teleology by Rosenblueth, Wiener, and Bigelow, 
a founding paper of cybernetics, for clarification. “I want to read the article,” 
he wrote to Wiener in a second letter, “but so far I have not succeeded in 
getting beyond the first four paragraphs. Perhaps if I were just a little brave 
and patient, and went on with the rest of it I would not need to ask the fol-
lowing questions” about the tautological nature of the argument.131

 Many scientists had difficulty understanding the book’s mathematics. 
British biologist J. B. S. Haldane, a founder of the (mathematical) field of 
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population genetics and a friend of Wiener’s since the 1930s, had trouble 
understanding the “mathematical part of the book, and fear I never may 
master it, as I doubt if I have time to learn about group characters [set the-
ory], and the like.”132 Others objected to Wiener’s predictions about the 
automatic factory. Sociologist Daniel Bell, who was the labor editor for For-
tune magazine in the 1950s, noted in a 1956 essay that Wiener “has pictured 
a dismal world of unattended factories turning out mountains of goods 
which a jobless population will be unable to buy. Such projections are silly.” 
The percentage of workers affected would be small, and, as in the past, new 
technology would destroy some jobs, but create others.133

 The reception by philosophers was mixed. As we have seen, Filmer S. C. 
Northrop, a founding member of the Macy conferences on cybernetics, 
thought research on neural nets and teleology provided a physiological basis 
for relating cultural factors to biological factors in social institutions. Rus-
sell Ackoff at Wayne State University lavishly praised Cybernetics for open-
ing a “whole new direction of thought which may enable many [scientists 
and philosophers] to fruitfully reformulate their own problems.”134

 Ackoff was a member of the American Unity of Science movement, which 
embraced cybernetics, but the relationship was a rocky one. In Cambridge, 
the Institute for the Unity of Science, headed by physicist and philosopher 
Philip Frank and funded by a grant from Warren Weaver at the Rockefeller 
Foundation, formed a study group on “Cybernetics and Communication” 
in late 1950. Initially, Gerald Holton, the Harvard historian of science and 
physicist who, as secretary of the institute, organized the study group, told 
Wiener that it would probably be less technical than Wiener’s dinner semi-
nar on scientific method. Peter Galison notes that cybernetics and commu-
nications “remained one of the most active topics at the Institute for several 
years.” The cybernetics study group, which was cosponsored by the Ameri-
can Academy of Arts and Sciences, met from 1950 to at least 1953. Wiener 
gave a paper, “Cybernetics,” to the Academy in early 1950 and attended many 
meetings of the study group.135

 But Wiener had also criticized a pillar of the institute when he reviewed 
Frank’s book, Modern Science and Its Philosophy, in 1949. Wiener praised 
the general tenets of Frank’s logical positivism—the intellectual basis of the 
unity of science project—but he criticized Otto Neurath’s political aims in 
organizing the Unity of Science movement in Europe. “Even those quite 
ready to admit the need of progress in scientific unity,” wrote Wiener, “may 
find this movement somewhat distasteful on account of the excess baggage 
of organization and propaganda it contains.”136

 In practice, the cybernetics study group deviated from the principles of the 
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Unity of Science movement. The chair of its steering committee was none 
other than Robert Fano, who later told his British colleague that U.S. re-
searchers in servomechanisms did not like to be called cyberneticians. In late 
1952, Fano reorganized the study group so that speakers would not feel 
compelled to use cybernetic language and theories in their papers, which 
were mostly on applications. Fano thought that the interdisciplinary discus-
sions had become “at times somewhat amateurish, in spite of the fact that the 
participants were far from amateurs in their own field.” The steering commit-
tee valued cross-fertilization between disciplines, but the “same general prob-
lem does not imply identity of approach or of method of analysis.”137 So 
much for the methodological unity of science in this unity of science group!
 As a whole, the Institute for the Unity of Science thought cybernetics had 
more promise. In 1949, it included Karl Deutsch’s seminal article on cyber-
netic models in the social sciences in a special section of the journal Synthese 
devoted to publications sponsored by the institute. Then at MIT, Deutsch 
had attended the group’s seminar in Cambridge.138 Semiotician Charles 
Morris at the University of Chicago, who had criticized cybernetics at a 
Macy conference, was a leader of the Unity of Science movement in the 
United States and vice-president of the institute. In a 1951 article published 
under the auspices of the institute, Morris was more appreciative and pointed 
to Wiener’s cybernetics and Shannon’s theory of information as a scientific 
basis for semiotics. The institute continued to support the new discipline in 
1953 by publishing a bibliography of cybernetics that focused on its appli-
cations in the social sciences.139

 Philosophers of science, many of whom had close links to the American 
Unity of Science movement, held mixed views about the ability of cybernet-
ics to unify the sciences. Wiener was known in this relatively new field. He 
was a founding member of the editorial board of Philosophy of Science, and 
he had published three articles in that journal, including the teleology paper 
with Rosenblueth and Bigelow.140 It must have pained Wiener, then, when 
Ernest Nagel, a prominent logical empiricist at Columbia and a vice president 
of the Institute for the Unity of Science, panned Cybernetics in the presti-
gious Journal of Philosophy in 1949. “Despite what enthusiastic publishers 
and publicists may claim for cybernetics,” Nagel wrote, “in its present stage 
of development it is far from being a universally applicable body of theory 
or a complete philosophy.”141 On the other hand, two other members of the 
Unity of Science movement, Russell Ackoff and C. West Churchman, de-
fended Rosenblueth’s and Wiener’s concept of purposive behavior from crit-
icism by philosopher Richard Taylor at Brown. They were concerned, how-
ever, that researchers, especially social scientists, would rush to apply the 
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new ideas without understanding the criteria of purposefulness recently 
established by Rosenblueth and Wiener and thus endanger the ability of 
cybernetics to integrate the sciences.142

 The rocky relationship between the American Unity of Science movement 
and cybernetics held implications for the future. The movement’s rhetoric of 
unity provided an academic rallying call for the broad-based interdiscipli-
narity desired by Wiener and other cyberneticians, and the Institute of the 
Unity of Science provided short-term support through conferences and pub-
lications. But contention among leading lights in both movements damp-
ened support from a sympathetic academic constituency.

The Scientific Legacy of the Cybernetics Boom

The enormous interdisciplinary range of cybernetics and the resulting  mul - 
tiple interpretations of the field—in the United States, Europe, and the 
Soviet Union—challenge Bowker’s claim that cybernetics was a universal 
discipline.143 In many respects, prominent cyberneticians in the United States 
in the 1950s did interpret their field as “universal” in the manner analyzed 
by Bowker. They saw cybernetics as a universal discipline or metascience 
that provided—through the principles of control and communications 
 engineering—a universal, analogical method that could analyze all complex 
systems, from the level of the cell to that of society. The universal language 
of cybernetics, expressed in terms of feedback, control, information, and 
homeostasis, enabled researches to apply these concepts to the broad range 
of fields that adopted cybernetics in the 1950s. And several cyberneticians 
used the rhetorical strategy of “legitimacy exchange,” identified by Bowker, 
to link their field with established disciplines and garner research grants.
 Although cyberneticians agreed on the universal character and general 
principles of their field when they engaged in the metadiscourse of cybernet-
ics analyzed by Bowker, they disagreed on many points, even on how to 
interpret their field. The widespread interest in cybernetics led to multiple 
meanings of the term, which existed below the metadiscourse of cybernetics 
as a universal discipline. At the local level of their own research, workers 
tended to interpret cybernetics from the point of view of their discipline and 
social concerns, a point noted by a sociological study of cybernetics con-
ducted in the early 1970s.144 Ironically, most cyberneticians were specialists, 
and they specialized in a wide range of fields, including automatic control, 
computers and automata, information theory, biology, neurophysiology, 
prosthetics, the social sciences, and the philosophy of science. Dedicated 
cyberneticians such as Warren McCulloch spoke of cybernetics as a univer-
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sal discipline when they wrote about the philosophy of cybernetics. But his 
definition of cybernetics as an empirical epistemology differed substantially 
from that of another dedicated cybernetician, W. Ross Ashby, who defined 
cybernetics as the “study of systems that are open to energy but closed to 
information and control—systems that are ‘information-tight.’ ”145

 Wiener was the exception in doing research in all of the areas listed 
above, but he did not define cybernetics as a universal science. The closest 
he came to stating that position was to define cybernetics in 1952 as the 
“complex of sciences dealing with communication and control in the living 
organism and in the machine,” and to refer to the “cybernetic nexus of dis-
ciplines.” That same year, he stated, “Cybernetics is a name which has been 
invented to cover those aspects in which the theory of communication in 
instruments, the theory of control apparatus, and the theory of the nervous 
system and other modes of communication and control within the body, 
and the theory of social control resemble one another and justify the use of 
parallel methods.”146 Wiener thus did not think of cybernetics as universal 
in the sense of being a unitary metascience.
 In sum, the enthusiasm for cybernetics in the media reinforced the mean-
ing of cybernetics as the science of robots and automatic factories, while the 
enthusiasm for it in academic circles created ambiguity and multiple mean-
ings that sustained the research of a multitude of specialists. Furthermore, 
the cybernetics boom did not lead to the founding of robust research or 
educational institutions, which Wiener had dreamed about in the late 1940s. 
Several prominent social scientists drew on cybernetics to carry out influen-
tial research in the fields of political science, anthropology, and psychology, 
but they did not establish cybernetics research centers or departments. In-
stead, cybernetics found an American home in two military-funded, inter-
disciplinary research laboratories in the 1950s. MIT’s Research Laboratory 
of Electronics, funded by the Joint Services Electronics Program, established 
cybernetics research groups in communications (supporting the work of 
Wiener and his protégé Yuk-Wing Lee), biophysics (headed by Walter Rosen-
blith), and neurophysiology (headed by Warren McCulloch).147 In the late 
1950s, Heinz von Foerster established the Biological Computer Laboratory 
at the University of Illinois. Funded by the Office of Naval Research and the 
air force, the lab worked mainly on artificial neural nets.148 As we will see 
in later chapters, the scientific fate of cybernetics was largely in the hands 
of these laboratories and some social scientists in the tumultuous 1960s 
and 1970s.
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In December 1955, Louis A. de Rosa, the chair of the Institute of Radio 
Engineers’ Professional Group on Information Theory (PGIT) published 

a provocative editorial in the group’s transactions. Although cyberneticians 
considered the theory of information introduced by Norbert Wiener and 
Claude Shannon to be an essential part of cybernetics, communication the-
orists established two organizations—the London Symposium on Informa-
tion Theory in 1950, and the PGIT in the United States in 1951—to mark 
off a separate discipline under the name of information theory. A London 
organizer even called it a “new branch of science.”1 De Rosa wrote his edi-
torial, titled “In Which Fields Do We Graze?” in response to the wide range 
of topics discussed at the third London symposium, held in 1955. The meet-
ing’s interdisciplinary flavor was enhanced by the presence of three promi-
nent members of the Macy Foundation conferences on cybernetics: Warren 
McCulloch, Margaret Mead, and Walter Pitts.2 De Rosa, who worked at the 
Federal Telecommunication Laboratories in New Jersey, observed that the 
“application of Information Theory to fields other than radio and wired 
communications has been so rapid that oftentimes the bounds within which 
the Professional Group interests lie are questioned. Should an attempt be made 
to extend our interests to such fields as management, biology, psychology, and 
linguistic theory, or should the concentration be strictly in the direction of 
communication by radio or wire?” De Rosa had heard arguments on both 
sides of the question and asked for the opinions of members on the issue.3

 Shannon and Wiener, neither of whom attended the third London sym-
posium, wrote the first two (and only) editorials to respond to de Rosa, 
probably by invitation. The acknowledged founder of information theory in 
the United States, Shannon warned of the dangers of broadly applying in-

Chapter Four

The Information Bandwagon
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formation theory. In a widely cited editorial, “The Bandwagon,” published 
in March 1956, he drew a firm boundary around the new field:

Information theory has, in the last few years, become something of a 
scientific bandwagon. Starting as a technical tool for the communications 
engineer, it has received an extraordinary amount of publicity in the popular 
press as well as the scientific press. In part, this has been due to connections 
with such fashionable fields as computing machines, cybernetics, and 
automation. . . . Applications are being made to biology, psychology, 
linguistics, fundamental physics, economics, the theory of organization, and 
many others. . . . Although this wave of popularity is certainly pleasant and 
exciting for those of us working in the field, it carries at the same time an 
element of danger. . . . It will be all too easy for our somewhat artificial 
prosperity to collapse overnight when it is realized that the use of a few 
exciting words like information, entropy, redundancy, does not solve all our 
problems. . . . I personally believe that many of the concepts of information 
theory will prove useful in these other fields . . . but the establishing of such 
applications is not a trivial matter of translating words to a new domain. . . . 
Research rather than exposition is the keynote. . . . Only by maintaining a 
thoroughly scientific attitude can we achieve real progress in communication 
theory and consolidate our present position.4

 Not surprisingly, Wiener called for more interdisciplinarity in his edito-
rial, “What Is Information Theory?,” published in June. A world-renowned 
mathematician, Wiener had a high reputation in the Professional Group on 
Information Theory. His statistical theory of the prediction and filtering of 
signals anchored a major research area in the group, and he was the banquet 
speaker at the PGIT’s annual symposium held at MIT in 1954.5 In his edito-
rial, Wiener noted that he and Shannon shared equal credit for creating the 
entropic theory of information. He agreed with Shannon’s editorial that the 
theory was “beginning to suffer from the indiscriminate way in which it has 
been taken as a solution of all informational problems, a sort of magic key.” 
Wiener pleaded that “Information Theory go back of its slogans and return 
to the point of view from which it originated,” Wiener’s own statistical con-
cept of communication, which he had based on time series, a branch of 
statistical theory. “What I am urging is a return to the concepts of this theory 
in its entirety rather than the exaltation of one particular concept of this 
group, the concept of the measure of information into the single dominant 
idea of all.” Wiener hoped that the group’s transactions would extend “its 
hospitality to papers which, while they bear on communication theory, cross 
its boundaries, and have a scope covering the related statistical theories.” 
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The danger did not lie in the improper application of information theory, 
but in “overspecialization.” Wiener further hoped “that these Transactions 
may steadily set their face against this comminution of the intellect.”6

 The Professional Group on Information Theory also published three let-
ters from communications engineers who responded to de Rosa’s editorial. 
All of them praised the value of applying information theory outside of 
communications engineering.7 The editorials and letters reveal some of the 
battles fought over information theory in its first decade as it moved out of 
the control of Shannon. In those years, scientists, engineers, and mathema-
ticians hotly debated the meaning of information, which concepts were to 
be included in information theory, the mathematical rigor of Shannon’s 
theorems, and how to apply them outside of communications engineering. 
Carried out amidst the postwar fervor about cybernetics and electronic brains 
in the popular press, and at such professional settings as the Professional 
Group on Information Theory and the London Symposium on Information 
Theory, these debates drew disciplinary boundaries around information the-
ory, what sociologists of science call boundary work. Communication theo-
rists drew sharp boundaries separating the English version of information 
theory from the American version, and information theory from cybernet-
ics. Other researchers did not respect these boundaries and interpreted in-
formation theory flexibly when they applied it to all manner of fields, from 
physics and biology to the social sciences.8

The English School of Information Theory

In the early Cold War, the term information theory, which Shannon had 
used in his 1948 paper, “A Mathematical Theory of Communication,” re-
ferred to a wide range of research that both preceded and followed Shan-
non’s classic paper. Theories of information were proposed in the 1930s by 
British statistician Ronald Fisher in classical statistics; in 1946 by physicist 
Denis Gabor at Imperial College, London, in waveform analysis; inde-
pendently in 1948 by Shannon and Wiener in communication theory; and 
in 1950 by British physicist Donald MacKay, who crafted a comprehensive 
theory that embraced the work of Fisher, Gabor, Shannon, and Wiener.
 American communication theorists tended to use the phrase information 
theory in a narrower sense than did their British counterparts in the 1950s. 
Yehoshua Bar-Hillel, the Israeli philosopher of science who attended a Macy 
conference on cybernetics, observed in 1955, “Whereas the term ‘Theory of 
Information’ came to be used in the United States, at least as from 1948 
(probably due to the impact of Wiener’s Cybernetics), as a certain not too 
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well defined subscience of Communication Theory, the British usage of this 
term moved away from Communication and brought it into close contact 
with general scientific methodology.” Bar-Hillel referred to the British group 
as the “European school of information theoreticians, MacKay, Gabor, 
[Colin] Cherry, and others.”9 In 1957, Cherry noted that British researchers 
distinguished between the “theory of communication” and a broader disci-
pline. “This wider field, which has been studied in particular by MacKay, 
Gabor, and [French physicist Léon] Brillouin [who had moved to the United 
States], as an aspect of scientific method, is referred to, at least in Britain, as 
information theory, a term which is unfortunately used elsewhere [e.g., in 
the United States] synonymously with communication theory. Again, the 
French sometimes refer to communication theory as cybernetics. It is all 
very confusing!”10

 The British information theorists held faculty positions at two London 
institutions. Gabor and Cherry were in the electrical engineering depart-
ment at the Imperial College of Science and Technology—Gabor as a reader 
in electronics, Cherry as a reader in telecommunications. MacKay was a 
lecturer at Kings College, London, where he was finishing his Ph.D. in phys-
ics. The tightly knit group formed what Warren McCulloch later called the 
“English School of Information Theory,” as opposed to the “American 
School,” which focused on Shannon’s work and was centered at Bell Labs 
and MIT.11

 Gabor said as much in early 1951 when he corresponded with colleagues 
about his research for a paper, “Light and Information.” (In 1971 Gabor won 
the Nobel Prize in Physics for inventing holography.) Gabor wrote to Warren 
Weaver at the Rockefeller Foundation, who had popularized Shannon’s the-
ory, that he was “trying to drive Information Theory forward on a track 
somewhat different from the ones outlined by you, towards physics.” He told 
Lord Cherwell, a physicist at Oxford, that the “American School, /Wiener 
and Shannon,/ have introduced Communication Theory from the statistical 
side. But for a start at least, MacKay and I, who have been chiefly working 
in this field in this country, have found this [physical] approach easier.”12

 The British usage of the term information theory dates to the first Lon-
don Symposium on Information Theory, which Cherry, Gabor, and MacKay 
helped to arrange in 1950. Initially, the sponsors organized the symposium 
around Shannon’s work and his availability to attend the conference. The 
heads of the symposium’s two sponsoring agencies—Willis Jackson, chair 
of the Electrical Engineering Department at Imperial College, and F. S. Bar-
ton, director of communications development at the Ministry of Supply, a 
British military agency—negotiated with Shannon’s boss, Mervin Kelly, head 
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of Bell Labs, who was in England at the time, for Shannon to attend the 
conference. Kelly wrote home in March that the British “hope to build a 
Communication Theory Conference around Shannon. His work has made 
a great impression here.”13 Shannon agreed to attend the symposium, to be 
held in the fall, and to give three lectures: one on the fundamentals of his 
theory of information, one on coding problems, and one to summarize the 
three-day conference. In April, the organizing committee—dominated by 
Jackson, MacKay, Gabor, and Cherry—changed the name of the event from 
the “Symposium on Communications Theory” to the “Symposium on Infor-
mation Theory.”14

 The organizers, however, did not change the name of the symposium to 
highlight Shannon’s theory, as Kelly had supposed. They adopted the name 
Information Theory to refer to a broader concept of information than that 
held by Shannon. The organizers performed this inclusive form of boundary 
work in a variety of ways in the papers they presented at the symposium. 
Cherry wrote a lengthy history of information theory that gave it a prewar 
pedigree, a time-honored way of justifying the intellectual basis of an emerg-
ing field. After setting his subject in the historical context of communication 
theory, Cherry identified two approaches to information theory: the work 
of Fisher, Gabor, and MacKay in Britain in scientific measurement; and that 
of W. S. Percival, in England, and Ralph Hartley, Wiener, Shannon, and 
Robert Fano in the United States in communications engineering. Cherry 
explained privately that he had tried to “present particularly the work of 
European (especially British) origin and its connection with the modern work 
in [the] U.S.A.”15 Gabor noted in his introductory remarks at the sympo-
sium that the “concept of Information has wider technical applications than 
in the field of communication engineering. Science in general is a system of 
collecting and connecting information about nature, a part of which is not 
even statistically predictable. Communication theory, though largely inde-
pendent in origin, thus fits logically into a larger physico-philosophical 
framework, which has been given the title of ‘Information Theory.’ ”16

 MacKay then described his synthesis of information theory. As noted in 
chapter 2, MacKay broadly defined information theory as the making of 
representations. MacKay synthesized the work of Gabor and Fisher under 
the heading of “scientific information,” which measured information in 
“logons” and “metrons,” and the work of Wiener and Shannon under the 
heading of “selective information,” which measured information in “bits.” 
At the request of the symposium’s organizing committee, MacKay and an-
other organizer, neurologist John Bates (who had organized the Ratio Club), 
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prepared two glossaries for the meeting. MacKay produced one on informa-
tion theory; Bates, one on neurophysiology. The latter reflected a cybernetics 
thread at the symposium, at which members of the Ratio Club, including W. 
Grey Walter, but not MacKay, gave papers on automata and neurophysiol-
ogy.17 Before the symposium, the organizers decided that the “Chairman on 
[the] first day should call attention to [MacKay’s] Glossary, and define clearly 
the meaning of ‘Theory of Information.’ ” MacKay offered to revise his glos-
sary in response to criticisms that it focused too much on his own work. But 
the glossary retained his terminology and concepts, so much so that it served 
as the foundation of MacKay’s theory of information for years to come.18

 The symposium’s organizers acknowledged MacKay’s theory in their pa-
pers. In his historical review, Cherry said that Gabor’s logons “are now 
called units of ‘structural information’ ” and gave a short section on Mac-
Kay’s theory of scientific information. Gabor went further and revised his 
introductory talk to include a passage suggested by MacKay: the sentence 
quoted above that communication theory was part of the “larger physico- 
philosophical framework” of information theory.19 Willis Jackson summed 
up the consensus of the organizers in his preliminary remarks to the sympo-
sium, which were reprinted in Nature, the premier scientific journal in Britain: 
“This recent work proves to have a significance beyond the sphere of electri-
cal communications. A new branch of science is emerging which reveals and 
clarifies connexions between previously largely unrelated fields of research 
concerned with different aspects of the processes in which living organisms— 
in particular man—collect, classify, convert and transmit information.” Wie-
ner could not have said it better. Jackson went beyond his preliminary re-
marks to add that MacKay’s paper “gave an appropriate frame for the uni-
fication of apparently divergent definitions of ‘amount of information.’ . . . 
It may be hoped that the terminology which he presented in an extensive 
glossary will be used by future contributors to the subject.”20

 That did not occur, however, despite the efforts of such promoters as 
Willis Jackson in Britain and Warren McCulloch in the United States. In 
1951, McCulloch introduced MacKay by letter to two colleagues whom 
MacKay would visit during his fellowship year in the United States, funded 
by the Rockefeller Foundation, by saying they would find MacKay’s “no-
tions of information more powerful and, in some ways, more exact than any 
I have had the good fortune to encounter.” Yet McCulloch did not use Mac-
Kay’s terminology in his own work.21 Neither did the vast majority of par-
ticipants at the next two London symposia on information theory, held in 
1952 and 1955. The proceedings of the 1952 symposium show that only 



108          the cybernetics moment

two presenters referred to the terms MacKay had introduced two years 
earlier. David Bell, a professor of electrical engineering at the University of 
Birmingham, had wanted to employ the phrase structural information to 
analyze the information contained in English words, but he could not do so 
because “that term has already been used by MacKay for something quite 
different in another branch of information theory.” Unsurprisingly, MacKay 
used his own terminology in both of the papers he presented at the sympo-
sium: one on types of modulation systems; and one on human information 
generators. Also, in the discussion of a paper by Yehoshua Bar-Hillel and 
Rudolf Carnap, MacKay suggested that his theory of information could clar-
ify some problems with their “semantic theory of information.”22

 One of the reasons that more participants at this symposium did not 
refer to MacKay’s theory may have been that the organizers limited the 
conference to communications engineering, which encompassed the work 
of Gabor, Wiener, and Shannon, but formed only one part of MacKay’s 
synthesis. The symposium was called the “Applications of Communication 
Theory,” instead of “Symposium on Information Theory.”23 MacKay was 
not on the organizing committee, because he was in the United States on the 
Rockefeller fellowship, and he was unhappy with the changes. He wrote to 
McCulloch, “I suppose they’re entitled to have a strictly bread-&-butter 
meeting if they want one, but it seems a pity in many ways.”24 In his intro-
ductory remarks to the symposium, Gabor referred to “communication the-
ory,” rather than “information theory,” and said it consisted of two branches: 
“signal analysis” (Gabor’s work) and the “statistical theory of communica-
tion” (the work of Wiener and Shannon).25 The second branch dominated 
the symposium. Furthermore, U.S. researchers at the meeting commonly 
referred to Shannon’s theory as “information theory,” while those outside the 
United States used that term more broadly.26 In one discussion of this differ-
ence at the meeting, Bar-Hillel agreed with MacKay and deplored the “re-
placement of the unambiguous term ‘statistical theory of communication’ 
by ‘theory of information,’ but this replacement is an historical fact, at least 
in the United States.”27 MacKay may have thought that the U.S. usage pre-
empted his terminology.
 Matters improved for MacKay at the third symposium in 1955. Its orga-
nizers, led by Colin Cherry, returned to the broad scope of the first meeting 
and called it, once again, the London Symposium on Information Theory. 
MacKay, three other presenters, and two discussants referred to either Mac-
Kay’s general theory of information or used parts of it, such as logon and 
metron content. These papers and discussions dealt with the topics of sta-
tistics, linguistics, and psychology, rather than coding (the focus of Shannon’s 
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theory), indicating the wider scope of MacKay’s theory. Nearly all of those 
who used MacKay’s terminology came from Britain or Continental Europe. 
The exception was radiologist Henry Quastler at the University of Illinois, 
who had attended a Macy conferences on cybernetics and had turned from 
studying information processes in biology to those in psychology.28

 MacKay’s theory also suffered from severe criticism. In 1951, an anony-
mous referee of Cherry’s historical paper on information theory, which he 
had submitted for publication, thought the space given to MacKay’s theory 
should be reduced. MacKay’s views “have never been properly developed, 
said the referee, “and are not generally accepted or even understood by the 
majority of the experts themselves. Unless a clear distinction is made, read-
ers will certainly be confused by two differing concepts of information, one 
of them thoroughly established in the field of communication engineering 
[Shannon’s], the other not [MacKay’s].”29

 Even Denis Gabor had some doubts. In 1951, he wrote to philosopher 
Bertrand Russell at Cambridge University that the “Theory of Communica-
tions, which has started in the field of electrical engineering, and in whose 
beginnings I had some part, has grown into a somewhat ill-defined but more 
general structure, called Information Theory, which has made contact with 
a good many branches of science. We had even some trouble in refraining 
D. M. MacKay, one of its young and ardent supporters, from breaking into 
Epistemology.”30 In 1953, Gabor encouraged his brother André, an econo-
mist with whom he was writing a joint paper on the mathematical theory 
of freedom, to reapply for a grant from Warren Weaver at the Rockefeller 
Foundation for this project. Gabor pointed out that Weaver had granted 
MacKay “a year’s study in America without any strings, after [he wrote] his 
first, rather confused paper [“Quantal Aspects of Scientific Information”] 
which would have been even more confused if I had not spent days putting 
it right.”31 Gabor alluded to these criticisms while praising MacKay’s theory 
in a popular article he published on “information theory” in 1953. The “still 
somewhat blurred outlines of this new science became visible” at the first 
London symposium, Gabor maintained. “It was chiefly D. M. MacKay who 
staked out the territory, and showed how the concepts of communication 
theory could be used for a general classification of scientific information, 
and how they could fertilize other sciences.” Gabor then engaged in an ex-
clusive form of boundary work by saying, “Information Theory is not a new 
name for epistemology, and is not philosophy. . . . Though Information The-
ory has a philosophical fringe, its real value is in its hard core of mathemat-
ics, and of electronic models.”32

 But even in that realm, the English school of information theory did not 
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wholly adopt MacKay’s theory. Gabor used only some of MacKay’s termi-
nology, such as metron content, and some terms inspired by MacKay, such 
as structural communication theory, in his technical papers.33 Cherry in-
cluded MacKay’s theory of scientific information in his history of informa-
tion theory, published in several versions from 1951 to 1957. Cherry said it 
marked the way the term information theory was used in Britain. He also 
used MacKay’s terminology of selective information content and selective 
information rate to refer to the theory developed by Wiener and Shannon, 
and he referred readers to MacKay’s glossary for a more complete treatment 
of terms.34 But Cherry did not utilize MacKay’s synthesis of the scientific 
and statistical theories of information. Instead he drew a boundary between 
the theory of scientific information and communication theory. In his book 
On Human Communication (1957), Cherry stated, “Questions of extract-
ing information from Nature and of using this information to change our 
models or representations lie outside communication theory—for an observer 
looking down a microscope, or reading instruments, is not to be equated 
with a listener on a telephone receiving spoken messages. Mother Nature 
does not communicate to us with signs or language. A communication chan-
nel should be distinguished from a channel of observation.”35

 Despite their differences, Gabor, MacKay, and Cherry agreed that the 
English school of information theory comprised the measurement of infor-
mation in scientific experiments and in communications systems. But they 
conducted research on different aspects of that synthesis. Gabor confined 
his work to physical questions, focusing on signal analysis, the relationship 
between entropy and information, and the application of information the-
ory to the theory of light. MacKay ventured much further afield, despite 
Gabor’s attempts to restrain him. He developed an even broader theory of 
meaning than he had presented at the Macy conference on cybernetics in 
1951 as part of his expanded theory of information in the mid-1950s. During 
his research on automata theory, which became part of the new field of “arti-
ficial intelligence,” MacKay operationally defined meaning as how the human 
brain selectively interpreted a message in its “adaptive-response-space.”36 
MacKay related this claim to Shannon’s measure of information at the third 
London symposium in 1955.37

 Cherry dealt with meaning by drawing on the semiotics of Charles Mor-
ris to speak of information in terms of syntactics (relation between signs—
the realm of the “Wiener-Shannon statistical theory”), semantics (relation 
between signs and designata), and pragmatics (relation between signs and 
their users). In On Human Communication, written for a lay audience, 
Cherry extensively discussed Bar-Hillel’s and Carnap’s mathematical theory 
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of “semantic information” that Bar-Hillel had presented at the Macy con-
ference in 1953, which dealt with the meaning contained in a statement 
rather than the communication of meaning. Cherry did not discuss MacKay’s 
theory, which dealt with the meaning interpreted by the recipient in human 
communication. Cherry said that the theory by Bar-Hillel and Carnap was 
the “only investigation of which your author is aware, into the possibility 
of actually applying a measure to semantic information,” an implicit cri-
tique of MacKay.38

 All three founders of the English school of information theory made re-
search trips to the United States in the early 1950s, where information the-
ory typically referred to Shannon’s mathematical theory of communication 
and its subsequent development. MacKay made Warren McCulloch’s labo-
ratory in Illinois the home base for his extensive travels during his fellow-
ship year in the United States in 1951, and he sparred with Shannon at the 
Macy conference on cybernetics that year. Gabor worked at MIT’s Research 
Laboratory of Electronics (RLE) during his visit to the United States in 
1951, which was also funded by the Rockefeller Foundation. He gave sev-
eral talks on his version of information theory that summer, including one 
on physics and information theory at Bell Labs, and one on “Light and In-
formation” at the General Electric Research Laboratory in Schenectady, 
New York. At MIT, he presented six lectures on “Communication Theory,” 
and one on “Information Theory and Scientific Method” at the Institute for 
the Unity of Science in Boston.39

 Cherry also worked as a visiting research associate at the RLE during his 
six-month stay in the United States in 1952. He gave a talk on the “Unity of 
the Communication Sciences” at a conference on speech analysis held at 
MIT in the summer of 1952 and became well acquainted with Jerry Wiesner, 
head of the RLE, and three researchers in the lab’s communication section: 
Robert Fano, Yehoshua Bar-Hillel, and linguist Roman Jakobson. After re-
turning to England, Cherry debated the scope of information theory with 
Fano, professor of electrical engineering at MIT and a follower of Shannon. 
Bar-Hillel, a visiting research associate who worked on the mechanical trans-
lation of languages, commented on a draft of Cherry’s On Human Commu-
nication. It was the first book published in the MIT Press series Studies in 
Communication, coedited by Jakobson, who was a professor of Slavic lan-
guages at Harvard and an affiliate at the RLE. Cherry became something of 
a linguist himself. He coauthored a paper with Jakobson on using informa-
tion theory to analyze phonemes.40

 During their research visits to the United States, neither MacKay, Gabor, 
nor Cherry were converted to the dominant American usage that interpreted 
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the phrase information theory as Shannon’s theory. Their interactions with 
American colleagues in the 1950s did not shake their adherence to the broad 
interpretation that characterized the English school of information theory.

The American School of Information Theory

While the British spoke of English and American brands of information 
theory, most researchers in the United States did not give the term informa-
tion theory a nationalistic label. As an umbrella term, it encompassed both 
Shannon’s and Wiener’s (statistical) theories of communication, but it was 
often reduced to Shannon’s theory of coding.
 The boundary work between British and U. S. information theorists began 
during the first London symposium in 1950. Ironically, Shannon himself was 
rather ecumenical about the matter. In a survey of the field, he noted that 
the “word ‘information’ has been given many different meanings by various 
writers in the general field of information theory. It is likely that at least a 
number of these will prove sufficiently useful in certain applications to de-
serve further study and permanent recognition. It is hardly to be expected 
that a single concept of information would satisfactorily account for the 
numerous possible applications of this general field” (a position he repeated 
at the Macy conference in 1951; see chapter 2). But when Shannon pre-
sented a “new approach to information theory” to handle multiple sources, 
it still rested on his entropic definition of information.41 Robert Fano was 
just as inclusive at the second London symposium in 1952. In his concluding 
remarks, Fano said, “ ‘Information Theory’ has aroused the interest of people 
in a rather large variety of fields, and has brought them together in a poten-
tially fruitful association. . . . There is room for a great variety of interests 
and points of view, as evidenced by the discussion at this symposium.”42

 In early 1953, Fano explained his remarks to Colin Cherry, who was 
editing them for the proceedings of the 1952 symposium. “Roughly speak-
ing,” Fano wrote, “there have been four main areas of work in the general 
field of what you call ‘Information Theory.’ The first area is the one to which 
you refer as ‘Communication Theory,’ which originated from the work of 
Shannon, and which I have been calling ‘Information Theory.’ ” The second 
and third areas were the “Wave Form Analysis” of Denis Gabor and “Clas-
sical Statistics,” which dealt with the “design of experiments,” an allusion to 
Ronald Fisher’s definition of information. The fourth area comprised “mis-
cellaneous philosophical speculations on broad communication problems 
and on other related problems which cannot yet be formulated in a precise 
enough manner to be attacked by mathematical means,” probably an allu-
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sion to MacKay. “Confusion of these four broad areas of work because of 
ambiguous terminology,” Fano continued, “is responsible in my view for 
many of the misunderstandings between the two sides of the Atlantic and 
also on each side of the Atlantic.” Fano did not recommend standardizing 
one usage of information theory. Everyone should “make an honest effort 
to make clear what we are talking about in spite of difficulties with termi-
nology.” He had “been occasionally at fault in this regard,” and “did not 
realize that certain terms such as ‘Information Theory’ meant to other peo-
ple something quite different from what they meant to me.”43 One example 
is a 1950 article in which Fano spoke of the “Wiener-Shannon theory of 
communication, also called ‘Information Theory.’ ”44 But Fano seems to 
have remained tone-deaf in this regard. Cherry told Bar-Hillel later in 1953 
that he had “recently sent a passionate plea to Fano not to call his new book 
‘Information Theory’—but he cannot see what I am talking about. He will 
cause further confusion, with this title” because the proposed book focused 
on Shannon’s theory.45

 As Cherry, Bar-Hillel, and others observed, Fano’s usage of the term in-
formation theory was prevalent in the United States in the 1950s. This was 
especially true at MIT’s Research Laboratory of Electronics and at AT&T’s 
Bell Laboratories.46 To David Slepian at Bell Labs, the variety of topics 
covered at the third London symposium in 1955 was amazing. In an inter-
nal report, he wrote, “There were papers on taxonomy, codes, theory of 
hearing, game theory, translating machines, language, neural networks, psy-
chology, delta modulation, philosophy of science, etc. . . . Most of the Euro-
peans to whom I spoke did not find the inclusion of these various topics 
under the heading Information Theory at all startling. The term ‘Informa-
tion Theory’ or ‘The Information Theory’ is in common use there and has a 
very much wider meaning than it seems to have here. The best definition I 
was able to get as to what constitutes ‘The Information Theory’ was ‘the 
sort of material on this program.’ ”47

 A different form of boundary work at the 1955 symposium dealt with 
gender. In 1955, Jerry Wiesner, who was the American liaison for the sym-
posium, telephoned Warren Weaver about the prospect of the Rockefeller 
Foundation’s funding two U.S. delegates to travel to the meeting. The Office 
of Naval Research was providing military travel for the rest of the U.S. 
delegation. Weaver wrote in his diary at the foundation, “JW has handled 
the transportation of most of the U.S. delegation, but there are two cases 
that cannot be handled by military transport: Margaret Mead (since she is 
a woman), and Calvin Mooers of the Zator Company (concerned with in-
formation retrieval). JW says CM is doubtlessly something of a nut, but the 
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British have asked for him. . . . These two persons could go for $500 apiece. 
Could the RF handle?” Wiesner told the Ford Foundation, from whom he 
tried to get funds, that Mead “presented a problem because the Navy is 
reluctant to use MATS [Military Air Transport Service] transportation for 
women.”48 Mooers, who received a master’s degree in electrical engineering 
from MIT in 1948 for a thesis on coding problems, was ineligible for MATS 
because he did not have a military contract and funded his research from 
the proceeds of his company.49 Mead, of course, was not new to information 
theory. She attended all of the Macy conferences on cybernetics and co-
edited its proceedings—including the debate between Shannon and MacKay 
at the 1951 meeting. Wiesner was able to secure travel funds for Mooers, 
but Mead had to attend at her own expense.50

 The Americans drew boundaries around the meaning of the term infor-
mation theory within a new organization, the Institute of Radio Engineers’ 
Professional Group on Information Theory, which was founded in 1951. 
The first chairs of the group, from 1951 to 1957, worked in the Cold War 
electronics industry located around New York City and Washington, DC, 
not at MIT and Bell Labs. Nathan Marchand worked for Sylvania Electric 
in New Jersey; William Tuller for the Melpar avionics company in Arling-
ton, Virginia; Louis de Rosa for the Federal Telecommunications Labora-
tory in New Jersey; and Michael di Toro, Jr., for the Guided Missile Division 
of the Fairchild company on Long Island.51

 Tuller took an active part in getting under way the group’s transactions 
and its annual symposia in a manner that displayed a broad view of infor-
mation theory, which Shannon later criticized in his bandwagon editorial. 
Tuller had completed his Ph.D. on the information rate in communications 
systems at MIT in 1948 under communication theorist Ernst Guilleman 
while working as a research associate at the Research Laboratory of Elec-
tronics. He thought his (independent) work on a theory of information ri-
valed that of Shannon.52 As chair of the Professional Group on Information 
Theory in 1953, Tuller negotiated with Willis Jackson at Imperial College 
for permission to publish the proceedings of the first London Symposium 
on Information Theory in its entirety as the first volume of the group’s 
transactions, which appeared in February 1953.53 The second volume, pub-
lished that November, consisted of a lengthy bibliography by F. Louis H. M. 
Stumpers, a Dutch research physicist who worked on communication the-
ory as a visiting research associate at the RLE. Stumpers noted, “In this new 
field the boundaries are not well defined. I have kept to the wide view of 
Wiener’s books, the first London Congress [Symposium on Information 
Theory], and the Macy Foundation Conferences.” The approach is evident 
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in Stumpers’s title, “A Bibliography of Information Theory (Communica-
tion Theory—Cybernetics),” and such nonengineering headings as “Experi-
mental psychology,” “Linguistics,” “Biological Applications,” and “Group 
Communication.”54

