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Preface

To SAY that the advanced industrial world is rapidly becoming an

Information Society may already be a cliche. In the United States,
Canada, Western Europe, and Japan, the bulk of the labor force now
works primarily at informational tasks such as systems analysis and
computer programming, while wealth comes increasingly from in
formational goods such as microprocessors and from informational
services such as data processing. For the economies of at least a half
dozen countries, the processing of information has begun to overshad
ow the processing of matter and energy.
But why? Among the multitude of things that human beings value,
why should it be information, embracing both goods and services, that
has come to dominate the world's largest and most advanced econ
omies? Despite scores of books and articles proclaiming the advent of
the Information Society, no one seems to have even raised-much less
answered-this important question.
My own desire to. understand the new centrality of information began
in the summer of 1963, before my junior year in high school, when the
National Science Foundation sponsored.my participation in an eight
week program in mathematics and computer science at Oregon State
University. At a time when no teenage hacker culture had yet emerged,
living with thirty students from around the country while learning to
program proved to be the next best thing, my personal windfall from
Sputnik (I still delight in being one of the youngest people to have run
a program on vacuum tubes). Why have computers become so central
to modern society, I wondered that summer, when all they can do is
to transform information from one form to another? How could our
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entire era, popularly described even in the early 1960s as the "Com
puter Age,'' be evoked by so modest an activity as information pro
cessing?
Even if we could explain the growing importance of information and
its processing in modern economies, I realized, we would immediately
confront a second question: Why now? Because information plays an
important role in all human societies, we would also have to explain
why it has only recently emerged as a distinct and critical commodity.
Material culture has also been crucial throughout human history, after
all, and yet capital did not displace land as tbe major economic base
until the Industrial Revolution. To wbat comparable tecbnological and
economic "revolution" might we attribute the emergence of the Infor
mation Society?
My answer, as the title of this book indicates, is what I call the
Control Revolution, a complex of rapid changes in the technological
and economic arrangements by which information is collected, stored,
processed, and communicated, and through which formal or pro
grammed decisions might effect societal control. From its origins in
the last decades of the nineteenth century, the Control Revolution has
continued unabated, and recently it has been accelerated by the de
velopment of microprocessing technologies. In terms of the magnitude
and pervasiveness of its impact upon society, intellectual and cultural
no less than material, tbe Control Revolution already appears to be
as important to the history of this century as the Industrial Revolution
was to the last.
But history alone cannot explain why it is information that increas
ingly plays the crucial role in economy and society. The answer must
be sought in the nature of

all living systems-ultimately in

the rela

tionship between information and control. Life itself implies control,
after all, in individual cells and organisms no less than in national
economies or any other purposive system.
My interest in such systems developed from the first course I at
tended as a Harvard freshman, Soc Sci 8, taught in the fall of 1965 by
the cognitive scientist George A. Miller. Although I had the great
pleasure, fifteen years later, of being George Miller's colleague at
Princeton, I doubt that he can ever know how much his early teaching
on information processing and communication inspired at least one
undergraduate to view things social as interacting processing sys
tems-and to appreciate the importance of communication and control
in all such systems.
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Once we view national economies as concrete processing systems
engaged in the continuous extraction, reorganization, and distribution
of environmental inputs to final consumption, the impact of industrial
ization takes on new meaning. Until the Industrial Revolution, even
the largest and most developed economies ran literally at a human
pace, with processing speeds enhanced only slightly by draft animals
and by wind and water power, and with system control increased cor
respondingly by modest bureaucratic structures. By far the greatest
effect of industrialization, from this perspective, was to speed up a
society's entire material processing system, thereby precipitating what
I call a crisis of control, a period in which innovations in information
processing and communication technologies lagged behind those of en
ergy and its application to manufacturing and transportation.
Identifying the crisis of control and the resulting Control Revolution
has helped me to answer another question that has nagged me since
my days as an American history major, namely, why the period 18701910 is so interesting to modern students and seems so decisive for
society as we know it today. Here my thinking has been most influenced
by Alfred Chandler of the Harvard Business School, one of the few
historians to exploit the view of societies as material processing sys
tems. Chandler's 1977 book,

The Visible Hand: The Managerial Rev
olution in American Business, first suggested to me the possibility
that the American economy had become a distinctively more purposive
system during those decades.
The Information Society, I have concluded, is not so much the result
of any recent social change as of increases begun more than a centnry
ago in the speed of material processing. Microprocessor and computer
technologies, contrary to currently fashionable opinion, are not new
forces only recently unleashed upon an unprepared society, but merely
the latest installment in the continuing development of the Control
Revolution. This explains why so many of the computer's major con
tributions were anticipated along with the first signs of a control crisis
in the mid-nineteenth century.
Although some readers may see this as a "multidisciplinary" ap
proach to history, my goal has been to understand not multiple subjects
but only one: the origin of the Information Society. lf the world econ
omy uses information for the same general purpose as does a single
organism, if economic changes influence theoretical work on informa
tion processing, and if the resulting technological breakthroughs in
crease our material control, as I will argue in the following chapters,
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then it seems a shame to leave this interesting phenomenon of infor
mation processing and control divided up-like a secret treasure map
among conspirators-among biologists, economists, historians, and en
gineers. We segment experience only to make it easier to understand,
after all, and although the various academic disciplines have beyond
question proved themselves good means toward that end, they are
surely not ends in themselves.
I am not advocating that social scientists regularly try to elucidate
the subject matter of many specialties. Indeed, this book could never
have been written had not generations of scholars devoted themselves
to narrower and more manageable topics. But their contributions will
not be complete unless we occasionally attempt to bring their separate
truths together into a larger one. From this perspective, my goal might
seem to be narrow: to understand the expanding economy of infor
mation as a means of control.
My research and writing have profited from both the criticism and
the support of many people. Among these, Alfred Chandler, Thomas
Parke Hughes, and Tony Oettinger have my deepest gratitude and
respect. Each generously read large sections of the manuscript, offered
many useful suggestions, and-though not agreeing with everything
I wrote-provided warm encouragement. Without people like these,
scholarship would be just another job.
Other scholars who kindly gave of their time to comment on various
sections include Will Baumol, Daniel Bell, Al Biderman, Robert Bier
stedt, Lord Briggs, Claude Fischer, Alexander Leitch, Marion Levy,
Niklas Luhmann, Allan Mazur, David Sills, Neil Smelser, and Art
Stinchcombe. Susan Cotts Watkins not only carefully read my penul
timate draft but also provided invaluable advice and encouragement
over regular lunches during her year at tile Institute for Advanced
Study. Robert Wright, a former student of mine and now an accom
plished science columnist and editor, managed to scribble many helpful
comments on an early draft while commuting on the New York City
subways.
Because questions of living systems took me furthest from my own
formal academic training, I made a special effort to solicit the advice
of biologists. Among those who generously responded with useful com
ments, encouragement, or both, I would like to thank A. G. Cairns
Smith, Manfred Eigen, Richard Keogh, Ernst Mayr, Claude Villee,
Paul Weisz, and Ed Wilson. Through a faculty seminar and coteaching
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with several members of Princeton's biology department, I have also
learned a great deal from John Bonner, Henry Horn, Bob May, and
George Sugihara.
Additional stimulation came from invitations to test various ideas in
this book on a range of audiences: the American Association for the
Advancement of Science, the American Association for Public Opinion
Research, the American Sociological Ass ociation, the Annenberg Schools'
Washington Program, Harvard's Program on Information Resources
Policy, the National Academy of Science, New York University's Media
Ecology Conference, the Social Science History Association, and the
University of Pennsylvania Department of the History and Sociology
of Science, as well as a number of brownbag luncheon meetings spon
sored by the graduate students in my department at Princeton. For
invitations to make these various presentations, I am grateful to Mi
chael Armer, Hamilton Cravens, Tom Hughes, Elizabeth Martin, Tony
Oettinger, Neil Postman, Everett Rogers, Howard Schuman, David
Sills, and Charles Turner.
For sustaining my morale throughout the conception, planning, and
writing of this book, I am particularly indebted to Clifford Nass, who
entered the process as a mathematics and computer science major in
my undergraduate course on technology and social change, graduated
to our doctoral program in sociology, and finished as my (prize-winning)

teaching assistant, collaborator on several projects, and friend. Among
Cliff's many contributions, in addition to making detailed comments
on each draft of the manuscript, I must single out his patience in
convincing me to take seriously the concept of

preprocessing. Of the

hundreds of other students with whom I have argued various of this
book's ideas over the past ten years, seven undergraduates stand out
in my mind as particularly influential: Paul Femhout, Bob Giuffra,
Howard Pearhnutter, Glenn Picher, Peter Swire, Nicholas Ulanov,
and David Wonnacott.
Much credit for this book belongs to Harvard University Press.
Michael Aronson spotted merit in my partial manuscript and enlisted
wise reviewers to suggest improvements. I learned a great deal about
writing from the spidery green line of my copy editor, Patricia Flah
erty, a gracious diplomat who made the book read better.
Literally hundreds of employees of Princeton University and of the
Annenberg School of Communications at the University of Southern
California helped with the preparation of this book. Among these con
tributors, I must single out for special thanks the staffs of Princeton's
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Firestone Library and University Computer Center, USC's Doheny
Library, the Annenberg School's Learning and Production Centers,
and my secretary, Rachel Osborn. I am particularly indebted to Peter
Clarke and Susan Evans of the Annenberg School, among the first to
appreciate