 The wider view is also evident at the PGIT’s first two annual symposia 
held at MIT. Tuller worked with Fano at MIT to organize the 1954 sympo-
sium, but tragically died in an airplane crash near Ireland (ironically near 
Shannon airport) a week before the symposium began in September.55 One-
third of the symposium’s sixteen papers were on automata and the social 
sciences (the structure of organizations and human information processing), 
rather than on communications engineering. Peter Elias, Fano’s successor 
as chair of the organizing committee for the 1956 symposium, expanded 
on that trend. Almost one-half of this symposium’s nineteen papers covered 
the topics of automata and the social sciences. These included a paper on 
the grammatical transformation of the English language by linguist Noam 
Chomsky at MIT, on human memory and information storage by psychol-
ogist George Miller at Harvard, and an early paper on artificial intelligence 
by social scientists Herbert Simon and Allen Newell at the Carnegie Insti-
tute of Technology (now Carnegie-Mellon University). All three papers were 
later seen as foundational in their respective areas. U.S. cognitive scientists 
have followed Miller in dating the origins of their field to this meeting, one 
hosted by an engineering society. The interdisciplinarity of the MIT symposia 
mirrors the interdisciplinary research done in the communications section 
of MIT’s Research Laboratory of Electronics, a group that took its inspira-
tion from Wiener’s cybernetics. In fact, Chomsky was affiliated with the 
RLE at this time.56 The volume containing the 1956 symposium papers was 
published six months after Shannon’s bandwagon editorial appeared in the 
same journal. The fact that Shannon had invited Simon and Newell to give 
their paper at the meeting indicates that Shannon had more of an interest in 
applying his theory outside of communications engineering than his band-
wagon editorial suggests.
 Yet the broad view of information theory present at the MIT symposia 
is not evident when we consider the scope of the papers published in the 
early years of the PGIT transactions. Of the nearly 150 technical papers 
published between 1954 and 1958,57 including those from the 1954 and 
1956 MIT symposia—about 60 percent deal with the prediction, filtering, 
detection, and analysis of signals, 25 percent with Shannon’s theory and 
coding, and about 15 percent with topics outside of communications engi-
neering. Because the latter group of papers invariably applied Shannon’s 
theory of information, Shannon is cited or mentioned in about 40 percent 
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of the total number of papers. Wiener is only cited or mentioned in about 
25 percent of the papers because of the multiple ways to analyze the statis-
tical prediction, filtering, detection, and analysis of signals.58 These papers 
illustrate the difference between Shannon’s and Wiener’s approaches to the 
statistical theory of communication. While Shannon encoded signals to trans-
mit them efficiently in the presence of noise, Wiener filtered signals from 
noise to predict the future states of signals.59 In 1955, Peter Elias at MIT 
notably combined the work of Wiener and Shannon when he used Wiener’s 
prediction theory to develop new type of codes in Shannon’s theory, a method 
he called “predictive coding.”60

 The number of papers outside of communications engineering published 
by the Professional Group on Information Theory dropped dramatically 
after the 1956 MIT symposia. Paradoxically, this seems to have been due to 
an editorial that Elias, the organizer of that very meeting, published in the 
transactions in December 1958. In “Two Famous Papers,” Elias used satire 
to reinforce the boundary work started by Shannon’s 1956 bandwagon ed-
itorial. Elias described two problematical types of papers written by infor-
mation theorists. The first one produced results in prediction and filtering 
that Wiener and his followers had “obtained years before.” The second was 
a shallow form of interdisciplinarity, which Elias satirized by saying it had 
a title along the lines of “Information Theory, Photosynthesis and Religion.” 
Its author, usually an engineer or a physicist, discussed the “surprisingly 
close relationship between the vocabulary and conceptual framework of 
information theory and that of psychology (or genetics, or linguistics, or 
psychiatry, or business organization). . . . Having placed the discipline of 
psychology for the first time on a sound scientific base, the author modestly 
leaves the filing in of the outline to psychologists,” instead of collaborating 
extensively with a psychologist, as he should have done. Elias suggested 
“that we stop writing” those types of papers and work on more fruitful 
areas.61 My survey of the PGIT transactions indicates that if Elias was re-
ferring to papers published in that journal, it was to those that had been 
given at the symposium he himself had organized!62

 Elias’s editorial, like Shannon’s, received some pushback. In June 1959, 
Robert Price at MIT’s Lincoln Laboratory, wrote an editorial that pleaded 
for a “cross-fertilization between pure and applied research in our field.” 
Recognizing that this might open him up to the kind of criticism leveled by 
Elias’s editorial, Price alluded to it by saying, “Lest someone expect a sequel 
to appear under the title of ‘Information Theory, Photosynthesis, and Reli-
gion,’ I want to emphasize that truly basic studies are thorough and well-
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grounded. Their rigor is not sapped by casual overextension into a con-
glomeration of neighboring fields.”63

 The scope of the papers that appeared in the PGIT transactions did nar-
row following the publication of Elias’s editorial in 1958. But the journal 
continued to focus on two areas in the statistical theory of communication: 
the theory of information and coding, drawn from Shannon; and the pre-
diction, filtering, and detection of signals, drawn from Wiener and general 
probability theory. The group’s leaders recognized the importance of both 
areas in the 1950s and 1960s. In his 1959 editorial, Price identified four 
subdisciplines within the purview of PGIT: “filtering theory, information 
theory, detection theory, and the analysis of signal statistics.” A report com-
missioned for the International Scientific Radio Union, on progress in infor-
mation theory in the United States from 1957 to 1960, listed a similar set of 
areas: information theory (“Shannon’s theory and theory of coding”), random 
processes, pattern recognition, detection, and prediction and filtering (“Wie-
ner’s theory and its extensions”). The report for 1960 to 1963 included 
those fields, as well as “artificial intelligence” and “human information pro-
cessing,” which were present at the MIT symposia in 1954 and 1956.64

 The term information theory thus had two valences within the Profes-
sional Group on Information Theory during its first decade. In the title of 
the group, it was as an umbrella term that referred to the broad areas of 
information processing discussed at the first London Symposium on Infor-
mation Theory, from which the organizers of the PGIT probably took its 
name. Second, as the title of a subdiscipline within the PGIT, information 
theory was a synonym for Shannon’s theory of information.
 Elias made a similar observation in 1959 when he noted three usages of 
the term information theory. The narrowest meaning denoted a “class of 
problems concerning the generation, storage, transmission, and processing 
of information, in which a particular measure of information is used,” that 
derived from Shannon. This area was often called coding theory. A second, 
broader meaning included, in addition to Shannon’s theory, “any analysis of 
communication problems, including statistical problems of the detection of 
signals in the presence of noise, that make no use of an information mea-
sure.” This area included Wiener’s theory of prediction and filtering and 
Joseph Doob’s work on stochastic processes. The third and broadest meaning 
was a “synonym for the term ‘cybernetics’ introduced by Wiener to denote, 
in addition to the areas listed in the foregoing, the theory of servomecha-
nisms, the theory of automata, and the application of these and related 
disciplines to the study of communication, control, and other kinds of be-
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haviour in organisms and machines.” The third meaning was used by the 
London and MIT symposia on information theory, as well as by the journal 
Information and Control (1958), whose founding editors were Elias, Colin 
Cherry, and Léon Brillouin. Elias noted that the title of the PGIT encom-
passed the second meaning of information theory, the boundary his 1958 
editorial tried to enforce. The group attempted to clarify matters in the 
1960s by establishing an associate editorship of its transactions for “Shan-
non theory.”65

 Communication theory textbooks directed to graduate students also 
mark the distinction between Shannon’s theory and Wiener’s theory. One of 
the earliest texts, Information Theory (1953) by Stanford Goldman, a pro-
fessor of electrical engineering at Syracuse University, presents the work of 
both Shannon and Wiener, but later ones focus on either one or the other. 
Fano’s Transmission of Information: A Statistical Theory of Communica-
tions (1961) deals exclusively with Shannon’s theory of information, while 
Yuk-Wing Lee’s Statistical Theory of Communication (1960), written by 
Wiener’s former Ph.D. student and long-time colleague at MIT, deals with 
Wiener’s theory. Although both Fano and Lee give joint credit to Shannon 
and Wiener for coming up with the entropic theory of information, they 
observed that modern communication theory had developed along two main 
lines: the application of Wiener’s theory of correlation to problems of the 
prediction, filtering, and detection of signals in the presence of noise; and 
the application of Shannon’s theory of information to problems of how to 
code signals to transmit information in the presence of noise.66 Textbooks 
published in the 1960s with “information theory” in their titles typically 
focused on Shannon’s theory of information.67

Mathematicians and Shannon’s Theory

The biggest scientific challenge to the theory of information proposed by 
Wiener and Shannon came from mathematicians who questioned its rela-
tionship to classical statistics and the rigor of Shannon’s proofs of his theo-
rems. Joseph Doob, a prominent mathematical colleague of Wiener’s who 
specialized in probability theory at the University of Illinois, criticized Wie-
ner and Shannon on both issues. In 1948, Doob wrote to Wiener about the 
definition of information in Cybernetics. “I admit I found your ‘Informa-
tion’ concept a bit mysterious. That integral is the amount of information 
relevant to doing what? [Statistician Ronald] Fisher’s amount of informa-
tion for example . . . is the amount of information relevant to estimating the 
parameter from a given sample. I was not clear on the significance of your 
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logarithmic integral.” Wiener replied that the concept “need not be so mys-
terious. It is essentially a matter of counting effective independent choices. . . . 
For a given [communications] problem, I am interested in the number of 
coded choices that get through when we use the original code more effec-
tively.”68 Wiener developed this approach while working with Walter Pitts 
after the war, not from his wartime research on prediction theory. Doob was 
more familiar with the latter work. He read Wiener’s Yellow Peril report 
during the war, and Wiener contributed material on prediction theory for a 
book that Doob published on probability theory in 1953.69

 British mathematicians soon took up the debate about the relationship 
between the theories of information proposed by Fisher, Wiener, and Shan-
non. In 1951, G. A. Barnard, a British statistician who had been at the first 
London Symposium on Information Theory, delivered a paper in this regard 
before the prestigious Royal Statistical Society in London. “To most math-
ematicians,” Barnard said, “the idea of ‘quantity of information’ will be 
associated with the name of R. A. Fisher,” whose definition of information 
he would discuss later in the paper. “But for the present it is desirable to 
forget it altogether,” while he discussed “another notion of ‘amount of in-
formation,’ ” developed by Shannon. He then described a connection be-
tween a modified version of Shannon’s theory and another sense in which 
Fisher had used the term “amount of information,” to refer to a statistic 
relating the information in a sample to a given parameter. During the dis-
cussion of the paper, another British statistician, M. S. Bartlett, who had 
analyzed the relationship between Shannon’s and Fisher’s theory at the first 
London symposium, criticized Barnard for modifying both Shannon’s and 
Fisher’s theories by ignoring average values. Wiener, who was in Europe lec-
turing at the Collège de France, briefly commented on Barnard’s paper by 
discussing the communications aspect of information theory. He stressed that 
information could only be lost in transmission and that the receiver needed 
to be taken into account. Wiener may have limited his remarks, at least in 
print, because Bartlett had criticized him at the London symposium for claim-
ing in Cybernetics that his theory of information could replace Fisher’s.70

 Of equal if not more concern to mathematicians was the rigor with 
which Shannon had proved his theorems in information theory. Doob ques-
tioned the proofs in an uncharitable, often-quoted review of Shannon’s classic 
1948 paper. “The discussion is suggestive throughout, rather than mathe-
matical, and it is not always clear that the author’s mathematical intentions 
are honorable.”71 The stinging remarks were fresh in Shannon’s mind forty 
years later during an interview. “I didn’t like his review. He didn’t read my 
work carefully. You can write mathematics line by line, with each tiny infer-
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ence indicated, or you can assume the reader understands what you are 
talking about. That’s what I did. I was confident I was correct—both intui-
tively and rigorously. I knew exactly what I was doing, but maybe it takes 
people a little brighter to understand it. You can always find new proofs of 
things, better proofs, shorter proofs.”72

 Brockway McMillan, a colleague of Shannon’s at Bell Labs who received 
his Ph.D. in mathematics under Wiener at MIT in 1939, began that work in 
earnest in the early 1950s. In 1953, he published an early paper that placed 
the basic theorems of information theory (regarding source, channel capac-
ity, coding) on a more precise mathematical basis. McMillan did not leave 
Wiener out of the picture, pointing out that “this discipline has come specif-
ically to the attention of mathematicians and mathematical statisticians al-
most exclusively through the book of N. Wiener and the paper of C. E. Shan-
non.”73 Work of this sort continued throughout the 1950s. By the end of the 
decade, as claimed by David Slepian, who worked under McMillan at Bell 
Labs, the “foundations of Information Theory were reset on a rigorous basis 
that could leave no skeptics.” The translation of the Mathematical Founda-
tions of Information Theory, by Soviet mathematician A. I. Khinchin in 
1957, and the publication of Foundations of Information Theory, by Amiel 
Feinstein, who worked at MIT’s Research Laboratory of Electronics, in 1958 
marked the culmination of that endeavor in the 1950s.74

 The work succeeded so well that Doob did not complain about the lack 
of rigor in information theory in an editorial he wrote for the transactions 
of the Professional Group on Information Theory in early 1959. But he still 
found plenty to criticize. “In spite of all the suggestive work by Wiener, 
Shannon, and their successors,” Doob wrote, “the main thing that strikes an 
outsider is that there are so few theoretical results.” The work of purging 
and purifying the theorems of information theory made them “more and 
more attenuated and inapplicable as their hypotheses become more restric-
tive. . . . Can it be that the existence of a mathematical basis is irrelevant, 
and that the basic principle is the very idea that there is a context in which 
the word ‘information’ is accepted by general agreement and used in an 
intuitive way, and that no more is needed?” Denis Gabor replied indirectly 
to Doob in a guest editorial that fall which reviewed the accomplishments 
of Shannon’s theory. “For one thing,” noted Gabor, “Information Theory 
has now become mathematically respectable. Pure mathematicians like Doob 
will no longer query ‘whether the mathematical extensions [intentions] of 
the author (Shannon) are always strictly honorable.’ The work of McMillan, 
Feinstein, Khinchin and of Shannon himself has made Information Theory 
rigorous—and almost unreadable to engineers!”75
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The Popularization of Information Theory in the United States

If a mathematically rigorous theory of information was almost unreadable 
to engineers, even a mathematically light version was tough sledding for lay 
audiences. Nevertheless, journalists, popular science writers, scientists, and 
engineers introduced Shannon’s theory to general readers soon after it ap-
peared in the Bell System Technical Journal in 1948.
 One method was to associate the theory with an information discourse 
that arose to explain the newly invented electronic computers to the public. 
In Giant Brains: Or Machines That Think (1949), for example, Edmund 
Berkeley spoke extensively about “storing information” and the “handling 
of information” by computers. An insurance actuary who wrote articles on 
symbolic logic, had operated the Mark I computer at Harvard during the 
war, and had helped found the Association for Computing Machinery in 
1947, Berkeley used Shannon’s term bit (short for binary digit) to discuss 
“quantity of information” and “unit of information.” But he did not discuss 
the theory of information, even though he cited Cybernetics.76 Many writ-
ers used the term “information” in this manner, to describe what computers 
processed; they did not link it to such theoretical concepts as “quantity of 
information.” The same held true for accounts that did not mention cyber-
netics. In a 1952 article on “office robots” that predicted what would later 
be called the “paperless office,” Fortune magazine said, “many engineers 
now feel that a more accurate name for these machines is ‘electronic infor-
mation processors,’ for computation is only a part of their real or potential 
talents.”77 An exception was the Christian Science Monitor, which described 
“amount of information” as the choice involved in selecting a message. It 
alluded to cybernetics by featuring the autocorrelator signal analyzer devel-
oped by Yuk-Wing Lee, Robert Fano, and Jerry Wiesner at MIT’s Research 
Laboratory of Electronics.78

 A few scientists attempted to describe information theory more fully in 
the popular-science press.79 Warren Weaver wrote the earliest account, 
which appeared in Scientific American in July 1949, the same magazine that 
had published an article by Wiener on cybernetics. Weaver wrote his article 
to promote the forthcoming book, The Mathematical Theory of Communi-
cation (1949), which he coauthored with Shannon. In the article, Weaver 
mentioned Wiener’s work on information theory, but focused on making 
Shannon’s more extensive theory understandable to a lay audience and to 
social scientists in particular. An applied mathematician, Weaver described 
in a nonmathematical manner the tenets of Shannon’s theory: information 
as a measure of uncertainty and choice in sending messages; the equivalence 
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between information and entropy; and Shannon’s central theorem that if 
the capacity of a noisy channel is equal to or greater than the entropy of the 
source, a coding scheme can be devised to send information “over the chan-
nel with as little error as possible.” Weaver covered other technical topics in 
Shannon’s theory, including redundancy, the structural probability of lan-
guages, and the digital sampling theorem. He reprinted Shannon’s diagram 
of a general communications system, consisting of an information source, 
transmitter, noise source, receiver, and destination.80 It was the first appear-
ance outside of technical journals of what became an icon in Shannon’s 
theory of information. The book contained a more mathematical version of 
Weaver’s article and reprinted Shannon’s 1948 paper from the Bell journal. 
Weaver succeeded in translating Shannon’s technical paper into a form un-
derstandable by nonmathematical readers.
 A firm believer in the popularization of science, Weaver became the ex-
positor of Shannon almost by accident. Impressed with Shannon’s wartime 
research, which he had funded as head of the government’s research effort 
in gun-control systems, Weaver had read the first part of Shannon’s paper 
in the Bell System Technical Journal when it came out in the summer of 
1948. Weaver discussed the theory in-person with Shannon that fall. He 
initially thought the theory might help solve the problem of using the com-
puter to translate Russian-language scientific papers into English during the 
Cold War.81 After extravagantly praising Shannon’s work to Chester Bar-
nard, the head of the Rockefeller Foundation, Weaver wrote a lengthy, less- 
mathematical treatment of the theory for Barnard in early 1949. A promoter 
of interdisciplinarity, Weaver thought the theory applied beyond the limita-
tions imposed on it by Shannon and considered submitting a briefer version 
of his paper to Scientific American if Shannon approved.82

 The project moved forward rapidly in the spring of 1949 after Weaver 
visited physicist Louis Ridenour, dean of graduate studies at the University 
of Illinois, whom Weaver had known on radar antiaircraft projects during 
the war, to see if the Rockefeller Foundation should fund a biological sci-
ences program at the university.83 After the visit, Weaver sent a copy of his 
paper to Ridenour, who, on the advice of Wilbur Schramm, head of the new 
Institute of Communications Research at the university, recommended that 
the University of Illinois Press publish a small book containing the papers 
of Weaver and Shannon.84 Ridenour was interested in Shannon’s theory 
because the university was constructing a large digital computer and thought 
the book would fit well with the press’s new series of lectures by computer 
builders. Schramm saw it as the basis for a general theory of communica-
tion.85 After negotiating with Ridenour, Schramm, Shannon, the head of Bell 
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Labs, and editors at the University of Illinois Press and Scientific American, 
Weaver agreed to write a briefer and simpler version of his paper as an ar-
ticle and a longer, more mathematical piece for the book.86

 Although many writers have mistakenly cited Weaver as a coauthor of 
Shannon’s theory of information,87 Weaver had no doubts on this score. He 
told Ridenour, “No one could realize more keenly than I do that my own 
contribution to this book is infinitesimal as compared with Shannon’s.” 
Weaver wrote to Vannevar Bush that his contribution was “interpreting” 
Shannon’s work and explaining its larger implications outside of engineer-
ing.88 Consequently, the text of a proposed dust cover for The Mathematical 
Theory of Communication read, “This book is largely intended to bring to 
the attention of social scientists who are concerned with one or another 
aspect of the broad communications problem, and to students of language, 
the existence of a theory which promises to have important applications far 
outside the engineering field for which it was created.” Weaver’s essay “pre-
sents a highly persuasive argument that the theory has important applications 
to the whole problem of communications in society.” Shannon did not sug-
gest changes to this wording. In fact, Weaver had told Ridenour earlier in the 
year that Shannon “thinks the ideas in Parts I and III of the paper [containing 
Weaver’s speculations] are sound and important.”89 That position was a far 
cry from the bandwagon editorial Shannon wrote seven years later in 1956.
 Although newspapers and magazines did not cover information theory 
nearly as much as cybernetics, a few science writers did popularize it in the 
1950s. Francis Bello, technology editor for Fortune magazine, published 
the most extensive account in 1953. Not one to be modest, Bello compared 
information theory to the great scientific achievements of the twentieth cen-
tury. “Within the last five years a new theory has appeared that seems to 
bear some of the same hallmarks of greatness [as relativity and quantum 
theory.] The new theory, still almost unknown to the general public, goes 
under either one of two names: communication theory or information theory. 
Whether or not it will ultimately rank with the enduring great is a question 
now being resolved in a score of major laboratories here and abroad.” Bello 
had little doubt that the question would be resolved in the favor of informa-
tion theory. “It may be no exaggeration to say that man’s progress in peace, 
and security in war, depend more on the fruitful applications of information 
theory than on physical demonstrations, either in bombs or in power plants, 
that Einstein’s famous equation works.” For evidence of this claim, Bello 
pointed to the use of information theory on the “Distant Early Warning 
Line” of radar stations along the Canadian border built to detect incoming 
Russian planes loaded with atomic bombs.90
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 Bello popularized the theory more fully than Weaver had done in Scien-
tific American five years earlier. Bello explained the details of the theory 
(amount of information, channel capacity, noise, relationship to entropy, 
redundancy, and coding) in a nonmathematical manner. He enlivened his 
exposition by discussing several applications, including the digitization of 
telephone and television signals at Bell Labs and experimental research on 
neurophysiology at MIT’s Research Laboratory of Electronics. He noted 
pitfalls of applying the theory in psychology, unsuccessful efforts to fulfill 
Weaver’s hope that it would form the basis for a new theory of meaning, 
and cautioned in the meantime against the temptation to ascribe meaning 
to the scientific term “information.”91

 The researchers whom Bello interviewed—Shannon at Bell Labs, and 
Wiener and Warren McCulloch at MIT—tried to shape the article. Shannon 
praised a draft of the article “as a bang-up job of scientific reporting, com-
parable to your transistor article [in Fortune].” He and his colleagues at Bell 
Labs suggested some technical changes, and Shannon unsuccessfully tried to 
convince Bello to tone down the hyperbole. “Much as I wish it were so,” 
Shannon wrote, “communication theory is certainly not in the same league 
with relativity and quantum mechanics. The first two paragraphs should be 
rewritten with a much more modest and realistic view of the importance of 
the theory.” In regard to who should get credit for creating the theory, Shan-
non suggested adding the following sentence, which is similar to that in his 
1948 paper: “And it was M.I.T.’s great mathematician, Norbert Wiener, 
who, with his work on prediction and cybernetics, laid the cornerstone of 
information theory.” Bello rewrote Shannon’s sentence using the metaphor 
of exploration. Wiener received “credit for discovering the new continent 
and grasping its dimensions,” Shannon for “mapping the new territory and 
charting some breath-taking peaks.” In response to Shannon’s complaint 
that more MIT researchers were named than those at Bell Labs, Bello re-
versed the emphasis and said much more about research at Bell Labs than 
at MIT, even to the point of not mentioning McCulloch.92

 Bello apologized to McCulloch that in compressing the article, he could 
not cover the neurological research in his lab more fully.93 As noted in chap-
ter 1, Wiener argued at length that Bello should present his work on the 
statistical theory of communication as forming the basis for information 
theory, and he described how his findings on measuring information paral-
leled those of Shannon. Jerry Wiesner and Robert Fano at MIT had pointed 
out to Bello that his first draft did not give adequate credit to Wiener, for 
which he apologized.94 The final version acknowledged Wiener’s statistical 
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theory of communication, but not his entropic definition of information, 
which left the impression that this had been developed by Shannon alone.
 Other early attempts to popularize information theory were not as de-
tailed. In 1954, Science Digest claimed that satellite television and improved 
telephony were “some of the advances to be expected from a new-born but 
fast-sprouting science that goes by the name of Information Theory. It is a 
research field that is absorbing more and more first-rate brains.” Its “giants” 
included Wiener, the “father of cybernetics,” and Shannon, “whose book, A 
Mathematical Theory of Communication, was the technological bombshell 
of 1948 [sic].” The article dealt in a simplified and nonmathematical manner 
with coding, redundancy, and amount of information, using examples from 
research on the digitization of radio and TV signals.95 Business Week gave 
a much fuller account in 1955. Its lengthy article, “Information: Now It’s 
the Realm,” closely followed Bello’s article in the rival magazine Fortune by 
giving credit to Wiener and Shannon for creating a statistical theory of in-
formation, describing some technical details, including Shannon’s commu-
nication schema and information as a measure of choice, and by comparing 
the theory favorably to Einstein’s relativity theory. But the article also dis-
cussed eventual business applications, saying the theory formed the basis for 
computerized data processing and that psychologists used it to understand 
how humans handled information. The author maintained that information 
theory could thus help managers of large companies make better use of 
office automation by understanding how the combinations of humans and 
machines could best deal with information overload, a growing concern in 
this period.96

 Shannon did not popularize information theory nearly as much as Wiener 
popularized cybernetics, perhaps because he had criticized the bandwagon 
frenzy of his colleagues. But, as we have seen, he did his share of populariza-
tion. He allowed Weaver’s article to appear alongside his in the Mathematical 
Theory of Communication, commented on Bello’s article in Fortune, and 
wrote articles on cybernetics and information theory for the Encyclopedia 
Britannica in 1957, upon a referral from Wiener. He also published an arti-
cle in Scientific American on how to program a computer to play chess.97 In 
the Britannica article on information theory, Shannon mathematically de-
scribed it at the level of Weaver’s account and mentioned applications in 
linguistics and in cryptography, to which he had contributed. By limiting the 
range of applications, he adhered to the spirit of the bandwagon editorial. 
Shannon said the theory was “known as communication theory, or, in its 
broader applications, information theory.”98 That distinction seems to have 
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been a new one for him. Although he titled his 1948 paper “A Mathematical 
Theory of Communication,” Shannon had used the term information the-
ory as a synonym for communication theory in that paper and throughout 
the late 1940s and 1950s—in titles of talks, in private letters, in a book re-
view of Cybernetics, as a title of one paper, and as the name of a seminar he 
taught at MIT starting in 1956.99 Even though he referred to “information 
theory” as a field in the bandwagon editorial, perhaps it was that dispute 
which stimulated him to make the distinction in the Britannica article—to 
draw a boundary between a narrow “mathematical theory of communica-
tion” and a broader “information theory”?100 In any event, the boundary 
work failed because the formulation did not catch on, mainly because his 
followers had been a mainstay in the Professional Group on Information 
Theory since the early 1950s.
 The media did not publicize Shannon nearly as much as they did Wiener. 
Many more stories appeared in newspapers and magazines about Wiener 
during the “cybernetics craze” of the 1950s and following the publication 
of his two-volume autobiography, Ex-Prodigy (1953) and I Am a Mathema-
tician (1956). The press portrayed the two men as opposites. Wiener was 
celebrated as a mathematical genius who spoke several languages, cared 
about the social implications of science, and made “sensational” claims 
about cybernetics. Shannon was seen as a modest genius, a wiry figure like 
Abe Lincoln, who quietly did important research for the corporate giant 
AT&T.101 Instead of trying to explain Shannon’s mathematical theories, 
newspapers and magazines focused on his inventions: the electromechanical 
mouse Theseus (which Bell Labs publicized), and programming computers 
to play chess. A few stories tried to jazz-up his image by quoting his views 
that automata could reproduce themselves, and by noting that he rode a 
unicycle, was a “jazz addict,” a fan of science fiction, and worked late into 
the night. An article in Vogue magazine managed to sandwich information 
theory and artificial intelligence between descriptions of the toys and au-
tomata that filled Shannon’s home.102

 The contrast between a modest Shannon and an immodest Wiener is 
common in private correspondence. In 1939, Vannevar Bush wrote to a 
Harvard professor that Shannon, then Bush’s Ph.D. student, was a “very shy 
and retiring sort of individual, exceedingly modest,” one who needed to be 
handled with “great care.”103 We have seen that Shannon deferred to Wiener 
in regard to who should receive credit for originating information theory. 
Shannon told Bello to be more “modest” in comparing it to other scientific 
theories. On the other hand, Weaver wrote about Wiener’s immodesty in his 
diary at the Rockefeller Foundation, which was circulated to other grant 



The Information Bandwagon          127

officers. He even tested the limits of Wiener’s immodesty when Wiener 
stopped by the foundation in 1950 to report on the five-year grant that he 
and Rosenblueth had received from the foundation.

W [Wiener] drops in, in a quite characteristic way, to “report” concerning 
his activities and to ask whether or not we think he is coming up to the 
expectations which we had made when we made the grant! W is becoming 
just pathologically excited by the general interest which his work on 
cybernetics has aroused, and all of this popular acclaim has him acting 
precisely like a very small boy who has just won first prize. . . . In reply to 
W’s direct question: “Well, boss, how am I doing?”, WW [Warren Weaver] 
decides to try an experiment. He assures W, in progressively more extrava-
gant language, that we are simply overwhelmed by the success of this grant, 
and by the blinding brilliance of W’s performance. WW thought that it might 
be fun to see just how much of this sort of thing W could take before he 
began to see the joke. In a strict sense, therefore, the experiment was a 
failure! For W never did see the joke. He ate up all of these remarks with 
perfectly obvious and increasing relish.104

 The immodest claims of cybernetics (and of Wiener by association) is a 
theme in John R. Pierce’s writings on popular science. A colleague of Shan-
non’s at Bell Labs who had done pioneering work in satellite communica-
tions, Pierce drew on his experience writing science fiction (under the pen 
name of J. J. Coupling) to popularize science in a series of books. His first 
book, Electrons, Waves, and Messages (1956), contained two chapters on 
information theory and warned against the improper use of the theory out-
side of engineering.105

 In Symbols, Signals, and Noise (1961), in which he called himself a 
“Shannon worshiper,” Pierce did even more boundary work. He gave exam-
ples of the dangers of misapplying information theory and distanced it from 
cybernetics. Pierce used elementary mathematics and insightful examples to 
explain the basic elements of Shannon’s theory, including the relationship 
between entropy and information and the efficient coding of signals in noisy 
channels. The book remains the most widely read English-language account 
of information theory to date. Pierce, who had attended meetings of an early 
cybernetics group with Shannon, devoted one chapter to cybernetics. He 
described Wiener’s work on the smoothing, prediction, and filtering of sig-
nals, rather than on the broad sweep of cybernetics, noting that it included 
almost all of modern science and technology. Pierce satirically criticized the 
universal claims of cybernetics by saying, “So far, in this country the word 
cybernetics has been used most extensively in the press and in popular and 
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semiliterary, if not semiliterate, magazines. I cannot compete with these in 
discussing the grander aspects of cybernetics. Perhaps Wiener has done that 
best himself in I Am a Mathematician. Even the more narrowly technical 
content of the fields ordinarily associated with the word cybernetics is so 
extensive that I certainly would never try to explain it all in one book, even 
a larger book than this.” Pierce observed that few scientists in the United 
States called themselves cyberneticists. But “even if a man acknowledged 
being a cyberneticist, that wouldn’t give us much of a clue concerning his 
field of competence, unless he was a universal genius. Certainly, it would not 
necessarily indicate that he had much knowledge of information theory.”106 
As we have seen, British engineer Colin Cherry issued similar warnings about 
misapplying information theory in his popular book, On Human Commu-
nication (1957), but he treated cybernetics with respect.
 Pierce ridiculed the pretensions of cybernetics to a lay audience in a man-
ner similar to the way Peter Elias had used satire to reign in an expert com-
munity of information theorists a few years earlier. Pierce was concerned that 
the enthusiasm for information theory as a “glamor science” would cause 
the field to lose its scientific status (as was happening to cybernetics; see 
chapter 7).107 The fate of cybernetics was thus a cautionary tale for informa-
tion theory. Pierce did exclusionary boundary work in Symbols, Signals, and 
Noise by discussing what he considered to be the proper applications of in-
formation theory—that is, mathematical and experimental ones—in linguis-
tics, music, and psychology, to the extent of doing some research in the latter 
field. Pierce acknowledged that an information theorist had criticized him 
for exploring these applications at all. But he thought it was important to 
address the issue, in a popular book, by stating the theory’s value in commu-
nications engineering and countering the belief that the theory was valuable 
chiefly because of its connection with wider fields, including cybernetics.108

Navigating the Informational Turn

Pierce felt some urgency to spread this message because information theory 
was being applied as widely as cybernetics had been in the 1950s. Enthusi-
astic researchers, believing that Shannon’s theory provided a quantifiable 
basis to investigate any type of communication, applied it vigorously to a 
wide range of fields. These included physics, statistics, artificial intelligence, 
biology, physiology, psychology, linguistics, economics, sociology, anthropol-
ogy, communication studies, library and information science, and music.109

 The spread of information theory was studied in 1957 by Randall Dah-
ling, a master’s student in communication at Stanford University. Dahling 
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found that the number of articles in scientific journals and the popular press 
that cited the theory of information developed by Shannon and Wiener in-
creased exponentially from five articles per year in 1948 to thirty-two per year 
in 1951. Among the earliest fields to pick up the new theory were electron-
ics, psychiatry, and psychology in 1949; engineering, biology, physiology, 
and linguistics in 1950; library science, education, and statistics in 1951; 
followed by social science in 1952 and journalism in 1955. Dahling found 
that Shannon and Wiener were equally cited in these publications.110 I in-
terpret that citation practice to mean that these authors, many of whom 
were at Bell Labs and MIT, recognized that Wiener’s work formed the sta-
tistical basis for Shannon’s theory, as Shannon himself acknowledged in his 
1948 paper. The pattern noted by Dahling shifted during the development 
of each field. Citations of Shannon dominated in psychology, engineering, 
and linguistics; citations of Wiener dominated in biology, physiology, and 
psychiatry. Although the Macy conferences on cybernetics brought Wiener’s 
and Shannon’s work to the attention of researchers in these areas, Dahling 
points out the importance of three research centers that diffused the theory 
of information: Bell Labs, MIT, and the University of Illinois.111

 In turning to information theory, researchers typically drew on specific 
aspects of Shannon’s theory—such as coding schemes, information mea-
surement, and entropy relationships—rather than on the theory as a whole, 
with mixed results in biology, the social sciences, and physics. Researchers 
in molecular biology spent several fruitless years trying to use information 
theory to break the genetic “code,” before realizing that DNA was not a 
linguistic code, and therefore not able to be analyzed by Shannon’s theory. 
Evolutionary biologist E. O. Wilson had more success quantifying the 
amount of information in the odor trails insects use for communication.112 
Information scientists, such as Calvin Mooers, devised information-theoretic 
codes for information-retrieval systems.113 Physiologists and experimental 
psychologists turned to Shannon to quantify the information capacity, in 
bits, of human hearing, vision, memory, and behavioral responses to stimuli. 
A report commissioned by the Professional Group on Information Theory 
in 1963 called this field “human information processing.” Linguists such as 
Roman Jakobson and Benoit Mandelbrot used the information measure to 
quantify the structural elements of languages. Sociologists and anthropolo-
gists employed a nonquantitative, semantic version of information theory, 
an endeavor encouraged by Warren Weaver’s popularization of Shannon, 
and by Wiener’s book, The Human Use of Human Beings (1950).114 But 
American economists criticized the intrusion of Shannon’s theory into neo-
classical economics on the grounds that it did not provide a value for infor-
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mation in market transactions and assumed that the perfect transmission 
of information was impossible.115 In regard to thermodynamics, physicists 
such as Léon Brillouin and Denis Gabor tried to relate information theory 
to entropy in a physical manner, rather than the purely mathematical manner 
favored by Shannon. Norbert Wiener corresponded with Gabor and Jerome 
Rothstein in this regard and collaborated briefly with Gabor on the theory 
of optical information.116

 Communications engineers were slow to apply information theory be-
cause they were initially skeptical about the design value of such a highly 
mathematical field. In the 1960s, information theorists established two 
MIT-related spinoff companies (Codex and Linkabit) that applied algebraic 
and probabilistic coding schemes, developed from Shannon’s theory, to en-
able reliable and low-power communications to deep space. The first suc-
cess was with the solar-orbiting Pioneer 9 spacecraft, launched in 1968. It 
used a sequential coding scheme that Codex derived from the research of 
Fano and Elias. Linkabit employed the Viterbi algorithm on the Voyager 1 
spacecraft in 1977. In these applications, the Gaussian white-noise character-
istics of the real channel of deep space matched well the theoretical channel 
used by information theorists to develop new codes.117 In the early 1990s, 
engineers utilized Huffman coding, a compression scheme derived from Shan-
non’s theory of information decades before, to invent the MP3 format, the 
basis for almost all of the music files downloaded over the Internet today.118

 The application of information theory outside of communications engi-
neering held many difficulties. Henry Quastler, who organized conferences 
on its applications in biology and psychology, summed up the matter in 
1955. “There is something frustrating and elusive about information theory. 
At first glance, it seems to be the answer to one’s problems whatever these 
problems may be. At second glance it turns out that it doesn’t work out as 
smoothly or as easily as anticipated. . . . So nowadays one is not safe in 
using information theory without loudly proclaiming that he knows what 
he is doing and that he is quite aware that this method is not going to alle-
viate all worries. Even then, he is bound to get his quota of stern warnings 
against unfounded assumptions he has allegedly made.”119 The warnings can 
be classed under three headings—namely, the way researchers dealt with 
semantics, entropy, and quantification—which I’ll discuss in turn.
 The most common injunction was not to interpret Shannon’s theory se-
mantically, as a theory of meaning. At the London symposium in 1952, 
Yehoshua Bar-Hillel and Rudolph Carnap said it was unfortunate that “im-
patient scientists in various fields applied the terminology and the theorems 
of statistical information theory to fields in which the term ‘information’ 
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was used, presystematically, in a semantic sense, i.e., one involving contents 
or designata of symbols, or even in a pragmatic sense, i.e., one involving the 
users of these symbols.” They thought their semantic theory of information 
overcame these difficulties. Psychologist George Miller noted in 1953, “Most 
of the careless claims for the importance of information theory arise from 
the overly free association to the word ‘information.’ This term occurs in the 
theory in a careful and particular way. It is not synonymous with ‘mean-
ing.’ ” But the very term information encouraged this interpretation. In 1955, 
Bar-Hillel thought the misunderstanding arose because Shannon’s predeces-
sor, Ralph Hartley, had argued that speaking of the capacity to transmit 
information implied a quantification of information. “However, it is psycho-
logically almost impossible not to make the shift from the one sense of infor-
mation, for which this argument is indeed plausible, i.e. information = signal 
sequence, to the other sense, information = what is expressed by the signal 
sequence, for which the argument loses all its persuasiveness.”120

 By all accounts, it was Warren Weaver at the Rockefeller Foundation 
who provided the intellectual sanction for a semantic interpretation. In his 
popular exposition of Shannon’s work published in The Mathematical The-
ory of Communication (1949), which sold well (six thousand copies in its 
first four years), Weaver admitted that the theory “at first seems disappoint-
ing and bizarre—disappointing because it has nothing to do with meaning,” 
and bizarre because it dealt with ensembles of messages and equated infor-
mation with uncertainty. Nevertheless, Weaver claimed that Shannon’s “anal-
ysis has so penetratingly cleared the air that one is now, perhaps for the first 
time, ready for a real theory of meaning.” Weaver argued his case by describ-
ing three levels of analyzing the communication problem: (a) “How accu-
rately can the symbols of communication be transmitted?”; (b) “How pre-
cisely do the transmitted symbols convey the desired meaning?”; and (c) “How 
effectively does the received meaning affect conduct in the desired way?” 
Although Shannon restricted his theory to level (a), Weaver claimed that it 
“actually is helpful and suggestive for the level B and C problems.”121 Many 
researchers who semantically applied Shannon’s theory drew on this pas-
sage to justify their work.
 Weaver thus did more than simplify information theory. His mathemat-
ical account was simpler than Shannon’s, but he went beyond Shannon to 
point out the semantic and pragmatic implications of the theory, to which 
social scientists responded. A similar blurring of the boundaries between 
genuine science and popularization,122 occurred in Wiener’s The Human Use 
of Human Beings (1950), which presented a semantic interpretation of in-
formation theory.
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 In the book, Wiener first presented a nonsemantic definition of informa-
tion as negative entropy, but then equated amount of information with the 
“amount of meaning” of a message to support his semantic use of the word 
information throughout the book. Statements such as, “It is quite clear that 
a haphazard sequence of symbols or a pattern which is purely haphazard 
can convey no information” show his distance from Shannon, who said that 
the meaning conveyed by symbols was irrelevant to his theory.123 Perhaps 
because Wiener viewed information as a measure of order, rather than dis-
order, as Shannon did, he was inclined to use the term in a more everyday, 
semantic way to mean knowledge.
 Wiener’s concept of “amount of meaning,” published in a popular book, 
was criticized in scientific journals by two experts in information theory: 
Bar-Hillel and Donald MacKay, both of whom proposed alternative seman-
tic theories of information. At the Macy conference in 1951, MacKay sug-
gested “that we ought not to talk, as Wiener does, about ‘amount of mean-
ing,’ but that we ought to keep the concepts of information and meaning 
quite distinct.”124 Bar-Hillel agreed. In a philosophical critique of informa-
tion theory, published in 1955, he thought the title “Theory of Transmission 
of Information” or, better yet the “Theory of Signal Transmission,” was a 
more descriptive name for Shannon’s theory than the “Theory of Informa-
tion.” That name “could not fail to stimulate the illusion that finally a rad-
ically new solution of some age-old puzzles connected with the concept of 
meaning had been found,” a reference to Weaver’s claim. “Wiener, himself, 
for instance, deliberately treats as synonyms ‘amount of information’ and 
‘amount of meaning.’ ” Wiener thus conflated the probability of a certain 
message being received with the probability of an event expressed by the 
message occurring, which Bar-Hillel thought was unreasonable.125

 How to treat individual messages was a related semantical problem. The 
mathematical theory underlying Wiener’s and Shannon’s measure of infor-
mation required analysts to consider a statistical ensemble of messages, not 
simply individual messages. In this instance, Weaver drew on his background 
in applied mathematics to warn readers about the problem. “Note that it is 
misleading to (although often convenient) to say that one or the other mes-
sage conveys unit information. The concept of information applies not to 
the individual messages (as the concept of meaning would), but rather to the 
situation as a whole, the unit information indicating that in this situation 
one has an amount of freedom of choice, in selecting a message, which it is 
convenient to regard as a standard or unit amount.” Many researchers ig-
nored this injunction. As early as 1952 Denis Gabor complained about mis-
interpretations of the theory that calculated such quantities as the amount 
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of information in a received telegram—a point Bar-Hillel also raised in his 
1955 critique.126

 The second issue in applying information theory concerned the relation-
ship between entropy and information. While physicists extensively debated 
the physical aspects of this relationship, many social scientists interpreted it 
more broadly.127 This drew the ire of Colin Cherry. By 1957, he had “heard 
of ‘entropies’ of languages, social systems, and economic systems and of its 
use in various method-starved studies. It is the kind of sweeping generality 
which people will clutch like a straw.” Although Cherry thought some of the 
interpretations were valid, he stated that Shannon’s concept of entropy “is 
essentially a mathematical concept and the rules of its application are clearly 
laid down.”128 Warren Weaver probably encouraged this interpretation as 
well, by saying “when one meets the concept of entropy in communication 
theory, he has a right to be rather excited—a right to suspect that one has 
hold of something that may turn out to be basic and important.”129

 The third issue—the tension between the quantitative and qualitative 
applications of the theory—was pervasive. During the Cold War, many 
scientists—such as biologists, psychologists, and economists—tried to emu-
late the success and status of physics in World War II by becoming more 
quantitative and thereby welcomed a mathematical theory of information.130 
Yet information theorists complained about how their mathematical concepts 
were being applied. Robert Fano told Cherry in 1953 that he had “been 
leading a private fight” in this regard. “I believe, for instance, that expres-
sions for the amount of Information such as those which appear in Shan-
non’s paper can only be used in problems where the transmitter and receiver 
are well-identifiable, and where one can assume the existence of an ensemble 
of messages with known statistical characteristics.”131 An equally serious 
problem from this point of view had to do with metaphorical applications 
of the theory, which used such technical terms as amount of information, 
entropy, channel capacity, and noise in a nontechnical manner. Shannon 
referred to this sentiment in his bandwagon editorial of 1956 when he said 
that “establishing such applications is not a trivial matter of translating 
words to a new domain, but rather the slow tedious process of hypothesis 
and experimental verification.”132 That prescription proved to be difficult to 
follow, especially for “impatient” social and behavioral scientists.

In applying information theory so broadly, scientists and engineers created 
a variety of strategies to deal with the issues of semantics, entropy, and 
quantification. They adopted, adapted, modified, resisted, and sometimes 
even opted not to use the theory developed by Claude Shannon and Norbert 
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Wiener. Not only did they spread the American version of information the-
ory throughout nearly every discipline—from engineering and the natural 
sciences to the social sciences—they changed the theory in the process. Like 
users of the early automobile and telephone who reinterpreted and adapted 
them to fit the cultural practices of everyday life, scientists and engineers 
were “innovative users” of information theory.133

 Robert Fano predicted as much at the second London symposium, in 
1952, when he said that bringing together researchers from a variety of 
fields “will undoubtedly result in a mutually useful cross-fertilization, even 
if information theory should prove ultimately to be of little direct help out-
side the field in which it originated.”134 He was correct. Cross-fertilization 
did occur in the cybernetics moment, when information theory was seen 
as a “glamor science,” and researchers eventually recognized that it was of 
“little direct help” in many disciplines outside of communications engineer-
ing, such as in biology and economics.
 Despite these shortcomings, an information discourse survived in these 
and numerous other fields to redefine them in terms of the generation, trans-
mission, and processing of information.135 The informational turn outlasted 
its specific scientific results to define how we think about intelligent ma-
chines, living organisms, and society itself.
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Herbert Simon must have felt disappointed when he read the 
letter from Norbert Wiener. A rising star in the social sciences, Simon 

had begun to apply cybernetics to management problems at the Carnegie 
Institute of Technology (now Carnegie Mellon University). The correspon-
dence was initiated by his colleague at Carnegie, economist Charles Holt, 
who wrote to Wiener in early 1954: “Your pioneering work in the statistical 
approach to the design of filters, servos, etc., has been stimulating to Profes-
sor Simon and myself in connection with our work on decision rules for 
production and inventory control.” Holt thought Wiener “may be interested 
in seeing some of your theory applied in a different context,” and asked for 
his comments and criticism on three papers he had coauthored with Simon. 
About two months later, Wiener returned the papers and replied: “Any 
opinion I would pass on econometric matters would not be of much value, 
but if I may be permitted to say so, the general treatment you give does not 
seem to me to be particularly closely related to any technique of observa-
tion, and I get the causal impression of rather tenuous theory as well. Don’t 
take this too seriously—I am not in a position to work my way through 
your paper.”1

 Holt and Simon were probably unaware that Wiener had given his stan-
dard response to social scientists who asked about applying cybernetics to 
their field. Since the first Macy conferences, Wiener had maintained that the 
mathematics of cybernetics was of little use to the social sciences because 
their data were spotty and they ignored the role of the observer in collecting 
the data.2 Yet Simon and many other social scientists ignored Wiener’s skep-
ticism, as well as warnings about how to apply information theory, and 
adopted cybernetics and information theory with vigor. In fact, Simon would 

Chapter Five

Humans as Machines
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win a Nobel Prize in economics in the 1970s for his theory of bounded ra-
tionality, which drew on cybernetics.
 This chapter discusses the work of a handful of prominent social scientists, 
including Simon, who enthusiastically took up cybernetics and information 
theory in the 1950s and early 1960s. These researchers worked within a 
larger movement to quantify the social sciences in Cold War America. Social 
scientists had emulated the physical sciences since the late nineteenth cen-
tury by adopting laboratory experimentation in psychology, physical mod-
els in economics, and statistics in several fields. A few workers had also 
created mathematical rather than physical models of the economy in the 
1920s and 1930s. But the effort to apply mathematical models, the hall-
mark of cybernetics and information theory, throughout the social sciences 
did not gain ground outside of economics in the United States until after 
World War II.3

 The concept of a mathematical model was novel enough at the time to 
catch the attention of philosopher of science Max Black at Cornell Univer-
sity. Black observed in 1960 that the “expression [mathematical model] has 
become very popular among social scientists,” and that it referred to a set 
of equations describing the behavior of individual humans or social groups 
under simplifying assumptions. He contrasted a mathematical model with the 
more common theoretical model, whose paradigm was nineteenth-century 
mathematical theories of the ether, which assumed it to be an imaginary 
fluid.4 As early as 1951, economist Kenneth Arrow had argued that mathe-
matical models should be extended from economics to the rest of the social 
sciences. Because mathematics was a language, Arrow, explained, “any gen-
eralization about social behavior can be formulated mathematically.” Arrow 
surveyed a variety of mathematical models in the social sciences that quan-
tified the behavior of individuals or groups. These included rational choice 
theory, John von Neumann’s and Oskar Morgenstern’s game theory, Nich-
olas Rashevesky’s theory of human relations, George Zipf’s principle of least 
effort as applied to the size of cities, and statistical models of inductive in-
ference.5 Arrow could have added the postwar sciences of operations re-
search, economic input-output analysis, and linear programming.6

 Mathematical modeling was a hallmark of the postwar “behavioral rev-
olution” in the social sciences. Funded in large part by the Ford Foundation, 
the movement transformed sociology, anthropology, psychology, econom-
ics, psychiatry, and political science. The term behavioral sciences came into 
widespread use after the Ford Foundation named it as one of their program 
areas in 1949 and defined it in 1952 as an interdisciplinary study of the 
behavior of humans as individuals and as members of social groups. This 
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goal was pursued by interdisciplinary groups at Harvard, Chicago, Yale, 
Michigan, and the Carnegie Institute of Technology, and survived the termi-
nation of the Ford Foundation’s program in the behavioral sciences in 1957. 
Military research funding agencies, the Social Science Research Council, 
and the Center for Advanced Study in the Behavioral Sciences, established 
at Stanford University in 1954, vigorously promoted the field at a time of 
dramatic expansion of the social sciences in the United States. For poly-
math Herbert Simon, who advised the Ford Foundation on the planning of 
the center, the behavioral program would help unify the social sciences. In the 
words of Simon’s biographer Hunter Crowther-Heyck, Simon thought the 
“criteria for a reintegrated social science were that it would be mathemati-
cal, that it would be behavioral and functional, and that it would be both 
empirically grounded and theoretically sophisticated. These views placed 
him in the van of the ‘behavioral revolution’ in social sciences. Indeed they 
defined it.” The postwar behaviorialists sought to remake “social science in 
the image of modern physical science,” and valued mathematical modeling 
in that regard.7

 It is little wonder, then, that cybernetics and information theory—two 
postwar sciences loaded with mathematics and tied to engineering—were 
attractive to behavioral scientists. Not long after the interdisciplinary Macy 
conferences did their part to introduce cybernetics and information theory 
to social scientists, several notables in these fields—W. Ross Ashby, Claude 
Shannon, political scientist Karl Deutsch, and psychologist George Miller—
were fellows at the newly established Center for Advanced Study in the Be-
havioral Sciences, from 1954 to 1959.8 That Shannon chose to spend an 
academic year at the center, starting in 1957, shows that he had more sym-
pathy with the application of information theory to the social sciences than 
his bandwagon editorial of the year before had implied.9

 I focus on the work of six researchers in the behavioral sciences: Herbert 
Simon, George Miller, Karl Deutsch, Roman Jakobson, Talcott Parsons, and 
Gregory Bateson. They employed cybernetics and information theory in 
two ways to explain human behavior. One method used an “information 
calculus” to model human judgments and the structure of language in psy-
chology and linguistics. The second method used cybernetic feedback circuits 
to model human decision making and social interactions in management 
science, psychology, sociology, political science, and anthropology. These 
social scientists created innovative ways to apply information theory as a 
measurement technique, to address Wiener’s complaint that cybernetics 
would not work for their field, and to extend cybernetics and information 
theory into the realm of philosophy.
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 Of primary importance was the choice of scale, at what level to model 
humans as machines. Should it be the individual, the social group, society 
as a whole, or the larger ecosystem of which humans were a part? Cyber-
netics, as interpreted by Wiener, especially in The Human Use of Human 
Beings, sanctioned the entire range of modeling, while information theory, 
as interpreted by Shannon, was more restrictive. In large measure, the dis-
ciplinary background of researchers determined their scale of modeling. 
Experimental psychologists focused on individuals, while linguists, sociol-
ogists, management scientists, and anthropologists favored social groups. 
Ever the iconoclast, Bateson extended cybernetic modeling to the ecosystem 
and beyond.

The Information Calculus

The entry on “Information Theory” in the second edition (1968) of the clas-
sic reference work, the International Encyclopedia of the Social Sciences, 
written by psychologist Irwin Pollack, indicates the extensive application of 
Shannon’s theory to the behavioral sciences (in its broadest interpretation). 
Pollock opened by saying,

The concepts and measures of the statistical theory of selective information 
(information theory), have been so thoroughly enmeshed with the whole of 
behavioral science that delineation of the exact contribution of the theory 
is nearly impossible. The very verbal descriptive fabric of the behavioral 
sciences has become thoroughly interlaced with informational concepts: 
individuals or groups are described as “information sources” or “receivers”; 
skilled performance is described as “information processing”; memory is 
described as “information storage”; nerves are described as “communication 
channels”; the patterning of neural impulses is described as “information 
coding”; the brain is described as “an information complex,” etc. Indeed, 
the molecule, the cell, the organ, the individual, the group, the organization, 
and the society have all been examined from the point of view of a general 
systems theory which focuses upon the information-processing, rather than 
upon the energetic characteristics of each system.10

 Pollack did not describe the nonmathematical and semantic uses of Shan-
non’s theory, which had been criticized by information theorists. He focused 
instead on a precise mathematical usage called information measurement by 
psychologists and information calculus by Israeli philosopher of science 
Yehoshua Bar-Hillel. Bar-Hillel observed in 1956 that “in most cases, it is 
rather the information calculus that is applied [in physics and the social 
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sciences] and not at all its communication engineering interpretation.”11 
Although Pollack described a wide range of scale at which humans were 
modeled, the informational calculus was mostly applied to individuals and 
social groups. I focus on the invention and application of the information 
calculus in two related fields: psychology and linguistics.
 As noted by Pollack, the experimental psychologists who pioneered this 
technique in the early 1950s used Shannon’s entropy equations to calculate 
indices of stimulus-response behavior, rather than the parameters of human 
communication. The information calculus allowed them to measure how 
humans responded to a stimulus and the ability of humans to transmit in-
formation in a stimulus-response situation—the main methods of applying 
information theory to psychology in the 1950s. Both methods sharply di-
verged from the original intention of Shannon’s theory: to analyze the trans-
mission of information from a human sender to a human receiver.
 Psychologist George Miller did much to create and popularize this tech-
nique, which he called information measurement. Miller began his career 
during World War II as a graduate student at the Psycholo-Acoustic Labo-
ratory at Harvard, then moved in 1951 to MIT’s Research Laboratory of 
Electronics to work on human-machine problems for the SAGE air-defense 
system with psychologist J. C. R. Licklider, who attended a Macy conference 
on cybernetics. Miller returned to the Harvard psychology department in 
1955. A close student of the work of Shannon and Wiener, Miller utilized 
information measurement in experimental psychology and psycholinguistics, 
and employed cybernetics to develop a computer metaphor of mind. Both 
endeavors made cognitive psychology into an information science.12

 Miller and Frederick Frick, also at Harvard, presented the method of 
information measurement in a 1949 paper, which is generally recognized as 
the first application of information theory to psychology.13 They introduced 
an information calculus to improve the quantification of long-standing re-
search problems in experimental psychology. Miller and Frick were not in-
terested in the transmission of information; in fact, they did not employ the 
term as a scientific concept in the paper. Instead, they used Shannon’s en-
tropy equations to calculate an index that measured the statistical patterns 
in a sequence of responses generated by subjects during an experiment, for 
example, the right and wrong guesses in a test of extrasensory perception. 
Miller and Frick argued that their index, the “index of behavioral stereo-
typy,” measured in “bits,” analyzed well the statistical structure of experi-
mental responses, and thus provided the “kind of predictability necessary 
for a science of behavior.” The method would enable researchers to describe 
all learning experiments in an improved, uniform manner so they could be 
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compared. In 1951, they employed this method in one of their own experi-
ments to quantify the behavioral pattern of rats in an operant conditioning 
experiment, pressing a bar for food in a modified Skinner box. They calcu-
lated “average uncertainty in bits per response,” but, again, did not speak 
about the transmission of information.14

 In the 1950s, Miller helped popularize the second form of information 
measurement in experimental psychology: measuring the ability of humans 
to transmit information in a stimulus-response environment.15 This method 
was also an adaptation of information theory. It did not treat humans as 
senders and receivers that transmitted information through a channel, as 
in Shannon’s theory, but as communication channels themselves. In experi-
ments on making absolute judgments about random stimuli (of tones and 
loudness in hearing, taste, visual distinctions, etc.), psychologists viewed 
human subjects as receiving “stimulus information” (sensory data) from an 
experimenter (the psychologist) and sending “response information” (the 
judgment) back to the experimenter. Psychologists viewed the subjects’ abil-
ity to make these judgments as the property of an unknown “channel” in 
the Shannon model. They thus treated this human ability as a “black box,” 
with inputs and outputs, a typical procedure in behaviorism. They used the 
mathematics of information theory (its entropy equations) to calculate the 
amount of stimulus information and the amount of response information, 
from which they could calculate the amount of information “transmitted” 
through the human channel. As the amount of stimulus information was in-
creased, more errors of judgment occurred, and the amount of transmitted 
information decreased, leveling off at the subject’s “channel capacity” for a 
task. In his influential paper, “The Magical Number Seven, Plus or Minus 
Two,” Miller compared many such experiments performed with this method 
on absolute judgment and immediate memory. He found that, typically, a 
human’s channel capacity for these tasks averaged around 2.5 bits, repre-
senting about 7 items. In this paper, Miller also proposed the idea that hu-
mans were able to operate at more than this channel capacity by “chunking” 
information into aggregates of data, instead of processing it bit by bit.16

 Experimental psychologists enthusiastically employed both methods of 
information measurement in the 1950s, aided by digital and analog com-
puters to do the tedious calculations. They modeled humans in this manner 
in the areas of reaction time, speech perception, language redundancy, abso-
lute judgments, auditory dimensions, pattern perception, and motor skills.17 
In the long run, however, cognitive psychologists and historians, alike, agree 
that the importance of information theory lay not in these precise measure-
ments, but in the introduction of an information discourse into psychology. 
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When experimenters used the technique of information measurement, they 
popularized concepts that helped establish information processing as the 
paradigm for the new fields of cognitive psychology and cognitive science. 
Ulric Neisser, whose book Cognitive Psychology (1967) did much to define 
the new discipline as a blend of information processing and experimental 
psychology, recalled, “It was not to be the mathematics of information but 
just the concept of information, as an entity in its own right, that would 
shortly transform psychology” after the 1956 conference at MIT discussed 
in chapter 4.18 Ironically, the concept came from the practice of informa-
tion measurement, rather than utilizing Shannon’s theory to model human 
communication.
 Linguists employed the information calculus to quantify their field in a 
similar manner. Although several information theorists had tried their hand 
at analyzing language—including, as we have seen, such prominent figures 
as Shannon, Wiener, and Bar-Hillel—the main figure to employ the infor-
mation calculus in linguistics was a linguist, Roman Jakobson, aided by an 
information theorist, Colin Cherry. An émigré Russian who taught initially 
at Columbia University, Jakobson attended a Macy conference on cybernet-
ics in 1948, then worked at MIT’s Research Laboratory of Electronics after 
moving to Harvard in 1949. Firmly enmeshed in the cybernetic-information 
theory nexus between MIT and Harvard, Jakobson led the effort to remake 
linguistics as a structuralist information science in the Cold War.19

 Jakobson latched onto cybernetics and information theory at an early 
date. He wrote to Wiener in February 1949, shortly after Cybernetics was 
published, “It is indeed a book which is epoch-making. At every step I was 
again and again surprised at the extreme parallelism between the problems 
of modern linguistic analysis and the fascinating problems which you dis-
cuss. The linguistic pattern fits excellently into the structure you analyze and 
it is becoming still clearer how great are the outlooks for a consistent coop-
eration between modern linguistics and the exact sciences.”20 Jakobson dis-
covered a more fully worked-out and accessible form of information theory 
than Wiener had presented in Cybernetics when Warren Weaver at the Rocke-
feller Foundation sent him late that year a copy of his and Shannon’s re-
cently published book, The Mathematical Theory of Communication, which 
contained Shannon’s seminal article on information theory and Weaver’s 
popularization of it. In 1950, while visiting European linguists on a trip 
funded by the Rockefeller Foundation, Jakobson enthusiastically wrote to 
Weaver, “I frankly pointed out [to the linguists] your and Shannon’s Mathe-
matical Theory of Communication as the most important among the recent 
American publications in the science of language.” He also praised the book 
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in a letter to linguist Charles Fahs, director of the Humanities Division at the 
Rockefeller Foundation, to whom he was applying for a large grant to an-
alyze the structure of the Russian language, a Cold War priority of Weaver’s. 
“I fully agree,” wrote Jakobson, “with W. Weaver that [with Shannon’s the-
ory] ‘one is now, perhaps for the first time, ready for a real theory of mean-
ing,’ and of communication in general.” The foundation awarded Jakobson 
a five-year, fifty-thousand-dollar grant to study the logical structure of Rus-
sian at Harvard that year.21

 The grant led to several publications, including an article in Language 
that Jakobson coauthored with Morris Halle, his protégé at MIT, and Colin 
Cherry, the prominent British information theorist who was on leave at 
MIT. The paper used the information calculus to logically describe the pho-
netic structure of the Russian language. This was an initial step in Jakob-
son’s larger program to establish a logical description of languages in which 
phonemes were the key to understanding language. Jakobson and his co-
authors analyzed the forty-two phonemes of spoken urban Russian in terms 
of eleven binary oppositions, the yes-no states of Jakobson’s “distinctive 
features” of phonemes, such as grave or acute, voiced or not voiced. Assum-
ing that phonemes occurred independently of each other and removing re-
dundant features, they used Shannon’s entropy equations to calculate that 
each phoneme conveyed 4.78 bits of information. That is, they calculated a 
“measure of the ‘information’ conveyed when the speaker selects any par-
ticular phoneme.” They recognized that the “simple analysis that we have 
made so far must be regarded as a somewhat artificial though quite efficient 
description of the language in its simplest aspect.” They did a more realistic 
analysis by dropping the assumption that phonemes occurred independently 
and employed Shannon’s conditional-probability equations to calculate the 
information conveyed by the Russian language per digram (group of two 
phonemes) and per trigram (group of three phonemes).22

 Like Miller, Jakobson and his colleagues departed from Shannon’s theory 
of communication. They did not measure the information of a group of 
messages transmitted in a written language as a selection of all available 
messages, as Shannon did. Instead, they used a form of information calculus 
to measure the binary choices (such as grave or acute) necessary to identify 
the phonemes in a particular language on the basis of their distinctive fea-
tures. They put the term information in scare quotes so that the readers of 
Language would not interpret that term semantically. Like the experimental 
psychologists, Jakobson and his colleagues used information theory to mea-
sure human choices, in this case choices of how to vocalize speech, not to 
measure the information content of messages. Shannon’s theory provided a 
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sophisticated, statistical method of doing so—thus the interdisciplinary col-
laboration with Cherry. The fact that the term information usually had a 
semantic meaning in linguistics and psychology tended to confuse matters, 
but not for practitioners such as Jakobson and Miller, who had a firm grasp 
of the nonsemantic aspect of Shannon’s theory.23

Cybernetic Circuits

Those who promoted cybernetics to solve the problems of how to quantify 
the social sciences and accurately model human behavior disregarded Nor-
bert Wiener’s view that the mathematics of cybernetics could not be applied 
to the social sciences. In effect, they demonstrated how cybernetic circuits 
could quantify human behavior in a realistic mathematical model. They 
touted cybernetic modeling because it was based on an established mathe-
matical theory from control systems engineering and because its informa-
tion-feedback loops described actual communication pathways in which 
humans adapted to their environment. For these social scientists, cybernet-
ics was no mere analogy. More so than in the information calculus, these 
researchers adopted feedback circuits in a variety of ways to model human 
behavior. While almost all of them modeled at the scale of the social group, 
they differed on how to use mathematics, how central cybernetics should be 
to their work, and the scope of behavior to model.24

 Karl Deutsch, an early advocate of cybernetics and information theory, 
adopted those techniques as his primary methods of modeling political pro-
cesses. Of all the social scientists who engaged with cybernetics, Deutsch 
was the closest to Norbert Wiener, even though he did not attend the Macy 
conferences. They were colleagues for more than a dozen years at MIT, from 
1941 until 1957, when Deutsch moved to a prestigious position in political 
science at Yale. A member of Wiener’s dinner seminar on scientific method, 
Deutsch cited conversations with Wiener and Walter Pitts in his early papers 
on cybernetics and the social sciences.25 He worked with Wiener on an 
urban dispersal plan, publicized in Life magazine in 1950, to enable large 
cities, viewed as communications systems, to survive atomic warfare. The 
following year, when Wiener was in Europe, Deutsch handled a dispute with 
Bell Lab’s computer designer George Stibitz, who had charged that a photo 
caption in a Life magazine story gave Wiener too much credit for inventing 
digital computers. After Deutsch moved to Yale, he and Wiener coauthored 
an article on the “lonely nationalism” of Rudyard Kipling.26 Deutsch ad-
dressed Wiener’s well-known skepticism about applying cybernetics to the 
social sciences by including a long extract from a letter from Wiener in his 
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book, The Nerves of Government (1963). Wiener had written to Deutsch 
that even though social systems had more complex communication pro-
cesses than did machines, both cases abided by the “same grammar.” There-
fore, the analysis of social systems could benefit from the technical advances 
of communication and information theory.27

 Deutsch praised the merits of cybernetics at an early date. Shortly after 
Wiener’s book Cybernetics appeared in 1948, Deutsch published articles 
advocating that cybernetic models of self-adapting communications net-
works should replace previous models favored by social scientists. Non-
cybernetic mechanistic models were mathematically rigorous, but they were 
deterministic and could not represent growth and evolution. Organismic 
models could handle that type of complexity, but they were “incapable of 
extensive rearrangement” of their parts by the analyst because of the whole-
ness of the system. Historical process models lacked “inner structure and 
quantitative predictability.” In contrast, cybernetics provided information- 
feedback structures and operational terms that could model the behavior of 
organizations and other large groups. According to Deutsch, this approach 
could even model such attributes as purpose, learning, will, consciousness, 
and social cohesion.28

 Deutsch drew on these concepts in his first and most influential book, 
Nationalism and Social Communication (1953), to argue that the extent of 
nationalism could be quantified by assuming that the communication defining 
a nation flowed through cultural channels of information. Information ex-
changes defined a culture, economic exchanges defined a society. Because 
Deutsch did not have extensive data on the amount of information flowing in 
mass communications, he used such stand-in measures as the growth of urban 
ethnic populations to graph the assimilation of different groups in a country. 
He also drew on the feedback concept to model the self-determination and 
self-autonomy of a people. In an appendix, Deutsch presented a formal math-
ematical model, based on differential equations, of the relationship between 
assimilated populations and the development of nationalism, which he had 
developed with the help of MIT economist Robert Solow.29

 In The Nerves of Government, Deutsch extended cybernetic modeling to 
illuminate general problems in political science. One example is a verbal 
model he created to analyze the performance of governments, which used 
concepts from servomechanism theory such as the effect of the “load” of 
information on the decision process, the “lag” time necessary to respond to 
a challenge, the “gain” (speed and size) of the response, and the “lead” time 
it took to predict new problems. The performance of a government depended 
on the interplay among these factors, which could indicate the effectiveness 
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of political systems in general or a government’s performance of a specific 
function.30 In addition to verbal models, Deutsch presented a diagram of 
information flows in foreign policy decisions. Although not worked out in 
the book, the model represents his cybernetic vision of a self-modifying com-
munications network. The foreign policy decision-making system receives 
Information about the outer world from foreign and domestic inputs; pro-
cesses that information through several Screens of attention and policies 
based on Selective Memory and recall; and makes Tentative Decisions, which 
are fed back through the system to produce Final Decisions. These are sent 
as outputs to foreign and domestic entities, and are also fed back as inputs 
to the entire system.31

 Understandably, Deutsch did not attempt to put this formalized, com-
plex, nonlinear, multiple-loop, information-feedback system into mathe-
matical form. Although The Nerves of Government leaves the impression 
that Deutsch had turned away from mathematical modeling, which went 
against the grain of trends in behavioral science, one prominent modeler 
saw value in his method. Anatol Rapoport, professor of mathematical biol-
ogy at the University of Michigan, wrote, “Deutsch’s solid achievement is 
in his persistent attempts to replace generalities by operational definitions,” 
which will lead to “clarification, insight, and impetus to further develop-
ment” in political science.32 Deutsch saw his task as that of justifying the 
validity of the cybernetics model and of deriving operational conditions for 
applying it to political science. Future researchers could then develop spe-
cific mathematical models to represent complex social systems.
 Deutsch had enough confidence in his modeling expertise to critique Her-
bert Simon, one of the foremost mathematical modelers in the social sciences 
and a founder of the postwar behaviorist movement. Deutsch praised Simon 
for besting contemporaries whose simplified models did not match the so-
phistication of their mathematics, and for modeling different types of ratio-
nality. “Unfortunately,” Deutsch continued, “Simon has not applied his 
powerful and suggestive models to large-scale political and social processes, 
although he has applied his style of thinking with excellent effect to prob-
lems of private and public administration, the business firm, and the study 
of organizations.”33

 This is a good account of the extent of Simon’s modeling. Remarkably, 
however, Deutsch did not comment on Simon’s debt to cybernetics, even 
though he cited papers in which Simon made that debt clear in developing 
his major contribution to the social sciences, the theory of bounded ratio-
nality. In that concept, the basis of his Nobel Prize in economics, humans 
satisfice rather than optimize to solve problems. Faced with limited infor-
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mation and calculating ability, humans nevertheless make decisions ratio-
nally in an area bounded by these limitations. Crowther-Heyck has demon-
strated that Simon drew on three intellectual threads to develop this new 
model of humans, which combined the sciences of decision and choice: 
“(1) his own previous work on administrative decision-making, (2) contem-
porary cybernetics and servo-mechanism theory, especially the work of 
W. Ross Ashby; and (3) Gestalt psychology.” Simon recalled that he “stayed 
up all night to finish W. Ross Ashby’s Design for a Brain,” when it appeared 
in 1952.34 Simon developed his adaptive modeling technique in the early 
years of a long, distinguished career at the Graduate School of Industrial 
Administration at the Carnegie Institute of Technology. There, he contrib-
uted to a variety of fields—political science, economics, cognitive science, and 
computer science—and modeled a range of human behavior—from indi-
vidual rationality in organizations to simulating human decision making 
by computers.
 Cybernetics makes an early appearance in an article he published in 
Econometrica in 1952, most likely before he had read Ashby, in which he 
applied servomechanism theory to the problem of optimizing production 
control in manufacturing. The problem consisted of deciding how much of 
an item to produce to minimize the cost of production and keep an opti-
mum amount of inventory, given a rate of customer orders. Saying his 
method came under the rubric of “Wiener’s general program of cybernet-
ics,” Simon gave a tutorial for social scientists on the mathematics of servo 
theory. He acknowledged that experienced managers already knew intui-
tively the results of his analysis of the production problem, yet he argued 
that servo theory provided a rigorous methodology with which to derive 
management decision rules.35 In a 1954 paper on constructing models in the 
social sciences, Simon again acknowledged Wiener, rather than Ashby, but 
he probably drew on Ashby’s ideas to distinguish between models of opti-
mization and models of adaptation in his theory of bounded rationality. 
Optimization referred to a “rational process in which the choice of a ‘best’ 
is central.” Adaptation referred to a “rational process in which movement 
toward a ‘better’ is central.” In the classic economic theory of the firm—
which is similar to the production control problem—an entrepreneur could 
try to calculate how to maximize profit with respect to changes in raw 
material (optimization), or change the amount of raw material used over 
time to approach the condition of maximum profit (adaptation). Optimiza-
tion required the entrepreneur to possess unrealistic prediction and calcula-
tion abilities, while adaptation represented actual management practices 
and could be modeled with servo theory, i.e., with cybernetics. After pre-
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senting the differential equations for the adaptation model, Simon said, “An 
engineer looking at this model would recognize in it something he is accus-
tomed to call a ‘servomechanism’ or a ‘closed-loop control system’ . . . in 
which the individual measures the error in his behavior, and adjusts the 
behavior seeking to eliminate the error. Norbert Wiener has argued persua-
sively that the servomechanism model may be a useful model for describing 
physiological, psychological, and sociological adaptive systems.”36

 In Models of Man (1955), a collection of articles, Simon made explicit 
the fact that servo theory modeled one method of human decision making 
in his theory of bounded rationality: a feedback control system that adapted 
to changes in its environment, seeking viability rather than optimization.37 
A decade later, Simon framed his popular book Sciences of the Artificial 
(1969) with the cybernetics of Wiener and Ashby, citing them both. He 
stated that one of the four characteristics that distinguished the artificial 
from the natural was that “artificial things can be characterized in terms of 
functions, goals, and adaptation.”38 Simon unified the sciences of choice and 
control in his theory of bounded rationality and also in the Logic Theorist, a 
computer program that he and his colleague Allen Newell created to simulate 
human reasoning in proving mathematical theorems (see chapter 6).
 George Miller was so stimulated by the Logic Theorist (which Simon and 
Newell presented at the same 1956 meeting at MIT in which Miller pre-
sented his “Magical Number Seven” paper) that he designed an information- 
processing model for human decision making. In Plans and the Structure of 
Behavior (1960), Miller and his coauthors, psychologists Eugene Galanter 
and Karl Pribram, drew heavily on cybernetics, and very little on Miller’s 
method of information measurement, to propose a new basic unit of psy-
chology, the TOTE (Test-Operate-Test-Exit), to replace the reflex arc in that 
field. Modeled after a computer program and based on the “cybernetic hy-
pothesis” that the “fundamental building block of the nervous system is the 
feedback loop,” the TOTE unit produced a behavioral response by contin-
ually testing its state against a goal, by means of a feedback loop, then ex-
ited when finished. At the highest level of generalization, the arrows in the 
TOTE diagram represented control, not the flow of energy or information. 
The authors underscored their debt to cybernetics by saying that the foun-
dational paper in that field, published by Wiener, Rosenblueth, and Bigelow 
in 1943, had made teleology scientifically respectable: “Today we can, al-
most as a matter of course, propose teleological arrangements such as the 
TOTE unit. . . . The particular realization of the unit in tissue or in metal 
need not deter us, for we know that it can be accomplished in a variety of 
ways.”39
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 My final example in this section is Harvard sociologist Talcott Parsons, 
whose structural-functional theory of society (a master social science) dom-
inated sociology and anthropology in the Cold War.40 Influenced by bio-
chemist L. J. Henderson’s ideas about systems and Walter Cannon’s theory 
of homeostasis in the 1930s, Parsons established an elaborate theory of 
action, which comprised four subsystems: the organism at the physical level, 
the social system at the level of interaction between individuals, the cultural 
system at the symbolic level, and the personality system.41 Cybernetics came 
into play to control the interactions of these levels. Parsons recalled, “Clar-
ification of the problem of control, however, was immensely promoted by 
the emergence, at a most strategic time for me, of a new development in 
general science—namely, cybernetics in its close relation to information the-
ory. It could now be plausibly argued that the basic form of control in 
[human] action systems was of the cybernetic type.” This insight “later be-
came a dominant theme in my thinking.”42 The timeliness came from his 
participation in the Macy conferences.
 Cybernetics is explicit in Parsons’s theorizing in the 1960s, in the concept 
of a “cybernetic hierarchy” of control. Drawing on Wiener’s writings, Par-
sons applied the cybernetic insight that systems high in information but low 
in energy (like the household thermostat) could control systems low in infor-
mation but high in energy (like the household furnace). For example, Par-
sons’s high information cultural system could control the low-energy organ-
ism system. Although Simon was indebted to Parsons’s behavioral-functional 
approach in mathematizing the social sciences, Parsons eschewed mathe-
matics, and Simon disagreed with his interpretation of cybernetics.43

Gregory Bateson: From Schismogensis to Immanent Mind

The career of Gregory Bateson, a mainstay of the Macy conferences on cy-
bernetics, illustrates how radically cybernetics and information theory 
could be transformed when applied to subjects as diverse as New Guinea 
headhunters, schizophrenic patients, alcoholism, and religion. Bateson was 
unsparing in his praise for cybernetics and information theory. In the 1950s, 
he said that the idea of equating information with negative entropy, which 
he attributed to Norbert Wiener, “marks the greatest single shift in human 
thinking since the days of Plato and Aristotle, because it unites the natural 
and social sciences and finally resolves the problems of teleology and the 
body-mind dichotomy which Occidental thought has inherited from classi-
cal Athens”! In the 1960s, he called cybernetics and the Treaty of Versailles, 
which ended World War I but set the stage for World War II, the “two his-
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toric events of the twentieth century.” It is no wonder, then, that in the fore-
word to his most famous book, Steps to an Ecology of Mind (1972), which 
is still read today, Bateson acknowledged that his intellectual debt to Nor-
bert Wiener, Warren McCulloch, and other members of the Macy confer-
ences “is evident in everything that I have written since World War II.”44

 In the introduction to the book, Bateson reveals why he considered cy-
bernetics to be so crucial and the surprising fact that this outsider to main-
stream social science saw himself as engaged in a reform effort similar to 
that of the “behavioral revolution.” The two revelations are intertwined. 
In explaining how his work over the past thirty-five years had produced 
“benchmarks” (or “steps”) with which to establish a new science of mind, an 
“ecology of mind,” Bateson said his goal had been to create heuristic con-
cepts to bridge observable behavioral data and scientific fundamentals. He 
divided the fundamentals into those related to substance and to form. 
Bateson thought that the behavioral scientists of the past fifty years bridged 
to the inappropriate part of the fundamentals—those related to substance, 
such as the laws of matter and energy—while he bridged to the appropriate 
part—those related to form, or pattern, which had been enriched by cyber-
netics and information theory. “This book,” Bateson concluded, “is con-
cerned with building a bridge between the facts of life and behavior and 
what we know today of the nature of pattern and order.” The fact that Miller, 
Jakobson, Deutsch, Simon, Parsons, and many other social scientists had 
also turned to cybernetics and information theory to model human behav-
ior, and to create a theory of mind in the case of Miller, seems not to have 
concerned Bateson, who did not cite them, even though he had met Jakob-
son and Parsons at the Macy conferences.45 In that sense, he was an outsider 
to the behavioral revolution.
 Trained as a biologist and then in the functionalist (sociological) British 
school of anthropology, Bateson turned to the mathematicians at the Macy 
conferences, especially Wiener, for help in reforming the social sciences.46 
Despite Wiener’s skepticism of this endeavor, Bateson persisted and won 
Wiener’s approval of his work. In 1951, Wiener wrote to Larry Frank, a 
founder of the Macy conferences, praising Bateson for doing “valiant work 
in attempting to bring psycho-analytic processes under the heading of cy-
bernetics.” Wiener noted, however, that Bateson’s “work is and must be 
sketchy” because in psychology, the “problem of an adequate knowledge of 
the elementary processes is far from complete.” The “vagueness and clichés” 
in psychoanalytic discourse made it “very difficult to find a substantial agree-
ment in the application of this or that term,” a criticism that had been made 
repeatedly at the Macy conferences.47 There is little doubt that the emotion-
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ally insecure Wiener, who had also been psychoanalyzed, liked Bateson’s 
praise of cybernetics (quoted above) in the book Communication: The So-
cial Matrix of Psychiatry (1951), an ethnographic study of psychiatry in a 
San Francisco clinic that Bateson coauthored with psychiatrist Jurgen Ruesch. 
For his contribution to the book, Bateson developed a general theory of 
communication, based on the idea of information as negative entropy, to 
explain the epistemology and practices of psychiatry.48 In 1952, Bateson 
visited Wiener to discuss how the notion of presenting logical paradoxes to 
computers, which had been debated at the Macy conferences, was analo-
gous to doing psychotherapy with patients. Wiener replied that he had a 
“high opinion” of Bateson’s work and would support his grant proposal to 
the Macy Foundation. Bateson received the grant and acknowledged that 
“it was our conversation at your house which gave me the central idea” for 
what became his influential double-bind theory of schizophrenia.49

 Cybernetic circuits are evident in two other areas in which Bateson 
adapted cybernetics to his research: anthropological fieldwork in New 
Guinea and what he called “cybernetic epistemology.” In 1958, Bateson 
added an epilogue to the second edition of Naven (1936), his path-breaking 
ethnography of the New Guinea Iatmul people, which employed cybernet-
ics to revise how he treated his concept of schismogenesis in the first edition. 
Bateson had developed the concept to explain how schisms were generated 
between Itamul groups in two ways. In symmetrical schismogenesis, asser-
tive behavior such as boasting by one group elicits an equally assertive be-
havior by the second group, which continues back and forth until a break 
occurs. In complementary schismogenesis, assertive behavior by one group 
elicits submissive behavior by the second group in a circular manner until 
a break occurs. He explained the stability of the society by the fact that 
its complementary schismogenesis coincidentally balanced its symmetrical 
schismogenesis. After being exposed to cybernetics, Bateson realized that 
both cases exhibited destructive (positive) feedback, and he looked for a 
self-corrective (negative) feedback circuit that kept the society stable. He 
found it in the transvestite naven ceremony, which typically celebrated the 
accomplishments of a young person. Bateson called it an “exaggerated car-
icature of a complementary social relationship between wau [e.g., mother’s 
brother] and laua [e.g., sister’s child].” In the first edition of the book, he had 
analyzed schismogenesis within the naven ceremony and did not relate it to 
the wider structure of Iatmul society. Now he realized, “In any instance of 
intense symmetrical rivalry between two clans we may expect an increased 
probability of symmetrical insult between members, and when the members 
of the pair happen to be related as laua and wau, we must expect a trigger-
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ing of the complementary rituals [navens] which will function toward mend-
ing the threatened split in society.”50

 Bateson developed his new epistemology in the late 1960s while holding 
a series of peripatetic research appointments on the West Coast and in Ha-
waii, and published it in Steps to an Ecology of Mind. In the furtherest ex-
tension of his ideas—to the largest possible scale of modeling—he stated 
in 1970 that the “cybernetic epistemology which I have offered you would 
suggest a new approach. The individual mind is immanent but not only in 
the body. It is immanent also in pathways and messages outside the body; 
and there is a larger Mind of which the individual mind is only a subsystem. 
This larger Mind is comparable to God and is perhaps what some people 
mean by ‘God,’ but it is still immanent in the total interconnected social 
system and planetary ecology.”51 The appropriation of cybernetics to create a 
holistic concept of mind, formed by an information-feedback circuit extend-
ing from the organism to its environment and back again, inspired a large 
following in the 1970s, especially among the ecologically minded counter-
culture (see chapter 9).
 Although Bateson’s work won favor from Wiener, hardly any of his mod-
eling was mathematical. In one exception, Bateson attempted to put his 
theory of symmetrical schismogenesis into mathematical form to analyze the 
“steady state” of Balinese society, using a set of differential equations that 
had been developed in the 1930s to analyze international arms races. The 
equations did not apply to complementary schismogenesis, but Bateson did 
reprint the 1949 paper that mentions this attempt in Steps to an Ecology of 
Mind. The lack of mathematics in Bateson’s modeling put him in good com-
pany in the social sciences, with Talcott Parsons, for example.52 But it also 
kept the already marginal Bateson on the margins of the new behaviorism, 
as even Deutsch had dome some mathematical modeling.
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In god and golem, inc., published in 1964, the year of his death, Norbert 
Wiener extended the reach of cybernetics beyond science, engineering, 

politics, labor, and other social concerns into the realm of religion. He in-
troduced the topic by discussing the medieval Jewish legend of the Golem, 
an automaton servant that Rabbi Löw in Prague created out of clay and 
brought to life by reciting a religious incantation. In this morality tale of the 
dangers of human hubris, of imitating God by creating life, Rabbi Löw de-
stroyed the Golem when it got out of control and ran amok. To Wiener, 
cybernetic machines were the “modern counterpart of the Golem of the 
Rabbi of Prague.”1 As the newest science dealing with the relationship be-
tween humans and machines, cybernetics provided an opportunity to write 
a modern-day commentary on the age-old question about the pitfalls of hu-
mans playing God. The central analogy of cybernetics—that both humans 
and machines could be studied using the same principles from control and 
communications engineering—thus raised fundamental questions about the 
relationship between science and religion.
 God and Golem dealt with three areas of cybernetics that touched on re-
ligion. Machines that learned—like the IBM computer program that played 
an expert game of checkers—brought up the question of whether a creator 
should build a machine that he or she could not understand. Machines that 
reproduced themselves—which existed in the speculations of Wiener and 
physicist Denis Gabor, who showed mathematically that ideal machines 
with precisely known inputs and outputs could self-replicate—questioned the 
unique status of humans as created in God’s image. Cyborgs and automatic 
machines—human prosthesis and computerized factories, for example—
raised ethical concerns of fusing humans with machines and of technology 
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throwing humans out of work. Wiener considered the latter issue to be “one 
of the great future problems which we must face” in the cybernetics age. 
Assigning proper roles to humans and intelligent machines would eliminate 
the specter of literal-minded automatons wreaking havoc across the land, the 
subject of such morality tales as the “The Monkey’s Paw,” by W. W. Jacobs, 
and Goethe’s “The Sorcerer’s Apprentice.” Wiener feared this would occur 
when military planners computerized atomic warfare. He also affirmed his 
long-standing position that cybernetics could illuminate social issues, but 
severely criticized mathematical attempts to do so.2

 Although written for a lay audience, God and Golem pointed to a re-
search technique—cybernetic modeling—that scientists and engineers had 
used to apply cybernetics to their individual disciplines, leaving the impres-
sion that it was a universal discipline. At the height of the cybernetics moment 
in the United States, in the 1950s and the 1960s, these researchers believed 
that cybernetic models—composed of information-feedback loops—could 
solve major problems in the social sciences, in computer science, in military 
engineering, and in medicine. In addition to modeling the behavior of hu-
mans and social groups, discussed in the previous chapter, researchers used 
the digital computer to create artificial intelligence, designed weapons sys-
tems modeled after living organisms in the new field of bionics, and aug-
mented humans by coupling them with feedback machines as cyborgs. In 
each of these areas—artificial intelligence, bionics, and cyborgs—scientists 
and engineers held an almost religious belief in the power of cybernetic 
models to solve the scientific, technological, and military problems of the 
Cold War.