The Control Revolution

and among its most steadfast

supporters, for providing me with a comfortable home in which to com
plete it.
Another friend, Kay Ferdinandsen, offered advice on all drafts of
the manuscript and sustained my efforts in countless other ways. Some
time between the completion of Chapter 6 and the start of Chapter 7,
we managed to get married.
I must acknowledge my other good fortune, during the most form
ative period of my thinking about the Information Society, in having
become acquainted with two of the pioneering scholars of the subject.
Although I would have relied heavily upon their published ideas in any
case, getting to know them in person before their deaths provided a
special inspiration in my life as well as in this work. It is to them,
Fritz Machlup and Ithiel de Sola Pool, that I gratefully dedicate this
book.

Contents

1

Introduction

1

I Living Systems, Technology, and the Evolution of
Control
2

Programming and Control: The Essential Life Process

31

3

Evolution of Control: Culture and Society

61

II Industrialization, Processing Speed, and the Crisis
of Control
4 From Tradition to Rationality: Distributing Control

121

5

Toward Industrialization: Controlling Energy and Speed

169

6

Industrial Revolution and the Crisis of Control

219

III Toward an Information Society: From Control Crisis
to Control Revolution
7

Revolution in Control of Mass Production and Distribution

291

8

Revolution in Control of Mass Consumption

344

9

Revolution in Generalized Control: Data Processing and
Bureaucracy

390

Conclusions: Control as Engine of the Information Society

426

References

439

Index

477

10

The Control Revolution

1

�������-
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Here have we war for war and blood for blood,
controlment for controlment.
-King of England to the French
ambassador (Shakespeare, King John)

ONE TRAGEDY of the human condition is that each of us lives and dies

with little hint of even the most profound transformations of our society
and our species that play themselves out in some small part through
our own existence. When the earliest Homo sapiens encountered Homo

erectus, or whatever species was our immediate forebear,

it is unlikely

that the two saw in their differences a major turning point in the
development of our race. If they did, this knowledge did not survive
to be recorded, at least not in the ancient writings now extant. Indeed,
some fifty thousand years passed before Darwin and Wallace redis
covered the secret-proof of the difficulty of grasping even the most
essential dynamics of our lives and our society.
Much the same conclusion could be drawn from any of a succession
of revolutionary societal transformations: the cultivation of plants and
the domestication of animals, the growth of permanent settlements,
the development of metal tools and writing, urbanization, the invention
of wheeled vehicles and the plow, the rise of market economies, social
classes, a world commerce. The origins and early histories of these
and many other developments of comparable significance went unnot
iced or at least unrecorded by contemporary observers. Today we are
hard pressed to associate specific dates, places, or names with many
major societal transformations, even though similar details abound for
much lesser events and trends that occurred at the same times.
This condition holds for even that most significant of modern societal
transformations, the so-called Industrial Revolution. Although it is
generally conceded to have begun by mid-eighteenth century, at least
in England, the idea of its revolutionary impact does not appear until
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the 1830s in pioneering histories like those of Wade (1833) and Blanqui
(1837). Widespread acceptance by historians that the Industrial Rev
olution constituted a major transformation of society did not come until
Arnold Toynbee, Sr., popularized the term in a series of public lectures
in 1881 (Toynbee 1884). This was well over a century after the changes
he described had first begun to gain momentum in his native England
and at least a generation after the more important ones are now gen
erally considered to have run their course. Although several earlier
observers had described one or anotbe r of the same changes, few before
Toynbee had begun to reflect upon the more profound transformation
that signaled the end-after some ten thousand years-of predomi
nantly agricultural society.
Two explanations of this chronic inability to grasp even the most
essential dynamics of an age come readily to mind. First, important
transformations of society rarely result from single discrete events,
despite the best efforts of later historians to associate the changes with
such events. Human society seems rather to evolve largely through
changes so gradual as to be all but imperceptible, at least compared
to the generational cycles of the individuals through whose lives they
unfold. Second, contemporaries of major societal transformations are
frequently distracted by events and trends more dramatic in immediate
impact but less lasting in significance. Few who lived through the early
1940s were unaware that the world was at war, for example, but the
much less noticed scientific and technological by-products of the conflict
are more likely to lend their names to the era, whether it comes to be
remembered as the Nuclear Age, the Computer Age, or the Space
Age.
Regardless of how we explain the recurrent failure of past gener
ations to appreciate the major societal transformations of their own
eras, we might expect that their record would at least chasten students
of contemporary social change. In fact, just the opposite appears to
be the case. Much as if historical myopia could somehow be overcome
by confronting the problem head-on, a steadily mounting number of
social scientists, popular writers, and critics have discovered that one
or another revolutionary societal transformation is now in progress.
The succession of such transformations identified since the late 1950s
includes the rise of a new social class (Djilas 1957; Gouldner 1979), a
meritocracy (Young 1958), postcapitalist society (Dahrendorf 1959), a
global village (McLuhan 1964), the new industrial state (Galbraith 1967),
a scientific-technological revolution (Richta 1967; Daglish 1972; Prague
Academy 1973), a technetronic era (Brzezinski 1970), postindustrial

Introduction

3

society (Touraine 1971; Bell 1973), an information economy (Porat 1977),
and the micro millennium (Evans 1979), to name only a few. A more
complete catalog of these and similar transformations, listed by year
of first exposition in a major work, is given in Table 1.1.
The writer who first identified each of the transformations listed in
Table 1.1 usually found the brunt of the change to be-coincidentally
enough-either in progress or imminent. A recent best-seller, for ex
ample, surveys the sweep of human history, notes the central impor
tance of the agricultural and industrial revolutions, and then finds in
contemporary society the seeds of a third revolution-the impending
"Third Wa\'e":
Humanity faces a quantum leap forward. It faces the deepest social up
heaval and creative restructuring of all time. Without clearly recoguizing
it, we are engaged in building a remarkable new civilization froin the
ground up. This is the meaning of the Third Wave ... It is likely that
the Third Wave will sweep across history and complete itself in a few
decades.We, who happen to share the planet at this explosive moment,
will therefore feel the full impact of the Third Wave in our own life
times. Tearing our families apart, rocking our economy, paralyzing our
political systems, shattering our values, the Third Wave affects every�
one.