Artificial Intelligence

We have seen that cyberneticians invented numerous humanlike machines, 
such as Wiener’s moth/bedbug, W. Ross Ashby’s homeostat, and W. Grey 
Walter’s tortoises, to model human physiology and behavior. This section 
explores the role of cybernetics and information theory in creating machines 
to exhibit a higher level of human intelligence by examining the Dartmouth 
Summer Research Project on Artificial Intelligence. Held at Dartmouth Col-
lege in Hanover, New Hampshire, in the summer of 1956, and funded by 
the Rockefeller Foundation, the conference is generally regarded by histori-
ans and computer scientists as the “birthplace” of AI. The “new paradigm” 
of symbolic information processing was represented there by Allen Newell 
and Herbert Simon’s Logic Theorist computer program, and its participants 
founded early AI programs at MIT, Stanford, and Carnegie-Mellon.3 These 
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institutions promoted the approach that came to be called “symbolic AI,” 
rather than the earlier method of brain modeling, a neurophysiological ap-
proach associated with cybernetics and neural nets.
 Of interest is the disciplinary boundary work done by researchers and 
the Rockefeller Foundation to separate cybernetics (brain modeling) from 
symbolic information processing during the editing of the volume Autom-
ata Studies (1956) by Claude Shannon and John McCarthy, a founder of 
symbolic AI, which initiated the conference, and during the planning, fund-
ing, and conduct of the Dartmouth conference. It should come as no sur-
prise that in the cybernetic moment the practice of designing intelligent 
machines was related to the practice of modeling humans as machines in the 
social sciences. Indeed, Herbert Simon engaged in both endeavors, which 
soon came under the rubric of “cognitive science.”4

 In addition to Simon, several other participants at the Dartmouth con-
ference had taken up cybernetics. Oliver Selfridge had proofread Wiener’s 
Cybernetics as a graduate student at MIT, and Marvin Minsky, another 
founder of symbolic AI, had been “enamored” with Warren McCulloch’s 
work on neural nets as an undergraduate at MIT.5 Minsky later stated that, 
owing to advances in the digital computer in the mid-1950s, “cybernetics 
divided, in my view, into three chief avenues”: “minimal Self-Organizing Sys-
tems” (represented by Ashby); the “Simulation of Human Thought” (repre-
sented by Newell and Simon); and “Artificial Intelligence” (represented by 
Minsky and McCarthy). Newell recalled that cybernetics split with AI over 
the issues of “symbolic versus continuous [analog] systems” and “psychol-
ogy versus neurophysiology.” The break was not abrupt. “Through the early 
1960s,” Newell said, “all the researchers concerned with mechanistic ap-
proaches to mental functions knew about each other’s work and attended the 
same conferences. It was one big, somewhat chaotic, scientific happening.”6

 As we have seen, Claude Shannon had a strong interest in cybernetics 
and automata; he attended three Macy conferences on cybernetics and ex-
hibited his maze-running mouse at one meeting. It is no wonder, then, that 
when Shannon and McCarthy invited authors to contribute to a volume on 
automata studies in 1953, they wrote to several researchers who had at-
tended the Macy conferences on cybernetics. These included Wiener, Don-
ald MacKay, Grey Walter, John von Neumann, and W. Ross Ashby.7 They 
invited other prominent researchers in the theory of automata and neural 
nets, including Alan Turing; S. C. Kleene at the University of Wisconsin–
Madison, who had written a paper on neural nets while at RAND in 1951; 
and Albert Uttley, who built conditional-probability devices for pattern rec-
ognition for the British military.8 Marvin Minsky, who had also been hired 
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to work with Shannon at Bell Labs in the summer of 1952,9 agreed to submit 
something from his Ph.D. dissertation on neural nets and brain modeling. 
Wiener thought highly of Minsky’s work, saying in a 1954 recommendation 
letter that it went “considerably further than the best work to date of such 
men as Ashby and Grey Walter.”10

 Turing, MacKay, Ashby, Grey Walter, and Uttley were members of the 
cybernetics Ratio Club in Britain. Turing had a strong interest in intelligent 
machines before he wrote a 1950 article on what became known as the 
“Turing test” for artificial intelligence. In 1946, when he was designing a 
digital computer at the National Physical Laboratory, Turing wrote to Ashby 
that he agreed with Ashby’s approach of modeling the brain: “In working 
on the ACE [Automatic Computing Engine] I am more interested in the 
possibility of producing models of the action of the brain than in the prac-
tical applications to computing.” In 1953, Turing referred directly to the 
cybernetic aspect of the automata-studies enterprise when he responded to 
the invitation from Shannon and McCarthy to contribute a paper to the 
volume. Turing had to beg off because he had “been working on something 
quite different for the last two years; viz. the mathematics of morphogene-
sis, though I expect to get back to cybernetics very shortly.”11

 McCarthy played a substantial role at the beginning of the project. Pro-
spective authors corresponded with McCarthy in care of “Automata Studies, 
Fine Hall” at Princeton. McCarthy forwarded the papers and correspon-
dence with his comments to Shannon at Bell Labs, even after McCarthy had 
moved to a temporary academic position at Stanford in 1954. The young 
McCarthy was not reticent in stating his views on how the papers fit into 
his vision of an emerging field. MacKay’s paper, “The Epistemological Prob-
lem for Automata,” discussed how automata could symbolically represent 
the external environment in a self-organizing, adaptive manner rather than 
in a prescribed way, and he proposed an analog-electronic circuit to illustrate 
the principle of negative feedback involved in his scheme. McCarthy told 
Shannon, “I think we should include it [the paper] with whatever changes 
he wishes to make. I don’t think that the eventual solution to this problem 
will be an extension of his ideas, but I have no very precise grounds for this 
opinion.” After criticizing MacKay for making questionable assumptions 
using the McCulloch-Pitts neural net model, McCarthy concluded, “Never-
theless, I think the paper has a number of good ideas and also represents 
a point of view which cannot be dismissed as unfruitful this early in the 
game.”12

 McCarthy had more trouble with MacKay’s colleague W. Ross Ashby. 
Having achieved prominence in the field of automata with the publication 
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of Design for a Brain in 1952, Ashby interpreted the invitation from Shannon 
and McCarthy as being an automatic acceptance for his paper, “Design of an 
Intelligence Amplifier.” Extending his work on the analog homeostat, Ashby 
equated “intelligence” with the capacity to make appropriate selections. He 
presented the general principles for designing a “selection amplifier” that 
would speed-up the process and reach solutions not realized by the designer, 
resulting in an “amplification” of intelligence.13 Ashby told McCarthy, “I am 
afraid I cannot consent to having it [his paper] ‘refereed,’ as it is on a subject 
to which I have devoted a great deal of work, and on which I can now speak 
with some authority. Frankly, I know of no referee to whose opinion I would 
defer (though I would, of course, be prepared to answer specific objections).” 
In contrast, MacKay welcomed referee reports on his paper. McCarthy and 
Shannon ended up accepting the papers of Ashby and MacKay without 
refereeing them.14 The experience most likely did nothing to improve Mc-
Carthy’s opinion of Ashby, the dean of the English cyberneticians.
 Shannon and McCarthy divided the articles into three categories: Finite 
Automata, Turing Machines, and Synthesis of Automata. The categories 
resemble the subject headings in Shannon’s published review of computers 
and automata in 1953, and his description of the “theory of automata” in 
1958 as a recent, ill-defined “interdisciplinary science,” which spanned sym-
bolic logic and Turing machine theory, nonnumerical programming of large-
scale computers, and neural nets.15 Cyberneticians would not have quarreled 
with the definition.
 All in all, McCarthy was disappointed with the papers. He wrote to 
Shannon in the summer of 1954, “The collection as a whole does not rep-
resent great progress but is certainly representative of current thought.” 
McCarthy’s expectations were high, and probably unrealistic. He thought 
the papers by the Ratio Club group (Ashby, MacKay, and Uttley) “contrib-
ute heuristic ideas of some value but none lead directly to a solution of the 
problem of thinking automata.” Two papers on neural networks “solve 
problems of mainly formal interest.” Another paper in this group introduced 
“concepts which may prove useful but does not get far off the ground.” He 
marked “Same comment” for his own paper, and said Shannon’s paper was 
a “short step in the direction of the theory of computing rate.” Von Neu-
mann’s paper, “Probabilistic Logics and the Synthesis of Reliable Organisms 
from Unreliable Components,” got the best mark: “An important result, 
perhaps slightly off the main track.” Minsky’s paper had not yet arrived for 
comment.16 Shannon had a better opinion of the papers; earlier, for exam-
ple, he had praised Ashby’s homeostat in print “as a basis for learning ma-
chines and brain models.”17
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 The tensions over editing Automata Studies surface in a letter McCarthy 
wrote to Shannon in late 1954. McCarthy had written a draft of a preface 
to the volume. “It consists mainly of a point of view on how the various 
lines of investigation represented by the included papers may contribute to 
the eventual design of intelligent machines.” The sentence is crossed out by 
a wavy line in the original letter at the Claude E. Shannon Papers at the 
Library of Congress, perhaps by Shannon. McCarthy also put some pointed 
questions to Shannon:

1. Do you agree that the book should be regarded as a step in the direction 
of the design of intelligent automata? Or is this too presumptuous? Might it 
surprise the contributors?

2. What about the title ‘Towards Intelligent Automata.’ Is it too bombastic? 
Others?”18

 Apparently Shannon thought McCarthy’s interpretation of the volume 
was “too presumptuous” and the proposed title was “too bombastic,” or 
something along those lines. The preface to the published volume deempha-
sized the goal of designing “intelligent automata,” and spoke instead in terms 
of the “analytic and synthetic problems” of automata.19 The title remained 
the staid one of “Automata Studies.” Yet Shannon sympathized with Mc-
Carthy’s goal, as indicated by his 1953 review of computers and automata. 
Privately, Shannon told his former high school science teacher in 1952, “My 
fondest dream is to someday build a machine that really thinks, learns, 
communicates with humans and manipulates its environment in a fairly 
sophisticated way.”20 And he did approve the publication of papers by the 
Ratio Club group, representing the British cybernetics movement, on design 
principles of intelligent automata. Perhaps what McCarthy viewed as con-
servatism was Shannon’s desire to keep the book’s title consistent with the 
sober tenor of a volume published in the Princeton University Press series, 
Annals of Mathematics Studies.
 McCarthy was not adverse to mentioning cybernetics in the preface. In 
fact, he listed “Cybernetics” as one of six areas toward which the preface 
could, perhaps, make “brief bows” (the others were Mathematical logic, 
Statistics, Communication theory, Neurophysiology, and Telephone engineer-
ing).21 Bows were made toward all of these areas or to their practitioners by 
name in the preface, except cybernetics.
 The period between the completion of Automata Studies and the ap-
proach to the Rockefeller Foundation to fund a summer seminar on “artificial 
intelligence” was short. Upon moving to Dartmouth College in February 
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1955, to take up an assistant professorship in mathematics, McCarthy sent 
Shannon the final version of his paper for Automata Studies and said he was 
now free to do additional editing of the volume and to visit Shannon at Bell 
Labs.22 In early April, McCarthy had an interview with Warren Weaver at the 
Rockefeller Foundation about the possibility of funding a six-week summer 
seminar at Dartmouth for about ten participants to work together on brain 
theory and automata. Weaver recorded in his program officer’s diary that 
McCarthy was confident that Shannon and Nathan Rochester at IBM would 
attend and that their employers would pay their salaries while they were at 
Dartmouth. Weaver said he would think it over.23

 Weaver came to have mixed feelings about the project and told McCarthy 
that Robert Morison, director of the Biological and Medical Research divi-
sion of the Rockefeller Foundation, should handle the proposal, probably 
because it dealt with brain models.24 Unable to attend the scheduled lunch 
in mid-June with Morison, McCarthy, and Shannon, whom the young Mc-
Carthy had enlisted to promote the project, Weaver expressed his opinion 
on the matter in a memo to Morison. Weaver felt it was “rather a ‘personal’ 
project, in the sense that McC. [McCarthy] and two or three other people 
would enjoy spending some time together, talking about various aspects of 
information theory,” at someone else’s expense. Weaver did not think the 
foundation should support it on that basis. Weaver had the highest regard 
for Shannon, whose theory of information Weaver had popularized, and 
thus worried about a conflict of interest. “I think it is on the whole rather 
better that I am not going to be at the luncheon. My personal connection 
with the subject, especially since Claude Shannon is now going to be present, 
tends to remove the discussion from the objective atmosphere in which we 
ought to approach it.”25

 Shannon’s presence seems to have inclined Morison more favorably to-
ward the proposal. Morison recorded in his diary that McCarthy did al-
most all of talking, with Shannon only answering questions put to him. 
“McCarthy strikes one as enthusiastic and probably quite able in mathe-
matics,” Morison wrote, “but young and a bit naive.” Participants suggested 
for the seminar were McCarthy, Shannon, Rochester, Minsky, von Neu-
mann, Oliver Selfridge, and psychologist Donald Hebb, well-known for his 
neural net theory of learning. Having funded the cybernetics research of 
Norbert Wiener and Arturo Rosenblueth in the mid-1940s, Morison appar-
ently wanted to include someone from Wiener’s group at MIT in the Dart-
mouth conference. Morison said that Selfridge, now a group leader at MIT’s 
Lincoln Laboratory working on pattern recognition, “apparently strikes  
M. [McCarthy] and S. [Shannon] as the soundest and most amenable to 
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group activity of the various younger men who have been associated with 
Norbert Wiener.” Morison was alluding to the difficulties Wiener and 
Rosenblueth had in obtaining consistent work from the erratic, but bril-
liant, Walter Pitts during the Rockefeller-funded research. Minsky may also 
have recommended Selfridge, his group leader at Lincoln Lab and with 
whom he had organized a session on machine intelligence at the Association 
for Computing Machinery’s Western Joint Computer Conference held in Los 
Angeles in spring 1955.26

 Two other prominent cybernetics researchers were considered at the lun-
cheon with Morison. Despite their difficulties working with Ashby during 
the Automata Studies venture, McCarthy and Shannon put forward Ashby 
as “the most attractive foreign name.” MacKay, whose research on informa-
tion theory and an analog version of machine intelligence had been funded 
by the foundation since 1951, did not fare so well. Even though MacKay’s 
paper was accepted for Automata Studies, Morison recorded that “S. [Shan-
non] worries a good deal about MacKay’s interest in theological metaphys-
ics,” which was evidently a concern that weighed against MacKay’s partic-
ipation in an informal six-week session. Morison suggested including two 
psychologists: Hans Lukas Teuber at New York University, who had coed-
ited the proceedings of the Macy conferences on cybernetics, and cognitive 
psychologist Karl Pribram, who directed a laboratory in a mental hospital 
near Hartford, Connecticut. Morison thought both men had “enough breadth 
of education and curiosity to have informed themselves, at least fairly well, 
about cybernetics and mathematical speculations,”27 one of the few direct 
references to “cybernetics” in regard to the Dartmouth conference.
 Encouraged by the luncheon, McCarthy organized a committee of four 
to prepare a proposal to fund the conference. McCarthy, Shannon, Minsky, 
and Rochester, with whom McCarthy had worked at IBM in the summer of 
1955, finished their research sections of the proposal by late August, and 
McCarthy submitted the proposal in early September 1955.28 As historian 
Paul Edwards argues, the “still-nascent split between the computer-brain 
and computer-mind metaphors already appears clearly” in the proposal.29 
Yet the proposal includes both approaches as part of a common enterprise. 
The introduction, probably written by McCarthy, lists aspects of the “arti-
ficial intelligence problem” under the following headings: Automatic Com-
puters, How Can a Computer Be Programmed to Use a Language, Neuron 
Nets, Theory of the Size of a Calculation, Self-Improvement, Abstractions, 
and Randomness and Creativity. The section on computer languages, Mc-
Carthy’s emergent research area, was clearly in the camp of what came to 
be known as “symbolic AI.” The section on neural nets mentioned the re-
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search of McCulloch and Pitts; Uttley, who had contributed two articles to 
Automata Studies; and two of the organizers, Minsky and Rochester.30

 The research statements of the organizers reveal the “nascent split” in 
more detail. Three of the four organizers were on the brain-modeling side. 
Shannon proposed to work on one or both of two topics: the “application 
of information theory concepts to computing machines and brain models,” 
and the “matched environment-brain model approach to automata.” The 
first project extended his previous work on computing with unreliable com-
ponents, which could apply to computers and brains, if viewed as computers. 
The second project would focus on mathematizing the model of the brain’s 
“environment.” Minsky hoped to extend his dissertation research and com-
plete a model of a trial-and-error learning neural network that could be 
programmed on a computer. Rochester wanted to continue the research of 
his group at IBM on programming neural nets on a digital computer to 
exhibit originality when faced with a new problem by inserting productive 
randomness into this type of brain modeling. Only McCarthy leaned to-
ward the manipulation of symbols by proposing to “study the relation of 
language to intelligence.” He criticized the (cybernetic) brain-model approach 
by saying, “It seems clear that the direct application of trial-and-error meth-
ods to the relation between sensory data and motor activity will not lead to 
any very complicated behavior.” He thought trial-and-error methods should 
be applied at a “higher level of abstraction,” for example, with an English- 
like “artificial language which a computer can be programmed to use on 
problems requiring conjecture and self-reference.”31

 The proposal did not sit well with Morison at the Rockefeller Founda-
tion. He told McCarthy in late September that the “proposal is an unusual 
one and does not fall easily into our program [in biological and medical 
research] so I am afraid it will take us a little time before coming to a deci-
sion.” Not having heard from Morison by early November, McCarthy asked 
Shannon to approach Weaver and find out about the status of the evalua-
tion. In late November, Morison finally told McCarthy that the Rockefeller 
Foundation could not grant the full funding of $13,500 for the seminar but 
could support a smaller effort at $7,500. “I hope you won’t feel that we are 
being overcautious,” Morison wrote, “but the general feeling here is that 
this new field of mathematical models for thought, though very challenging 
for the long run, is still difficult to grasp very clearly. This suggests a modest 
gamble for exploring a new approach, but there is a great deal of hesitancy 
about risking any very substantial amount at this stage.”32

 What is remarkable about Morison’s letter is not that the interdisciplin-
ary-minded Rockefeller Foundation hesitated to support a new interdisci-
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pline, but that Morison and Weaver had jointly funded a related project in 
a grand manner—Wiener’s and Rosenblueth’s research on mathematical 
biology, which led to the book Cybernetics. Apparently Morison and Weaver 
did not consider “mathematical models for thought” to be part of the cyber-
netics project, despite the fact that Wiener himself discussed chess-playing 
programs in Cybernetics, and that McCulloch, who chaired the Macy con-
ferences on cybernetics, and Pitts had created an influential logical model of 
neural nets, which represented a large part of the McCarthy proposal. It is 
unclear if the popular interpretation of cybernetics as the science of robots 
worked for or against the grant proposal. Another contributing factor may 
have been that the proposal was made only to Morison’s division, and not 
to Weaver’s division as well, as had been the case for the cybernetics grant. 
Morison supported that grant primarily because of the potential of bringing 
mathematics to bear on experimental neurophysiology, the research area of 
his friend Arturo Rosenblueth.33

 Whatever the reason for the Rockefeller Foundation to cut the Dart-
mouth funding in half, McCarthy and the other organizers acquiesced and 
said they could get by with $7,500.34 In deciding whom to invite, McCarthy 
made what turned out to be a fateful trip to visit Herbert Simon and Allen 
Newell at Carnegie Institute of Technology in February 1956. By that date, 
Simon and Newell, working at the Systems Research Laboratory at RAND, 
had essentially completed the Logic Theorist, one of the earliest software 
programs in symbolic AI. Newell recalls that he was inspired to work in this 
direction after hearing Selfridge give a talk on a pattern-recognition pro-
gram at RAND in 1954.35

 During his visit with Simon, McCarthy showed him and Newell the 
Rockefeller proposal for the Dartmouth seminar. Simon wrote to Shannon 
after the visit, reintroducing himself by reminding Shannon of a RAND 
report Simon had sent him on a chess-playing program, and enclosing a 
copy of an article of his that bore on the research Shannon proposed to do 
that summer at Dartmouth. Then, Simon took the liberty of critiquing 
Shannon’s proposed research. In light of the work he had been doing with 
Newell, Simon said Shannon’s two separate projects—on using information 
theory to analyze computing with unreliable components, and modeling the 
brain’s simplest environments—were actually one project. “Because of the 
rapid progress we have made [on the Logic Theorist and a list-processing 
language] in the last two months,” Simon concluded, “we are inclined to 
reverse the strategy expressed in the last sentence of your proposal—we be-
lieve that we can start with some of the most advanced human activities— 
i.e., proving theorems—and work back to the ‘simplest’—e.g., learning non-
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sense syllables.” Newell planned to “spend part of the summer at Dartmouth, 
and I shall plan at least a week there at the beginning, if this is agreeable to 
the ‘proposers.’ ”36

 McCarthy recommended Simon and Newell to the other proposers, and 
Newell and Simon wrote up their plans for doing research at Dartmouth. 
They listed four areas of their current research (chess machines, mathemat-
ical machines, learning theory, and simple theories) and would work on 
whichever one seemed more promising at the time of the seminar.37 Shan-
non was slow to respond to Simon’s challenging letter. Two months later, in 
late April, he wrote to Simon, apologized for the delay, and admitted he had 
not done much research on learning machines in the past two years. Shan-
non was on the committee of a master’s student, Trenchard More, at MIT, 
where Shannon had recently been appointed a visiting professor. More, Shan-
non related, “has been developing a program quite similar to that you speak 
of for proving theorems in the propositional calculus.” As with the program 
of Newell and Simon, More’s could be simulated by hand. Perhaps to mol-
lify Simon and Newell, Shannon included an announcement of the call for 
papers for the Symposium on Information Theory, sponsored by the IRE 
Professional Group on Information Theory, to be held at MIT in September 
1956, and suggested “that perhaps some of the work you or Newell have 
been doing would be suitable for presentation” in a special session on learn-
ing machines.38

 The invitation pleased Simon and Newell, but the implication that a 
master’s student of Shannon’s was doing work comparable to theirs irked 
them enough for Newell to bring up the letter with some passion in an in-
terview conducted thirty-five years later. “So we have a letter [from Shan-
non]. And in this letter there is some stuff about a guy by the name of Trench 
Moore [sic], Trench was a student of Shannon’s, and in fact Shannon thought 
that what Trench was doing was infinitely further ahead than what we were 
doing. So there’s this funny little exchange and counterexchange and so forth 
that relates to what Trench is doing and so forth.”39

 By May 1956, McCarthy had formalized the arrangements for the sem-
inar, which was to be held from mid-June to mid-August at Dartmouth 
College. McCarthy told the Rockefeller Foundation that the participants 
for the full period would be himself, Minsky, MacKay, Ray Solomonoff at 
MIT, John Holland from Rochester’s group at IBM, and Julian Bigelow, a 
founding member of the Macy conference on cybernetics and von Neumann’s 
chief engineer on the computer project at Princeton. Those who planned to 
attend for two weeks at the beginning of the summer at Dartmouth and two 
weeks at the end were Shannon, Rochester, and Selfridge. Newell and Simon 
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would attend for two weeks at the beginning. To help compensate for the 
budget cut made by the Rockefeller Foundation, IBM and Lincoln Lab 
would pay the salaries of their employees while they attended the seminar. 
McCarthy hoped the conference would focus on his area of research, telling 
Morison, “At present it looks as though we shall concentrate on a problem 
of devising a way of programming a calculator [computer] to form concepts 
and to form generalizations.”40

 The conference did not work out as planned, neither in regard to who 
actually attended, nor to the group’s focusing on one research project. Sev-
eral of the participants listed by McCarthy did not attend. MacKay, who was 
probably added at the request of the Rockefeller Foundation, and whose 
travel from Britain the foundation was funding from another account, can-
celled at the last moment. He decided to stay with his wife, who was having 
their first child.41 That removed an outspoken advocate of the cybernetic, 
combined analog and digital approach to brain modeling from the seminar. 
Holland at IBM decided not to attend because of previous commitments, a 
decision he later regretted. Shannon did not make it either and probably sent 
his student Trench More in his place, most likely to continue the conversa-
tion with Simon and Newell. Bigelow, whom Shannon had met at the Macy 
conferences on cybernetics, does not appear in accounts of the Dartmouth 
seminar. New attendees included Herb Gerlertner and Arthur Samuel from 
IBM, and Selfridge. (The ten official participants were thus Gerlertner, Mc-
Carthy, Minsky, More, Newell, Samuel, Selfridge, Simon, Solomonoff, and 
Rochester.)42 Bernard Widrow, who received his Ph.D. from MIT that sum-
mer, and a colleague heard about the conference, drove from Cambridge 
to Dartmouth on their own initiative, and were welcomed by the group. 
Widrow, who developed adaptive neural nets in the 1960s, recalls being 
“fascinated by the things I heard [at Dartmouth] about artificial intelligence. 
I knew that I was going to dedicate the rest of my life to that subject.”43

 One reason there is uncertainty about who attended the event is that 
McCarthy did not prepare a report on it for the Rockefeller Foundation. 
He submitted only a paper written by Solomonoff. In a letter promising to 
write a report, McCarthy told the foundation that at the session on autom-
ata at the IRE Symposium on Information Theory, to be held in September, 
“all of the speakers [Simon, Newell, Rochester, Minsky, Solomonoff, and 
McCarthy] will be participants in our summer project (some for only a 
short time).” Because they missed a deadline, only the papers by Simon and 
Newell (on the Logic Theorist) and by Rochester and his group (on brain 
modeling) would appear in the announcement for the symposium and in 
its proceedings.44
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 Simon recalls some “tough negotiations” about the session. McCarthy 
wanted to chair the session and summarize the research done at Dartmouth. 
“And we [Simon and Newell] allowed as how that wasn’t going to happen 
and so poor Walter Rosenblith [a colleague of Wiener’s at MIT] . . . who 
was supposed to chair the session, walked around with us around the M.I.T. 
campus, we strolled down the Memorial Boulevard and so on, negotiating 
this. . . . And finally it was agreed that John McCarthy would get up an give 
a general speech about what went on and then Al would present our work 
in particular.” Simon and Newell were satisfied with the arrangements but 
felt the symposium’s audience was not ready to understand their symbolic 
approach to artificial intelligence. McCarthy later admitted that Newell and 
Simon “felt, perhaps quite correctly, that the situation was anomalous.”45

 In later years, the 1956 information theory symposium at MIT came to be 
seen as the founding event for the new field of cognitive science because of 
papers given there by linguist Noam Chomsky and psychologist George Miller, 
in addition to that by Simon and Newell (see chapter 4). Miller also said the 
event led to the decline in the usage of the term cybernetics for this general area 
of research.46 Shannon had stopped doing research on automata at this time, 
and he gave a paper at the 1956 symposium on coding for a noisy channel, 
which became a classic in the booming field of information theory.47

 The Rockefeller Foundation was unsure at the time about the success of 
the Dartmouth conference. It probably liked the fiscal responsibility shown 
by the organizers and Dartmouth College, which returned about one-fourth 
of the grant as unspent funds.48 But the foundation was dissatisfied with the 
lack of reporting about the seminar. When Selfridge spoke to Morison about 
the possibility of the foundation’s providing travel money for U.S. research-
ers to attend a conference on artificial intelligence at the National Physical 
Laboratory in Britain, which was planned for fall 1957, with Selfridge and 
Minsky as the U.S. organizers, Morison had misgivings. As recorded in his 
diary, he told Selfridge, “there has been a little feeling here that we were not 
entirely well informed as to what went on at the conference held in Hanover 
[New Hampshire] last summer.” Yet Morison came away from the interview 
with an “excellent impression of S. [Selfridge], and there is no doubt about 
the qualifications of most of the other people who would be invited to the 
conference.” The list included Minsky and McCarthy, as well as such cyber-
netics researchers as Pitts and Lettvin from McCulloch’s lab at MIT, and 
Ashby and Uttley in Britain. Shannon and MacKay were on the advisory 
committee. Morison now acknowledged that the “field is an important one 
and [is] developing very rapidly.” But the foundation apparently did not fund 
the conference.49
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 Held in Teddington, England, in late 1958, the conference on “Mechani-
sation of Thought Processes” marked a milestone in the history of artificial 
intelligence.50 Organized by Uttley in Britain and Selfridge in the United 
States, the conference gathered together proponents of the main approaches 
to machine intelligence of the day. Papers were given by Minsky, McCarthy, 
and Selfridge on symbolic AI; by McCulloch, Uttley, and Frank Rosenblatt 
of Cornell University on neural nets; and by Ashby, MacKay, and British 
cybernetician Gordon Pask on non-neural-net self-organizing systems. Min-
sky alluded to his conversion from neural nets to the symbolic method by 
noting that his proposed heuristic computer program for solving problems 
in plane geometry was based on notes he had circulated at the Dartmouth 
conference.51

 In 1968, when Minsky credited cybernetics with spawning three branches 
of machine intelligence, he reduced the meaning of the term cybernetics, 
which had referred to all approaches to machine intelligence before the Dart-
mouth conference, to brain modeling. He effectively limited the label cyber-
netics to the work conducted on self-organizing systems and neural nets at 
the Ratio Club in Britain and the Biological Computer Laboratory at the 
University of Illinois.

Bionics: From Living Prototypes to Human Augmentation

Not only was the Biological Computer Laboratory (BCL) a center for neu-
ral nets, it pioneered in the related area of bionics, a Cold War interdisci-
pline (a fusion of biology and electronics) that designed machines on the 
model of humans and other living organisms. In 1965, a popular-science 
writer praised bionics as an “offshoot science” of cybernetics, one that had 
a “more apt and readily understood name.” Bionics later became known as 
the “engineering term for working on the idea of cyborgs,” and, as an adjec-
tive, for a cyborg figure, a fusion of human and machine, as in the Bionic 
Man.52 Yet the original purpose of the field was to imitate organic systems 
in the design of complex electronic systems for the military, to borrow ideas 
from “living prototypes” to make those electronic systems more reliable, 
not to create cyborgs.
 The beginnings of bionics owe a debt to the research of Warren McCulloch 
and Walter Pitts on neural nets, Norbert Wiener on cybernetics, and to the 
BCL. Established in 1958 by Heinz von Foerster, the chief editor of the pro-
ceedings of the Macy conferences on cybernetics, the BCL was a small in-
terdisciplinary lab. It was not as well known as MIT’s Research Laboratory 
of Electronics, which McCulloch had joined in 1951. Von Foerster used the 
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term biological computer to mean a computer that mimicked the information- 
processing functions of biological organisms, such as the pattern recognition 
performed by a frog’s eye, the subject of a well-known paper by McCulloch’s 
group at MIT.53 The BCL and other centers of bionics, such as those at 
Cornell University, AT&T’s Bell Telephone Laboratories, General Electric, 
and the Radio Corporation of America, sought to build computers from arti-
ficial neural nets, not from biological elements.54

 Von Foerster established the laboratory as a center for cybernetics on the 
basis of a grant from the Office of Naval Research; it received most of its 
funding from the air force and some from the National Science Foundation. 
W. Ross Ashby was funded by the laboratory after he moved from Britain 
to join the University of Illinois in 1961. McCulloch consulted on the proj-
ect, and his staff at MIT sent electronic neurons (to make neural nets) to 
Illinois.55 Military agencies funded the Illinois lab and other projects in bi-
onics because they thought biological organisms—which had adapted ro-
bustly to their environments through evolution—could provide clues on how 
to solve the reliability problems endemic to the complex electronic systems, 
such as guided missiles and avionics, used to fight the Cold War.56

 Major Jack Steele of the air force’s Aerospace Medical Division recalls 
coining the term bionics from Greek roots in the late 1950s to mean “using 
principles derived from living systems in the solution of design problems.”57 
Seven hundred scientists and engineers from several disciplines in the Cold 
War military-industrial-academic complex attended the first Bionics Sympo-
sium, held at the Wright-Patterson Air Force Base in Ohio in 1960. Steele and 
John Keto, chief scientist at the Wright Air Development Division, organized 
the symposium, McCulloch chaired a technical session, and von Foerster 
wrote the preface to the conference proceedings. The air force sponsored 
three more symposia in the 1960s, which popularized bionics as a new area 
flush with military funding, reported to be $100 million in 1963.58

 In his keynote address to the first symposium, Keto said bionics aimed to 
“cross-couple the know-how we have achieved, or are achieving, concern-
ing live prototypes toward the solution of engineering problems.” In an 
encyclopedia article on bionics, von Foerster defined it more extensively as 
“a new engineering science that in general applies organizational principles 
of living organisms to the solution of engineering problems. In particular, 
it considers living organisms as prototypes in dealing with the theory, cir-
cuitry, and technology of information-processing electronic components, 
systems of such components, and compounds of such systems.”59 Thus, the 
founders of bionics did not view the purpose of this merger of biology and 
electronics—whose symbol was a mathematical integration sign holding a 
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scalpel at one end and a soldering iron at the other—to be the production 
of cyborgs, as implied by later interpretations of the word “bionics.”60 The 
present-day cyborgian meaning of bionics, the technological enhancement 
of humans to give them superhuman capabilities, dates to the popular tele-
vision show, The Six Million Dollar Man in the mid-1970s.61

 The contrast between the scientific and popular meanings of bionics is 
evident in one of the experimental projects von Foerster’s lab completed in the 
early 1960s. The Numa-Rete, built in 1961, used a twenty-by-twenty array of 
photocells connected to a network of artificial neurons to detect edges of 
two-dimensional convex objects placed over the cells. By summing the dif-
ferences in the number of edges detected and dividing, Numa-Rete could 
“count” the number of objects in its field of vision. Von Foerster’s lab built 
the device from elements that resembled biological organisms—electronic 
neurons—rather than programming a digital computer to simulate percep-
tion, the competing method of symbolic artificial intelligence.62

 Most of the participants at the air force bionics symposia in the 1960s 
did this type of research. They focused on the theory of neural nets and 
self-organizing systems, experiments on pattern and speech recognition in 
animals and machines, and artificial intelligence. Their efforts to create cy-
borgs (see the next section) existed on the margins of the conferences, in 
efforts to design prosthetic devices and human augmentations, often to op-
erate weapons systems. At the first bionics symposium in 1960, Keto noted 
the military promise of bionics, then listed several “humanitarian” uses, 
similar to those proposed by Wiener in the 1950s: “Prosthetic devices to 
assist the crippled; aids to the blind to permit them to perform in a more 
normal fashion; means for restoring man’s capabilities that deteriorate with 
age or due to disease—hearing, seeing and others.”63

 A few instances of this type of research, termed “medical bionics” by the 
air force, were presented at the symposia. At the third symposium in 1963, 
researchers at the Stanford Research Institute described a way to present 
spatial images by tactile means to assist jet pilots dealing with information 
overload. At the Spacelab company in California, researchers developed a 
myoelectric servo control system that would enable a pilot to “move his arm 
to certain positions in a space capsule under heavy g loads.” The system 
operated much like a Russian artificial arm (see below).64 At the fourth 
symposium in 1966, a researcher at the Philco Corporation described a joint 
project with Temple University, funded by the U.S. Vocational Rehabilita-
tion Administration, that used the new technology of integrated circuits to 
provide pattern recognition of electromyographic (EMG) signals to control 
a powered prosthetic arm.65
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 More research was conducted on prosthetics and human augmentation 
than that presented at the bionics symposia. The Stanford Research Institute 
was working on updated versions of Wiener’s projects: a tactile hearing aid 
and a photocell device for navigation by the blind. The navy funded a so-
called amplified man, who would myoelectrically control “powerful me-
chanical arms and legs, not with levers and switches, but with thoughts.”66 
The army funded “giant walking machines” for soldiers, what contractor 
General Electric called “cybernetic anthropomorphic machines.”67 In the 
mid-1960s, the National Aeronautics and Space Administration (NASA) and 
the Atomic Energy Commission funded a study of such “teleoperators,” 
defining teleoperator as a “general purpose, dexterous, cybernetic machine.” 
The study noted that GE called the field “mechanism cybernetics.”68 Non-
military projects included pacemakers, baropacers to regulate blood pres-
sure, and an artificial arm developed at Case Institute of Technology, which 
was funded by the U.S. Department of Health, Education, and Welfare.69

 In 1968, science writer Daniel Halacy briefly described these fusions of 
humans and machines (these cyborgs) in his popular book, Bionics. He de-
fined bionics as “the science of machines and systems that work in the manner 
of living things.”70 The definition was broad enough to include the interpre-
tation of the founders of the field—McCulloch, von Foerster, and Steele—as 
well as the new view of bionics as human augmentation, the science and 
engineering of cyborgs.

Cyborgs: Fusing Humans and Machines

Although humans have created cyborgs for generations, the term itself has 
a specific Cold War pedigree.71 In 1960, the same year the word bionics was 
coined at the height of the space race, Manfred Clynes, chief research scien-
tist at the Rockland State psychiatric hospital in New York, introduced the 
term cyborg in a paper presented at a military conference on space medi-
cine, which he coauthored with Nathan S. Kline, director of research at 
Rockland and a specialist in therapeutic drugs. “For the artificially extended 
homeostatic control system functioning unconsciously, one of us (Manfred 
Clynes) has coined the term Cyborg. The Cyborg deliberately incorporates 
exogenous components extending the self-regulatory control function of 
the organism in order to adapt it to new environments.” Clynes and Kline 
created the cyborg technique as a means to alter the bodies of astronauts so 
they could survive the harsh environment of outer space, an alternative to 
providing an Earth-like environment for space travel.72

 Clynes and Kline introduced the term as an abbreviation for “cybernetic 
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organism.” They used cybernetic in the sense defined by Wiener, as an adjec-
tive denoting the “entire field of control and communication theory, whether 
in the machine or in the animal.”73 At first encounter, cybernetic organism 
seems like a misnomer, because all organisms are cybernetic in that they 
interact with the world through information and feedback control, the key 
concepts in cybernetics. The usage by Clynes and Kline becomes clearer 
when we consider the laboratory mouse that they implanted with an osmotic 
pump. Drugs are injected into the mouse at a biological rate controlled by 
feedback. The researcher monitors and sets the rate of the pump. The mouse 
with the implanted pump is thus a cybernetically extended organism—an 
organism extended by means of cybernetic technology—what they called a 
cyborg.
 Rather than being the central concern of cybernetics, as today’s field of 
cyborg studies contends,74 cyborgs were a minor research area in the cyber-
netics moment, usually classified under the heading of “medical cybernetics,” 
in the United States and Britain in the 1950s and 1960s. Most cybernetics 
research focused on the analogy between humans and machines—the main 
research method of cybernetics—not the fusion of humans and machines—
the domain of cyborgs. Most researchers created models of human behavior 
and humanlike machines, instead of enhancing human capabilities through 
cyborg engineering.
 In addition to bionics, we can find cyborgs in three areas of cybernetics: 
prosthetics, bioastronautics, and technology policy. Although later writers 
and film directors often blurred the boundaries between robots and cy-
borgs—in the first Terminator movie, for example, where the Cyberdyne 
System Model 101, identified as a cyborg in the movie, is a “barely organic” 
cyborg, “merely a human skin over a complete robot”75—I will not discuss 
early robots in cybernetics in this chapter. The exemplars discussed in earlier 
chapters—Wiener’s moth/bedbug, W. Grey Walter’s tortoises, W. Ross Ashby’s 
homeostat, and Claude Shannon’s electromechanical mouse Theseus—did 
not have an organic component and, consequently, would not fall under the 
(rather broad) scholarly usage of the term cyborg. As noted by Katherine 
Hayles, these early robots were “cybernetic mechanisms,” not cyborgs.76

 Wiener’s work on prosthetics was an early area in which a prominent 
cybernetician combined humans and machines into integrated information 
systems, what would later be called cyborgs. The hearing glove, described 
in chapter 3, is a good example of what Hayles calls technical cyborgs; she 
mentions the device as a prosthesis, but not explicitly as an example of a 
cyborg. Information is extracted from sound waves in a disembodied form 
so it can travel across the boundary between the machine (the electrical fil-
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ters) and the organism (the human hand). In fact, Wiener described the 
glove’s operation in terms of “amount of information,” a key concept he and 
Shannon had independently developed in information theory. Hayles iden-
tifies the theory as the site for the scientific disembodiment of information, 
a prelude to creating electronic cyborgs.77 Wiener called the hearing aid an 
“artificial external cortex.” This is the type of comment that inspired media 
theorist Marshall McLuhan, who admired Wiener, a decade later to talk 
about telecommunications as the artificial nervous systems that humans 
wear outside of their bodies.78

 At the same time he was working on the hearing glove, Wiener started 
thinking about another way to create cyborgs: artificial homeostasis, the 
external cybernetic control of a homeostatic physiological function in ani-
mals. In 1951, he described the recent invention of a “mechanical anesthe-
tist” that automatically regulated the administration of anesthesia to an 
animal or human based on feedback from an electroencephalogram (EEG). 
Wiener called it an “artificial chain of homeostasis combining elements in 
the body and elements outside,” and noted that the principle could be ap-
plied in other areas, like medicating the heart. He later predicted (correctly) 
that this form of “artificial homeostasis” would be used to treat diabetics 
with insulin.79

 Toward the end of his life, Wiener worked a great deal in these areas, 
placing prosthetics and artificial homeostasis in the area of “medical cyber-
netics” and the analysis of brain waves, for example, in the area of “neuro-
cybernetics.”80 In 1965, Ronald Rothchild, a master’s student in mechanical 
engineering at MIT, designed and built an artificial arm controlled by am-
plified electric potentials from the amputated muscle, electromyographic 
(EMG) signals. The resulting “Boston Arm” was inspired by Wiener’s ideas 
on the subject in the early 1960s.81 In 1963, Wiener proposed the idea of 
implanting a syringe into diabetes patients to give them automatic injections 
of insulin based on feedback monitoring, which Wiener again referred to as 
“artificial homeostasis.” He may have discussed this type of cyborg in con-
versations he had with a Lockheed scientist on applying cybernetics to space 
flight earlier in 1963, or with Manfred Clynes at a control-systems confer-
ence in Russia in the summer of 1960, when Clynes was in the midst of his 
research on cyborgs and bioastronautics.82 What better way to describe the 
material cyborg, in fact, than an organism with artificial homeostasis?
 The debt of Manfred Clynes and Nathan Kline, the creators of the cy-
borg technique, to cybernetics is clear. In May 1960, shortly before they 
delivered their paper to a symposium on the psychophysiological aspects of 
space flight, held at the air force’s School of Aviation Medicine in Texas, a 
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reporter asked Kline how they came up with the cyborg concept. “We were 
asked to present a paper on drugs for space flight, . . . and this naturally led 
to a question of how they would be administered. This would have to be 
done automatically, of course, and this led us to applications of cybernetics 
to the problem. From this we established a whole new approach based on 
adapting the man to the environment rather than keeping him in a sort of 
environment to which he was naturally adapted.”83

 Clynes and Kline proposed that humans could endure the rigors of long 
space flights, to Mars for example, by becoming cybernetically extended 
organisms. Like the cyborg mouse, humans would be unconsciously injected 
with drugs to control their physiological functions—a form of artificial 
homeostasis—so they could explore the vastness of space without cumber-
some space suits and other life-support equipment. Artificial organs would 
further reduce their physiological needs. Ironically, Clynes and Kline thought 
that becoming a cyborg in this manner would thus free humans from their 
machines, from all the equipment needed to create an Earth-like environ-
ment in space. In a recent interview, Clynes said he did not think that joining 
humans to machines in this manner would change the nature of being 
human,84 the concern of science fiction writers, social scientists, and human-
ists since the 1960s.
 The partner most familiar with cybernetics was Clynes. After receiving a 
bachelor’s degree in physics from the University of Melbourne in 1945, 
Clynes, an accomplished pianist, took courses on physiological acoustics 
and psychomotor coordination at the Julliard School of music, where he 
obtained an M.S. in 1949, then studied the psychology of music on a Ful-
bright fellowship. He joined Rockland State Hospital in 1956, as chief re-
search scientist in charge of the Dynamic Simulation Laboratory. At Rock-
land, Clynes specialized in applying computer techniques and feedback theory 
to understanding homeostatic physiological functions, a field that was be-
coming known as “biocybernetics.” Soon after joining Rockland, he met 
Warren McCulloch, who had worked at the hospital in the 1930s. A leading 
figure in cybernetics following the Macy conferences, McCulloch was im-
pressed with Clynes’s research; he gave his grant application to the National 
Science Foundation the highest rating and supported his application for 
senior membership in the Institute of Radio Engineers. McCulloch was also 
impressed with how Kline had put the Rockland hospital on the research 
map after the war. By 1961, Clynes had published almost a dozen papers on 
the application of control-system theory to physiology, and Kline was well 
known for his work on psychiatric drugs.85

 Theirs was a fruitful collaboration for creating the radical idea of the 
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cyborg technique for space medicine, of implanting cybernetic devices into 
astronauts so they could endure long space flights and explore planets. 
Clynes and Kline called the optimistic enterprise “participant evolution,” and 
predicted that this human-controlled endeavor would drastically reduce the 
time it would take natural evolution to adapt humans to the environments 
of outer space. For them, “The challenge of space travel to mankind is not 
only to his technological prowess, it is also a spiritual challenge to take an 
active part in his own biological evolution.”86

 The term cyborg and representations of the space cyborg quickly entered 
popular culture. A few days before the air force symposium at which Clynes 
and Kline introduced the term in May 1960, the New York Times published 
a layperson’s definition of the cyborg in an article about their paper, based 
on a press release and interviews with the authors. “A cyborg is essentially 
a man-machine system in which the control mechanisms of the human por-
tion are modified externally by drugs or regulatory devices so that the being 
can live in an environment different from the normal one.”87 In July, an artist 
illustrated the futuristic vision of Clynes and Kline for a photo essay in Life 
magazine, nearly a year before the Soviets launched the first human into space 
(fig. 7). In the drawing, two cyborg astronauts, part-human, part-machine, 
explore the moon’s surface in skin-tight space suits. Their lips sealed, but 
their eyes open (probably to give them a more human appearance), the cy-
borgs “breathe” by artificial lungs and communicate through radios activated 
by voice nerves. An array of tubes on their belts infuse chemicals to control 
homeostatically their blood pressure, pulse, body temperature, and radia-
tion tolerance.88

 The illustration seems to come straight out of a science fiction novel. 
Indeed, it was more futuristic than most contemporary science fiction in the 
United States, which had depicted cyborglike entities mainly as disembod-
ied brains from the 1930s to the 1950s. One novel published in 1948, Scan-
ners Live in Vain, by Cordwainer Smith, did portray entities similar to the 
cyborgs of Kline and Clynes. In the novel, future humans elect to have their 
bodies altered as cyborg “scanners” in order to travel in space. The sensory 
inputs to their brains are bypassed, so they do not feel pain, and are sent 
instead to a chest “brainbox,” which the cyborgs continuously monitor 
(scan) for their physiological conditions while exploring outer space. Cyborgs 
are not depicted as specially fitted space explorers again in American science 
fiction until the mid-1960s.89

 Although clearly futuristic, the Life illustration accurately depicts the 
technical proposals made by Clynes and Kline in their 1960 symposium 
paper. The cyborg concept was too drastic, however, for one reader of Life. 
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A self-identified “technologist” wrote to the editor that he “was profoundly 
shocked by the inhuman proposal . . . for the manufacture of ‘Cyborgs,’ ar-
tificially de-humanized, mechanized monsters.” The editor reassured him and 
other readers that “Cyborgs would be humans with some organs only tem-
porarily altered or replaced by mechanical devices. On returning to earth the 
devices would be removed and normal body functions restored.”90

 As radical as these ideas seemed at the time (and perhaps even today), the 

Figure 7. This futuristic drawing of astronauts exploring the moon without 
spacesuits, published in Life magazine, accurately portrays the “cyborg” con- 
cept (fusing humans with machines) that Manfred Clynes and Nathan Kline 
announced in a scientific paper in 1960. From Life, July 11, 1960, artwork by 
Fred Freeman.
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space-medicine community took them seriously. A trade journal account of 
the 1960 air force symposium said that most of the participants recommended 
surrounding astronauts with as much of an Earth-like environment as pos-
sible such as breathable air and artificial gravity. But a “minority report filed 
by several of the experts questioned whether it might not be wiser to change 
man, making him more adaptable to space conditions as they are.” A psy-
chologist suggested using hypnosis; a professor of surgery recommended 
hypothermia. “The most imaginative alteration in man” was the cyborg con-
cept proposed by Clynes and Kline.”91 Another writer described how the 
“Cyborg, a man-machine system,” would help solve the vexing problem of 
protecting astronauts from the radiation in outer space. “A servo-mechanism 
would signal an increase in radiation count, and trigger the administration 
of anti-radiation drugs.”92

 NASA took notice and funded research on the cyborg technique. The 
United Aircraft Corporation in Connecticut presented a proposal to the life 
sciences unit at NASA’s Ames Research Center in April 1962.93 That August 
the newly formed Division of Biotechnology and Human Research, a branch 
of a reorganized Office of Advanced Research and Technology at NASA 
headquarters, signed an eight-month contract with United Aircraft’s bio-
astronautics unit to conduct a study of cyborgs in space.94 Heading a group 
of seven researchers, including medical doctors, physiologists, and engineers, 
director Robert Driscoll issued an interim report in January 1963 and a 
final report, titled “Engineering Man for Space: The Cyborg Study,” that 
May. The lengthy document presented the results of Phase I of the contract, 
a feasibility study of five aspects of the cyborg concept: artificial organs, 
hypothermia, drugs, sensory deprivation, and cardiovascular models. Al-
though the study referenced the symposium paper by Kline and Clynes only 
once, it explicitly stated their concept of the cyborg technique and its broad 
implications. “Circumventing the slow process of natural selection by inte-
grating man with machine makes possible the special man with increased 
functional capabilities. This is the Cyborg, the cybernetically controlled man 
who functions servomechanistically to cope with environments he does not 
fully comprehend.”95

 The optimistic goal was introduced in the section on artificial organs 
(lungs, heart, and kidney). The section concluded, however, that the exten-
sive equipment required to support artificial organs at that time would not 
permit them to be used in space flights in the near future. “The real signifi-
cance of research into artificial organs lies in their use as experimental analogs 
for substitution into test conditions for evaluation without risking human 
life.” The report was more optimistic about hypothermia, predicting that 
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the bulky equipment required to support it could be reduced in size and that 
the process could be automated for space travel within five to fifteen years. 
More research was needed on drugs to induce hypothermia, as well as using 
drugs to control the psychophysiology of astronauts. The Cyborg Study also 
argued that sensory deprivation was an important factor to consider be-
cause of the recent experience of astronauts orbiting the earth.96

 Moving from literature surveys and theoretical speculations to experi-
mental research, UAC built electrical and mechanical models of the human 
cardiovascular system, which it verified through experiments on animals. 
The goal was to understand how human physiology fared in simulated 
space environments, to establish a medical basis that could be used to cre-
ate the type of cyborgs advocated by Clynes and Kline. In this regard, they 
referred to Clynes’s recent research on the biocybernetics of cardiovascular 
systems.97

 For Phase II of the Cyborg Study, which began in May 1963,98 United 
Aircraft dropped the areas directly related to building cyborgs (artificial 
organs, hypothermia, and drugs), proposed to continue their work on space 
medicine (the biocybernetic modeling of cardiovascular and other systems), 
and offered to design systems that addressed pressing needs of the space 
program (ways to overcome sensory deprivation and the observed loss of 
calcium during space flights). Although the life-support systems contra-
dicted the “cyborg technique” of Clynes and Kline by providing Earth-like 
environments, the report restated the goals of that technique, albeit in a 
qualified manner. “Out of the CYBORG program we will be able to under-
stand considerably more about man, his systems and his subsystems. Meth-
ods for augmenting and extending his limitations, which will be compatible 
with the state of the art and the applicability of man in a space mission[,] 
will be derived from CYBORG in an effort to obtain the maximum integra-
tion of man into a man-machine complex.”99

 While the eventual goal of this integration may have been the radically 
augmented and extended cyborg of Clynes and Kline, the researchers em-
phasized their plans to conduct long-term research in “Biocybernetics,” of 
creating models to study human physiology in simulated space environ-
ments. Modeling resonated well with Wiener’s definition of cybernetics. 
This emphasis is evident in the report’s concluding lines. “A significant 
number of experiments will be performed on animals and man throughout 
this program to verify the modelling concepts which have evolved from the 
CYBORG theory,” an allusion to Clynes’s biocybernetics papers, not to the 
cyborg paper of Kline and Clynes. “In this way CYBORG will have accom-
plished its mission by providing a better understanding of the biological 
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design of man and relating the impact of this understanding to compatible 
hardware systems.”100

 Apparently neither the long-term scientific goal nor the short-term de-
sign proposals were enough to continue the Cyborg Study.101 United Air-
craft does not seem to have issued a report on Phase II. It is not clear why 
the project was discontinued,102 but NASA was dissatisfied with it. In August 
1963, three months into Phase II, United Aircraft submitted a three-page 
progress report to Frank Voris, director of the Human Research section of 
NASA’s Office of Advanced Research Technologies, detailing three research 
projects: in “biocybernetics” (intensive experiments on blood-pressure in-
formation sent to a dog’s brain); mineral metabolism (early stage of human 
experiments on loss of calcium under immobilization); and sensory depri-
vation (proposed human experiments on psychological effects).103

 The report did not satisfy. Two weeks later, Voris asked three researchers 
in space medicine—at a private laboratory, the Lockheed Company, and 
Brooks Air Force Base—to review the Cyborg Study. Voris acknowledged 
that changes in NASA management during the course of the project had 
resulted in a change of direction for it, then laid out his concerns. “Presently 
there exists in the minds of some of us a question of whether the company 
has produced results commensurate with the monies spent. Also, there is 
some doubt as to the capability of the company to successfully pursue fur-
ther work under this contract.” He asked for their “expert opinions as to 
whether the NASA should continue to support this effort,” and, if so, to 
what extent.104

 Despite these problems, Warren McCulloch, who was an adviser to Voris’s 
division, asked NASA for a copy of the cyborg report in December 1964. 
McCulloch’s involvement is not surprising because of his ubiquitous pres-
ence in the field of cybernetics in the United States. More specifically, he 
was a member of the Biocybernetics Committee of the Aerospace Medical 
Association, which Eugene Konecci, director of NASA’s Biotechnology and 
Human Research Division, chaired. The fact that Konecci, a proponent of 
biocybernetics, resigned from NASA in 1964 may help to explain the demise 
of the Cyborg Study.105 NASA went on to build many cyborgs—notably, by 
attaching life-support equipment to astronauts, the core of its “manned” 
space program—but not the type of cyborg proposed by Clynes and Kline.
 A striking instance of cyborg imagery exists in the personal correspon-
dence between cyberneticians. In April 1969, Walter Pitts wrote to his for-
mer collaborator on the theory of neural nets, Warren McCulloch, who was 
in the hospital recovering from a heart attack at the age of seventy. “I un-
derstand you had a light coronary . . . that you are attached to many sensors 



Machines as Human          177

connected to panels and alarms continuously monitored by a nurse, & can-
not in consequence turn over in bed. No doubt this is cybernetical. But it all 
makes me most abominably sad.”106 Walter thought he and Warren could 
perhaps one day draw up their wheelchairs and chat about old times. I in-
terpret Pitts to mean that being cyborglike in this manner was of scientific 
interest, that it was “cybernetical” and therefore worthy of study. But the 
human aspect was sad. Pitts died a month later of complications from liver 
disease, followed by McCulloch in September.107

 That brings us to the topic of cyborgs as a concern in technology policy, 
which I’ll discuss by comparing two books published in the mid-1960s. In 
God and Golem (1964), Wiener briefly discussed prostheses under the cat-
egory of the coordination of humans and machines. He thought that a Rus-
sian-built artificial arm, which operated from the amputee’s EMG signals 
“really makes use of cybernetical ideas.” He praised it as an example of the 
“construction of systems of a mixed nature, involving both human and 
mechanical parts.” Although Wiener had warned the public for more than 
a decade about the possible adverse consequences of cybernetics, especially 
those caused by automatic factories and military applications, and although 
he had mentioned potential dangers in human augmentation in 1950, he did 
not warn readers of God and Golem about the dangers of a “new engineer-
ing of prostheses.”108

 The thrust of a more sensational, journalistic book, Daniel Halacy’s 
 Cyborg—Evolution of the Superman (1965) was to educate readers about 
the promises and dangers of the evolution of humans into cyborgs and the 
cyborg into a “superman.” Recognizing that humans have linked themselves 
with machines for centuries in a cyborglike manner, Halacy worried about 
a speed-up in this process in the present. “For better or for worse we are 
committed to what Clynes and Kline have termed ‘participant evolution.’ 
Man himself is now an important factor in his own development.” Scientists 
and engineers had lately turned science fiction into fact by creating artificial 
arms, pacemakers, and remote-controlled drones. Although Halacy imag-
ined a bleak future in which cyborgs warred against humans—the theme of 
the Terminator movie twenty years later—he was not worried about the fate 
of humans. Because we cannot stop participant evolution, he reasoned, it 
was best to guide it in humane ways.109

 The science fiction writer Arthur C. Clarke was even more optimistic in 
1962: “I suppose one could call a man in an iron lung a Cyborg, but the con-
cept has far wider implications than this. One day we may be able to enter 
into temporary unions with any sufficiently sophisticated machines, thus 
being able not merely to control but to become a spaceship or a submarine 
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or a TV network. This could give far more than purely intellectual satisfac-
tion; the thrill that can be obtained from driving a racing car or flying an 
airplane may be only a pale ghost of the excitement our great-grandchildren 
may know, when the individual human consciousness is free to roam at will 
from machine to machine, through all the reaches of sea and sky and 
space. . . . If this eventually happens—and I have given good reasons for 
thinking that it must—we have nothing to regret, and certainly nothing to 
fear.”110 These hopes and fears were amplified and reworked in the 1970s 
by other science fiction writers, futurists, and academics building a new field 
called Science, Technology, and Society.111

Modeling humans as machines in the social sciences and biology, creating 
humanlike machines in AI and bionics, and fusing humans and machines as 
cyborgs mark the height of the cybernetics moment in the United States. 
From the 1950s to the mid-1960s, these modeling and design practices went 
far to enact cybernetics as the universal science its proponents claimed it to 
be. By adopting cybernetic models in a wide variety of fields—psychology, 
linguistics, management science, political science, anthropology, bionics, 
and cyborg engineering—researchers demonstrated that cybernetics and 
information theory could indeed model organisms at all levels, from the cell 
to society. They helped create the “Machine in Man’s Image,” as one maga-
zine titled an early review of Wiener’s book Cybernetics.112
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The progress that cybernetics made toward becoming a universal 
science in the United States by modeling humans as machines in the 

1950s had an unintended consequence: the proliferation of meanings of 
cybernetics. Biophysicist Walter Rosenblith, one of Norbert Wiener’s col-
leagues at MIT’s Research Laboratory of Electronics, captured the tenor of 
those meanings in a memorial tribute to Wiener published in 1965. “To 
Wiener and many of his colleagues,” Rosenblith wrote, “communication 
was clearly the cement of the nervous system, of society, of any completely 
organized structure. There was less than unanimity among them and the 
scientific community at large as to whether cybernetics was a unifying sci-
ence, a common basis for thought, a convenient common language for func-
tionally related problems, a set of analogies, or a program. How cybernetics 
will ultimately be viewed depends upon the scientific fruit it will bear.”1

 Ironically, that ambiguity infuriated many scientists and signaled the end 
of the cybernetics moment in the United States, as the movement to create 
a universal science fell apart in the 1960s. In The Study of Information 
(1983), a collection of essays that surveyed the information sciences, infor-
mation theorist Peter Elias at MIT contrasted the history of cybernetics in 
the United States with that in the Soviet Union. In America, Elias claimed, 
“there is no present designation that has widespread professional accep-
tance and denotes approximately the particular mix of topics and tech-
niques denoted by cybernetics here and by information theory in England 
in the early 1950s.” The biologists and social scientists “who might have 
called themselves cyberneticists in the early 1950s had mostly returned by 
the 1960s to their original disciplines” and integrated cybernetic concepts 

Chapter Seven

Cybernetics in Crisis
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into those fields. “In the Soviet Union, however, cybernetics became an im-
portant label just as its use was fading in the West.”2

 Rather than narrate the success story told by most historians of cyber-
netics, or the rise-and-fall story told by Elias and his contemporaries, I ex-
amine the mixed fate of cybernetics in the United States during the 1960s 
and 1970s. In that period of crisis, American cyberneticians lamented the 
discrediting of their field as a unifying discipline and its fragmentation into 
separate fields, attempted to revive its fortunes by establishing new profes-
sional societies for it, and reinvented cybernetics as a science of social sys-
tems and as a relativist epistemology. The cybernetics moment came to an 
end in the United States, not with the death of cybernetics, but with its de-
cline, revival, and reinvention.

Cybernetics Discredited

As we have seen, cybernetics, the new science with the mysterious name, 
attracted criticism from the very beginning. By the late 1950s, it had become 
a discredited label among information theorists in England. At Imperial 
College, Denis Gabor remarked in a 1958 book review that the “term [cy-
bernetics] is strongly disliked and carefully avoided in British and American 
‘quantitative’ circles,” that is, in the physical sciences, engineering, and 
mathematics.3 The following year, Donald MacKay at King’s College, Lon-
don, wrote to Heinz von Foerster at the University of Illinois that he (MacKay) 
was dismayed that von Foerster, chief editor of the Macy conference proceed-
ings on cybernetics, had lent his name to ARTORGA (the Artificial Organ-
ism Research Group), which MacKay considered to be disreputable. “It’s 
for just this kind of reason,” wrote MacKay, “that folk like Gabor, [Albert] 
Uttley [a researcher in automata for the British military], [Colin] Cherry & 
I are chary of using the word ‘Cybernetics’ nowadays, and I do hope that 
the work of someone of your calibre won’t lose some of the attention it 
deserves by this new connection.” MacKay was probably incensed over the 
fact that ARTORGA, which began as an investment club of British cyber-
neticians, measured its success in becoming a collective “artificial organism” 
by the group’s ability to make money! In a memorial tribute to Wiener, 
published in 1965, MacKay said, “Initial overselling by some of the devo-
tees whom Wiener had such a gift of inspiring did something to discredit 
the cybernetic label, and much appearing under that label today does him 
less than justice.”4 Looking back on a field he had helped to create, British 
cybernetician W. Grey Walter noted in 1969 that a “peculiar gap between 
theory and practice is a feature of cybernetics, and may account for the dis-
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repute which has accumulated around the term. So often has a cybernetic 
analysis merely confirmed or described a familiar phenomenon in biology 
or engineering—so rarely has a cybernetic theorem predicted a novel effect 
or explained a mysterious one.”5

 Cybernetics also had its difficulties in the United States. It found a home 
at only two American laboratories at this time—MIT’s Research Labora-
tory of Electronics, and von Foerster’s Biological Computer Laboratory at 
the University of Illinois—both of which were heavily funded by the military. 
While the RLE established cybernetics research groups in communications 
(supporting the work of Wiener and his protégé Yuk-Wing Lee), biophysics 
(headed by Rosenblith), and neurophysiology (headed by Warren McCulloch), 
the BCL, as we have seen, focused on bionics and artificial neural nets.
 The decline in the status of cybernetics was noted by many American 
scientists. “As for myself,” John McCarthy recalled, “one of the reasons for 
inventing the term ‘artificial intelligence’ [during the planning of the Dart-
mouth Conference on artificial intelligence (AI) in 1956], was to escape 
association with ‘cybernetics.’ Its association with analog feedback seemed 
misguided, and I wished to avoid having either to accept . . . Wiener as a 
guru or having to argue with him.”6 As noted earlier, physicist John Pierce 
at Bell Labs drew sharp boundaries in the early 1960s to separate cybernet-
ics from information theory. Few scientists, he said, would lend their names 
to the glamor field of cybernetics because of the shallowness of its universal 
claims. Although political scientist Charles Dechert at Purdue University 
praised cybernetics for its ability to analyze social groups, he noted in 1966, 
“In the United States, scientists and engineers working in the theory and 
applications of self-regulation tend to avoid the term cybernetics” in favor 
of terms that referred to specific fields like bionics.7 A year later, Jerome 
Rothstein, a physicist who corresponded regularly with Wiener about in-
formation theory, privately wrote to a colleague, “I think I have an appreci-
ation of what cybernetics is likely to accomplish, but also of the kinds of 
expectations doomed to disappoint. I think there has been too much loose 
talk and sloppy thinking, almost if pronunciation of the word ‘cybernetics’ 
was a magic incantation.”8 These attitudes annoyed Wiener. A colleague 
recalled that Wiener “repeatedly complained [to him] that Americans did 
not like to use the word ‘cybernetics,’ whereas Europeans, East or West, 
adopted the word more open-mindedly.”9 
 Even Warren McCulloch, who chaired the Macy conferences on cyber-
netics, had become leery of the term. In a 1964 speech to the inaugural 
dinner of the American Society for Cybernetics (ASC), McCulloch said, “I 
have never used the word ‘cybernetics’ until this year, unnecessarily. I have 
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never used it, and I doubt that any of you have either, seriously, until re-
cently. I have never used it—and for one good reason. I’m afraid of a word 
like ‘cybernetics’ because of the tendency of people to use it without ever 
bothering to understand the nature of the ideas inherent [in it], the effort 
required to achieve forward progress, and the team play necessary between 
the mathematician, the logician, the electrical engineer, the biologist, the 
physicist, the chemist, and so on.”10 He thought the ASC would help disci-
pline the proper usage of the word. Surprisingly, McCulloch had used the 
term sparingly in print before 1964.11 His remarks capture the many prob-
lems associated with the word cybernetics at this time.
 Two other charter members of the Macy conferences were disappointed 
in the field they had helped to create. In a keynote address to the ASC’s first 
annual symposium in 1967, Margaret Mead, who coedited the proceedings 
of the Macy conferences, said that she and other social scientists at the 
meetings “were impressed by the potential usefulness of a [cybernetic] lan-
guage sufficiently sophisticated to be used to solve complex human problems, 
and sufficiently abstract to make it possible to cross disciplinary boundaries. 
We thought we would go on to real interdisciplinary research, using this 
language as a medium. Instead, the whole thing fragmented.” Mead alluded 
to the failure of a project in the early 1960s that proposed cybernetics as the 
basis for cross-disciplinary communication between social scientists in the 
United States and Russia. Mead attributed the failure to fears of a “cyber-
netics gap” with the Soviets (see the next section).12

 Also, in 1968, Julian Bigelow, coauthor with Wiener of a founding article 
in cybernetics, complained to an interviewer about the decline in the field’s 
scientific status in the United States. Bigelow thought the ASC was a “phil-
osophical split-off group, who don’t really know what is going on” in re-
search. “I think the thing which makes me not want to follow [cybernetics 
today], not want to call myself a cybernetician, is that it has moved away 
from research. There is nobody doing research in cybernetics in this coun-
try.” No one was doing the type of interdisciplinary research discussed at the 
Macy conferences on cybernetics. “The good people don’t publish their stuff 
as cybernetics,” Bigelow complained. Instead, U.S. researchers worked in such 
separate areas as physiology, engineering, instrumentation, information the-
ory, and computers.13

 Bigelow gave what became a common explanation of the decline in cy-
bernetics as a universal science in the United States: its fragmentation into 
separate disciplines, most of which also depended on military funding.14 
The result was often to drop the label “cybernetics.” This occurred in the 
early 1960s, for example, with the rise of symbolic AI at the expense of re-
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search on neural networks, and with the creation of the interdiscipline of 
bionics, both of which grew out of cybernetics. In The Study of Information, 
biomedical engineer Murray Eden—former editor in chief of Information and 
Control, which published work in several areas of interest to a broad inter-
pretation of cybernetics—interpreted the fragmentation of cybernetics tele-
ologically: “The notions of cybernetics have permeated many disciplines—
computer science, information theory, control theory, pattern recognition, 
neurophysiology, psychophysics, perceptual psychology, robotics, and the 
like. Having been integrated into them, cybernetics has performed the func-
tion for which it was proposed” by Wiener.15 The editors of The Study of 
Information endorsed an alternative view, which Eden and other authors in 
the volume had proposed to explain the “virtual disappearance of cybernet-
ics from the Western academic establishment. According to that interpreta-
tion, cybernetics is a part of general systems theory and has been completely 
absorbed by this much broader scientific research program.”16

 Contemporaries often offered two other explanations for the decline of 
cybernetics: its association with fantastic claims made in science fiction and 
its adoption by so-called fringe groups. The science fiction character of 
cybernetics was singled out as a factor in 1964 by philosopher of science 
Yehoshua Bar-Hillel at Hebrew University, who had worked in the Wiener- 
inspired communications group at MIT in the 1950s and had attended a 
Macy conference on cybernetics. Bar-Hillel thought the “popularity of ‘cy-
bernetics’ declined rather quickly in the States, probably due to its having 
been usurped there by overt or covert science fiction.”17 Although many 
scientists and engineers were fans of science fiction, including Wiener him-
self, this association was a long-standing problem. As we have seen, in the 
1950s, newspapers and magazines reported that cybernetics—interpreted as 
the science of robots—aimed to mechanize all human endeavor, and contro-
versial groups such as Dianetics and Technocracy publicly aligned them-
selves with cybernetics.
 In 1968, British cybernetician John F. Young at the University of Aston, in 
Birmingham, warned, “There is a danger that cybernetics will become gen-
erally regarded as an up-to-date form of Black Magic, as a sort of twentieth 
century phrenology. If this unfortunately happens, then one whole field of 
research, at the border of many disciplines, will be robbed of the support it 
needs.” A couple of years later British cybernetician Michael Apter lamented, 
“Cybernetics also seemed to attract a lunatic fringe among scientists, par-
ticularly those with a penchant for the obscure and a facility for creating 
neologisms.”18 In his 1983 review of cybernetics, Murray Eden thought 
Young’s prophecy had come true. For evidence, he named some recent books 
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with cybernetics in their titles, including video artist and media activist Paul 
Ryan’s The Cybernetics of the Sacred (1974), which dealt with the “cyber-
netic extension of ourselves through videotape” as a liberating experience.19

 We can better understand the problematic nature of these associations by 
drawing on the rhetorical strategy of “legitimacy exchange.” In this strategy, 
as explained by Geof Bowker, an “isolated scientific worker making an out-
landish claim could gain rhetorical legitimacy by pointing to support from 
another field—which in turn referenced the first worker’s field to support its 
claims. The language of cybernetics provided a site where this exchange 
could occur.” As Bowker argues, legitimacy exchange worked well to claim 
that cybernetics was a universal discipline in the United States in the 1950s 
and to enable several fields to adopt its concepts. Fred Turner shows that 
legitimacy exchange also helped spread cybernetics to the counterculture 
when material on cybernetics was juxtaposed with that on heterogeneous 
subjects in the pages of Stewart Brand’s publications, the Whole Earth Cat-
alog and CoEvolution Quarterly, in the 1960s and 1970s.20 But from the 
point of view of many scientists, engineers, and philosophers, such as Mac-
Kay, Eden, and Bar-Hillel, this rhetorical strategy proved disastrous to the 
scientific status of cybernetics when exchanges were initiated by such groups 
as Dianetics, ARTORGA, science fiction writers, and video artists, even 
though respected cyberneticians such as W. Ross Ashby and Heinz von Foer-
ster supported some of these endeavors.21

 Another problematic association was the embrace of cybernetics by the 
Soviet Union in the late 1950s, a dramatic reversal of its reputation there as 
a “reactionary pseudoscience” earlier in the decade. Journal articles and the 
translation of the first volume of Cybernetics at the Service of Communism, 
edited by Aksel’ Berg, chair of the Soviet Council on Cybernetics, in 1962, 
publicized the high-status of cybernetics in the Soviet Union.22 Many U.S. 
scientists and engineers, such as Dechert, Bigelow, Eden, and Elias, con-
trasted the “fall” of cybernetics in the United States with its “rise” in the 
Soviet Union. Usually, they juxtaposed the two phenomena, without draw-
ing a causal link between them.23 Computer scientist M. E. Maron at the 
RAND Corporation made an indirect link in the late 1960s by stating that 
the “vagueness about the meaning of ‘cybernetics’ has been accompanied by 
the fact” that the Russians interpreted the field broadly. As late as 1997, 
Peter Elias ridiculed the Soviet enthusiasm for cybernetics by saying that in 
a 1960s speech praising cybernetics, premier Nikita Khrushchev “sounds 
almost like an American salesman for a new management fad—cybernetics 
as, say, reengineering.”24

 Although none of these commentators explicitly identified the Soviet 
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adoption of cybernetics as the reason why it was discredited in the United 
States, the announcement that cybernetics was the organizing principle of 
science in the Soviet Union, what Slava Gerovitch has called “cyberspeak,” 
was bound to create suspicions about cybernetics in Cold War America, 
where loyalty oaths and security-clearance investigations were still common 
in science and engineering.25 It probably did not help matters that Norbert 
Wiener was feted by Russian scientists as the founder of cybernetics during 
a month-long visit to the Soviet Union in 1960. Gerovitch argues that Wie-
ner’s refusal to accept military funding after the atomic bombing of Japan 
and U.S. fears of a “cybernetics gap” (see the next section) “tinged this field 
with the red of communism, and set hurdles for federal funding of cyber-
netics research.”26

Revival: The CIA and American Society for Cybernetics

To revive the reputation of cybernetics, save it from disintegrating, and nur-
ture the field as an umbrella discipline (its meaning in Europe)27 organizers 
in the United States created a professional society in 1964 that is still active 
today: the American Society for Cybernetics. The impetus to create the ASC 
did not come from the scientific community, but from a covert government 
patron of science, the Central Intelligence Agency (CIA).
 Despite the problem of gaining access to classified documents, scholars 
have shown that the CIA secretly supported science to combat communism 
through several avenues. In the 1950s and 1960s, it funded research at uni-
versities, such as social science at MIT’s Center for International Studies; 
channeled money through dummy foundations, and often through them to 
the legitimate Ford, Rockefeller, and Carnegie Foundations, to fund the arts, 
humanities, and social sciences in the United States and Europe; funded 
physiological and social science research to develop mind-control drugs in 
the MKUltra project; and cooperated with professional societies, such as the 
American Anthropological Association.28 In-house, the CIA established the 
Office of Scientific Intelligence in 1948, mainly to collect intelligence on 
Soviet science. The office, which hired its own scientific staff and let consul-
tant contracts to university researchers, was placed under the CIA’s Direc-
torate of Science and Technology in the early 1960s.29

 The CIA had links to several cybernetics researchers in the United States 
before helping to establish the American Society for Cybernetics. Jerry 
 Wiesner, the MIT engineer and administrator who had worked with Wiener 
on communications projects, was a founding member of the Boston Scien-
tific Advisory Panel, established in 1950 to assess Soviet weapons develop-
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ment for the CIA.30 Frank Fremont-Smith, the Macy Foundation officer 
who organized its cybernetics conferences, channeled the CIA’s funding of 
research on LSD in the MKULTRA project through the foundation in the 
early 1950s. He also organized Macy conferences on LSD research, which 
were attended by CIA technical staff.31 Warren McCulloch, it will be recalled, 
was a fervent anticommunist and cold warrior; he did research on biological 
warfare and helped to establish the military-funded field of bionics and the 
NASA-supported field of biocybernetics. He also had ties to the CIA.32

 The CIA had a specific national security goal in mind when it organized 
the American Society for Cybernetics: to counter the threat posed by a cy-
bernetics gap that supposedly existed between the United States and the 
Soviet Union. The chief proponent of this view in the CIA was John J. Ford, 
a Russian expert in the Office of Scientific Intelligence who had been study-
ing Soviet cybernetics since the late 1950s. During a meeting with high of-
ficials in President Kennedy’s administration in October 1962, a meeting 
interrupted by news of the detection of Soviet missiles in Cuba, Ford briefed 
the gathering on what he saw as the “serious threat to the United States and 
Western Society posed by increasing Soviet commitment to a fundamentally 
cybernetic strategy in the construction of communism.”33

 Once the Cuban missile crisis eased in November, President Kennedy 
asked Wiesner, then his science adviser on leave from MIT, to convene a 
Cybernetics Panel under the President’s Science Advisory Committee (PSAC) 
to investigate the CIA’s assessment of Soviet cybernetics. Convening panels 
of scientists and engineers to write a report was the typical way that PSAC, 
founded in 1957 in the wake of the Sputnik crisis, formulated its advice to 
the President.34 Chaired by Walter Rosenblith, who had worked at MIT 
with both Wiesner and Wiener,35 the Cybernetics Panel held its initial meet-
ing at MIT in the spring of 1963. Its membership reflected the interdisciplin-
ary character of cybernetics, coming from such fields as information theory, 
statistics, computer science, brain research, and cognitive psychology. The 
other participants in the study, as was the custom in PSAC’s two-tiered ap-
proach to panels, were appointed for their area expertise.36 Panel members 
offered to contact outside experts to write reports in the above fields, as well 
as in industrial control, operations research, bionics, linguistics, economics, 
hospital controls, human-machine communications, and information re-
trieval. The list reflects the broad conception of cybernetics prevalent in the 
Soviet Union. In keeping with PSAC’s practice of working with the CIA, 
the “Panel requested the staff to check with other government divisions in 
the CIA particularly, as they relate to communications and computers.”37
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 Ford wrote a lengthy report in May 1963 that drew on CIA research to 
document the concerns he had raised to the Kennedy administration. He 
was worried that the Soviets had adopted cybernetics as a comprehensive 
political and scientific program to provide “optimal control of industrial, 
military, educational, medical, economic, and all the other complex processes 
essential in the functioning of social systems.” He warned that it was this 
comprehensive “ ‘system’ and not the computers or pattern recognition de-
vices which threatens ‘to bury’ the U.S.” The Soviet program was all the more 
troubling because of the decrepit state of cybernetics in the United States. 
“Cybernetics, conceived in the West, is no longer a very influential part of 
the United States intellectual fabric,” Ford stated, “and in its absence no 
other ‘concept organizer’ for national problem-solving has been formulated 
which could unify efforts of scientists working in the general area of com-
munication and control, but in compartmentalized fields.”38

 In 1964, however, PSAC’s cybernetics panel concluded that there was no 
cybernetics gap. “Soviet research in nearly all scientific areas reviewed lags 
the United States by a few years,” mainly because of their lack of digital 
computers. While noting that the Soviets interpreted cybernetics “even more 
broadly than Wiener” and used it as a motivating slogan, the report did not 
criticize cybernetics as a communist ideology. Instead, the panel thought the 
“Soviet program will strengthen Soviet science and technology and make 
the Soviet economy more rational. It will also bring Soviet thinking in many 
fields closer to that of the West.” The panel recommended overtly monitor-
ing Soviet cybernetics in order to safeguard U.S. interests.39 
 While the Soviets treated cybernetics as a universal discipline,40 Wiesner’s 
advisory panel did not. These experts viewed it, as did most cybernetics 
researchers in the United States and Britain, from the point of view of their 
own research areas, as a loosely connected group of separate disciplines, in 
which “Western” science, that is, a non-Stalinist style of science, was evi-
dent. In the panel’s eyes, cybernetics had fragmented in the United States; its 
revival in the Soviet Union as a universal philosophy was not something to 
be feared, just to be monitored.
 Ford completed his CIA report at the same time. According to Flo Con-
way and Jim Siegelman, biographers of Norbert Wiener who obtained 
Ford’s CIA reports through the Freedom of Information Act, “Ford ac-
knowledged that, in most practical applications, the Soviets were still well 
behind the United States, but he was quick to warn against the dangers of 
Western complacency in the contest he saw as an escalating cybernetics race 
between the superpowers with global implications.”41 The Chief of Life 
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Sciences at the CIA thanked Rosenblith for the panel’s work in the fall of 
1964, saying it would provide the basis to establish a cybernetics program 
in his area at the agency.42