(Toffter 1980, p. 26)

Even less breathless assessments of contemporary change have been
no less optimistic about the prospect of placing developing events and
trends in the broadest historical context. Daniel Bell, for example,
after acknowledging the counterevidence ofToynbee and the Industrial
Revolution, nevertheless concludes, "Today, with our greater sensi
tivity to social consequences and to the future . . . we are more alert
to the possible imports of technological and organizational change, and
this is all to the good" (1980, pp. x-xi).
The number of major societal transformations listed in Table 1.1
indicates that Bell appears to be correct; we do seem more alert than
previous generations to the possible importance of change. The wide
variety of transformations identified, however, suggests that, like the
generations before us, we may be preoccupied with specific and pos
sibly ephemeral events and trends, at the risk of overlooking what
only many years from now will be seen as the fm;idamental dynamic
of our age.
Because the failures of past generations bespeak the difficulties of
overcoming this problem, the temptation is great not to try. This
reluctance might be overcome if we recognize that understanding our-
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Table I.I. Modern societal transformations identified since 1950
Year

Transforma:ion

Sources

1950

Lonely crowd
Posthistoric man
Organizational
revolution
Organization man
New social class
Meritocracy
Educational revolution
Postcapitalist society
End of ideology
Postmaturity economy
Industrial society
Computer revolution

Riesman 1950
Seidenberg 1950
Boulding 1953

1953
1956
1957
1958
1959
1960
1961
1962

1963
1964

1967

1968

1969

1970

1971

Knowledge economy
New working class
Postbourgeois society
Global village
Managerial capitalism
One-dimensional man
Postcivilized era
Service class society
Technological society
New industrial state
Scientific-technological
revolution
Dual economy
Neocapitalism
Postmodern society
Technocracy
Unprepared society
Age of discontinuity
Postcollectivist society
Postideological society
Computerized society
Personal society
Posteconomic society
Postliberal age
Prefigurative culture
Technetronic era
Age of information
Compunications

Whyte 1956
Djilas 1957; Gouldner 1979
Young 1958
Drncker 1959
Dahrendorf 1959
Bell 1960
Rostow 1960
Aron 1961; 1966
Berkeley 1962; Tomeski 1970; Hawkes
1971
Machlup 1962; 1980; Drncker 1969
Mallet 1963; Gintis 1970; Gallie 1978
Lichtheim 1963
McLuhan 1964
Marris 1964
Marcuse 1964
Boulding 1964
Dahrendorf 1964
Ellul 1964
Galbraith 1967
Richta 1967; Daglish 1972; Prague
Academy 1973
Averitt 1968
Gorz 1968
Etzioni 1968; Breed 1971
Meynaud 1968
Michael 1968
Drucker 1969
Beer 1969
Feuer 1969
Martin and Norman 1970
Halmos 1970
Kahn 1970
Vickers 1970
Mead 1970
Brzezinski 1970
Helvey 1971
Oettinger 1971
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Year

Transformation

Sources

1971

Postindustrial society
Self-guiding society
Superindustrial society
Limits to growth
Posttraditional society
World without borders
New service society
Stalled society
Consumer vanguard
Information revolution
Communications age
Mediacracy
Third industrial
revolution
Industrial-technological
society
Megacorp
Electronics revolution
Information economy
Anticipatory
democracy
Network nation
Republic of technology
Telematic society
Wired society
Collapse of work
Computer age
Credential society
Micro millennium
Micro revolution
Microelectronics
revolution
Third wave
Information society
Network marketplace
Communications
revolution
lnformation age
Computer state
Gene age
Second industrial
divide

Touraine 1971; Bell 1973
Breed 1971
Tofller 1971
Meadows 1972; Cole 1973
Eisenstadt 1972
Brown 1972
Lewis 1973
Crozier 1973
Gartner and Riessman 1974
Lamberton 1974

1972

1973
1974
1975

1976

1977
1978

1979

1980

1981
1982

1983
1984

Phillips 1975
Phillips 1975
Stine 1975; Stonier 1979
Ionescu 1976
Eichner 1976
Evans 1977
Porat 1977
Bezold 1978
Hiltz and Turoff 1978
Boorstin 1978
Nora and Mine 1978; Martin 1981
Martin 1978
Jenkins and Sherman 1979
Dertouzos and Moses 1979
Collins 1979
Evans 1979
Large 1980, 1984; Laurie 1981
Forester 1980
Tofller 1980
Martin and Butler 1981
Dordick 1981
Williams 1982
Dizard 1982
Burnham 1983
Sylvester and Klotz 1983
Piore and Sabel 1984
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selves in our own particular moment in history will enable us to shape
and guide that history. As Bell goes on to say, "to .the extent that we
are sensitive [to the possible importance of technological and social
change], we can try to estimate the consequences and decide which
policies we should choose, consonant with the values we have, in order
to shape, accept, or even reject the alternative futures that are avail
able to us" (1980, p. xi).
Much the same purpose motivates-and I hope justifies-the pages
that follow. In them I argue, like many of the writers whose names
appear in Table 1.1, that society is currently experiencing a revolu
tionary transformation on a global scale. Unlike most of the other
writers, however, I do not conclude that the crest of change is either
recent, current, or imminent. Instead, I trace the causes of change
back to the middle and late nineteenth century, to a set of problems
in effect a crisis of control-generated by the industrial revolution in
manufacturing and transportation. The response to this crisis, at least
in technological innovation and restructuring of the economy, occurred
most rapidly around the turn of the century and amounted to nothing
less, I argue, than a revolution in societal control.

The Control Revolution
Few turn-of-the-century observers understood even isolated aspects
of the societal transformation-what I shall call the "Control Revo
lution"-then gathering momentum in the United States, England,
France, and Germany. Notable among those who did was Max Weber
(1864-1920), the German sociologist and political economist who di
rected social analysis to the most important control technology of his
age: bureaucracy. Although bureaucracy had developed several times
independently in ancient civilizations, Weber was the first to see it as
the critical new machinery-new, at least, in its generality and per
vasiveness-for control of the societal forces unleashed by the indus
trial Revolution.
For a half-century after Weber's initial analysis bureaucracy con
tinued to reign as the single most important technology of the Control
Revolution. After World War lI, however, generalized control began
to shift slowly to computer technology. lf social change has seemed to
accelerate in recent years (as argued, for example, by Toftler 1971),
this has been due in large part to a spate of new information-processing,
communication, and control technologies like the computer, most no
tably the microprocessors that have proliferated since the early 1970s.
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Such technologies are more properly seen, however, not as causes but
as consequences of societal change, as natural extensions of the Control
Revolution already in progress for more than a century.

Revolution,

a term borrowed from astronomy, first appeared in po

litical discourse in seventeenth-century England, where it described
the restoration of a previous form of government. Not until the French
Revolution did the word acquire its currently popular and opposite
meaning, that of abrupt and often violent change. As used here in
Control Revolution, the term is intended to have both of these opposite
connotations.
Beginning most noticeably in the United States in the late nineteenth
century, the Control Revolution was certainly a dramatic if not abrupt
discontinuity in technological advance. Indeed, even the word

lution seems barely adequate to describe

revo

the development, within the

span of a single lifetime, of virtually all of the basic communication
technologies still in use a century later: photography and telegraphy
(1830s), rotary power printing (1840s), the typewriter (1860s), trans
atlantic cable (1866), telephone (1876), motion pictures (1894), wireless
telegraphy (1895), magnetic tape recording (1899), radio (1906), and
television (1923).
Along with these rapid changes in mass media and telecommuni
cations technologies, the Control Revolution also represented the be
ginning of a restoration-although with increasing centralization-of
the economic and political control that was lost at more local levels
of society during the Industrial Revolution. Before this time, control
of government and markets had depended on personal relationships
and face-to-face interactions; now control came to be reestablished by
means of bureaucratic organization, the new infrastructures of trans
portation and telecommunications, and system-wide communication via
the new mass media. By both of the opposite definitions of revolution,
therefore, the new societal transformations-rapid innovation in in
formation and control technology, to regain control of f unctions once
contained at much lower and more diffuse levels of society-consti
tuted a true revolution in societal control.
Here the word

control

represents its most general definition, pur

posive influence toward a predetermined goal. Most dictionary defi
nitions imply these same two essential elements: influence of one agent
over another, meaning that the former causes changes in the behavior
of the latter; and purpose, in the sense that influence is directed toward
some prior goal of the controlling agent. If the definition used here
differs at all from colloquial ones, it is only because many people reserve
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the word

crmtrol for its more determinate manifestations, what I shall

call "strong control." Dictionaries, for example, often include in their
definitions of control concepts like direction, guidance, regulation, com
mand, and domination, approximate synonyms of

influence

that vary

mainly in increasing determination. As a more general concept, how
ever,

control

encompasses the entire range from absolute control to

the weakest and most probabilistic form, that is, any purposive influ
ence on behavior,

however slight.

Economists say that television ad

vertising serves to control specifc
i demand, for example, and political
scientists say that direct mail campaigns can help to control issue
voting, even though only a small fraction of the intended audience may
be influenced in either case.
Inseparable from the concept of control are the twin activities of
information processing and reciprocal communication, complementary
fuctors in any form of control. Information processing is essential to
all purposive activity, which is by definition goal directed and must
therefore involve the continual comparison of current states to future
goals, a basic problem of information processing. So integral to control
is this comparison of inputs to stored programs that the word control
itself derives from the medieval Latin verb

contrarotulare, to compare

something "against the rolls," the cylinders of paper that served as
official records in ancient times.
Simultaneously with the comparison of inputs to goals, two-way
interaction hetween controller and controlled must also occur, not only
to communicate influence from the former to the latter, but also to
communicate back the results of this action (hence the term feedback
for this reciprocal flow of information back to a controller). So central
is communication to the process of control that the two have become
the joint subject of the modern science of cybernetics, defined by one
of its founders as "the entire field of control and communication theory,
whether in the machine or in the animal" (Wiener 1948, p. 11). Simi
larly, the pioneers of mathematical communication theory have defined
the object of their study as purposive control in the broadest sense:
communication, according to Shannon and Weaver (1949, pp. 3-5),
includes "all of the procedures by which one mind may affect another";
they note that "communication either affects conduct or is without any
discernible and probable effect at all."
Because both the activities of information processing and commu
nication are inseparable components of the control function, a society's
ability to maintain control-at all levels from interpersonal to inter-
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national relations-will be directly proportional to the development of
its information technologies. Here the term

technology is intended not

in the narrow sense of practical or applied science but in the more
general sense of any intentional extension of a natural process, that
is, of the processing of matter, energy, and information that charac
terizes all living systems. Respiration is a wholly natural life function,
for example, and is therefore not a technology; the human ability to
breathe under water, by contrast, implies some technological exten
sion. Similarly, voting is one general technology for achieving collective
decisions in the control of social aggregates; the Australian ballot is a
particular innovation in this technology.
·

'.J'echnology may therefore be considered as roughly equivalent to

that which can be done, excluding only those capabilities that occur
naturally· in living systems. This distinction is usually although not
always clear. One ambiguous case is language, which may have de
veloped at least in part through purposive innovation but which now
appears to be a mostly innate capability of the human brain. The brain
itself represents another ambiguous case: it probably developed in
interaction with purposive tool use and may therefore be included
among human technologies.
Because technology defines the limits on what a society

can

do,

technological innovation might be expected to be a major impetus. to
social change in the Control Revolution no less than in the earlier
societal transformations accorded the status of revolutions. The· Neo
lithic Revolution, for example, which brought the first permanent set
tlements, owed its origin to the refinement of stone tools and the
domestication of plants and animals. The Commercial Revolution, fol
lowing exploration of Africa, Asia, and the New World, resulted di
rectly from technical improvements in seafaring and navigational
equipment. The Industrial Revolution, which eventua1ly brought the
nineteenth-century crisis of control, began a century earlier with greatly
increased use of coal and steam power and a spate of new machinery
for the manufacture of cotton textiles. Like these earlier revolutions
in matter and energy processing, the Control Revolution resulted from
innovation at a most fundamental level of technology-that of infor
mation processing.
Information processing may be more difficult to appreciate than
matter or energy processing because information is epiphenomena!: it
derives from the

organization

of the material world on which it is

wholly dependent for its existence. Despite being in this way higher
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order or derivative of matter and energy, information is no less critical
to society. All living systems must process matter and energy to main
tain themselves counter to entropy, the universal tendency of orga
nization toward breakdown and randomization. Because control is
necessary for such processing, and information, as we have seen, is
essential to control, both information processing and communication,
insofar as they distinguish living systems from the inorganic universe,
might he said to define life itself-except for a few recent artifacts of
our own species.
Each new technological innovation extends the processes that sus
tain life, thereby increasing the need for control and hence for improved
control technology. This explains why technology appears autono
mously to beget technology in general (Winner 1977), and why, as
argued here, innovations in matter and energy processing create the
need for further innovation in information-processing and communi
cation technologies. Because technological innovation is increasingly a
collective, cumulative effort, one whose results must be taught and
diffused, it also generates an increased need for technologies of infor
mation storage and retrieval-as well as for their elaboration in sys
tems of technical education and communication-quite independently
of the particular need for control.
As in the earlier revolutions in matter and energy technologies, the
nineteenth-century revolution in information technology was predi
cated on, if not directly caused by, social changes associated with
earlier innovations. Just as the Commercial Revolution depended on
capital and labor freed by advanced agriculture, for example, and the
Industrial Revolution presupposed a commercial system for capital
allocations and the distribution of goods, the most recent technological
revolution developed in response to problems arising out of advanced
industrialization-an ever-mounting crisis of control.

Crisis of Control
The later Industrial Revolution constituted, in effect, a consolidation
of earlier technological revolutions and the resulting transformations
of· society. Especially during the late nineteenth and early twentieth
centuries industrialization extended to progressively earlier techno
logical revolutions: manufacturing, energy production, transportation,
agriculture-the last a transformation of what had once been seen as
the extreme opposite of industrial production. In each area industrial-
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ization meant heavy infusions of capital for the exploitation of fossil
fuels, wage lahor, and machine technology and resulted in larger and
more complex systems-systems characterized by increasing differ
entiation and interdependence at all levels.
One of the earliest and most astute o bservers of this phenomenon
was Emile Durkheim (1858-1917), the great French sociologist who
examined many of its social ramifications in his

Society (1893).

Division

of Labor in

As Durkheim noted, industrialization tends to break

down the barriers to transportation and communication that isolate
local markets (what he called the "segmental" type), thereby extending
distribution of goods and services to national and even global markets
(the "organized" type). This, in turn, disrupts the market equilibrium
under which production is regulated by means of direct communication
between producer and consumer:
Insofar as the segmental type is strongly marked, there are nearly as
many economic markets as there are different segments. Consequently,
each of them is very limited.Producers, being near consumers, can easily
reckon the extent of the needs to be satisfied. Equilibrium is established
without any trouble and production regulates itself. On the contrary, as

the organized type develops, the fusion of different segments draws the
markets together into one which embraces almost all society ... The
result is that each industry produces for consumers spread over the whole
surface of the country or even of the entire world.Contact is then no
longer sufficient.The producer can no longer embrace the market in a
glance, nor even in thought. He can no longer see limits, since it is, so to
speak, limitless.Accordingly, production becomes unbridled and unreg
ulated. It can only trust to chance ...From this come the crises which
periodically disturb economic functions. (1893, pp.369-370)

What Durkheim describes here is nothing less than a crisis of control
at the most aggregate level of a national system-a level that had had
little practical relevance before the mass production and distribution
of factory goods. Resolution of the crisis demanded new means of
communication, as Durkheim perceived, to control an economy shifting
from local segmented markets to higher levels of organization-what
might be seen as the growing "systemness" of society. This capacity
to communicate and process information is one component of what
structural-functionalists following Durkheim have called the problem
of

integration,

the growing need for coordination of functions that

accompanies differentiation and specialization in any system.
Increasingly confounding the need for integration of the structural
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division of labor were corresponding increases in commodity flows
through the system-flows driven by steam-powered factory produc
tion and mass distribution via national rail networks. Never before
had the processing of material flows threatened to exceed, in both
volume and speed, the capacity of technology to contain them. For
centuries most goods bad moved with the speed of draft animals down
roadway and canal, weather permitting. This infrastructure, controlled
by small organizations of only a few hierarchial levels, supported even
national economies. Suddenly-owing to the harnessing of steam power
goods could be moved at the full speed of industrial production, night
and day and under virtually any conditions, not only from town to town
but across entire continents and around the world.
To do this, however, required an increasingly complex system of
manufacturers and distributers, central and branch offices, transpor
tation lines and terminals, containers and cars. Even the logistics of
nineteenth-century armies, then the most difficult problem in pro
cessing and control, came to be dwarfed in complexity by the material
economy just emerging as Durkheim worked on his famous study.
What Durkheim described as a crisis of control on tbe societal level
he also managed to relate to the level of individual psychology. Here
he found a more personal but directly related problem, what he called

anomie, the breakdown of norms governing individual and group be
havior. Anomie is an uabnormal" and even "pathological" result, ac
cording to Durkheim (1893, p. 353),