 Publicly, Ford took steps to revive cybernetics in the scientific commu-
nity. In 1964, under the cover of a teaching appointment at American Uni-
versity in Washington, DC, he gave a talk on Soviet cybernetics at a confer-
ence on the social implications of cybernetics, organized by political scientist 
Charles Dechert. That year he helped organize a local Ad Hoc Group on the 
Larger Cybernetics Problem, in Washington, and also the American Society 
for Cybernetics to reinvigorate cybernetics in the United States.43 Ford was 
the main force behind the ASC in the 1960s, serving as an incorporator, 
membership chair, and executive director.44 It was an inauspicious time to 
embark on the project, because revelations of the CIA’s covert funding of 
academic research and public intellectuals made newspaper headlines in the 
mid-1960s.45

 Finding national leadership for the ASC was difficult. Wiener had died in 
the spring of 1964 and, in any event, he most likely would have opposed 
CIA sponsorship because he strongly opposed classified research and the 
military funding of science, so much so that he had been investigated for this 
by the FBI.46 Ford and his colleagues began on a high note by inducing ten 
cybernetics veterans to be Honorary Founders of the Society, including Bige-
low, McCulloch, von Foerster, and Fremont-Smith. Fremont-Smith invited 
Bigelow and McCulloch to give speeches at the ASC’s inaugural dinner held 
in the fall of 1964.47 
 The organizers assembled an impressive gathering for the dinner, includ-
ing representatives from federal scientific agencies, local universities, and 
other professional societies. Rosenblith, as chair of the Cybernetics Panel, 
represented PSAC.48 Before the dinner, McCulloch had told the ASC’s acting 
president, “I am heartily in favor of the creation of the American Society for 
Cybernetics, the more so as it is a fitting tribute to Norbert Wiener, whose 
[recent] death we, who loved him, all deplored.”49

 But McCulloch changed his mind about the ASC after the dinner. He 
wrote to Ford and two other organizers, “It’s no secret that I have been and 
still am thoroughly disturbed by the way in which the American Society for 
Cybernetics got off to what I believe is a false start.” At the inaugural dinner, 
he was “particularly upset by a lawyer [whom he did not identify], who was 
principally concerned with matters of money, land for a building and gen-
eral control of property. When I found he was in the nucleus of the group, 
I almost sent in my resignation.” A subsequent board meeting further an-
noyed McCulloch. “This is not the way to create such a society of scientists.” 
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McCulloch agreed to “organize at least half a dozen small groups of cyber-
neticians who can give the society a respectable membership. But I will not, 
on mature consideration, lift my little finger in its behalf—rather my thumb 
against it—until it cleans house. I know well that the three of you have the 
courage of your convictions and the good of science at heart, and I trust that 
you will tackle this problem so that it no longer looks like another prostitu-
tion of cybernetics, Wiener’s Word, to some get-great-on-the-hay-scales = 
some money-making device = some operator’s paradise.” McCulloch thought 
that Bigelow, a permanent member of the prestigious Institute for Advanced 
Study at Princeton, having been elected to that post in 1950 while designing 
the IAS computer, “is quite right in not wanting to be associated with it as it 
now appears. But he is the only proper first president.”50 
 A few days later, Bigelow explained his reservations, which mainly dealt 
with issues of interdisciplinarity. He worried that “in the U.S.A. Cybernetics 
does not clearly define an area of disciplinary activity, though it does (some-
how or other) ‘span’ many disciplines, such as control and regulation theory 
and systems, computation, applied mathematics, information theory, etc.” 
Where would the ASC draw its membership if cybernetics was not a well- 
defined discipline? He did not want to open up membership to just anyone 
interested in the field, “because I believe that the rank-and-file membership 
for the first few years would [then] become heavily laden with cranks, dil-
ettantes, and people who are not scientific in their approach, are misin-
formed, and unrealistic.”51 Bigelow and McCulloch were thus apprehensive 
that the ASC would encourage the unsavory tendencies of the field that 
cyberneticians had been lamenting since the late 1950s.
 Ford called a planning conference of honorary founders, directors, and 
charter members in the fall of 1965 to save the ASC (and also his efforts to 
counter the threat of Soviet cybernetics).52 At the meeting, chaired by Mc-
Culloch with Ford as rapporteur, the group agreed that “we are entering a 
cybernetic era,” which required cyberneticians, cybernetic institutes, a cy-
bernetics journal, and an American Society for Cybernetics to direct it. But 
the group could not agree on whether cybernetics was a metascience or not, 
and it appointed a committee to carry out Bigelow’s idea to canvass possible 
members.53

 Bigelow, however, did not act, and in the spring of 1966 a frustrated Ford 
begged McCulloch to reconsider. “Game as you’ve always been for trying 
to save lost causes, you may not have given the Society up for dead as yet. 
If this is the case, would you be willing to make one final resuscitative effort 
to save it by becoming the first president of the American Society for Cyber-
netics?”54 McCulloch, the old cold warrior, accepted. Von Foerster, who was 
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on the board of directors, was delighted. He pledged his support and that of 
his “cybernetic friends,” and suggested ways to strengthen scientific represen-
tation in the ASC.55 Lawrence Fogel, president of a defense engineering 
consulting firm in California, agreed to serve as vice president. Fogel shared 
Ford’s interest in the “relative status of East versus West” in cybernetics.56

 During the next two years, McCulloch and Fogel reorganized the ASC 
and worked to turn it into what they considered to be a respectable scientific 
society.57 One effort was to call on colleagues and former students to join 
the ASC and set-up local chapters.58 In the fall of 1967, McCulloch and sev-
eral other Macy veterans participated in the ASC’s first annual symposium, 
a conference of two dozen invited speakers and other attendees. McCulloch 
chaired the meeting; Margaret Mead gave a keynote address; and von Foer-
ster edited the proceedings. Bigelow apparently did not attend. If he had, he 
might have expressed a better opinion of the ASC when he was interviewed 
in 1968.59

 The ASC changed leadership in 1969 when McCulloch died and John 
Ford moved from the CIA into a policy position at the White House.60 Fogel 
presided over an emergent, but still struggling, American Society for Cyber-
netics. It had about four hundred members, two chapters (one in Chicago 
and one in Washington), had held four annual symposia in the late 1960s 
with financial support from the National Science Foundation and the Na-
tional Institutes of Health, and it had awarded medals for papers presented 
at the symposia, one of which honored Wiener. Several members of the ASC 
had strong ties with scientific and engineering agencies in the federal gov-
ernment, such as NASA and the National Academy of Sciences, which they 
called on to send high-level administrators to the symposia.61 In 1971, the 
ASC started the Journal of Cybernetics, edited by Fogel, which began tout-
ing cybernetics as a systems science that could solve the urgent social prob-
lems of the time.

Reinvention: Cybernetics as a Science of Social Systems

In advertising the ability of cybernetics to solve social problems, the Amer-
ican Society for Cybernetics participated in a reinvention of cybernetics that 
flew in the face of Norbert Wiener’s well-known skepticism about applying 
the mathematics of cybernetics to the social sciences, which he maintained 
until his death. Undaunted, another new professional society joined the 
ASC’s efforts in this regard: the Institute of Electrical and Electronics Engi-
neers (IEEE) group on Systems Science and Cybernetics (SSC). Established 
in 1965 by combining the IEEE’s Systems Science Committee and its Cyber-



Cybernetics in Crisis          191

netics Committee, the SSC combined two strands in engineering: systems 
science and cybernetics. W. D. Rowe, a systems engineer at an electronics 
defense contractor and the first chair of the SSC, drew some disciplinary 
boundaries by distinguishing between these overlapping fields in the first 
issue of the group’s Transactions in 1965. “Systems Science participants [in 
the SSC] approach problems from an optimization point of view, i.e., the 
system is described analytically by a set of cause and effect relationships 
whose parameters can be varied to optimize a particular measure of effec-
tiveness. Cybernetics participants approach the same problems in terms of 
models (real or postulated) of natural systems, systems whose variables are 
not readily describable in analytic terms.” By “natural systems,” Rowe 
meant those involving humans: “biological, behavioral, sociological, polit-
ical, legal, and economic systems.” System scientists in the SSC tended to 
deal with physical systems, such as those in communications, transportation, 
industry, and the military, often using computer simulations. Rowe thought 
that the new high-level computer languages enabled cybernetics to make 
more rapid progress than in the past, especially in AI and bionics.62

 Systems science, as defined by Rowe, appears to have had the upper hand 
over cybernetics in the SSC. W. Ross Ashby, who had joined von Foerster’s 
laboratory at the University of Illinois, was an associate editor of the SSC’s 
Transactions and published an early paper in that journal on “The Cybernetic 
Viewpoint.”63 But only three cyberneticians were on the fifteen-member Ad-
ministrative Committee in 1967. The majority of the group’s leadership came 
from systems science, including several engineers at defense contractors.64

 Both factions in the SSC dealt with the analysis of social systems at this 
time. Editorials in the late 1960s increasingly mentioned social issues, and 
the Transactions published a special issue in 1970 on urban and public sys-
tems. Containing articles on public safety, environmental pollution, and 
traffic control, the issue featured a lead article by Jay Forrester at MIT’s 
Sloan Business School. The founder of system dynamics, Forrester reported 
on the extension of that method, which drew on cybernetics, from industry 
to urban planning.65

 The American Society for Cybernetics was even more involved in turning 
cybernetics into a science for analyzing social systems. The Journal of Cy-
bernetics enlisted several influential scientists and engineers to write edito-
rials during its early years. Several wrote about the ability of cybernetics 
to solve the vexing social problems of the 1970s. Dropping the criticism of 
cybernetics he had made a decade ago, Denis Gabor now praised the expan-
sion of cybernetics into the social sciences. “With this extension,” Gabor 
wrote, “we are now justified in considering cybernetics as deserving first 
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priority among all the hard sciences. It may have come just in time to harden 
the regrettably soft social sciences and to save our free industrial society 
from the twin dangers of drifting into anarchy by its instabilities, or stiffen-
ing into a totalitarian system.” Gabor thought that a “scientific theory of 
social systems” such as cybernetics was a “necessary condition” to achieve 
economic and political stability in these turbulent times.66 Heinz von Foer-
ster, who had been president of a European anthropological foundation in 
the 1960s, made Gabor’s dramatic plea into a responsibility of cyberneti-
cians. “My suggestion is that we apply the competencies gained in the hard 
sciences—and not the method of reduction—to the solution of the hard 
problems in the soft sciences. . . . I submit that it is precisely Cybernetics 
that interfaces hard competence with the hard problems in the soft sci-
ences.” Cybernetics fit this bill because it “has ultimately come to stand for 
the science of regulation in the most general sense.”67

 The new view in the ASC did not originate with Gabor and von Foerster. 
It arose, instead, in the context of the rise of systems thinking. Howard Brick 
notes that systems theory “was a watchword of the 1960s.” The “broad 
application of the concept was itself cause for admiration, hope or horror” 
in academia, government, and the arts in the United States.68 Although 
Brick said systems thinking originated with Wiener’s cybernetics and biolo-
gist Ludwig von Bertalanffy’s “general systems theory,” the movement had 
wider roots.
 In engineering and the sciences a protean “systems approach” grew out 
of the need to develop and manage large weapons projects during World 
War II and the early Cold War. Systems engineering firms applied their man-
agement methods to social problems in the late 1950s, when cybernetics 
began to be identified with systems modeling.69 Some key players in the 
broad systems movement were researchers at the RAND Corporation who 
transferred “systems analysis,” which they created to evaluate weapons sys-
tems, to President Kennedy’s Department of Defense in the early 1960s and 
then to President Johnson’s Great Society programs; economist Kenneth 
Boulding at the University of Michigan, who extended von Bertalanffy’s 
general systems theory to economics and peace studies; and Jay Forrester, 
who used his method of system dynamics to model industrial, urban, and 
world systems on the digital computer.70 In the mid-1950s, von Bertalanffy 
and Boulding helped establish the Society for General Systems Research to 
promote these and other approaches to systems theory.71

 Cybernetics systems modeling was prevalent in urban planning. Jennifer 
Light notes that by the early 1960s, journals and conferences in this area 
“made frequent reference to systems analysis, cybernetics, operations re-
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search, and computers,” owing in part to RAND, the consulting firm Thomp-
son Ramo Woolridge, and other military contractors moving into the area 
of “civil systems” when defense spending declined at this time. Urban riot-
ing during the long hot summers in the years from 1965 to 1968 increased 
the urgency to bring systems thinking, often going under the label of “cy-
bernetics,” to bear on an urban crisis now reframed as a “national security 
crisis.”72

 This interpretation of cybernetics was evident at the ASC’s second an-
nual symposium in 1968, which had a section devoted to urban systems,73 
and in the Journal of Cybernetics. In addition to the editorials by Gabor and 
von Foerster, the journal published similar ones by the national science pol-
icy elite in the early 1970s. Edward David, Jr., science adviser to President 
Nixon, even expanded the social role of cybernetics. Because of advances in 
computers, David reasoned that “we are on the verge of being able to attack 
the really large problems which are associated with today’s world—weather 
prediction, economic modeling, environmental simulations, and many oth-
ers.” He hoped the “establishment of the Journal will coincide with a new 
era of success in bringing cybernetic thinking into the mainstream of the 
nation.” It was quite a change of heart for David, who had published a satire 
on the shallow interdisciplinarity of bionics—a branch of cybernetics—a 
decade earlier. He acknowledged inspiration for that article from John 
Pierce, his colleague at Bell Labs and fellow satirist of cybernetics.74 William 
McElroy, a biologist and director of the National Science Foundation (NSF), 
sounded a note of caution in his editorial in 1971. McElroy thought cyber-
netics could help solve such pressing social problems as overpopulation, 
pollution, urban decay, and resource depletion, but noted “some profoundly 
pessimistic projections from the cybernetics community,” some of whom, 
such as Stafford Beer in England, had described the intractable problems of 
modeling these complex, nonlinear feedback systems. Yet McElroy agreed 
with David’s optimism that an “extraordinary multidisciplinary effort” would 
create better models, and thought the best way to do this was “through 
accelerated interaction between the biological and cybernetic disciplines.”75 
McElroy’s successor at the NSF, H. Guyford Stever, also thought the model-
ing problems could be solved: “This is one reason why cybernetics, as a 
science and a way of thinking, has taken on a new and perhaps central role 
in our lives.”76

 The editorials, in addition to similar ones by the chief scientist at IBM 
who had inspected computing facilities in the Soviet Union during the cy-
bernetics scare in 1964, and by the dean of engineering at Harvard,77 mark 
a public relations coup for the Journal of Cybernetics. They indicate that 
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some of the most prominent science policymakers of the day had come to 
consider cybernetics to be central to bringing science to bear on the vast 
social problems of the 1970s. It was a far cry from hearing the loud laments 
of the cyberneticians and the satire from its critics a decade earlier, which 
still echoed in some quarters.
 Despite the common research interests of the American Society for Cy-
bernetics and the IEEE group on Systems Science and Cybernetics, the two 
organizations had little contact. The Washington chapters of both groups 
held at least one joint meeting, in 1969, and the national societies cospon-
sored an International Conference on Cybernetics and Society in 1972, in 
which the IEEE took the leading role.78 But the ubiquitous von Foerster and 
Ross Ashby are the only common links between the two societies that I have 
been able to identify. The two organizations were essentially independent 
societies existing on the margins of science and engineering, whose publica-
tions consisted of highly mathematical models of automata and of biologi-
cal and social systems. The public relations coup in science policy did not 
ensure a thriving ASC. A sociological study concluded in 1972 that cyber-
netics had a “lack of success in institutional terms” in the United States and 
Europe, as compared with major sciences like physics, chemistry, and biol-
ogy.79 In contrast, several postwar interdisciplines, such as operations re-
search (OR) and materials science, did obtain substantial institutional sup-
port in American universities. These fields focused on specific problem 
areas, a characteristic of interdisciplines that helped them gain academic 
and research support in this period.80

 The relationship between cybernetics and other systems sciences was a 
matter of dispute in the 1960s. In his 1962 presidential address to the Op-
erations Research Society, Merrill Flood, a former researcher at RAND, 
thought the boundaries were blurred between cybernetics, OR, and other 
systems approaches. “Among companion developments [to OR] are the very 
active fields of human engineering, econometrics, cybernetics, information 
theory, automata theory, management science, systems engineering, statis-
tical decision theory, and various other scientific approaches to the under-
standing, design, and management of complex man-machine systems. In-
deed, there is little hope of distinguishing each of these fields from the 
others, or from OR, even though each effort has its own characteristic flavor 
and special group of adherents and supporters.”81 Flood thought a “systems 
science” was emerging from this intellectual ferment.
 Von Bertalanffy did as well, but he and other founders of general systems 
theory (GST) drew an inclusive boundary around it and claimed that cyber-
netics was part of their field. In the 1960s, von Bertalanffy, then at the Uni-
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versity of Alberta, in Canada, classified cybernetics as one of the postwar 
fields created to analyze the “organized complexity” of large-scale, human- 
made systems, a problem Warren Weaver had identified in the late 1940s. 
Von Bertalanffy critiqued cybernetics for dealing with closed systems, as 
opposed to his open-systems approach, in which the organism was open 
to transfers of matter and energy from the environment. To him, cybernet-
ics was a special case of general systems theory, applicable to closed, self- 
regulatory systems, such as guided missiles and thermostatically regulated 
furnaces.82 Boulding, who had talked with Wiener in the 1950s about cy-
bernetics, listed cybernetic systems as third in his hierarchy of the nine levels 
of systems considered by GST.83

 Jay Forrester was more accommodating. In the late 1960s and early 
1970s, he said his modeling technique, system dynamics, was a “clarifica-
tion and codification of many ideas that run through cybernetics, servo-
mechanisms theory, psychology and economics,” and that it “belongs to the 
same general subject area as feedback systems, servomechanisms theory, 
and cybernetics.”84 The link to cybernetics was clear as Forester, a control- 
system engineer and digital computer pioneer who moved from MIT’s Servo-
mechanisms Laboratory to its Sloan Business School, scaled up his models of 
production control in manufacturing companies (1960) to model the growth 
and decay of cities (1969), and then the world’s population and natural 
resources (1971), a model the Club of Rome used in its (in)famous report 
Limits to Growth (1972). Forrester went beyond previous cybernetic re-
searchers in the social sciences to model highly complex, nonlinear systems 
having multiple feedback-information loops, whose differential equations 
were intractable without the aid of the digital computer.85

 The relationship between cybernetics and the social sciences was rocky in 
the 1960s. On the positive side, we have seen that several prominent social 
scientists used cybernetics to model individual human behavior and behavior 
in groups. Sociologist Talcott Parsons at Harvard, for example, relied heavily 
on cybernetic control to model the interaction between the various subsys-
tems of his influential structural-functional theory of social action. Recogniz-
ing this affinity with their field, the American Society for Cybernetics invited 
Parsons to give a paper at its first annual symposium.86

 On the other hand, several sociologists criticized Parsons. In promoting 
general systems theory as a means to supplant sociological theory in 1967, 
sociologist Walter Buckley, then at the University of California, Santa Bar-
bara, discounted Parsons’s theory as a conservative, stability-seeking, closed 
systems approach, which he thought Parsons had not developed much from 
when he derived it in the 1930s and the early 1950s. Buckley, a proponent 
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of cybernetic modeling, thought von Bertalanffy’s open system approach 
overcame those objections by drawing on cybernetics and other “modern” 
theories to account for change and growth. As noted by sociologist Robert 
Lilienfeld at the City College of New York, Buckley ignored Parsons’s later 
adoption of cybernetic principles. Harshly critical of what he viewed as the 
hubris and ideological, technocratic character of all systems theory, includ-
ing cybernetics, Lilienfeld classed Parsons and Buckley together to illustrate 
the problems in applying systems theory to the social sciences.87

 Yet, cybernetic concepts found a secure home in the social sciences in the 
United States in the 1960s, as it had in biology. In addition to sociology, 
cybernetic ideas were adopted in political science, cognitive psychology, and 
structural linguistics.

Reinvention: Second-Order Cybernetics

In the 1970s, both systems theory in the social sciences and the American 
Society for Cybernetics fell on hard times. Structuralism, including systems 
theory, was sharply criticized. In sociology, for example, Parsons’s theory 
was challenged by phenomenology, symbolic interactionism, and ethno-
methodology.88 The ASC cosponsored some meetings with other groups in 
the 1970s, but it did not hold an annual conference in the second half of the 
decade. The Society for General Systems Research served as the ASC’s tem-
porary home in this period; indeed, two veterans of cybernetics, Margaret 
Mead and Heinz von Foerster, were president of the parent society in the 
1970s.89

 One result of this turmoil was to provide intellectual and institutional 
support for a major reinvention of cybernetics by a splinter group in the 
ASC. Instigated by von Foerster and Chilean biologist Humberto Matur-
ana, the reinvention resulted in a relativist epistemology known as “second- 
order cybernetics.” As with most innovations in early cybernetics, the impe-
tus came from physical and biological scientists, not from social scientists 
or humanists.
 All accounts agree that the starting point for second-order cybernetics 
was the research done by Maturana and his colleagues on the patterned 
phenomenon of a frog’s vision in Warren McCulloch’s laboratory at MIT in 
the late 1950s. Maturana and von Foerster then developed their parallel, 
related approaches, aided by many conversations with each other. They 
talked at Maturana’s lab in Chile, at conferences and at von Foerster’s Bio-
logical Computer Laboratory in Illinois, and on the ill-fated project to 
create a cybernetics system to manage the Chilean economy in the 1970s. 
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While working in Chile on color vision, Maturana began studying cognition 
from the point of view of the observer. He developed a theory of the biology 
of cognition based on the “circular organization” of a biological system, 
which he published as a BCL report in 1970. In Chile, Maturana and his 
student Francisco Varela developed the theory further by creating a language 
of “autopoiesis” in an essay published in Spanish in 1973. It characterized 
the self-creating, self-referencing, autonomous systems central to their the-
ory of living systems and their observer-centered epistemology.90

 During this period von Foerster also began to incorporate the observer 
into cybernetics while analyzing and building self-organizing systems (mainly 
artificial neural networks) with funding from the military. He coined the term 
second-order cybernetics in a BCL report of 1974 and described the enter-
prise at an ASC conference held that year. “I submit that the cybernetics of 
observed systems we may consider to be first-order cybernetics; while sec-
ond-order cybernetics is the cybernetics of observing systems.” He related 
the new approach to the idea that cybernetics could solve current social 
problems, which he had expressed in his editorial in the Journal of Cyber-
netics noted earlier. But now he said that “social cybernetics must be a second- 
order cybernetics—a cybernetics of cybernetics—in order that the observer 
who enters the system shall be allowed to stipulate his own purpose” and 
assume responsibility for social and technical decisions.91 Varela later noted 
that von Foerster created a “framework for the understanding of cognition. 
This framework is not so much a fully completed edifice, but rather a clearly 
shaped space, where the major building lines are established and its access 
clearly indicated.”92

 In 1980, the work that Maturana and Varela had done to erect and fill-in 
that edifice became more widely known when they published Autopoiesis 
and Cognition: The Realization of the Living. Based on their earlier writings, 
the book presented a biological theory of the organization of living systems 
and discussed the broad implications of its relativist epistemology. Maturana 
and Varela maintained that all living systems are autopoietic, producing 
themselves as organizationally closed, autonomous, self-referencing entities, 
by which they interact as observers in a structural coupling with the environ-
ment. The environment triggers an observational reaction (as it did when 
the laboratory frog noticed darting objects, but not slow-moving objects, in 
its field of vision). They argued that “perception should not be viewed as a 
grasping of external reality, but rather as the specification of one.”93

 Second-order cybernetics and autopoiesis are a far cry from the scientific 
realism held by all early cyberneticians, including a younger von Foerster. It 
resonates, instead, with the associations between cybernetics and the coun-
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terculture, which Murray Eden lamented in 1983. Foremost in that regard 
is Gregory Bateson’s Steps to an Ecology of Mind (1971). As noted earlier, 
Bateson extended cybernetics to create a theory of mind “immanent in the 
total interconnected social system and planetary ecology,” connected though 
pathways completing a circuit between the individual’s mind and the “larger 
Mind” of God. Bateson’s epistemology of cybernetics inspired a large fol-
lowing in the 1970s, including the media utopianism depicted in Paul Ryan’s 
Cybernetics of the Sacred, one of the book titles that incensed Eden.94 As 
shown by Fred Turner, Bateson became a guru to Stewart Brand and other 
members of the “cybernetic counterculture,” who transformed the military- 
funded cybernetics into an alternative philosophy with which to fashion a 
new and more ecologically sustainable society.95

 Brand’s CoEvolution Quarterly, modeled on his Whole Earth Catalog, 
covered the new trends in cybernetics, featuring articles by Bateson, its guid-
ing light, and also by the newcomer Varela.96 In 1975, von Foerster referred 
readers to an article by Maturana and Varela on autopoiesis and said that a 
published dialogue between Bateson and Brand came under the second gen-
eration of cybernetics, the “cybernetics of observing systems,” that is, second- 
order cybernetics.97 Several avant-garde musicians, writers, and artists in 
the United States also appropriated cybernetics as a liberating and guiding 
force in their work. In addition to Paul Ryan in video art, these included 
John Cage in experimental music, William Burroughs in Beat poetry, and 
acid-guru Timothy Leary in “flicker,” a system of strobe lights that produced 
visual effects.98

 These new cultural meanings of cybernetics spilled over into the sciences 
and engineering and led to more instances of “legitimacy exchange” that 
damaged the scientific reputation of cybernetics. Stuart Umpleby, a social 
scientist at Georgetown University who did his Ph.D. under von Foerster, 
recalls that many scientists and engineers who heard von Foerster speak at 
conferences in the 1970s did not like his challenge to scientific realism and 
thought he was a charlatan.99 The cybernetics unit in the IEEE, which 
changed its name to the Society on Systems, Man, and Cybernetics in 1972, 
acquired a “flaky image” among engineers. C. Richard Johnson, a professor 
of electrical engineering at Cornell University, recalled that as a graduate 
student in control engineering in the late 1970s, his friends would say the 
name of the new society with a hippie inflection as the Society on Systems, 
Man, and Cybernetics.100

 In the late 1970s, Umpleby helped revive the American Society for Cy-
bernetics, which had ceased holding an annual meeting, by bringing former 
BCL researchers into the group. They transformed the ASC into an organi-
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zation to promote second-order cybernetics. When asked recently in an in-
terview, “What is left from the BCL?” which closed when military funding 
dried up and von Foerster retired in 1973, Umpleby replied, “The American 
Society for Cybernetics.” Umpleby noted that von Foerster and the BCL 
crowd excluded anyone “who wasn’t a second-order cybernetician.” The 
boundary work “was brutal, intolerant,” especially toward logical positiv-
ists. Umpleby preferred a more eclectic approach and thought the method 
of von Foerster and Maturana was closed and ungenerative.101 Yet the 
second- order approach was fruitful, as several social scientists in the United 
States and Europe adopted the observer-centered epistemologies of von 
Foer ster and Maturana in the 1980s.102

The Perils of Legitimacy Exchange and Patronage

But the dream that cybernetics would become a universal discipline had 
collapsed by the 1970s with the crisis in cybernetics and the lack of long-
term academic support for it in the United States. Cybernetics survived as a 
specialty in three professional societies: as second-order cybernetics in the 
American Society for Cybernetics; as part of general systems theory in the 
Society for General Systems Research, and as the field dealing with biolog-
ical and social systems in the IEEE’s Society on Systems, Man, and Cyber-
netics.103 What explains this remarkable turn of events?
 The perils of legitimacy exchange with so-called fringe groups help ex-
plain why cybernetics was perceived by physical scientists and engineers 
to be in crisis. While liberating for artists, musicians, and the counterculture, 
these exchanges damaged the scientific reputation of cybernetics in the 
United States.
 Patronage patterns illuminate other aspects of the checkered career of 
cybernetics in the Cold War. Hunter Crowther-Heyck argues that two suc-
cessive patronage systems, not a unitary system, supported the postwar be-
havioral and social sciences in the United States. In the first system, which 
thrived from 1945 to the mid-1960s, military agencies and foundations, as 
the principal patrons, promoted interdisciplinary research centers over dis-
ciplinary departments, and favored a general systems approach. In the sec-
ond patronage system, which became dominant around 1970, civilian federal 
agencies such as the National Science Foundation were the principal pa-
trons. They favored disciplinary research that focused on such techniques as 
computer modeling. This shift, often accompanied by the devolution of re-
search centers back into disciplinary departments, contributed to concerns 
among social scientists about the fragmentation of their field after 1970. 
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Crowther-Heyck claims that these patronage patterns also characterize many 
postwar physical and biological sciences.104

 The early history of cybernetics fits the first patronage system well. The 
interpretation of cybernetics as a universal theory of feedback-information 
flows in adaptive systems was used by social scientists to shape the mathemat-
ical, behavioral, and systems orientation of this patronage system. Crowther-
Heyck notes that the orientation was partially shaped by “the incredible array 
of work in sociology, psychology, and anthropology that was influenced by 
cybernetics.”105

 The early funding of cybernetics also followed that of the first patronage 
system. Military agencies such as the Joint Services Electronics Program, the 
Office of Naval Research, and the air force funded research on communica-
tions, biophysics, neural nets, and bionics at the two main interdisciplinary 
centers for early cybernetics in the United States: McCulloch’s lab at MIT 
and von Foerster’s lab at Illinois. More widely, NASA funded research in 
biocybernetics, and the CIA tried to revive cybernetics as a universal disci-
pline. The Rockefeller and Macy Foundations provided crucial support for 
the development of cybernetics as an interdisciplinary synthesis in the 1940s 
and 1950s.
 In regard to the second patronage system, funding for cybernetics declined 
when the military, CIA, and foundational support for it dropped dramati-
cally in the 1970s.106 But there were significant differences between the case 
of cybernetics and that of the social sciences. The loss of this patronage was 
nearly fatal for the field. McCulloch’s group virtually disbanded after he 
died in 1969, the BCL closed when military funding declined in 1973, and 
the ASC was inactive in the 1970s when John Ford moved from the CIA to 
the White House. The NSF, one of the new patrons of the second system, did 
not step forward. Although the NSF had funded early ASC symposia, and 
its leadership had praised cybernetics in the early 1970s, it did not fund 
large programs under the label of “cybernetics.” Instead, the NSF joined the 
military in funding the disciplines into which cybernetics had fragmented—
such as neuroscience, information theory, and control engineering.
 The uncertain identity of cybernetics—whether it was an interdiscipline 
devoted to solving specific problems or a universal discipline that could 
solve problems in all fields—undoubtedly exacerbated the funding problem 
as well. One reason was that interdisciplines have traditionally had more 
difficulty than disciplines in securing institutional support in the United 
States.107

 In effect, the struggles to revive and redefine cybernetics in the 1960s and 
1970s created two independent yet overlapping subfields: first-order and 
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second-order cybernetics.108 In regard to patronage and scientific standing, 
they exist today as diminished interdisciplinary endeavors that have found 
institutional homes in the United States on the margins of biology, engineer-
ing, and the social sciences. First-order cybernetics resides in the IEEE’s 
Society on Systems, Man, and Cybernetics and the Society for General Sys-
tems Research; second-order cybernetics in the American Society for Cyber-
netics. They remind us of the disunity, rather than the unity, of cybernetics 
in Cold War America.
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In 1986, Princeton sociologist James Beniger published a list of seventy- 
five “modern societal transformations” that had been identified since 1950. 

Ranging from the popular to the obscure, the list included the “Computer 
Revolution” (1962), the “Knowledge Economy” (1962), the “Global Village” 
(1964), the “New Industrial State” (1967), the “Technectronic Era” (1970), 
“Compunications” (1971), “Postindustrial Society” (1971), the “Information 
Revolution” (1974), the “Telematic Society” (1978), the “Computer Age” 
(1979), the “Microelectronics Revolution” (1980), the “Third Wave” (1980), 
the “Information Society” (1981), the “Information Age” (1982), and the 
“Computer State” (1983). Beniger argued that the variety of labels referred 
to different aspects of a lengthy “control revolution” in the United States. 
In this transformation, which extended from the late nineteenth century to 
the 1980s, new technologies and organizations were created to deal with the 
“crisis of control” caused by modern industrialization. What postwar pundits 
were trying to capture with their frenzy of labels was simply the latest stage 
of the Control Revolution, which had been accelerated by microelectronics.1

 Beniger’s list is a time capsule, a reminder that it was not clear in the 
mid-1980s what label, if any, would emerge to mark the new era. In fact, 
my survey on Google Books of volumes published in American English shows 
that the phrases postindustrial society and computer age were more popular 
in the 1970s than information age, information society, and information 
revolution, which came to dominate how we talk about the present era.2 
Cybernetic age was slightly more popular than information age from the 
mid-1960s to the mid-1970s. But cybernetics did not make its way onto 
Beniger’s list, even though he used cybernetics to construct his theory of the 
control revolution.

Chapter Eight

Inventing an Information Age
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 How do we explain the rise of a popular information discourse in this 
period and its triumph over a cybernetics discourse? While cyberneticians 
struggled to survive the crisis in cybernetics in the 1960s and 1970s, enthu-
siastic academics, policymakers, and business leaders in the United States 
confidently predicted, theorized, and created the language of an information 
age. Expanding the purview of the informational metaphor beyond the bi-
ological and social sciences, these groups invented an appealing discourse— 
a techno-revolutionary narrative—which claimed that computers, micro-
electronics, and satellite communications were creating a new society, a new 
world based on the processing of information rather than energy. A handful 
of social scientists and humanists responded with a counternarrative that 
criticized the concept of an information age, while others spoke in terms of 
the cybernetic age. But they could not overcome the dominant information 
discourse in Cold War America.3

 In the vocabulary of this future-oriented rhetoric at the height of its pop-
ularity during the dot-com boom of the 1990s, the information revolution, 
based on information science and information technology, was transform-
ing industrial society into the information economy and the information 
society, the hallmarks of the information age. The new way of speaking had 
become so widespread by the 1980s that British Prime Minister Margaret 
Thatcher proclaimed 1982 as “Information Technology Year” (“IT-82”) to 
reinvigorate Britain’s electronics industry and keep it from falling behind 
the United States and Japan, the first “information societies.” To celebrate 
IT-82, the British government issued an IT stamp celebrating submarine 
telegraphy as Britain’s pedigree in information technology and commissioned 
an IT play and an IT ballet.4 In the United States, the New York Times had 
covered the new narrative emanating from government, business, and aca-
demia since the 1960s, using such phrases as postindustrial society, infor-
mation society, and information revolution. This rhetoric flourished in the 
Times in the 1980s, when the personal computer was commercialized, and 
it expanded dramatically in the 1990s, when the privatization of the Internet 
led to the dot-com boom. Between 1980 and 2000, the use of information 
technology and information age in the Times grew exponentially at the ex-
pense of such terms as computer age, whose usage remained fairly constant. 
My survey of books published in American English confirms these trends.5 
By the end of the millennium, information served not only as a keyword in 
science and engineering, but as a popular, all-purpose label to mark the new 
technological era, what Fred Turner has called “digital utopianism.”6

 Changes in the meaning of the word information are central to under-
standing this discourse. Its traditional meanings—the “action of informing” 



204          the cybernetics moment

and “knowledge communicated concerning some particular fact, subject, or 
event”—expanded dramatically with the development of electronic com-
puters, cybernetics, and information theory in the United States after World 
War II. By 1970, discourse communities in academia, government, and busi-
ness had given a variety of new meanings to information, which they usually 
then attempted to appropriate for their own discipline.7 For physical scien-
tists, communications engineers, and many social scientists, such as George 
Miller and Roman Jakobson, information was a mathematically defined, 
nonsemantic quantity related to entropy—what literary critic N. Katherine 
Hayles has called the disembodiment of information.8 In the new fields of 
information science and management science, information was defined se-
mantically as the middle term between “data” and “knowledge” in a hierar-
chy of cognition.9

 For all of these groups, as well as those in business and policymaking, 
information was what was transmitted, stored, and processed by comput-
ers, communications systems, living things, and society.10 Additionally, all 
groups defined information as being ubiquitous, even though these defini-
tions differed both semantically (e.g., as a form of knowledge or a meaning-
less string of bits) and materially (e.g., as a commodity or a disembodied 
pattern transferred across the boundaries between biological and nonbio-
logical entities).11 By claiming the word information, these groups attempted 
to show that they had the expertise to determine its scientific definition, to 
reinterpret their own field in terms of information flow, to devise artifacts 
and systems to solve the “information crisis,” and to understand (and thus 
perhaps control) the essential commodity and technological basis of the 
future.12 By adding the adjective information to such older keywords as 
science, technology, revolution, society, and age, these groups created pow-
erfully resonant tropes that enabled information to become the keyword of 
our time.13

 This chapter examines the techno-revolutionary narratives and counter-
narratives of the information age by focusing in the United States from 
about 1960 to 1990 on the discourses surrounding two of its most popular 
terms: information technology and information society. While information 
technology is now ubiquitous and is, by far, the most common information 
trope, having moved from academia, business, and policy circles to every-
day speech, information society remains closer to the realm of the social 
sciences, reflecting its origins as a social theory. Debates surrounding these 
terms reveal contestations and counternarratives that have been forgotten 
in the rush to present a mirror-smooth interpretation of the inevitability 
of the information age. This pervasive technological-determinism—the idea 
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that technology drives history in a prescribed manner14—denies the exis-
tence of past controversies and alternative ways of conceiving and talking 
about the present era.