an

exception to his more general

finding that increasing division of labor directly increases normative
integration and, with it, soeial solidarity. As Durkheim argued, anomie
results not from the structural division of labor into what he called
distinct societal "organs" but rather from the breakdown in commu
nication among these increasingly isolated sectors, so that individuals
employed in them lose sight of the larger purpose of their separate
efforts:
The state of anomie is impossible wherever solidary organs are sufficiently
in contact or sufficiently prolonged.In effect, being continguous, they are
quickly warned, in each circumstance, of the need which they have of one
another, and, consequently, they have a lively and continuous sentiment
of their mutual dependence ... But, on the contrary, if some opaque
environment is interposed, then only stimuli of a certain intensity can be
communicated from one organ to another.Relations, being rare, are not
repeated enough to be determined; each time there ensues new groping.
The lines of passage taken by the streams of movement cannot deepen
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because the streams. themselves are too inter mittent. If some rules do
come to constitute them, they are, however, general and vague. (1893,
pp. 368-369)
Like the problem of economic integration, anomie also resulted-in
Durkheim's view-from inadequate means of communication. Both
problems were thus manifestations, at opposite extremes of aggre
gation, of the nineteenth-eentury control crisis.
Unlike Durkheim's analysis, which was largely confined to the ex
tremes of individual and society, this book will concentrate on inter
vening levels, especially on technology and its role in the processing
of matter, energy, and information-what might be called the material

economy (as opposed to the abstract ones that seem to captivate most
modern economists). c:oapter 6 includes separate sections on the pro
duction, distribution, and consumption of goods and services in the
industrializing economy of the United States in the nineteenth century
and on the new information-processing and communication technolo
gies-just emerging during Durkheim's lifetime-that served to con
trol the increasing volume and speed of these activities. We will find
that, just as the problem of control threatened to reach crisis propor
tions late in the century, a series of new technological and social so
lutions began to contain the problem. This was the opening stage o'.'
the Control Revolution.

Rationalization and Bureaucracy
Foremost among all the technological solutions to the crisis of control
in that it served to control most other technologies-was the rapid
growth of formal bureaucracy first analyzed by Max Weber at the turn
of the century. Bureaucratic organization was not new to Weber's time,
as we have noted; bureaucrades had arisen in the first nation-states

with centralized administrations, most significantly in Mesopotamia
and ancient Egypt, and had reached a high level of sophistication in
the preindustrial empires of Rome, China, and Byzantium. Indeed,
bureaucratic organization tends to appear wherever a collective activ
ity needs to be coordinated by several people toward explicit and
impersonal goals, that is, to be controlled. Bureaucracy has served as
the generalized means to control any large social system in most in
stitutional areas and in most cultures since the emergence of such
systems by about 3000 B.C.
Because of the venerable history and pervasiveness of bureaucracy,
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historians have tended to overlook its role in the late nineteenth cen
tury as a major new control technology. Nevertheless, bureaucratic
administration did not begin to achieve anything approximating its
modern form until the late lndustrial Revolution.As late as the 1830s,
for example, the Bank of the United States, then the nation's largest
and most complex institution with twenty-two branch offices and prof
its fifty times those of the largest mercantile house, was managed by
just three people: Nicholas Biddle and two assistants (Redlich 1951,
pp. 113-124).In 1831 President Andrew Jackson and 665 other civilians
ran all three branches of the federal government in Washington, an
increase of sixty-three employees over the previous ten years. The
Post Office Department, for example, bad been administered for thirty
years as the personal domain of two brothers, Albert and Phineas
Bradley (Pred 1973, chap. 3). Fifty years later, in the aftermath of
rapid industrialization, Washington's bureaucracy included some thir
teen thousand civilian employees, more than double the total-already
swelled by the American Civil War-only ten years earlier (U.S. Bu
reau of the Census 1975, p.1103).
Further evidence that bureaucracy developed in response to the
lndustrial Revolution is the timing of concern about bureaucratization
as a pressing social problem. The word bureaucracy did not even
appear in English until the early nineteenth century, yet within a
generation it became a major topic of political and philosophical dis
cussion. As early as 1837, for example, John Stuart Mill wrote of a
"vast network of administrative tyranny ... that system of bureau
cracy, which leaves no free agent in all France, except the man at
Paris who pulls the wires" (Burchfield 1972, p. 391); a decade later
Mill warned more generally of the "inexpediency of concentrating in
a dominant bureaucracy . .. all power of organized action . .. in the
community" (1848, p. 529). Thomas Carlyle, in bis Latter-Day Pam
phlets published two years later, complained of "the Continental nui
sance called 'Bureaucracy' " (1850, p.121).The word bureaucratic had
also appeared by the 1830s, followed by bureaucrat in the 1840s and
bureaucratize by the 1890s.
That bureaucracy is in essence a control technology was first estab
lished by Weber, most notably in his Economy and Society (1922).
Weber included among the defining characteristics of bureaucracy sev
eral important aspects of any control system: impersonal orientation
of structure to the information that it processes, usually identified as
"cases," with a predetermined formal set of rules governing all deci-
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sions and responses. Any tendency to humanize this bureaucratic ma
chinery, Weber argued, would be minimized through clear-cut division
of labor and definition of responsibilities, hierarchical authority, and
specialized decision and communication functions. The stability and
permanence of bureaucracy, he noted, are assured through regular
promotion of career employees based on objective criteria like senior
ity.
Weber identified another related control technology, what he called

rationalization.

Although the term has a variety of meanings, both in

Weber's writings and in the elaborations of his work by others, most
definitions are subsumed by one essential idea: control can be increased
not only by increasing the capability to process information but also
by decreasing the amount of information to be processed. The former
approach to control was realized in Weber's day through bureaucra
tization and today increasingly through computerization; the latter
approach was then realized through rationalization, what computer
scientists now call

preprocessing.

Rationalization must therefore be

seen, following Weber, as a complement to bureaucratization, one that
served control in his day much as the preprocessing of information
prior to its processing by computer serves control today.
Perhaps most pervasive of all rationalization is the increasing tend
ency of modem society to regulate interpersonal relationships in terms
of a formal set of impersonal and objective criteria. The early techno
crat Claude Henri Comte de Saint-Simon (1760-1825), who lived through
only the first stages of industrialization, saw such rationalization as a
move "from the government of men to the administration of things"
(Taylor 1975, pt. 3). The reason why people can be governed more
readily

qua things is that the

amount of information about them that

needs to be processed is thereby greatly reduced and hence the degree
of control-for any constant capacity to process information-is greatly
enhanced. By means of rationalization, therefore, it is possible to main
tain large-scale, complex social systems that would be overwhelmed
by a rising tide of information they could not process were it necessary
to govern by the particularistic considerations of family and kin that
characterize preindustrial societies.
In short, rationalization might be defined as the destruction or ig
noring of information in order

to

facilitate its processing. This, too,

has a direct analog ill living systems, as we shall see ht the next chapter.
One example from within bureaucracy is the development of stand
ardized paper forms. This might at first seem a contradiction, in that