Information Technology

The genealogy of information technology is more contested than one might 
assume for what has become a matter-of-fact phrase.15 In the late 1950s, 
when the enthusiasm for cybernetics and information theory had not yet 
waned, discourse communities in management and business introduced the 
phrase information technology and gave it two distinct meanings. Manage-
ment scientists coined the term to refer to a form of knowledge—a set of 
mathematical techniques that utilized the computer to assist, or even replace, 
mid-level management. Business groups began to use information tech-
nology to refer to artifacts and systems. The first usage drew on a common 
nineteenth-century meaning of the keyword technology; the second usage 
drew on a meaning of technology that came into vogue after World War II.16 
By the early 1970s, information technology came to be seen as a social force 
that derived its power from information coursing through computer and 
communications systems.
 The meaning of information technology as a management technique led 
a healthy life during the 1960s, although it largely disappeared in subse-
quent years. In late 1958, management professors Harold Leavitt of the 
Carnegie Institute of Technology (now Carnegie-Mellon University) and 
Thomas Whisler of the University of Chicago predicted in a much-cited 
article in Harvard Business Review that management would be revolution-
ized during the 1980s by the computer and sophisticated mathematics. This 
“new technology,” they said, referring to data processing, mathematical 
methods for decision making such as operations research, and artificial 
intelligence, “does not yet have a single established name. We shall call it 
information technology.” Tracing the origins of the proposed field to infor-
mation theory, cybernetics, and game theory, Leavitt and Whisler expected 
companies to adopt such a (then) esoteric approach for “its implicit promise 
to allow the top [management] to control the middle [management] just as 
Taylorism allowed the middle to control the bottom.”17

 In 1960, as editors of a work on the computer’s effects on management, 
Whisler and his colleague George Shultz, then professor of industrial rela-
tions at the University of Chicago, defined information technology more 
specifically than had Leavitt and Whisler in 1958. For Whisler and Schultz, 
the term included three areas: “(1) the use of mathematical and statistical 
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methods, with or without the aid of electronic computers; (2) the use of 
computers for mass integrated data processing; and (3) the direct applica-
tion of computers to decision-making through simulation techniques.” They 
also coined the term information technologists to refer to those who applied 
the techniques of the new discipline, rather than to those who created com-
puter hardware and software.18

 Management specialists were excited about the proposed discipline of 
information technology popularized by Leavitt, Whisler, and Shultz. Her-
bert Simon at the Carnegie Institute of Technology, a colleague of Leavitt’s 
at the university’s Graduate School of Industrial Administration, used the 
term in this manner. So did less-eminent figures such as John Burlingame, 
a consultant in operations research at General Electric.19 In 1970, manage-
ment consultant Edward Tomeski published The Computer Revolution: 
The Executive and the New Information Technology, crediting Simon, Nor-
bert Wiener, Claude Shannon, John von Neumann, and others with creating 
the elements of an approach to management that was based on information 
theory, communications, game theory, and feedback systems. The present 
meaning of information technology as artifacts and systems should not blind 
us to Tomeski’s use of the term in the title of his book. For Tomeski, it re-
ferred to the computer-based management discipline advocated by Whisler: 
“Information technology, as viewed by this book . . . consists of the disci-
plines of planning, systems design, systems analysis, operations research, and 
computer programming.” The primary product that “information technol-
ogists” supplied to “administrators is information—information to facilitate 
and sharpen the administrator’s functions.”20

 Experts in the field of public administration also wrote about the new 
discipline of information technology and its distinctive terminology in the 
1960s. Comments were not always favorable. New York urban planner 
William Levine observed that “information technology, primarily mathe-
matical, seems, at least in the short run, to demand action counter to what 
human-relations research requires” in regard to participative management. 
Ida Hoos, an urban planner at the University of California at Berkeley who 
was skeptical about the current fad of applying aerospace systems analysis 
to governmental functions, nevertheless used the new terminology to de-
scribe that effort.21 On the other hand, proponents of the technique waxed 
enthusiastic about its promise. William Gore, professor of government at 
Indiana University, argued that “though it is of little help in selecting the 
relevant facts, information technology holds the promise of a very much 
broader basis of fact in decision-making.”22

 Discourse communities outside management science and public admin-
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istration adopted this usage of the new phrase in the early 1960s. In 1964, 
Gilbert Burck, a business writer who thought Leavitt and Whisler’s predic-
tions were being fulfilled, proclaimed in Fortune magazine, “As the power 
plant of the new so-called information technology, the computer is steadily 
raising high management’s power to make accurate decisions.”23 In a study 
of work and leisure published in 1961, University of Michigan political sci-
entist Harold Wilensky referred to the new field—which he identified as 
“computers, mathematical programming and operations research”—as one 
that was routinizing administrative jobs.24

 Despite this attention, the meaning of information technology as a man-
agement discipline seems to have all but disappeared by 1970, Tomeski’s 
The Computer Revolution being perhaps its last vestige. Large numbers of 
business and government entities adopted ever more powerful data process-
ing systems, but not the full range of mathematical decision-making tech-
niques that Tomeski thought were revolutionizing management.
 The change in the meaning of information technology is revealed by 
another management book published in 1970, Thomas Whisler’s Informa-
tion Technology and Organizational Change. One of the originators of the 
management meaning of the term, Whisler now changed direction and de-
fined it as an industrial art—and the artifacts and systems produced by that 
art: “Information technology is defined here as the technology of sensing, 
coding, transmitting, translating, and transforming information. More spe-
cifically we are interested in the newest elements of technology—the com-
puter and the program written for it, data transmission networks, and sens-
ing and translating devices such as optical scanners.” He did not refer to 
the previous uses of the term that he, Leavitt, and Shultz had promoted in the 
late 1950s and the early 1960s. Instead, he emphasized the computer ele-
ment of his former interpretation; and, to place information technology in 
historical perspective, drew on the growing use of the keyword technology 
to refer to the products of an industrial art: “Information technology is as 
new as the computer and as old as the signal drum and the abacus.”25

 In elevating information technology to the category of an industrial art 
that spanned human history, Whisler added his voice to a discourse that had 
arisen in the business community in the 1960s. This usage is evident in the 
writings of John Diebold. United States director of the International Asso-
ciation of Cybernetics, founder of a management consulting firm, and ad-
mirer (and occasional critic) of Norbert Wiener, Diebold wrote articles and 
popular books on the coming age of automation.26 Despite his profession, 
he rarely used the term information technology to denote a field of manage-
ment science.27 For him, it was a discipline, an industrial art, “built upon the 
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twin foundations of theory and of physical advances in electronics, optics, 
and other related sciences.” A 1967 advertisement for the Diebold Group’s 
biweekly newsletter called it a publication for the manager “who is vitally 
concerned with the business significance of development in computer and 
information technology.” Diebold predicted in 1969 that “Information tech-
nology is leading us to the construction of machines that exhibit most of 
what we have previously meant by ‘intelligence’—machines that can truly 
be said to learn and machines that not only respond intelligently to speech 
commands but also speak.”28

 Other business writers spoke during the 1960s of information technol-
ogy as an industrial art. In his best-selling book, The Age of Discontinuity 
(1969), Peter Drucker highlighted the recent growth of an “information 
industry” based on the computer, which, he admitted, was creating some 
technological unemployment. “But at the same time,” Drucker reassured his 
readers, “the information technology also creates a great many more highly 
skilled and demanding jobs.”29 That same year, Carl Heyel marveled at 
the expansion of the new technology. “It is clear that the new information 
technology—largely either computer based, computer related, or computer 
influenced—today reaches into all kinds and sizes of enterprises, in every 
conceivable industry and specialized activity, and with a multiplicity of op-
tions from which a user can choose whatever suits his particular needs.”30

 The situation was more complex in management science because of the 
competing meaning of information technology as a management discipline. 
Thomas Haigh observes that in the 1960s, “systems men,” who advocated the 
reform of management based on the computer, called their field “Manage-
ment Information Systems” (MIS) instead of adopting Leavitt and Whisler’s 
definition of information technology.31 Indeed, management publications 
favored the term information system until the 1980s, when the use of infor-
mation technology finally became common. Like Diebold and Drucker, how-
ever, many management specialists employed information technology to 
mean an industrial art. For example, Robert Head, who admired and criti-
cized MIS, said in 1967: “In seeking to chart a course of action, management 
men sometimes become understandably confused about just what their sys-
tems people are trying to do in the field of information technology.”32

 The discourse of experts in public administration followed a similar 
trend. The state of the subject during the late 1960s is seen in Information 
Technology in a Democracy (1971), a work edited by political scientist Alan 
Westin, which grew out of a research project Westin began in 1967 for Har-
vard’s interdisciplinary Program on Technology and Society. In this book, 
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Westin published descriptions and critiques of the application of informa-
tion technology by municipalities as well as by the U.S. State Department 
and the Department of Defense. Although it included an article by Harold 
Wilensky that used the management-discipline meaning of information tech-
nology, overall, the book indicated that the primary meaning of the term as 
used in public administration was that of an industrial art.33

 In the 1960s, authors in the social sciences and humanities also began to 
speak of information technology in this way, especially when predicting the 
future. Ulric Neisser, a founder of cognitive psychology who then worked at 
MIT’s time-sharing lab, Project MAC, foresaw a time when students would 
use widely available computer terminals in the home “to do their homework 
in every field—from history and Latin to information technology.” More 
skeptically, political scientist Robert Pranger observed: “Disturbed by the 
potentialities of programmed information technologies, certain moralists, 
including the founder of cybernetics himself [i.e., Wiener], anxiously envis-
age mankind’s prospects under ultra-rationalized, over-organized regimes.”34 
Samuel Miles, a technical writer, defined the term broadly as “the art and 
science of creating and processing information,” in order to identify his field 
with the more glamorous one of information technology.35 Historians 
climbed aboard the bandwagon by embracing cliometrics. In 1967, a review 
of the application of computers to historical research predicted, “Modern 
information technology, and the automated data archives that this technology 
facilitates, will allow historians to use evidence of this sort more extensively 
and effectively, and in a more sophisticated and productive manner.”36

 Practitioners of the new field of “information science”—an amalgam of 
European documentation, specialized library science, and computer science, 
and thus a discipline in which a heavy usage of information technology 
could be expected—began to call themselves “information scientists” after 
the American Documentation Institute changed its name to the American 
Society for Information Science in 1968. The paradox created by practi-
tioners’ continued preference for the phrases information systems and infor-
mation retrieval may be explained by their adherence to the ideal of “pure 
science,” in which basic science is viewed as the fount of all new technology. 
Despite a few exceptions, information scientists thus did little to promote 
information technology as a keyword in the 1960s.37

 The meaning of information technology shifted with the advent of micro-
processors, cable television, VCRs, fax machines, computer networks, and 
increased satellite communications during the 1970s and 1980s.38 As tech-
nologies that processed information became more visible to professionals and 
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the public, the management-science meaning of the term died out, as we 
have seen, leaving behind two related, dominant meanings: a specific indus-
trial art and the artifacts and systems produced by that art.
 The latter meaning was often accompanied by the idea that because tech-
nology was a social force, information technology must be one as well. John 
Diebold stated this relationship as early as 1962. “This new technology will 
produce profound change in all human activity wherever information, its 
communication, and its uses occur. . . . Technology is truly an explosive 
agent of social change.” Building on Wiener’s concept of a second industrial 
revolution based on computerized automation, Diebold thought that the 
current “technological revolution will run even deeper” than the first one. 
Like others who deployed the rhetoric of technological determinism in busi-
ness, he advocated adopting the new technology in order to survive its pre-
dicted, sweeping social changes.39

 While this shift in meaning of information technology to artifacts and 
systems in the 1970s occurred among all of the discourse communities ex-
amined in this chapter, the shift was most striking when policy analysts 
talked about the future. An early example is a 1968 report on the proposed 
development of the third world written by Lewis Bohn for the Hudson In-
stitute. He explained that “by ‘information technology’ . . . we mean: TV, 
radio, motion pictures, teletype, telephone, sound recording equipment, fac-
simile systems, computers, information storage and retrieval systems, data 
links, teaching machines, radar, sonar, communication satellites of various 
kinds, and the like. We would not even exclude new means of printing books 
or periodicals. We refer not only to existing ‘conventional’ systems and tech-
niques, but to more advanced technology such as holography, lasers, and 
light pipes.”40

 This usage was common during the early 1970s when analysts called for 
political action at the national level. At Stanford University, Edwin Parker 
included a section titled “Information Technology Policy” in a summary 
paper on information and society that drew on sociologist Daniel Bell’s idea 
of a postindustrial society. Identifying such “key” information technologies 
as “cable television, communication satellites, computers, and a cluster of 
video technologies (tapes, cassettes, cartridges, disks),” Parker recommend 
that the federal government increase productivity by improving the “infra-
structure of information technology.” He and a colleague pushed the idea of 
an “information utility” that would allow the public to access information 
from home via cable TV. In a third paper published in the early 1970s, Parker 
drew on the then new field of technology assessment. “The assessment of 
information technology may be particularly significant because of the po-
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tentially far-reaching effects of changes in access to information on redistri-
bution of political and economic power. . . . The sooner we study each new 
information technology, the greater the chance of being able to use the re-
search results to influence policy in a meaningful way.”41

 Political scientist Nicholas Henry focused on the growing concerns about 
copyright issues. In the mid-1970s, he advocated changing copyright laws 
to catch up with such “information technologies” as “cable television, pho-
tocopying, and computer-based information storage and retrieval systems.” 
Commenting on the passage of the new copyright act, he remarked in 1977 
that with “the advent of new information technologies in the twentieth 
century, however, both the term and the concept of publication have lost 
their significance.”42 Like Whisler in 1970, Henry and Bohn placed infor-
mation systems under the more general, and seemingly more powerful, ru-
bric of information technology.
 Another legal analyst worried about privacy, one of the “enormous long-
range social implications [of the] new information technology.”43 Indicative 
of this trend was the establishment in 1973 of Harvard’s Program on Infor-
mation Technologies and Public Policy. Computer scientist and linguist An-
thony Oettinger, who had criticized computers in education in an earlier 
project funded by Harvard’s Program on Technology and Society, directed 
the new program.44

 Diebold’s techno-revolutionary language often accompanied the artifac-
tual meaning of information technology. Parker spoke of a “revolution in 
information technology” in 1974.45 That same year, Australian economist 
Donald Lamberton edited a special issue of the Annals of the American 
Academy of Political and Social Science titled “The Information Revolu-
tion,” noting that in the 1960s, attention was “focussed on the new infor-
mation technologies—for example, computers and satellites—which seemed 
to symbolize the movement of society into a new industrial revolution: the 
information revolution.” He also quoted Karl Marx’s technologically deter-
minist aphorism about the windmill producing the feudal lord and the 
steam engine, the industrial capitalist: “Today, we are attempting to analyze 
the beginnings of the information revolution. . . . We seek to know what 
kind of society is being created by the computer, the satellite, television and 
a host of other devices to which we refer collectively as modern information 
technology.”46

 Policy analysts who used information technology to mean an industrial 
art also spoke in revolutionary terms. Cornell political scientist Ted Lowi 
began a 1975 paper by quoting from Vonnegut’s Player Piano, which refer-
ences Wiener’s claim of an emerging “second industrial revolution.” “There 
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can no longer be any question that the industrial nations of the world are 
producing another technological revolution of historic importance,” Lowi 
continued, adding that the “trigger is the revolution in information technol-
ogy.”47 In an article on war and peace in the information age, systems analyst 
Anatol Rapoport at the University of Toronto spoke of a “second Industrial 
Revolution—as Wiener once called the new development now called the 
information revolution.” “The possible positive contributions of the infor-
mation revolution in alleviating other forms of human conflict,” Rapoport 
said, “depend upon the uses to which information technology will be put.”48

 The practice of combining the revolutionary meaning of information 
with the technologically determinist, artifactual meaning of technology in 
the compound term information technology intensified during the 1980s 
when the phrase came into widespread use. The number of English-language 
books with information technology in their titles increased dramatically at 
this time, as did references to the term in the New York Times.49 One trend 
in the latter period was the identification of information technology with 
the rapid growth of microelectronics.50

 With this history in mind, we can understand how Margaret Thatcher 
drew on a discourse that had been building up during the 1970s when she 
proclaimed 1982 as “IT-82”—“Information Technology Year”—in Great 
Britain. At the same time, she contributed to this narrative by popularizing 
the acronym IT, which was quickly picked up by academics. British opera-
tions researcher Alec Lee used it extensively in 1983: his article comparing 
the electronics industries in Japan and the United Kingdom was confidently 
titled “The Age of Information Technology.”51

 Similarly, journalist Tom Forester called his 1985 anthology of articles 
The Information Technology Revolution, thus indicating the growing pop-
ularity of the social-force meaning of information technology. Forester 
drew on an older meaning of the term in the introduction when he said that 
“Information technology in its strictest sense is the new science of collecting, 
storing, processing, and transmitting information.” But in the book itself, he 
applied the term to artifacts and systems.52 Several of the articles in the 
book used the term in this manner—most often as information technologies—
when discussing education, business applications, development of the third 
world, and impacts of intelligent machines on the workforce, sexual roles, 
and lifestyles.53

 The debates over the meaning of information technology from the late 
1950s to the 1970s indicate what was at stake for professionals in this dis-
course. Management scientists drew on cybernetics and quantitative con-
cepts of information to craft a new discipline, based on related mathematical 
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techniques and the digital computer, that they called information technol-
ogy. Business groups, social scientists, and policy analysts took a parallel 
discursive path, combining the new meanings of technology and information 
to create a different meaning of the term information technology: an indus-
trial art that produces artifacts and systems having the power of a social force. 
In using this phrase in lieu of, or in addition to, such alternatives as informa-
tion systems and information retrieval systems, professional groups elevated 
information technology to a general historical category that included these 
rivals under it as the latest examples of information technology.
 The fact that technology and information had independently gained the 
meaning of a social force strengthened this aspect of the new phrase. By the 
early 1980s, information technology was widely viewed as unstoppable. It 
was also seen as something that had to be cultivated if the United States and 
Europe were to survive the economic threat of Japan; had to be regulated 
if the rights of privacy and free speech were to be protected; and had to be 
mastered if a major overhaul of corporate management was to be prevented. 
Condensing information technology to IT during the 1980s made the key-
word even more abstract, to the point where it became even more autono-
mous in everyday speech. In many cases, this techno-revolutionary narrative 
signaled that technology was out of control. In making this claim, business 
consultants, policy analysts, and social scientists could then propose their 
own pet projects—whether management systems, public policies, or social 
theories—to solve such perennial problems as the “information crisis.”54

Information Society

The phrase Information society has a much different genealogy from that 
of information technology. While management scientists, business entrepre-
neurs, and policymakers introduced the latter term and revised its meaning 
from that of knowledge to a social force, social scientists debated whether 
or not a new society was being created by the new technology and, if so, 
what to call it. Information society was not their first choice. They proposed 
competing social theories with their own labels to describe the predicted 
social transformations that would occur with the proliferation of computers 
and communications.
 The origins of the phrase information society were also disputed. James 
Beniger claimed in 1986 that “one major result of the Control Revolution 
had been the emergence of the so-called Information Society,” a concept he 
dated to economist Fritz Machlup’s research on the “knowledge economy” 
in the early 1960s.55 In contrast, Dutch futurist Michael Marien claimed in 
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1983 that the “term ‘information society’ has only been used for about a 
decade, superseding the less specific label ‘service society,’ and the even more 
ambiguous ‘post-industrial society.’ Information Society was apparently 
first used in Japan in the late 1960s. . . . Forerunners to ‘information society’ 
include the terms ‘age of cybernation’ (used widely in various forms during 
the 1960s), ‘electronic age’ and ‘age of information’ (both proposed by Mar-
shall McLuhan in 1964), ‘knowledge society,’ described by Peter Drucker in 
1969, and the ungainly ‘technetronic society,’ suggested by Zbigniew Brze-
zinski in 1970.”56

 Beniger correctly attributed the economic interpretation of an informa-
tion society to Machlup, but Marien correctly said that the term itself was 
introduced into English in the 1970s,57 most likely from Japan. Yet Marien 
and Beniger do an injustice to the complex history of the information-society 
concept by referring to “forerunners” and subsuming the diversity of its 
discourse under the rubric of the control revolution. This section examines 
a more contested genealogy by considering talk of a second-industrial rev-
olution, cybernation, and postindustrial society in the 1950s and 1960s, and 
the discourse about an information society and an information economy in 
the 1970s.
 Norbert Wiener started a debate about the consequences of a second 
industrial revolution in Cybernetics (1948) and The Human Use of Human 
Beings (1950). Although he implied that the transformation of information 
was at the heart of this revolution—an idea made explicit by a science writer 
in 1949—newspapers and magazines focused on Wiener’s warnings that the 
automatic factory would cause vast technological unemployment. They ig-
nored the information-processing aspect of automation. The term second 
industrial revolution thus became a synonym for computer-controlled auto-
mation. By 1960, a vice president at Michigan Bell Telephone Company 
could tell a national conference on banking, “It is one of the cliches of our 
literature that automation is accounting for the phenomenon known as the 
second Industrial Revolution.”58 Cliché though it was, talk of a second in-
dustrial revolution was popular in circles related to technology and the law, 
the social sciences and humanities, the spread of computers, and other areas 
during the 1960s.59

 Increasingly, however, social theorists adopted the term cybernation in 
place of second industrial revolution. Drawing on Wiener’s work, social 
psychologist Donald Michael coined cybernation in a widely read report 
published by the Center for the Study of Democratic Institutions in 1962. 
He coined the term “in order to eliminate the awkwardness of repeating the 
words ‘automation’ and ‘computers’ each time we wish to refer to both at 
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the same time, and in order to avoid the semantic difficulties involved in 
using the one term or the other to mean both ends of the continuum.” Under 
the label cybernation, Michael referred to automation in general, comput-
erized automation, and any use of the computer to replace labor, a broad 
usage that shaped postwar debates about automation and technological 
unemployment in the United States.60

 Media guru Marshall McLuhan quickly picked up the new vocabulary, 
but he did not share the economic concerns animating Michael and other 
social scientists. McLuhan drew on cybernetics and information theory in 
Understanding Media (1964) to analyze the cultural effects of information 
flow in modern media in terms of his famous idea that the “medium is the 
message” (that a medium’s ability to extend human senses, not the content 
of the medium itself, conditions human life). “We live today in the Age of 
Information and of Communication,” McLuhan wrote, “because electric 
media instantly and constantly create a total field of interacting events in 
which all men participate.” In the new age, information circulates instantly 
in the human-made “nervous information system” of electrical and elec-
tronic communications (by means of telephones, radios, televisions, and 
satellites) that humans now wear outside their bodies, creating a Global 
Village of tribalism and sensory numbness. McLuhan did not ignore eco-
nomics. He claimed that as cybernation “takes hold, it becomes obvious 
that information is the crucial commodity, and that solid products are 
merely incidental to information movement.”61 For McLuhan, however, the 
key transformations were cultural, not economic. In a 1966 article, “Cyber-
nation and Culture,” he referred to cybernation as the latest information 
environment. “Cybernation seems to be taking us out of the visual world of 
classified data back into the tribal world of integral patterns and corporate 
awareness.”62

 The New Left linked cybernation with ideas about a postindustrial soci-
ety. In 1964, the “Ad Hoc Committee on the Triple Revolution,” consisting 
of such notable activists as Erich Fromm, Todd Gitlin, Michael Harrington, 
Gunnar Myrdal, and Robert Heilbroner, issued a manifesto declaring that 
“three separate and mutually reinforcing revolutions are taking place,” the 
“Cybernation Revolution,” the “Weaponry Revolution” in nuclear arms, 
and the “Human Rights Revolution.” Focusing on cybernation, the mani-
festo proposed making a guaranteed income a right in order to distribute 
fairly the wealth produced by cybernation, which broke the connection be-
tween jobs and income. Although the authors used the term cybernated 
society, rather than postindustrial society, they alluded to a tenet of the 
latter theory by saying that the new era’s “principles of organization are as 
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different from those of the industrial era as those of the industrial era were 
different from the agricultural.”63

 The manifesto of the Triple Revolution is a key document supporting 
Howard Brick’s argument that the “idea of postindustrial society was a joint 
project, or shared discourse, of liberals [such as sociologists David Riesman 
and Daniel Bell] and the New Left in the early and middle 1960s.” The shared 
discourse lasted about a decade, from 1958, when Riesman introduced the 
phrase postindustrial society, to 1967, when Bell developed a mature theory 
of it and the New Left had become disillusioned with the concept. In this 
period—before Bell popularized the phrase postindustrial society in the 
early 1970s—proponents did not base the concept solely on economics and 
technology, but on the principles of fraternity and the abundance generated 
by cybernation, from which “new forms of community emerged as counter-
weights to market based forms of organization.”64

 A decade in the making, Bell’s tome, The Coming of Post-Industrial So-
ciety: A Venture in Social Forecasting (1973), became a key text in framing 
the later discourse of an “information society.” Bell introduced his concept 
of postindustrial society at a 1962 conference on technology and social change, 
chaired by Heilbroner, a signer of the Triple Revolution manifesto, and fur-
ther developed it in the mid-1960s as head of the Commission on the Year 
2000, sponsored by the American Academy of Arts and Sciences.65 In his 
earliest publications on the topic, Bell disagreed with the New Left’s insis-
tence on politically controlling cybernation; he posited theoretical knowl-
edge instead of technology as the lynchpin of the postindustrial society.66

 The Coming of Post-Industrial Society presents a comprehensive theory 
of postindustrialism. By dating the birth of postindustrial society to the first 
decade after World War II and predicting that it would be realized in the first 
decade of the new millennium,67 the book is, in many ways, Bell’s contribu-
tion to the Commission on the Year 2000. Employing the methodology of 
a macrosociology based on axial principles and structures, Bell divides so-
ciety into three parts: the polity; culture; and the social structure, which 
comprised the economy, technology, and the occupational system. Each part 
is ruled by an axial principle: participation for the polity; self-fulfillment 
and self-enhancement for culture; and economizing for the social structure. 
The concept of postindustrial society is a social forecast, one that “deals 
primarily with changes in the social structure, the way in which the econ-
omy is being transformed and the occupational system reworked, and with 
the new relations between theory and empiricism, particularly science and 
technology.” Rejecting economic and technological determinism, Bell does 
not claim that changes in the social structure determined changes in politics 
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or culture. “Rather, the changes in social structure pose questions for the 
rest of society.”68

 Five dimensions make up Bell’s postindustrial society: the economic sec-
tor (the change from a goods-producing to a service economy); the occupa-
tion distribution (the preeminence of the professional and technical class); 
the axial principle (the centrality of theoretical knowledge as the source of 
innovation and of policy formulation for the society); the future orientation 
(the control of technology and technology assessment); and decision mak-
ing (the creation of a new “intellectual technology”).69

 Where does “information” fit into this elaborate scheme? Theoretical 
knowledge and intellectual technology seem more important than the ca-
pacity of computers and communications systems to process and transmit 
bits of information. One clue can be found in the middle of the book, where 
Bell identifies the technology of postindustrial society as “Information.” In 
contrast, the technology of preindustrial society is “Raw materials,” and 
that of industrial society is “Energy.”70 The evolution from energy to infor-
mation invokes Wiener’s concept of the “second industrial revolution,” but 
Bell translates the idea into the language of game theory. The design of a 
“post-industrial society is a ‘game between persons’ in which an ‘intellec-
tual technology,’ based on information, rises alongside of machine technol-
ogy.”71 In the postindustrial service economy (the game between persons), 
“what counts is not raw muscle power, or energy, but information. The 
central person is the professional. . . . Information becomes a central re-
source, and within organizations a source of power.”72

 In this scheme, Bell relates information to intellectual technology in a 
qualitative manner rather than with a quantitative measure such as the 
amount of data processed by computer and communications systems. Bell 
defines “intellectual technology” as the “substitution of algorithms (problem- 
solving rules) for intuitive judgments” in the decision-making dimension of 
postindustrial society, and contrasts it with “social technology” (e.g., the 
organization of work) and “machine technology” (e.g., artifacts or systems). 
Often embodied in computer systems, intellectual technology arose, accord-
ing to Bell, from applying information theory, cybernetics, decision theory, 
and game theory to solve the “major intellectual and sociological problems 
of the post-industrial society.” Bell identifies those problems with the “orga-
nized complexity” of human-made systems, which Warren Weaver had iden-
tified in the late 1940s. Cybernetics also helped give birth to postindustrial 
society. “If the atom bomb proved the power of pure physics,” Bell wrote, 
“the combination of the computer and cybernetics has opened the way to a 
new ‘social physics’—a set of techniques, through control and communica-
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tions theory, to construct a tableau entière for the arrangement of decisions 
and choices.”73

 Although Bell did not attend the Macy conferences on cybernetics, he 
had interacted with researchers in cybernetics and information theory in the 
1960s, as chair of the Commission on the Year 2000. Lawrence Frank, an 
organizer of the Macy conferences, suggested to the American Academy of 
Arts and Sciences that it establish the commission. Frank served with Bell 
on the planning group for the commission and participated in its sessions. 
He wrote a paper for the commission, in which he argued that Ludwig von 
Bertalanffy’s general systems theory and Wiener’s cybernetics should inform 
the political theory needed for the year 2000.74 The commission also in-
cluded Macy veteran Margaret Mead; Karl Deutsch and George Miller, 
who had applied cybernetics and information theory to political theory and 
psychology; and information theorist John Pierce, who had criticized cyber-
netics. Although they did not mention cybernetics in their published papers 
or during the proceedings of the commission, Pierce did discuss Shannon’s 
theory of information in his paper.75

 Although the Commission on the Year 2000 probably helped to convince 
Bell that cybernetics was an element of the theoretical knowledge forming 
the postindustrial society, he criticized its application to the social sciences. 
As chair of the commission, Bell dutifully mentioned “cybernetics models” 
as one of the methodologies advocated by a commission member (Lawrence 
Frank) to create social forecasts. Yet he downplayed the approach: “There 
are few such large-scale social models in existence, though Soviet econo-
mists and mathematicians are now drafting such cybernetic models for the 
Soviet economy.”76 He was more critical of cybernetics in The Coming of 
Post-Industrial Society, where he faulted sociologist Amitai Etzioni for an-
alyzing postindustrialism in terms of consciousness and cybernetics: “Cyber-
netic models were necessarily closed and mechanistic, while the conscious 
control of humans and nature implied an open system.”77

 In the book, Bell briefly compared his conceptual scheme to other theo-
ries, usually to dismiss them. He criticized his former colleague Zbigniew 
Brzezinski’s idea of the “technetronic society” for its technological determin-
ism, which elevated technology over theoretical knowledge as the cause of 
social change. He criticized the depiction of postindustrial society by Her-
man Kahn and Anthony Wiener of the Hudson Institute, which they had 
presented to the Commission on the Year 2000, for dealing almost exclu-
sively with economics. He thought the Triple Revolution pinned its hopes 
on unrealistic predictions of the bounty of goods cybernation could produce.78 
Bell took more pains to distinguish his work from the pioneering efforts of 
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economist Fritz Machlup to measure the production and distribution of 
knowledge. Machlup estimated that it was 29 percent of U.S. gross national 
product (GNP) in 1958. While Machlup defined knowledge broadly to in-
clude intellectual and everyday forms of unwanted knowledge, Bell nar-
rowed his definition to “that which is objectively known, an intellectual 
property.” Under this definition, “Any meaningful figure about the ‘knowl-
edge society’ would be much smaller” than Machlup’s estimate.79

 The question of what to name the new era was important to Bell. He had 
been asked “why I have called this speculative concept the ‘post-industrial’ 
society, rather than the knowledge society, or the information society, or 
the professional society, all of which are somewhat apt in describing salient 
aspects of what is emerging.” He admitted that the postindustrial society “is 
a knowledge society in a double sense.” Knowledge was the main source of 
innovation, and the percentage of GNP devoted to its production and dis-
tribution was large.80

 Bell did not cite the book that popularized the phrase knowledge society, 
Peter Drucker’s The Age of Discontinuity (1969). Drucker argued that 
“knowledge has become the central resource of modern society.” He called 
his era the “age of discontinuity” because, up to that time, the economy had 
developed in a continuous manner from late-nineteenth-century industries 
that relied on experience rather than knowledge. In the book, Drucker lib-
erally used such terms as knowledge society, knowledge worker, knowledge 
economy, knowledge industry (which he attributed to Machlup), and com-
puter-based information industry. Unlike Bell, Drucker did not propose a 
social theory or an extensive social forecast, nor did he talk about a post-
industrial society, even though he cited the paper that Kahn and Wiener had 
written for Bell’s Commission on the Year 2000. Drucker focused instead 
on the role of knowledge as a “factor of production” in the present and the 
creation of new industries (rather than an expanded service economy) in the 
future.81

 Bell clarified his decision to use the term postindustrial in the 1976 fore-
word to The Coming of Post-Industrial Society: “I rejected the temptation 
to label these emergent features as the ‘service society’ or the ‘information 
society’ or the ‘knowledge society,’ even though all these elements are pres-
ent, since such terms are only partial, or they seek to catch a fashionable 
wind and twist it for modish purposes.”82

 As Bell most likely knew, the fashionable wind blew from Japan. In the 
1960s, Japanese journalists, social critics, and futurists began speaking about 
joho shakai (information society) and johoka (informationalization) and 
put the terms into wide circulation. The “information society fad” in Japan 
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was intensified by the concept of a postindustrial society, after Japanese 
futurists translated articles presented at the Commission on the Year 2000 
in 1965 and 1966, and after a joint United States–Japan Symposium, “Per-
spectives on Postindustrial Society,” was held in Tokyo in 1968. Bell partic-
ipated in the symposium by telephone from the United States. Politicians in 
the National Diet of Japan began talking about the johoka shakai (informa-
tionized society) in 1969.83

 This discourse gained more currency when Yoneji Masuda, chief investi-
gator of the Committee on Computerization at the nonprofit Japanese Com-
puter Development Institute, submitted an information society development 
plan to the government in 1972. Stating matter of factly that advanced 
countries were “steadily shifting from the industrialized society to the infor-
mation society,” the report recommended that the Japanese government 
fund an expensive ($68 billion) two-stage plan that would guide the trans-
formation of Japan to an information society. The goal was to reach an in-
termediate target, the “establishment of computer mind,” by 1985, which 
meant computerizing medicine and education, updating management infor-
mation systems, creating a national information network, and so forth. The 
report stressed the necessity of moving from industrialization to information-
alization because of the limits on world resources predicted by the Club of 
Rome report, Limits to Growth, which made an impact in resource-strapped 
Japan.84

 Translated into English as The Plan for Information Society: A National 
Goal toward Year 2000 (1972), the report helped popularize the term infor-
mation society in the United States. In 1973, economist Edwin Parker at 
Stanford, a key figure in the information technology discourse, was one of 
the first policy analysts to cite the report.85 The phrase information society 
(but not necessarily the Japanese concept of johoka shakai) spread quickly. 
The American Society for Information Science issued a call for papers for 
a session on the “Information Society” to be held at its annual meeting in 
1973.86 The American Association for the Advancement of Science announced 
that a session, “America: The First Information Society,” sponsored by the 
U.S. Department of Commerce, would be held at its annual meeting in 
1976. The AAAS speakers included Parker; economist Marc Porat, who was 
studying the “information economy” for the Commerce Department; Har-
vard computer scientist Anthony Oettinger; and MIT information theorist 
Robert Fano.87 In December 1977, the School of Communications at the 
University of Washington in Seattle organized a forum attended by fifty 
American and Japanese scholars (including the ubiquitous Parker) on “In-
formation Societies: Comparing the Japanese and American Experiences.” 
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According to a scholar of the information-society discourse in Japan, the 
achievement of this conference “was the formal and systematic introduction 
of the Japanese Shakai Approach” to the United States.88

 Humanists also adopted the new vocabulary. In 1979, artist and sociolo-
gist John McHale, at the University of Houston, predicted in a McLuhanite 
manner “that the cultural configurations of ‘an information society,’ more 
dependent on visual communications, will be even more different from that 
which has preceded it—just as the print-oriented society differed from soci-
eties dependent upon the oral communication and transmission of cultural 
experiences.”89

 Many analysts in the 1970s related the new concept to Bell’s postindus-
trial society. The editor of the Journal of Marketing imagined an evolution 
from the postindustrial society to the information society; a researcher at 
the Congressional Office of Technology Assessment linked the two societies 
together; and a library scientist said they were equivalent.90 More analyti-
cally, Parker distinguished between quantitative and qualitative aspects of 
the concepts: “These statistics [from Machlup and other economists] pro-
vide a simple economic description of the dominant trend in the society: a 
shift from an industrial society to an information society. Such facts under-
lie the various qualitative discussions of what is described as the ‘post- 
industrial society’ or the ‘knowledge society.’ ”91

 Parker identified a turning point in the information-society discourse of 
the 1970s, one that hinged on the difference between the quantitative anal-
ysis of Machlup and the (mostly) qualitative analysis of Bell. The quanti-
tative approach got a boost in the 1970s when the governments of Japan 
and the United States began measuring informational activity in earnest. In 
1971, the Japanese government started assessing the country’s progress to-
ward becoming an information society by conducting an annual National 
Information Flow Survey. The survey calculated an “index of information-
alization” based on four categories: volume of information, diffusion of 
information, level of information-processing capability, and a coefficient of 
information. The Ministry of Posts and Telecommunications’ first white 
paper on communications, published in 1974, set Japan’s informationaliza-
tion index at 100 in 1970, which compared with 108 for the United King-
dom, 101 for West Germany, 96 for France, and 199 for the United States.92 
The calculation was part of a more comprehensive method begun in Japan in 
the late 1960s, the “information societies approach” discussed above. By the 
late 1970s, it included information measurement, impact on social change, 
study of the best use of information channels, and policy implications.93

 The U.S. government funded an econometric analysis to establish a na-
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tional information policy. Conducted for the Commerce Department’s Of-
fice of Telecommunications by Marc Porat, who did his Ph.D. under Parker 
at Stanford, the exhaustive nine-volume study, The Information Economy 
(1977), concluded that 46 percent of the country’s GNP in 1967 could be 
attributed to informational activities. Rather than measuring information 
flow, as was done in Japan, Porat used finer categories than Machlup’s—to 
whom he acknowledged an intellectual debt—to create two new categories 
with which to measure informational activity. The primary information sec-
tor included “those firms which supply the bundle of information goods and 
services exchanged in a market context,” such as computers, telecommuni-
cations equipment, finance, insurance, and education. The secondary infor-
mation sector included “all the information services produced for internal 
consumption by government and noninformation firms,” such as those in-
volved with research and development, marketing, and advertising. Porat 
calculated that the primary information sector accounted for 25 percent of 
GNP in 1967, the secondary information sector 21 percent, adding up to 
the 46 percent figure mentioned earlier. “Information workers” made up 
nearly one-half of the workforce in 1970 and earned a little over one-half 
of all labor income in 1967. The figures prompted Porat to conclude that 
the “U.S. has now emerged as an information-based economy.” Later in the 
report, he more cautiously said, “We are just on the edge of becoming an 
information economy.”94 Presumably, Porat would not classify the entire 
U.S. economy as an “information economy” until the combined informa-
tion sectors accounted for more than one-half of GNP. John Richardson, 
Porat’s supervisor on the project, was bolder: “Without such definition and 
measurement, I cannot imagine how we can formulate sound policy for an 
information society.”95

 Porat climbed on the “information society” bandwagon the next year. In 
a 1978 article titled “Global Implications of the Information Society,” Porat 
summarized his research and concluded, “On the strength of the GNP and 
labor data, the U.S. can now be called ‘an information society.’ ” Admitting 
that “there are many phrases for the same phenomenon,” such as Brzezin-
ski’s technetronic age and Bell’s postindustrial society, Porat effectively 
erased the differences between his quantitative approach and Bell’s quali-
tative approach, even though he had expressed an intellectual debt to Bell 
in the 1977 volume.96

 The idea of an information society was reified in academic and policy 
circles with the launching of the journal Information Society in 1981. Its 
editor, Joseph Becker, was president of an international consulting firm, had 
headed the CIA’s records systems in the 1960s, and was a past president of 
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the America Society for Information Science. The journal’s associate editors 
included such prominent figures in information science as J. C. R. Licklider, 
Rob Kling at the University of California at Irvine, and Edwin Parker at 
Stanford. The journal’s first volume included articles by Parker on the re-
search conducted by his former student Marc Porat on the information 
economy, and an extract from The Coming Information Age by Wilson 
Dizard, Jr., a veteran State Department communications-policy analyst at 
the U.S. Information Agency. Recognizing that information age was a trendy, 
though convenient, “cliché label,” Dizard grounded the rubric in Porat’s 
work and in Bell’s theory of a postindustrial society.97 In 1982, the Office of 
Technology Assessment declared that the “United States has become an in-
formation society dependent on the creative use of and communication of 
information for its economic and social well-being.”98

 The clamorous talk about the “information society” proved to be too 
much for Daniel Bell to ignore. In a long essay titled “The Social Framework 
of the Information Society,” commissioned for a 1979 volume on the future 
of the “computer age” edited by computer scientists at MIT, Bell engaged in 
the information-society discourse. But he did so on his own terms. He re-
tained his favorite label, the postindustrial society, and only used the phrase 
information society for the title of the article and two section headings. The 
essay summarized Bell’s book-length argument about the postindustrial so-
ciety and updated it to consider Porat’s research on the information economy 
and rapid technological changes that combined computers with telecommu-
nications—what his Harvard colleague Anthony Oettinger was calling com-
punications. Rather than cede agency to technology, Bell included it in the 
structural framework of the postindustrial society. “This revolution in the 
organization and processing of information and knowledge, in which the 
computer plays a central role, has as its context the development of what I 
have called the postindustrial society.” That context included three aspects: 
the “change from a goods-producing to a service society,” the “centrality 
of the codification of theoretical knowledge for innovation in technology,” 
and the “creation of a new ‘intellectual technology’ as a key tool of systems 
and decision theory.”99

 In considering computer technology more fully than before, Bell modified 
how information fit into the framework of The Coming of Post-Industrial 
Society. “Intellectual technology” replaced “information” as the “technology” 
of postindustrial society, and “information” was moved to a new category, 
becoming the “transforming resource” for postindustrial society. In the mod-
ified scheme, the “crucial variables of the postindustrial society are informa-
tion and knowledge.” He retained his definition of knowledge but redefined 



224          the cybernetics moment

information to mean “data processing in the broadest sense; the storage, 
retrieval, and processing of data becomes the essential resource for all eco-
nomic and social exchange.” Delving into information theory, which he had 
only mentioned in the book, Bell criticized Shannon’s mathematical defini-
tion of information, while accepting the related view that information was a 
“pattern or design that rearranges data for instrumental purposes.” Bell con-
cluded that information was not a typical commodity; it was a “collective 
good” that remained with the producer when it was sold. In regard to econo-
metrics, Bell thought Shannon’s nonsemantic theory of information, though 
useful in communications engineering, “is not in general appropriate for 
economic analysis, for it gives no weight to the value of the information.”100 
Despite making these concessions to the importance of information, Bell did 
not fully embrace the discourse of an information society.101

Counternarratives

Many commentators criticized the concepts of a postindustrial society and an 
information society. The criticism grew to such an extent in the 1980s and the 
early 1990s that it formed a counternarrative to the dominant discourse that 
the United States, Japan, and Europe were entering an information age.
 An early critic was MIT computer scientist Joseph Weizenbaum, who 
commented on Bell’s essay presented at the 1979 symposium held at MIT. 
Weizenbaum satirized the revolutionary hyperbole of the new information 
discourse: “The widely shared belief in technological inevitability, especially 
as it applies to computers, is translated by scholars and the popular media 
alike into the announcement of still another computer revolution. (It will 
be remembered that the past two decades have, according to these same 
sources, already witnessed one or two such revolutions.) This time, the 
much-heralded revolution will transform society to its very core, and a new 
form of society will emerge: the information society.” Advertising agencies 
oversold computers and computer networks as solutions to imaginary prob-
lems; Bell and other sociologists aided that effort by theorizing an informa-
tion society. Furthermore, Bell’s definition of knowledge was “circular and 
incomplete,” and he was too sanguine about the ability to code knowledge 
into computer programs.102 Bell defended his definition of knowledge, and 
said Weizenbaum had misinterpreted his theory; he was not a technological 
determinist. “In my work on postindustrial society,” Bell declared, “I have 
reiterated the point that a change in the technoeconomic order (and that is 
the realm of information) does not determine changes in the political and cul-
tural realms of society but poses questions to which society must respond.”103
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 Humanists and social scientists elaborated on this critique. In 1984, phi-
losopher of technology Langdon Winner at Rensselaer Polytechnic Institute 
argued that the enthusiastic talk about a computer revolution amounted to 
“mythinformation.” While some critics tried to develop an adequate theory 
of the information society, Winner disabused readers of the very idea. Myth-
information was an “almost religious conviction that a widespread adoption 
of computers and communication systems along with easy access to electronic 
information will automatically produce a better world for human living.” 
Under this regime, “technological determinism ceases to be a mere theory 
and becomes an ideal.” The widespread beliefs that the “use of computers 
will cause hierarchies to crumble, inequalities to crumble, participation to 
flourish, and centralized power to dissolve simply do not withstand close 
scrutiny. The formula information = knowledge = power = democracy lacks 
any real substance.” Mythinformation was a self-serving ideology that ex-
pressed the beliefs of the computer industry and its allies, “those that build, 
maintain, operate, improve, and market these systems.” For Winner, the 
computer revolution was thus a conservative revolution.104

 In The Cult of Information (1986) historian and social critic Theodore 
Roszak, best known for coining the term counterculture in the 1960s,105 
satirized the euphoria surrounding the word information.

The word has received ambitious, global definitions that make it all 
good things to all people. Words that come to mean everything may 
finally mean nothing; yet their very emptiness may allow them to be 
filled with a mesmerizing glamour. The loose but exuberant talk we 
hear on all sides these days about ‘the information economy,’ ‘the 
information society,’ is coming to have exactly that function. These 
often-repeated catchphrases and clichés are the mumbo jumbo of a 
widespread public cult. Like all cults, this one also has the intention 
of enlisting mindless allegiance and acquiescence. People who have no 
clear idea what they mean by information or why they should want 
so much of it are nonetheless prepared to believe that we live in an 
Information Age, which makes every computer around us what the relics 
of the True Cross were in the Age of Faith: emblems of salvation.106

Roszak cited Machlup’s recent comments that Shannon’s choice of the word 
information for the central concept in his theory of communication was 
“infelicitous, misleading, and disserviceable.” It marked the beginning of 
information’s career as an “all-purpose weasel word.”107

 The most extensive counternarrative appeared a decade later when Brit-
ish sociologist Frank Webster published Theories of the Information Society 
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(1995). Webster framed his critique around five categories of criteria that 
contemporaries used to justify the existence of the information society: 
technological, economic, occupational, spatial, and cultural. Webster iden-
tified futurists and journalists with the technological explanation; Machlup, 
Porat, and Bell with the economic and occupational criteria; sociologist 
Manuel Castells with the spatial analysis (the spread of computer and other 
information networks); and sociologist Jean Baudrillard with the cultural 
(information as the proliferation of linguistic signs). Webster criticized the 
technological argument for its technological determinism, the economical 
and occupational arguments for their extreme subjectivity in classifying in-
formational activities, and all of the arguments for using arbitrary quanti-
tative measures to judge when a society had passed from the industrial to 
the information stage. He thought Shannon’s theory of information lent 
credence to quantitative arguments at the expense of qualitative ones, es-
pecially in regard to the technological and spatial criteria. That was ironic 
because the quantitative measures were marshaled to argue that “society 
must encounter profoundly meaningful change.”108

 Webster preferred qualitative explanations, such as those by sociologist 
Anthony Giddens and philosopher Jürgen Habermas who analyzed the role 
of information in contemporary society in a skeptical and nontechnologi-
cally determinist manner, and stressed continuity with the past and the po-
litical, economic, and social contexts of the informatization process.109 He 
liked the qualitative parts of Bell’s theory that emphasized the role of theoret-
ical knowledge but sharply criticized it for being technologically determinist, 
historicist, teleological, and neoevolutionary. Referring to the existence of 
an expanding service economy before World War II, Webster emphatically 
stated, “There is no novel, ‘post-industrial’ society: the growth of service 
occupations and associated developments highlights the continuities of the 
present with the past.”110

 Webster’s critique found a large audience in the academic world. Theo-
ries of the Information Society became a popular college textbook, going 
through three revised editions by 2006. The editors of the International En-
cyclopedia of the Social and Behavioral Sciences, a classic reference work, 
invited Webster to write the entry on “Information Society” for its third 
edition in 2001. In addition to repeating his criticisms of theories of the 
information society, Webster denigrated the concept itself by saying it “ap-
pears to have limited value for social scientists.”111

Although these criticisms may have had some influence in academia, the idea 
that the United States had become an “information society” did not disap-
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pear from public discourse. The number of articles using the phrase in the 
New York Times, for example, remained fairly constant from the 1980s to 
the 1990s. It rose in the mid-1990s when reporters quoted Newt Gingrich, 
Speaker of the House of Representatives, on his enthusiasm for the utopian 
rhetoric in Alvin Toffler’s futuristic book The Third Wave (1980). Yet talk 
of the information age in the Times overwhelmed that of the information 
society in the 1990s. In the diffusion of the information discourse from aca-
demia, government, and business to the Times, the phrase computer age was 
replaced with the label information age, rather than information society. 
On the other hand, the Times picked up the talk of information technology 
from those circles without missing a beat. In fact, the Times amplified that 
usage by speaking of information technology as being both a new industry 
and an unquestioned social force. A similar trend is evident in my survey on 
Google Books.112

 Part of the reason was the entrenched meaning of the keyword technol-
ogy as a social force, whereas the keyword society had more diffuse mean-
ings during this period. In the end, U.S. journalists followed a twentieth- 
century tradition and spoke of an “age” rather than a “society” marked by 
a dominant technology (e.g., the “automobile age” and the “space age,” 
rather than the “automobile society” and the “space society”). They pro-
claimed that the rapid development of computers and communications, 
which put more and more information into circulation at work and at 
home, was creating the “information age.”
 The alternative discourse of cybernetics had many fewer proponents, 
despite the role of cybernetics in creating the information discourse. My 
search on Google Books reveals that the terms cybernetic age and cybernetic 
society peaked in the late 1960s and early 1970s, with the former polling 
higher than the latter throughout. As noted earlier, cybernetic age was even 
more popular than information age from 1965 to 1975. Its popularity was 
aided by the translation into English of science fiction writer Stanislaw 
Lem’s Cyberiad: Fables for the Cybernetic Age in 1974, before being swamped 
by the information discourse that arose in the 1980s. The phrase cybernetic 
society got a boost from Michael Arbib, a computer scientist at the Univer-
sity of Massachusetts–Amherst, whose textbook Computers and the Cyber-
netic Society (1977) went through a second edition in 1984. A latter-day 
cybernetician who made the transition from the world of Warren McCulloch 
to that of computerized neural nets, Arbib balanced Wiener’s original mean-
ing of cybernetics, as control and communication in the animal and the 
machine, with the new meaning that stressed the information-processing 
aspect of the field.113
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 After the cybernetics moment ended in the United States in the 1970s, the 
cybernetics-inspired term that survived in academic and popular discourse, 
of course, was not cybernetic age nor cybernetic society, nor even cybernetics 
itself, but the adjective cyber, which science fiction writer William Gibson 
popularized when he coined the term cyberspace in his novel Neuromancer 
in 1984, a genre that became known as cyberpunk. Cyber became a favorite 
adjective to describe the world of information flowing in vast computer 
networks, a truncated residue of what remained of the rich discourse of cy-
bernetics in the information age.
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In the spring of 1976, as the cybernetics moment was ending, Margaret 
Mead sat at the great oak dining table in the house of her former husband 

and research partner, Gregory Bateson, and his third wife Lois, waiting to 
be interviewed by Stewart Brand, the founder of the Whole Earth Catalog. 
A fan of Bateson’s philosophy of cybernetics, Brand brought Mead and 
Bateson together so they could reminisce about the Macy conferences on 
cybernetics and reflect on the legacy of the meetings they had worked hard 
to realize (fig. 8).
 The two cybernetic veterans had gone their separate ways after the group 
photograph was taken at the final Macy conference nearly a quarter of a 
century earlier. Divorced during that entire time and now in their seventies, 
they stood at the pinnacles of two contrasting careers. A fixture at the Ameri-
can Museum of Natural History in New York City, Mead was a world-famous 
anthropologist who wrote books and magazine articles on child-rearing, 
racial strife, and international relations during the Cold War. She came to 
the interview as the president of the prestigious American Association for the 
Advancement of Science. While Mead stayed at the museum for more than 
a half-century, Bateson led the life of a peripatetic scholar. He moved from 
university to university, research center to research center, investigating top-
ics ranging from alcoholism to animal learning. A visiting lecturer at the 
University of California at Santa Cruz, where he drew crowds of admiring 
students, Bateson was a celebrity to anthropologists and psychologists, a 
cult figure to the ecological wing of the counterculture, and a hero to second- 
order cyberneticists. Brand could claim some of the credit for that renown 
because he promoted Bateson’s cybernetic epistemology as a means to solve 
the ecological crisis of the 1970s. Brand introduced the interview, published 
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in his journal CoEvolution Quarterly, by saying that Bateson’s book, Steps 
to an Ecology of Mind, “wowed me out of my shoes.”1

 We have seen that Bateson enthusiastically embraced cybernetics, to the 
extent of creating a holistic theory of immanent mind, which resided in the 
flow of messages (information) through circular pathways between humans 
and their environment. Mead referred to cybernetics only a few times in her 
work. Yet during the interview, she and Bateson agreed on many things 
about the Macy conferences and the fate of cybernetics. They invoked some 
of the excitement social scientists had felt about cybernetics in the 1950s, 
when, for the first time, they had a theory of circular causality that could 
model the purposeful behavior of individuals and organizations. Brand was 
curious, however, why cybernetics, as a discipline, had never obtained in the 
United States the high scientific and political status that it enjoyed in the 
Soviet Union, and why “conceptual cybernetics” failed to become “public 
knowledge” in the United States. Bateson and Mead blamed this on the Amer-
ican love of machines and utilitarian thinking, which promoted the spread 
of general system theory instead of cybernetics. There were other reasons, 

Figure 8. Gregory Bateson and Margaret Mead, being interviewed by Stewart 
Brand, 1976. On the thirtieth anniversary of the founding of the Macy confer-
ences on cybernetics, Brand asked them to reminisce about the conferences and 
to speculate about why cybernetics had not become “public knowledge” in the 
United States. Used with permission from CoEvolution Quarterly 10 (Summer 
1976).
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as well. Mead recalled that the tarring of cybernetics with the red brush of 
Soviet communism harmed her efforts to propose cybernetics as a common 
language to communicate with the Soviets. Bateson thought that cybernet-
ics spread slowly in the behavioral sciences because “cyberneticians in the 
narrow sense of the word went off into [the] input-output” way of thinking, 
which was common among engineers and computer scientists.2

 Bateson sketched two diagrams to explain his reasoning (fig. 9). The top 
diagram shows how engineers would draw a line around a system to create 
a black box that was separate from its environment, then analyze the feed-
back between the box’s output and input. Their science was the science of 
the black box. In contrast, the bottom diagram showed that the “essence 
of Wiener’s cybernetics was that the science is the science of the whole cir-
cuit. . . . What Wiener says is that you work on the whole picture and its 
properties . . . your ecosystem, your organism-plus environment, is to be 
considered a single circuit. . . . And you’re not really concerned with an 
input- output, but with the events within the bigger circuit, and you are part 
of the bigger circuit. It’s these lines around the box (which are just concep-
tual lines after all) which mark the difference between the engineers” and 
Wiener. Bateson and Mead identified with Wiener by placing their own sub-
ject position inside the larger box, because, like Wiener, they included the 
observer (themselves) in the system to be studied.3

Figure 9. Gregory Bateson answered Stewart Brand’s query about the decline 
of cybernetics by drawing two diagrams, revealing a split in the field. The top 
half represents first-order cybernetics, which found a home in the IEEE Society 
on Systems, Man, and Cybernetics; the bottom half represents second-order 
cybernetics, which found a home in the American Society for Cybernetics. Used 
with permission from CoEvolution Quarterly 10 (Summer 1976).
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 In drawing these diagrams, Bateson distinguished between two styles of 
cybernetics. He contrasted the narrow input-output approach of engineers, 
computer scientists, and systems analysts with a broad ecosystems approach 
that included the observer. At this time, Heinz von Foerster and others were 
beginning to refer to these approaches as first-order and second-order cy-
bernetics. In effect, Bateson enrolled Mead and Wiener (posthumously) into 
second-order cybernetics.4

 This interview and other articles on Bateson in CoEvolution Quarterly 
left the impression that cybernetics had little to do with computers, despite 
the fact that Macy veteran John von Neumann had utilized cybernetic anal-
ogies to coinvent the ubiquitous stored-program design for digital comput-
ers, what (erroneously) became known as the “von Neumann architecture,” 
and that another Macy veteran, Julian Bigelow, was chief engineer for von 
Neumann’s Cold War computer project at Princeton.5 In 1974, two years 
before the interview with Mead and Bateson, Brand discussed the relation-
ship between cybernetics and computers in II Cybernetic Frontiers. In the 
booklet, Brand comments on an interview he conducted with Bateson in 
1972 and an article he had written on computer laboratories, both of which 
are reprinted within it. In hindsight, we can see that the booklet sketches 
two diverging frontiers that computer scientists and cyberneticists explored 
from the mid-1970s to the present. The computer frontier led to the digital 
life we take for granted today as a “natural” development. Bateson’s frontier 
led to an ongoing fascination with cybernetics in the humanities during the 
information age.
 Brand introduced the two frontiers—which he called “machine cybernet-
ics” and “organic cybernetics”—by saying that the “field of cybernetics is 
still busy finding out what it is” and was “jumping with fascinating activity.” 
He acknowledged that his piece on computers was the “better article” and 
that its topic, making computers accessible, would have a direct bearing on 
people’s lives. But he gave it second billing “behind the awkward piece on 
Gregory Bateson because what Bateson was getting at, I’m convinced, will 
indirectly, inform damn near everybody’s lives.” Computers were a “special 
case” of cybernetics, machine cybernetics; they did not deal with the broad 
philosophical issues tackled by Bateson in organic cybernetics.6

 Brand’s interview with Bateson had appeared in Harper’s magazine in 
1972 under the title “Both Sides of the Necessary Paradox.” Though awk-
ward and sketchy, it gives a flavor of Bateson’s style of systems thinking, 
which Brand admired on this cybernetic frontier. In a wide-ranging conver-
sation, edited by Brand, Bateson brought up a host of seemingly unrelated 
subjects: paralinguistics (his double-bind theory of schizophrenia), religion 
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(Taoism), anthropology (his fieldwork with Margaret Mead in New Guinea 
and Bali), and animal learning (research on how his concept of deutero- 
learning applied to porpoises). What held these diverse subjects together 
was Bateson’s method of making analogies between organic and inorganic 
cybernetic systems, in which information flowed in circular-causal feedback 
paths.7 The analogies formed the basis for a new epistemology of ecological, 
mindlike systems (those composed of humans, machines, and the environ-
ment).8 Bateson did not explain (or even identify) these cybernetic concepts, 
nor discuss his cybernetic epistemology. Instead, he criticized “some very 
bad thinking inside cybernetics” by engineers who reduced its rich philoso-
phy to an input-output method that pitted humans against the environment, 
a point he repeated in the joint interview with Mead.9

 In II Cybernetic Frontiers, Brand admitted that the two frontiers of ma-
chine and organic cybernetics “are polar opposites in their relation to com-
puting machines, [but] they are parallel in relation to Man’s special pride, 
conscious purposefulness. Both subvert it.”10 On the organic side, Brand al-
luded to Bateson’s view, stated in an earlier article, that computers could not 
be said to think. “The computer,” Bateson said, “is only an arc of a larger 
circuit which always includes a man and an environment from which infor-
mation is received and upon which efferent messages from the computer 
have effect. This total system, or ensemble, may legitimately be said to show 
mental characteristics.”11 In Bateson’s cybernetics, computers were of inter-
est as powerful machines inhabiting larger, mindlike circuits. In machine 
cybernetics, computers were powerful tools that created a new way of life.
 Brand’s article on machine cybernetics, published in Rolling Stone mag-
azine in 1972 under the title “Spacewar: Fanatic Life and Symbolic Death 
among the Computer Bums,” became a classic in computer journalism. It 
gives a good snapshot of the state of the art of research in human-computer 
interaction in three Bay Area labs. At Stanford’s Artificial Intelligence Lab-
oratory, Brand did not interview John McCarthy, the lab’s director who 
helped establish the field of symbolic AI, or other computer scientists. In-
stead, he wrote about the “computer bums,” the technical staff of “hackers” 
who wiled away the night playing Spacewar. In this early interactive com-
puter game, run on the newly invented minicomputer with a cathode-ray-tube 
display, players fought battles with their spaceships as they flew across starry 
galaxies. He also discussed the main patron of the laboratory, the Depart-
ment of Defense’s Advanced Research Projects Agency (ARPA, or after 1972, 
DARPA), and ARPANET, the pioneering computer network that linked the 
computer research centers funded by ARPA. At the Xerox company’s Palo 
Alto Research Center (Xerox PARC), which Brand satirically called “Shy Re-
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search Center” to protect its anonymity, he described Alan Kay’s proposed 
Dynabook, an interactive, handheld sketchpad computer for kids. At the 
Stanford Research Institute (SRI), Brand mentioned Douglas Englebart’s 
work on an online, multimedia text-management system, which he knew 
about because he had videotaped a demonstration of it in 1968. In addition, 
Brand identified two ways in which computers were becoming more acces-
sible: through the programmable calculator and via community computer 
centers.12

 All of these technologies have earned a prominent place in the history of 
computing. The government-supported ARPANET is the fabled forerunner 
of the Internet. The nerdy programmable calculator helped popularize the 
idea of personal computing. Englebart’s now-famous demo utilized a com-
puter interface consisting of mouse, chord keyset, keyboard, and windows. 
Kay’s group at Xerox PARC transformed that complicated technology into 
today’s graphical user interface of mouse, windows, and desktop icons for 
the prototype Alto computer. Kay’s Dynabook was an inspiration for the 
Alto. After Steve Jobs visited Xerox PARC in 1979, Apple Computer adopted 
the Alto’s graphical user interface and popularized it on the Macintosh in 
1984. To an early-twenty-first-century reader, Kay’s sketch of two kids play-
ing Spacewar on their Dynabooks looks like two kids playing games on 
their iPad’s.13

 Brand made a couple of accurate predictions about computer networks. 
He thought newspapers would cease to exist in their present form if the 
Associated Press news-feed on the ARPANET was made available in the 
home, and that the sharing of digital music files on the ARPANET would 
do the same for record stores.14 Yet Brand missed a major connection be-
tween cybernetics and computers. When he contrasted the two cybernetic 
frontiers, he did not mention that Engelbart drew on the cybernetic theory 
of coevolution to invent his graphical user interface, a research project he 
called the augmentation of human intellect.15

 The Spacewar article sketched a frontier of machine cybernetics that was 
developed to its fullest extent by the U.S. government, computer manufac-
turers, hackers, and hobbyists. The editors of Time magazine were quick to 
recognize this cornucopia of innovation when they published a special sec-
tion on “The Computer Society” in February 1978 (fig. 10). On the cover 
of the magazine appeared a drawing of a small group of men, women, and 
children, whose heads (their brains?) had been replaced by anthropomor-
phic information-technology devices. Human-like eyes and mouths appeared 
on a sheaf of punched IBM cards, a magnetic tape drive, a microelectronics 
chip, a digital watch, a computer terminal, a handheld electronic calculator, 
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and a universal-product-code strip. A robot from Star Wars (C-3PO), in its 
own body, gave the “bunny ears” sign over the “head” of the microchip. It 
was a happy family portrait of the computerization of society. The article 
focused on semiconductor technology, the “miracle chip” microprocessor at 
the heart of several devices on the cover, which Time correctly predicted 
would become ubiquitous in automobiles and in home appliances. A few 
years later, Time took the momentous step of naming the personal computer 
the “Machine of the Year” for 1982, in place of naming a human the “Man 
of the Year,” as was its custom. A sculpture of a man sitting at a desk, looking 
at the screen of his computer graced the cover of the magazine. On the cover’s 
inside flap is a companion sculpture of a woman sitting in a chair near her 
desktop computer. Coffee cup in hand, she looks away from the computer 
for the moment. The title announced, “The Computer Moves In.”16

 These stories contrast sharply with the way Time had treated computers 

Figure 10. The contrast between these covers of Time magazine illustrates the 
shift in public discourse on computers and daily life in the 1970s.The critical 
stance of the cybernated generation (left) gave way to the digital utopianism 
of the computer society, which prevailed at the end of the cybernetics moment 
(right). Used with permission from Time, April 2, 1965, and February 20, 1978.
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more than a decade earlier, in April 1965, when it published a cover story 
on the social implications of computers called “The Cybernated Genera-
tion” (fig. 10). On the magazine’s cover a multiarmed robot devours infor-
mation from punch cards and spits it out via computer printouts to human 
underlings under the banner “The Computer in Society.” The image reso-
nated with Wiener’s warnings that computer automation could cause social 
problems. In the story, the word cybernetics referred to the “science of com-
puters” and served as a synonym for computerization.17 In the 1978 cover 
story, the only allusion to cybernetics is in an interview with Stewart Brand, 
who said, “This is a story that goes back to the beginning of tool-using ani-
mals, back to the rocks the earliest man picked up in Africa. As soon as he 
started picking up rocks, his hands started changing, his brain started chang-
ing. Computers are simply a quantum jump in the same co-evolutionary 
process.”18 Time did not mention cybernetics when it named the computer 
the Machine of the Year in 1982.
 The arc of Brand’s career from the 1970s to the 1990s illustrates the mixed 
fate of cybernetics in the information age, even for a devotee of the subject. 
After publishing II Cybernetic Frontiers, he turned away from the computer 
frontier to promote Bateson’s cybernetic epistemology for a decade.19 In 
1975, he arranged a lengthy interview between Bateson and California Gov-
ernor Jerry Brown, held in Brown’s office. A friend of the counterculture, 
Brown was sufficiently impressed to appoint Bateson as a regent of the Uni-
versity of California system.20 The next year, Brand and Bateson organized 
a conference on the mind/body problem at the Zen Center in San Francisco. 
Chaired by Bateson, the conference brought together researchers on the 
frontiers of organic and machine cybernetics. Bateson, Francesco Varela, 
Heinz von Foerster, and Gordon Pask represented the second-order wing of 
cybernetics. Mary Catherine Bateson, the daughter of Margaret Mead and 
Gregory who had written a book on a European conference on cybernetics 
and ecology that her father organized in 1968, rounded out the researchers 
in organic cybernetics. From the computer side, Brand invited Alan Kay, 
whom he had interviewed at Xerox PARC for the Spacewar article, and Terry 
Winograd, a professor of computer science at Stanford.21 Brand reported on 
his many other efforts to promote Bateson’s cybernetics, including printing 
excerpts from Bateson’s last book Mind and Nature: A Necessary Unity 
(1979), in the pages of CoEvolution Quarterly. When Bateson died in 1980, 
peacefully at the San Francisco Zen Center, the journal published the fond 
reminiscences of Bateson by one of his former students.22

 Fred Turner has shown how a constellation of events in the early 1980s—
Bateson’s death, the collapse of the New Communalist movement, and the 
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advent of personal computers—encouraged Brand to turn away from or-
ganic cybernetics and return to the machine cybernetics frontier. Ever the 
network entrepreneur, Brand cofounded, in the mid-1980s, the Hackers 
Conference and the WELL (the Whole-Earth ’Lectronic Link), a pioneering 
dial-up bulletin-board computer network. Used primarily by journalists and 
other professionals in the Bay Area, the WELL convinced Howard Rhein-
gold to write about online “virtual communities.” In 1985, Brand merged 
CoEvolution Quarterly with a new venture, Software Review, to form the 
Whole Earth Review. The new journal promoted personal computers and 
software as traditional “appropriate technologies,” alongside the coevolu-
tionary whole-systems philosophy.23 In one of its first issues, the Whole 
Earth Review reported on debates at the Hackers Conference about whether 
or not information wanted to be free. Brand picked up the emerging dis-
course of an information society when he used the term information econ-
omy in the article’s title and said that by “reorganizing the Information Age 
around the individual, via personal computers, the hackers may well have 
saved the American economy” from a recession.24 When Wired magazine 
was founded in 1993, it had close ties with the Whole Earth network. Kevin 
Kelly, the computer editor for Whole Earth Review, became its executive 
editor. Brand and other journalists on the WELL wrote a couple of early 
articles for Wired, which became the apostle of digital utopianism, a vibrant 
form of information-age discourse.25

 While extolling the bright future of computers, Brand did not forget his 
Bateson nor how to critique utopian claims about new technology. In his 
best-selling book, The Media Lab: Inventing the Future at MIT (1987), 
organic cybernetics found a niche in Brand’s frontier of machine cybernet-
ics. Commissioned by the Media Lab and based on Brand’s three-month 
stint there researching electronic publishing, the book celebrates the vision 
of the lab’s founder, Nicholas Negroponte, to merge old media (print and 
broadcasting) with the new media of personal computing. Brand’s interviews 
with Negroponte, other leaders of the lab, and a dozen researchers and 
visitors paint a glowing picture of the enterprise. The book leaves the im-
pression that Negroponte had replaced Bateson as Brand’s mentor.26

 Although hardly central to the book, cybernetics comes into the picture 
in a few places. In his interview with Jerry Wiesner—the former president 
of MIT and Negroponte’s indispensable partner in raising corporate funds 
to build the Media Lab—Wiesner praised cybernetics as a precedent-setting 
research program in the 1950s. Yet Wiesner, perhaps drawing on his expe-
rience investigating for President Kennedy the alleged “cybernetics gap” with 
the Soviets, also noted that cyberneticists often made exaggerated claims 
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about the analogy between the computer and the brain. He told Brand that 
Wiener’s work on cybernetics had created a “golden age” of interdisciplinary 
research on communications at MIT’s Research Laboratory of Electronics, 
when Wiesner promoted that work in the 1950s. But as director of the lab 
in the 1960s, Wiesner could not convince MIT to establish a Communica-
tions Science Center. Brand suggested that the Media Lab was the fulfillment 
of that dream. Wiesner disagreed, however, and emphasized Negroponte’s 
idea of converging old and new media as the guiding force behind the Media 
Lab.27 Brand brought up cybernetics a few more times in the book. He 
mentioned Wiener’s argument that the centralized control of communica-
tions was unstable because it did not allow for feedback, and discussed a 
cybernetic analysis of inequalities among nations in the information system 
of global finance. He interviewed Warren McCulloch’s old colleague Jerry 
Lettvin about their famous 1959 paper, “What the Frog’s Eye Tells the Frog’s 
Brain.” But he did not relate the paper to McCulloch’s cybernetics program 
at MIT, nor to second-order cybernetics.28

 More surprisingly, Brand brought up Bateson without discussing Bate-
son’s version of cybernetics, which he had done so much to promote a de-
cade earlier. Instead, he praised Bateson’s definition of information as “any 
difference which makes a difference” as a semantic alternative to the non-
semantic definition in Shannon’s theory of information. The remarkable 
aspect of Bateson’s formulation, alluded to by Brand, is that it combines the 
linguistic elements of syntactics, semantics, and pragmatics in one pithy, 
easy-to-remember phrase. “The definition of information I kept hearing at 
the Media Lab,” Brand noted, “was Bateson’s highly subjective one. That’s 
philosophically heart-warming, but it also turns out there’s a powerful tool 
kit in the redefinition.” Brand referred to the desire of Negroponte and 
Marvin Minsky—one of the founders of symbolic AI who was now a lead-
ing voice at the Media Lab—to use a semantic theory of information to 
improve data compression in TV and films.29

 The Media Lab is emblematic of how Brand treated cybernetics when he 
returned to the computer frontier in the 1980s. He presented the science of 
cybernetics as a historical precedent, alluded to its usefulness in analyzing 
information systems, but failed to mention it when discussing two of his 
heroes in cybernetics, Warren McCulloch and Gregory Bateson. He may 
have been influenced by Minsky, who had relegated cybernetics to being a 
predecessor of AI in the 1960s. Bateson’s pithy definition of information also 
fits well with the information-talk in The Media Lab. Brand reproduced a 
graph from Marc Porat’s research on the information economy, and he titled 
the chapter on global finance “The World Information Economy.”30
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 In contrast, Negroponte barely mentioned cybernetics in his best-selling 
book Being Digital (1995). Composed of monthly columns Negroponte 
wrote for Wired magazine, of which he was an early investor, Being Digital 
did not discuss Bateson’s definition of information, which Brand had heard 
around the Media Lab. Negroponte only mentioned cybernetics when he 
said that his Architecture Machine Group at MIT, the predecessor of the 
Media Lab, had received funding from the Cybernetics Technology Office 
(CTO) in 1976 to research animated movies for the training of soldiers.31 A 
branch of DARPA, the CTO’s brief existence, from 1975 to 1981, has been 
overshadowed by the well-publicized success of DARPA’s Information Pro-
cessing Techniques Office (IPTO), which funded the design and construc-
tion of the ARPANET and research into computer graphics and artificial 
intelligence.32

 The Cybernetics Technology Office was established in 1975 as a succes-
sor to ARPA’s Behavioral Sciences Research Office at ARPA, which psychol-
ogist J. C. R. Licklider had created in 1962, the same year he founded IPTO. 
Social scientist Robert Young was CTO’s first director. DARPA chose the 
cybernetics name in response to congressional criticism of the agency’s sup-
port of the behavioral sciences and to indicate the funding of applications 
rather than basic research, a priority under DARPA’s new leadership. The 
social scientists at CTO—Robert Young, his successor Stephen Andriole, 
and program officer Judith Ayres Daly—would have known about the move-
ment to transform the meaning of cybernetics into a science that studied 
social systems.33 In fact, CTO funded a good deal of research and develop-
ment on computerized statistical systems for crisis management and decision 
making in foreign policy. One of the researchers, applied mathematician 
Paul Werbos, recalled that the system included a secret “worldwide conflict 
forecasting model for the Joint Chiefs of Staff.” One tie to classical cyber-
netics in this program was that political scientist Karl Deutsch was a Ph.D. 
adviser to Werbos at Harvard.34

 Another major research area at the Cybernetics Technology Office was 
in the new field of human-computer interaction (HCI). Program officer 
Craig Fields, who went on to become director of CTO and then of DARPA, 
funded several projects at the Media Lab, including the spatial management 
of information. Those projects enjoyed a good deal of success and are now 
seen as part of the storied history of HCI. In contrast, a more radical project, 
the Biocybernetics Program on Closed-Coupled Man/Machine Systems, 
was discontinued when the office was closed in 1981. The Biocybernetics 
Program funded a dozen projects at Harvard, MIT, SRI, UCLA, the Univer-
sity of Illinois, and other research centers to create psychophysiological links 
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that would use brain signals and other means to interface humans with 
computers. The program dispersed more than two million dollars to re-
searchers from 1975 to 1979. Because of funding cuts and administrative 
disruptions at DARPA, the Biocybernetics Program supported only one labo-
ratory over the entire period of its existence, the Cognitive Psychophysiolog-
ical Laboratory at the University of Illinois. A science fiction–like subvocal lab 
demonstration at the Stanford Research Institute attracted public attention 
in 1974, when Time magazine ran an article on it called the “Mind-Reading 
Computer.”35

 The contrast between the Cybernetics Technology Office and the Infor-
mation Processing Techniques Office at DARPA illustrates the uncertain fate 
of cybernetics in the information age. While IPTO funded the information 
technologies in common use today—computer networks, computer graphi-
cal interfaces, and AI—the CTO funded many projects in the shadows— 
secret decision-making and forecasting systems for the Pentagon and a bio-
cybernetics project that resonates more with the CIA than with the Media 
Lab. Even though the Aspen Movie Map project at the Media Lab was de-
veloped to train soldiers, it is celebrated today as contributing to the civil 
side of the information revolution, as a predecessor to Google Street Maps.36 
The breadth of the CTO programs symbolizes the breadth of cybernetics 
in the 1970s—computer modeling in the social sciences, biocybernetics, 
and more traditional HCI. Its dissolution in 1981, in the face of IPTO’s 
success, symbolizes how difficult it was for cybernetics to survive in the 
1980s, when the cybernetic moment had ended and talk of an information 
age was rampant.
 The marginalization of cybernetics is evident in popular books that cel-
ebrated an information age in the 1980s and 1990s. Cybernetics and infor-
mation theory, lauded in the 1960s as two new sciences ushering in the in-
formation revolution, do not make a significant impression in these books. 
Neither science is mentioned in information pundit Yoneji Masuda’s The 
Information Society as Post-industrial Society (1981), journalist Tom For-
ester’s edited volume, The Information Technology Revolution (1985), nor 
in sociologist Manuel Castells’s three-volume set, The Information Age: 
Economy, Society, and Culture (1996–1998).37 Cybernetics is mentioned 
several times in The Computer Age (1979), edited by two MIT computer 
scientists. Computer expert Michael Dertouzos, psychologist Licklider, and 
sociologist Daniel Bell identified cybernetics as an element of the computer 
age, while Marvin Minsky, once again, called it a “premature” precursor of 
AI.38 Information theory is given its own chapter in Silicon Dreams (1989), 
written by Bell Labs vice president and electronics pundit Robert Lucky. 
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Although Lucky praised information theory as a high-level intellectual ac-
complishment that led to some practical applications in space communica-
tions and the coding of compact discs, he noted the exaggerated claims 
made for it in the 1950s and let readers judge its true value.39 In the Social 
Life of Information (2000), John Seely Brown, the director of Xerox PARC, 
and his coauthor, humanist Paul Duguid, noted problems with Shannon’s 
nonsemantic definition of information. They preferred Bateson’s definition 
of information, but did not identify that formulation with cybernetics. Like 
Brand, they reduced Bateson’s complex philosophy of cybernetics to a pithy 
information slogan.40 It fit the discursive needs of an information age.
 Ironically, the concepts of cybernetics and information theory were 
treated more fully by humanists and social scientists who criticized the rash 
talk about an information society. In her introduction to the edited volume 
Myths of Information (1980), Kathleen Woodward at the University of Wis-
consin–Milwaukee even praised cybernetics as a method academics could 
use to combat the reigning ideologies of information. “Circulating through 
The Myths of Information,” Woodward explained, “are two major propo-
sitions regarding cultural theory and action: we must think cybernetically, 
and we must trust in de-centered action in everyday life.” Drawing on Bateson, 
Woodward said, “These two mandates are related, for cybernetic thought 
asserts that the part can never control the whole and that change in a system 
comes about from shifts in the structural relations, or constraints, of the 
system.”41 Theodore Roszak was more critical in 1986. Although he praised 
Wiener for being the conscience of cybernetics, for warning readers of its 
potential negative social consequences, he traced the origins of the “cult of 
information” to Wiener’s 1950 book, The Human Use of Human Beings. 
The criticism was not new for Roszak. In his widely read The Making of 
a Counter Culture (1969), he listed cybernetics as one of the intellectual 
sources of the technocratic society against which the counterculture was 
fighting. Wiener’s version of cybernetics, Roszak declared, “worked out one 
of the key propositions of technocratic managerialism: namely, that man 
and social life generally are so much communicating apparatus,” and thus 
manipulable using the science of communication and control.42

 Brand did not ignore these sorts of criticisms. The cover of the first issue 
of Whole Earth Review, published in January 1985, stated a provocative 
theme in large type, “Computers as Poison,” below a favorite Whole Earth 
adage, “All panaceas become poison.” Brand explained that the journal used 
the panacea-as-poison theme to attract loyal readers of the money-losing 
CoEvolution Quarterly, which had been merged into Whole Earth Review. 
“It seemed appropriate to combine the routine skepticism of CQ with the 
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computer obsession of Software Review and let those perspectives fight it 
out for awhile,” Brand concluded. The issue included an early version of 
Langdon Winner’s critical article, “Mythinformation,” and reprinted E. M. 
Forster’s 1909 dystopian short story, “The Machine Stops,” about a proto–
information age gone amok, which Brand later discussed in The Media Lab. 
Yet in the software review part of the issue, Brand revealed that he had 
moved on to the machine cybernetics frontier: “Having presented harsh 
words about computers in general, we here reveal our true colors with a 
whole section of largely kind words about computers in particular.”43

 One social scientist employed cybernetics to explain the origins of the 
information society. In The Control Revolution (1986), James Beniger ad-
opted the standard cybernetic view that information-feedback loops ensured 
the survival of all living systems, from the cell to the world economy, by 
negating the increase of entropy at the local level. Based on that premise, he 
charted the history of the control revolution from the nineteenth century to 
the microelectronics-based information society (see chapter 8). Cybernetics 
held a unique status in Beniger’s account. Created by scientists and engi-
neers who knew about the computers and communications systems invented 
in World War II, cybernetics, to Beniger, was a universal science that could 
explain the new society being built by those very innovations.44

 Beniger knew his cybernetics. In the late 1970s, he identified his work as 
part a broad European movement in sociology called the “new cybernetics” 
or “sociocybernetics.” The movement aimed to reform “classical cybernetics” 
by including the observer as part of the system being studied, and by con-
sidering system changes caused by its interaction with the environment. The 
work of English cybernetician Gordon Pask and German sociologist Niklas 
Luhmann along these lines later came under the rubric of “second-order 
cybernetics.” Even though Beniger did not adhere to the radical epistemology 
of second-order cybernetics, his work fits into this broad reform movement 
because he proposed a theory of social control that synthesized purposive 
individual actions with autonomous systems.45 He applied the general out-
lines of this theory of sociocybernetics in The Control Revolution to date 
the origins of the information society to the nineteenth century.
 Second-order cybernetics in the United States did not address the con-
vergence of computers and communications occurring on the frontier of 
machine cybernetics. Instead, it represents the exploration of the frontier of 
organic cybernetics. Second-order cybernetics has led a marginal disciplinary 
existence in the United States as a mainstay of the American Society for 
Cybernetics and of Cybernetics and Human Knowing, a journal sponsored 
by the ASC. It has been more widely adopted in Europe. In the third edition 
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of the International Encyclopedia of the Social and Behavioral Sciences, 
published in 2001, the entry “Sociocybernetics” defines it as the “applica-
tions of first-order and especially second-order cybernetics to the social sci-
ences, and the further development of the latter.” The entry prominently cites 
the work of Luhmann and other Europeans.46

 The encyclopedia also illustrates the decline in the interpretation of cy-
bernetics as a universal discipline. While the second edition of this classic 
reference work, published in 1968, devoted a separate entry to “Cybernet-
ics,” which recounted the wide variety of research performed under that 
flexible and contested rubric, the third edition replaced that entry with one 
titled “Sociocybernetics.”47 The term cybernetics can be found in more than 
forty articles in this twenty-six-volume reference set. But usually it is cited 
as a historical precedent to current theories in the social sciences. The entry 
“Cyborg,” for example, describes how the cyborg grew out of Cold War 
research in cybernetics, the proliferation of cyborgs in science fiction and 
fact, and how humanists have followed the lead of Donna Haraway to em-
brace the cyborg as an ironic myth for political action. Other entries note 
the importance of (first-order) cybernetics in the work of such eminent, de-
ceased scholars as Karl Deutsch and Roman Jakobson, and in the history of 
such fields as cognitive science and family therapy.48 The encyclopedia thus 
treated cybernetics as an outdated predecessor to current scholarship, even 
in the entry “Sociocybernetics.”49

 We have seen that many information theorists and computer scientists, 
such as John Pierce at Bell Labs and Peter Elias and Marvin Minsky at MIT, 
have treated cybernetics in a similar manner. A revival of sorts is under way, 
though, in the field of AI. Rodney Brooks, the head of the Computer Science 
and Artificial Intelligence Laboratory at MIT, has drawn inspiration from 
W. Grey Walter’s robotic tortoises in the 1950s to create a new cybernetic 
form of AI. His lifelike robots explore and learn about their environment 
instead of relying on cognitive maps that are characteristic of symbolic AI.50 
In sociology, Andrew Pickering has utilized the history of British cybernetics 
to propose reforming modern science with a new vision: the “nonmodern 
performative ontology” of cybernetics, as exemplified by the work of Grey 
Walter, Ross Ashby, Stafford Beer, and Gordon Pask. Pickering does not aim 
to replace representationalist science with performative cybernetics. He of-
fers an alternative vision that challenges the dominant way we understand 
the world.51

In the early twenty-first century, forty years after Stewart Brand published 
II Cybernetic Frontiers, it is obvious which frontier has blossomed. Machine 
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cybernetics has filled our world with seemingly indispensable information 
gadgets. Organic cybernetics lives a marginal life as second-order cybernet-
ics and sociocybernetics in the social sciences and humanities. First-order 
cybernetics has experienced a rebirth at MIT’s Artificial Intelligence Labora-
tory, and information theory hums along as a subfield of electrical engineer-
ing, contributing the codes necessary to run a digital age. But the protean 
concepts of cybernetics and information theory that created the intellectual 
and cultural excitement of the cybernetics moment—the constructs of cir-
cular causality and negative entropy, the idea that society is held together by 
messages—have been flattened to a discourse of bits, Big Data, and the all- 
purpose adjective of cyber to label an underexamined information age.52

 The sociotechnical transformation of old media into new media has been 
accompanied by a cultural transformation in how we talk about, and thus 
interpret, the major technology of our time. The cybernetics moment trans-
formed the sciences into information sciences, inspired the invention of in-
formation technology, and provided a vocabulary to describe the new age. 
Ironically, the ending of the cybernetics moment—when cybernetics and 
information theory were no longer considered to be universal panaceas, 
separately or conjoined—permitted the rise of an impoverished informa-
tion discourse about an information revolution, society, and age. In 1995, 
Negroponte summed up the essence of “being digital” as moving bits, not 
atoms, which a recent journalist has called the “motto of the Internet Age.”53 
Although Negroponte was speaking metaphorically, the motto elides the 
enormous amount of telecommunications infrastructure, computer hard-
ware, and “information labor” required to move bits of information so that 
it seems to be done without effort, cost, or environmental impact. Most 
Internet users, for example, are unaware that a Google search uses any 
energy at all.54 The ideas that fill the writings of Wiener and Bateson—the 
unsuitability of information to be a commodity because of its equivalence 
to entropy, critiques of secrecy in scientific research and the unemployment 
caused by computerization, and that adopting a cybernetic epistemology 
would eliminate destructive attitudes toward the environment—are no lon-
ger part of a broad discourse on cybernetics and information science. The 
topics they address are debated as separate questions in separate disciplines, 
not in terms of what the information age should be.
 Understanding how the cybernetics moment transformed the sciences, 
inspired the invention of technology, and gave our current age its name helps 
us understand the present by recovering the contestations of the past and 
the paths not taken. Perhaps, it will even help us make good decisions about 
the future of our age of information.
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