16

Introduction

the proliferation of paperwork is usually associated with a growth in
information to be processed, not with its reduction. Imagine how much
more processing would be required, however, if each new case were
recorded in an unstructured way, including every nuance and in full
detail, rather than by checking boxes, filling blanks, or in some other
way reducing the burdens of the bureaucratic system to only tbe lim
ited range of formal, objective, and impersonal information required
by standardized forms.
Equally important to the rationalization of industrial society, at the
most macro level, were the division of North America into five stand
ardized time zones in 1883 and the establishment the following year
of the Greenwich meridian and International Date Line, which orga
nized world time into twenty-four zones. What was formerly a problem
of information overload and hence control for railroads and other or
ganizations that sustained the social system at its most macro level
was solved by simply ignoring much of the information, namely that
solar time is different at each node of a transportation or communi
cation system. A more convincing demonstration of the power of ra
tionalization or preprocessing as a control technology would be difficult
to imagine.
So commonplace has such preprocessing become that today we dis
miss the alternative-that each node in a system might keep a slightly
different time-as hopelessly cumbersome and primitive. With the
continued proliferation of distributed computing, ironically enough, it
might soon become feasible to return to a system based on local solar
time, thereby shifting control from preprocessing back to processing
where it resided for centuries of human history until steam power
pushed transportation beyond the pace of the sun across the sky.
New Control Technology
The rapid development of rationalization and bureaucracy in the mid
dle and late nineteenth century led to a succession of dramatic new
information-processing and communication technologies. These inno
vations served to contain the control crisis of industrial society in what
can be treated as three distinct areas of economic activity: production,
distribution, and consumption of goods and services.
Control of production was facilitated by the continuing organization
and preprocessing of industrial operations. Machinery itself came in
creasingly to be controlled by two new information-processing tech-
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nologies: closed-loop feedback devices like James Watt's steam governor
(1788) and preprogrammed open-loop controllers like those of the Jac
quard loom (1801). By 1890 Herman Hollerith had extended Jacquard's
punch cards to tabulation of U.S. census data. This information
processing technology survives to this day-if just barely-owing largely
to the corporation to which Hollerith's innovation gave life, Interna
tional Business Machines (IBM). Further rationalization and control
of production advanced through an accumulation of other industrial
innovations: interchangeable parts (after 1800), integration of produc
tion within factories (1820s and 1830s), the development of modern
accounting techniques (1850s and 1860s), professional managers (1860s
and 1870s), continuous-process production (late 1870s and early 1880s),
the "scientific management" of Frederick Winslow Taylor (1911), Henry
Ford's modern assembly line (after 1913), and statistical quality control
(1920s), among many others.
The resulting flood of mass-produced goods demanded comparable
innovation in control oi a second area of the economy: distribution.
Growing infrastructures of transportation, including rail networks,
steamship Jines, and urban traction systems, depended for control on
a corresponding infrastructure of information processing and telecom
munications. Within fifteen years after the opening of the pioneering
Baltimore and Ohio Railroad in 1830, for example, Samuel F. B. Morse
with a congressional appropriation of $30,000-had linked Baltimore
to Washington, D.C., by means of a telegraph. Eight years later, in
1852, thirteen thousand miles of railroad and twenty-three thousand
miles of telegraph line were in operation (Thompson 1947; U.S. Bureau
of the Census 1975, p. 731), and the two infrastructures continued to
coevolve in a web of distribution and control that progressively bound
the entire continent. In the words of business historian Alfred Chand
ler, "the railroad permitted a rapid increase in the speed and decrease
in the cost oflong-distance, written communication, while the invention
of the telegraph created an even greater transformation by making
possible almost instantaneous communication at great distances. The
railroad and the telegraph marched across the continent in uni
son . . . The telegraph companies used the railroad for their rights-of
way, and the railroad used the services of the telegraph to coordinate
the flow of trains and traffic" (1977, p. 195).
This coevolution of the railroad and telegraph systems fostered the
development of another communication infrastructure for control of
mass distribution and consumption: the postal system. Aided by the
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introduction in 1847 of the first federal postage stamp, itself an im
portant innovation in control of the national system of distribution, the
total distance mail moved more than doubled in the dozen years be
tween Morse's first telegraph and 1857, when it reached 75 million
miles-almost a third covered by rail (Chandler 1977, p. 195). Com
mercialization of the telephone in the 1880s, and especially the devel
opment of long-distance lines in the 1890s, added a third component
to the national infrastructure of telecommunications.
Controlled by means of this infrastructure, an organizational system
rapidly emerged for the distribution of mass production to national
and world markets. Important innovations in the rationalization and
control of this system included the commodity dealer and standardized
grading of commodities (1850s), the department store, chain store, and
wholesale jobber (1860s), monitoring of movements of inventory or
"stock turn" (by 1870), the mail-order house (1870s), machine pack
aging (1890s), franchising (by 1911 the standard means of distributing
automobiles), and the supermarket and mail-order chain (1920s). After
World War I the instability in national and world markets that Durk
heim had noted a quarter-rentury earlier came to be gradually con
trolled, largely because of the new telecommunications infrastructure
and the reorganization of distribution on a societal scale.
Mass production and distribution cannot be completely controlled,
however, without control of a third area of the economy: demand and
consumption. Such control requires a means to communicate infor
mation about goods and services to national audiences in order to
stimulate or reinforce demand for these products; at the same time,
it requires a means to gather information on the preferences and be
havior of this audience-reciprocal feedback to the controller from the
controlled (although the consumer might justifiably see these relation
ships as reversed).
The mechanism for communicating information to a national audience
of consumers developed with the first truly mass medium: power
driven, multiple-rotary printing and mass mailing by rail. At the outset
of the Industrial Revolution, most printing was still done on wooden
handpresses-using flat plates tightened by means of screws-that
differed little from the one Gutenberg had used three centuries earlier.
Steam power was first successfully applied to printing in Germany in
1810; by 1827 it was possible to print up to 2,500 pages in an hour. In
1893 the New York World printed 96,000 eight-page copies every
hour-a 300-fold increase in speed in just seventy years.
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The postal system, in addition to effecting and controlling distri
bution, also served, through bulk mailings of mass-produced publica
tions, as a new medium of mass communication. By 1887 Montgomery
Ward mailed throughout the continent a 540-page catalog listing more
than 24,000 items. Circulation of the Sears and Roebuck catalog in
creased from 318,000 in 1897 (the first year for which figures are avail
able) to more than 1 million in 1904, 2 million in 1905, 3 million in 1907,
and 7 million by the late 1920s. In 1927 alone, Sears mailed 10 million
circular letters, 15 million general catalogs (spring and fall editions),
23 million sales catalogs, plus other special catalogs-a total mailing
of 75 million (Boorstin 1 973, p. 128) or approximately one piece for
every adult in the United States.
Throughout the late nineteenth and early twentieth centuries un
counted entrepreneurs and inventors struggled to extend the tech
nologies of communication to mass audiences. Alexander Graham Bell,
who patented the telephone in 1876, originally thought that his inven
tion might be used as a broadcast medium to pipe public speeches,
music, and news into private homes. Such systems were indeed begun
in several countries-the one in Budapest had six thousand subscribers
by the turn of the century and continued to operate through World
War I (Briggs 1977). More extensive application of telephony to mass
communication was undoubtedly stifled by the rapid development of
broadcast media beginning with Guglielmo Marconi's demonstration of
long-wave telegraphy in 1895. Transatlantic wireless communication
followed in 1901, public radio broadcasting in 1906, and commercial
radio by 1920; even television broadcasting, a medium not popular
until after World War II, had begun by 1923.
Many other communication technologies that we do not today as
sociate with advertising were tried out early in the Control Revolution
as means to influence the consumption of mass audiences. Popular
books like the novels of Charles Dickens contained special advertising
sections. Mass telephone systems in Britain and Hungary carried ad
vertisements interspersed among music and news. Tbe phonograph,
patented by Thomas Edison in 1877 and greatly improved by the 1890s
in Hans Berliner's "gramophone," became another means by which a
sponsor's message could be distributed to households: "Nobody would
refuse," the United States Gramaphone Company claimed, "to listen
to a fine song or concert piece or an oration-even if it is interrupted
by a modest remark, 'Tartar's Baking Powder is Best' " (Abbot and
Rider 1957, p. 387). With the development by Edison of the "motion
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picture" after 1891, advertising had a new medium, first in the ki
netoscope (1893) and cinematograph (1895), which sponsors located in
busy public places, and then in the 1900s in films projected in "movie
houses." Although advertisers were initially wary of broadcasting be
cause audiences could not be easily identified, by 1930 sponsors were
spending $60 million annually on radio in the United States alone (Boor
stin 1973, p. 392).
These mass media were not sufficient to effect true control, however,
without a means of feedback from potential consumers to advertisers,
thereby restoring to the emerging national and world markets what
Durkheim had seen as an essential relationship of the earlier segmental
markets: communication from consumer to producer to assure that the
latter "can easily reckon the extent of the needs to be satisfied" (1893,
p. 369). Simultaneously with the development of mass communication
by the turn of the century came what might be called

mass feedback

technologies: market research (the idea first appeared as "commercial
research" in 1911), including questionnaire surveys of magazine read
ership, the Audit Bureau of Circulation (1914), house-to-house inter
viewing (1916), attitudinal and opinion surveys (a U.S. bibliography
lists nearly three thousand by 1928), a Census of Distribution (1929),
large-scale statistical sampling theory (1930), indices of retail sales
(1933), A. C. Nielsen's audimeter monitoring of broadcast audiences
(1935), and statistical-sample surveys like the Gallup Poll (1936), to
mention just a few of the many new technologies for monitoring con
sumer beha\,ior.
Although most of the new information technologies originated in the
private sector, where they were used to control production, distri
bution, and consumption of goods and services, their potential for
controlling systems at the national and world level was not overlooked
by government. Since at least the Roman Empire, where an exten3ive
road system proved equally suited for moving either commerce or
troops, communications infrastructures have served to control both
economy and polity. As corporate bureaucracy came to control in
creasingly wider markets by the turn of this century, its power was
increasingly checked by a parallel growth in state bureaucracy. Both
bureaucracies found useful what Bell has called "intellectual technol
ogy":
The major intellectual and sociological problems of the post-industrial
society are . . . those of "organized complexity"-the management of large-
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scale systems, with large numbers of interacting variables, which have
to be coordinated to achieve specific goals

. . . An intellectual technology

is the substitution of algorithms (problem-solving rules) for intuitive judg
ments. These algorithms may be embodied in an automatic machine or a
computer program or a set of instructions based on some statistical or
mathematical formula; the statistical and logical techniques that are used
in dealing with "organized complexity"
decision rules.

are

efforts to formalize a set of

(1973, pp. 29-30)

Seen in this way, intellectual technology is another manifestation of
bureaucratic rationality, an extension of what Saint-Simon described
as a shift from the government of men to the administration of things,
that is, a further move to administration based not on intuitive judg
ments but on logical and statistical rules and algorithms. Although Bell
sees intellectual technology as arising after 1940, state bureaucracies
had begun earlier in this century to appropriate many key elements:
central economic planning (Soviet Union after 1920), the state fiscal
policies of Lord Keynes (late 1920s), national income accounting (after
1933), econometrics (mid-1930s), input-output analysis (after 1936),
linear programming and statistical decision theory (late 1930s), and
operations research and systems analysis (early in World War II).
In the modern state the latest technologies of mass communication,·
persuasion, and market research are also used to stimulate and control
demand for governmental services. The U.S. government, for exam
ple, currently spends about $150 million a year on advertising, which
places it among the top thirty advertisers in the country; were the
approximately 70 percent of its ads that are presented free as a public
service also included, it would rank second-just behind Proctor and
Gamble (Porat 1977, p. 137). Increasing business and governmental
use of control technologies and their recent proliferation in forms like
data services and home computers for use by consumers have become
dominant features of the Control Revolution.
The Information Soci ety
One major result of the Control Revolution had been the emergence
of the so-called Information Society. The concept dates from the late
1950s and the pioneering work of an economist, Fritz Machlup, who
first measured that sector of the U.S. economy associated with what
he called "the production and distribution of knowledge" (Machlup
1962). Under this classification Machlup grouped thirty industries into
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five major categories: education, research and development, commu
nications media, information machines (like computers), and infor
mation services (finance, insurance, real estate). He then estimated
from national accounts data for 1958 (the most recent year available)
that the information sector accounted for 29 percent of gross national
product (GNP) and 31 percent of the labor force. He also estimated
that between 1947 and 1958 the information sector had expanded at a
compound growth rate double that of GNP. In sum, it appeared that
the United States was rapidly becoming an Information Society.
Over the intervening twenty years several other analyses have sub
stantiated and updated the original estimates of Machlup (1980, pp.
xxvi-xxviii): Burck (1964) calculated that the information sector had
reached 33 percent of GNP by 1963; Marschak (1968) predicted that
the sector would approach 40 percent of GNP in the 1970s. By far the
most ambitious effort to date has been the innovative work of Marc
Uri Porat for the Office of Telecommunications in the U.S. Department
of Commerce (1977). In 1967, according to Porat, information activities
(defined differently from those of Machlup) accounted for 46.2 percent
of GNP-25. 1 percent in a "primary information" sector (which pro
duces information goods and services as final output) and 21.1 percent
in a "secondary information" sector (the bureaucracies of noninfor
mation enterprises).
The impact of the Information Society is perhaps best captured by
trends in labor force composition. As can be seen in Figure 1 . 1 and
the corresponding data in Table 1.2, at the end of the eighteenth
century the U.S., labor force was concentrated overwhelmingly in ag
riculture, the location of nearly 90 percent of its workers. The ma
jority of U.S. labor continued to work in this sector until about 1850,
and agriculture remained the largest single sector until the first decade
of the twentieth century. Rapidly emerging, meanwhile, was a new
industrial sector, one that continuously employed at least a quarter of
U.S. workers between the 1840s and 1970s, reaching a peak of about
40 percent during World War II. Today, just forty years later, the
industrial sector is close to half that percentage and declining steadily;
it might well fall below 15 percent in the next decade. Meanwhile, the
information sector, by 1960 already larger (at more than 40 percent)
than industry had ever been, today approaches half of the U.S. labor
force.
At least in the timing of this new sector's rise and development, the
data in Figure 1 . 1 and Table 1.2 are compatible with the hypothesis
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Figure 1.1.

U.S. civilian labor force by four sectors, 1800-1980.

that the Information Society emerged in response to the nineteenth
century crisis of control. When the first railroads were built in the
early 1830s, the information sector employed considerably less than 1
percent of the U.S. labor force; by the end of the decade it employed
more than 4 percent. Not until the rapid bureaucratization of the 1870s
and 1880s, the period that-as I argue on independent grounds in
Chapter 6-marked the consolidation of control, did the percentage
employed in the information sector more than double to about one
eighth of the civilian work force. With the exception of these two great
discontinuities, one occurring with the advent of railroads and the crisis
of control in the 1830s, the other accompanying the consolidation of
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Table 1.2. U.S. experienced civilian labor force by four
sectors, 1800--1980
Sector's percent of total
Year

Agricultural

Industrial

1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980

87.2
81.0
73.0
69.7
58.8
49.5
40.6
47.0
43.7
37.2
35.3
31.1
32.5
20.4
15.4
11.9
6.0
3. 1
2.1

1.4
6.5
16.0
17.6
24.4
33.8
37.0
32.0
25.2
28.1
26.8
36.3
32.0
35.3
37.2
38.3
34.8
28.6
22.5

Service

Information

Total
labor force
(in millions)

11.3
12.2
10.7
12.2
12.7
12.5
16.6
16.2
24.6
22.3
25.1
17.7
17.8
19.8
22.5
19.0
17.2
21.9
28.8

0.2
0.3
0.4
0.4
4.1
4.2
5.8
4.8
6.5
12.4
12.8
14.9
17.7
24.5
24.9
30.8
42.0
46.4
46.6

1.5
2.2
3.0
3.7
5.2
7.4
8.3
12.5
17.4
22.8
29.2
39.8
45.3
51.1
53.6
57.8
67.8
80.1
95.8

Sources: Data for 1800-1850 are estimated from Lebergott (1964)
with missing data interpolated from Fabricant (1949); data for 18601970 are taken directly from Porat (1977}; data for 1980 are based
on U.S. Bureau of Labor Statistics projections (Bell 1979, p. 185).

control in the 1870s and especially the 1880s, the information sector
has grown steadily but only modestly over the past two centuries.
Temporal correlation alone, of course, does not prove causation.
With the exception of the two discontinuities, however, growth in the
information sector has tended to be most rapid in periods of economic
upturn, most notably in the postwar booms of the 1920s and 1950s, as
can be seen in Table 1.2. Significantly, the two periods of discontinuity
were punctuated by economic depressions, the first by the Panic of
1837, the second by financial crisis in Europe and the Panic of 1873.
In other words, the technological origins of both the control crisis and
the consolidation of control occurred in periods when the information
sector would not have been expected on other economic grounds to
have expanded rapidly if at all. There is therefore no reason to reject
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y developed as a result of

the hypothesis that the Information Societ

the crisis of control created by railroads and other steam-powered
transportation in the 1840s.
A wholly new stage in the development of the Information Society
has arisen, since the early 1970s, from the continuing proliferation of
microprocessing technology. Most important in social implications has
been the progressive convergence of all information technologies
mass media, telecommunications, and computing-in a single infra
structure of control at the most macro level. A 1978 report commis
sioned by the President of France-an instant best-seller in that country
and abroad-likened the growing interconnection of information
processing, communication, and control technologies throughout the
world to an alteration in "the entire nervous system of social organi
zation" (Nora and Mine 1978, p. 3). The same report introduced the
neologism

telematics

for this most recent stage of the Information

Society, although similar words had been suggested earlier-for ex
ample,

compunications

(for "computing + communications") by An

thony Oettinger and his colleagues at Harvard's Program on Information
Resources Policy (Oettinger 1971; Berman and Oettinger 1975; Oet
tinger, Berman, and Read 1977).

Crucial to telematics, compunications, or whatever word comes to
be used for this convergence of information-processing and commu
nications technologies is increasing digitalization: coding into discon
tinuous values-usually two-valued or binary-of what even a few
years ago would have been an analog signal varying continuously
in time, whether a telephone conversation, a radio broadcast, or a
television picture. Because most modern computers process digital
information, the progressive digitalization of mass media and tele
communications content begins to blur earlier distinctions between the
communication of information and its processing (as implied by the
term

compunicaticms),

as well as between people and machines. Dig

italization makes communication from persons to machines, between
machines, and even from machines to persons as easy as it is between
persons. Also blurred are the distinctions among information types:
numbers, words, pictures, and sounds, and eventually tastes, odors,
and possibly even sensations, all might one day be stored, processed,
and communicated in the same digital form.
In this way digitalization promises to transform currently diverse
forms of information into a generalized medium for processing and
exchange by the social system, much as, centuries ago, the institution
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of common currencies and exchange rates began to transform local
markets into a single world economy. We might therefore expect the
implications of digitalization to be as profound for macrosociology as
the institution of money was for macroeconomics. Indeed, digitalized
electronic systems have already begun to replace money itself in many
informational functions, only the most recent stage in a growing sys
temness of world society dating back at least to the Commercial Rev
olution of the fifteenth century.

Societal Dynamics Reconsidered
Despite the chronic historical myopia that characterizes the human
condition as documented in the opening pages of this chapter, it is
unlikely that the more astute observers of our era would fail to glimpse-
however dimly-even a single aspect of its essential social dynamic.
For this reason the ability of a conceptual framework to subsume social
changes noted by previous observers might be taken as one criterion
for judging its claim to portray a more fundamental societal transfor
mation, We shall see that the various transformations identified by
contemporary observers as listed in Table 1 . 1 can be readily subsumed
by the major implications of the Control Revolution: the growing im
portance of information technology, as in Richta's scientific-technolog
ical revolution (1967) or Brzezinski's technetronic era (1970); the parallel
growth of an information economy (Machlup 1962, 1980; Porat 1977)
and its growing control by business and the state (Galbraith 1967); the
organizational basis of this control (Boulding 1953; Whyte 1956) and
its implications for social structure, whether a meritocracy (Young
1958) or a new social class (Djilas 1957; Gouldner 1979); the centrality
of information processing and communication, as in McLuhan's global
village (1964), Phillips's communications age (1975), or Evans's micro
millennium (1979); the information basis of postindustrial society (Tour
aine 1971; Bell 1973); and the growing importance of information and
knowledge in modern culture (Mead 1970).
In short, the argument that motivates our investigation of the
nineteenth-century crisis of control and the resulting Control Revo
lution is that particular attention to the material aspects of information
processing, communication, and control makes possible the synthesis
of a large proportion of the literature on contemporary social change.
It will be useful, however, to consider first the broader theoretical and
historical context of industrialization and technological change. A more
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detailed review of the literature on contemporary social change will
therefore be postponed until the nineteenth-century developments, our
own Information Society, and the emerging world system have been
examined in greater detail. We now turn to the analytic groundwork
for this larger task, consideration of information processing and control
at the more general level of living systems.

I

_
_
_
_
_
_

Living Systems, Technology,
and the Evolution of Control

2
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Programming and Control:
The Essential Life Process
The most humble organism is something much higher than the inor
ganic dust under our feet, and no one with an unbiased mind can study
any living creature, however humble, without being struck with en
thusiasm at its marvellous structure and properties.
-Darwin, Descent of Man

THE CONTROL REVOLUTION and the resulting Information Society now

emerging in the United States, Canada, Western Europe, and Japan
leave us with certain nagging questions. Why has information, among
the multitude of commodities, come to dominate economic statistics
come indeed to replace industry as the sector best reflecting the extent
of a nation's development? Among the diversity of technologies, why
the growing importance of microprocessors and computers, devices
that can do nothing more than convert information from one form to
another?
No study of technological innovation or economic history can possibly
answer such questions-no more than, say, the history of organic evo
lution could explain the importance of information to all living things.
In both cases explanation lies not in the particulars of evolutionary or
human history but in the nature of the physical universe. Historical
detail can only obscure the more fundamental laws that govern energy
conversion and material processing, for example, in human societies
no less than in other living systems. To ignore these laws in attempting
to account for the history of the past century would be to forgo answers
to the more pressing questions of our current age: Why information,
and Wby now?
This is not to imply that the Control Revolution can be explained as
the inevitable result of some autonomous dynamic of the material uni
verse. Social change results from the purposive behavior of people
acting from individual and often idiosyncratic motives in pursuit of real
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goals, justification enough to study the political and economic history
of technological innovation. No amount of innovation can ever free us
from the physical laws that constrain all technological development,
however, which explains why we will also find meaning in questions
posed at the suprahistorical level. For example, could a control :rev
olution have come before an industrial one? (The answer, as we shall
see, is clearly no.)
An earlier materialist historian, Karl Marx, made the same point:
"Men make their own history, but they do not make it just as they
please; they do not make it under circumstances chosen by themselves,
but under circumstances directly encountered, given, and transmitted
from the past" (1852, p. 15). That these circumstances have shifted
from land and capital to information-that information has emerged
as the material base of modern economies-challenges the social theory
we have inherited from the nineteenth century, much as the Industrial
Revolution challenged Marx and other thinkers of that era to recon
sider preindustrial theories. Then rapid industrialization forced theo
retical reconstructions in terms of capital, energy, and material
processing; today the Information Society demands similar reanalysis
according to the physical relationships governing information storage,
processing, communication, and control.
Prerequisite for any such reanalysis is a more general understanding
of information's role in the production, distribution, and consumption
of material goods, processes whose increasing volume and speed brought
the nineteenth-century control crisis and resulting revolution in infor
mation technology. Such understanding may not require anything
grandiose enough to be called a new theory, perhaps, but it would be
advanced by a model of society more general than the changes we
intend to explain.
Society as Processor
One such model, suggested in the previous chapter, is that of society
as a processing system, one that sustains itself by extracting matter
and energy from the environment and distributing them among its
members. The science of economics has for centuries been grounded
in the study of such material flows (Quesnay 1758; Walras 1874; Leon
tief 1941), while energy flows have provided the foundation for ecology
since the late 1920s (Transeau 1926; Elton 1927; Tansley 1935). One
behavioral scientist describes the processing role of living systems
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more generally: "They are open systems with significant inputs,
throughputs, and outputs of various sorts of matter-energy and infor
mation. Processing these is all they do-a deceptively simple fact not
widely recognized by the scientists who study them" (Miller 1978, p.

1027).
One of the first social scientists to elaborate this view of human
society-with far-reaching implications-was the Australian econo
mist Colin Clark in his path-breaking Conditions ofEconomic Progress

(1940). Clark divided economic activity into what he called the primary
(extractive),

secondary (manufacturing),

and tertiary (service) sectors

of the economy. The relative importance of each sector, Clark argued,
is determined by its relative productivity. With increasing industrial
ization, labor shifts from the primary to the secondary sector and then,
with the resulting increase in demand for services, to the tertiary
sector. The rate of transfer between sectors is a function of the dif
ferential value of their outputs per worker.
Using this conceptual apparatus, Clark measured economic progress
as the rate oflabor transfer to higher sectors and predicted transitional
stages in the development of national economies. Following his lead,
Hatt and Foote (1953) split out from the tertiary sector two new ones:
a white-collar or

quaternary

sector including services like banking,

insurance, and real estate, and an intellectual knowledge or

quinary

sector involving medicine, education, and research. According to their
analysis, social mobility, including the increasing professionalization
of work, is another major cause of labor shifts among sectors.
Despite the simplicity of these analytic frameworks, they have en
abled economists to transcend the detail of a particular economy or
historical period. In answer to our question about the timing of in
dustrial and control revolutions, for example, Clark's work and its elab
oration by Hatt and Foote suggest that information processing develops

subsequent to the. extraction and processing of matter and energy,

with industrialization of the latter sectors a necessary precondition for
the sustained growth ofthe former. Processing and distribution require
control, under this model, and control depends in turn on information
services. This would explain why, as we saw in Chapter I , rapid in
creases in the volume and speed of throughput processing were ac
companied by a spate of innovations in information technology during
the late nineteenth century.
Such explanations, derived from the gross properties and physical
exigencies shared by all concrete open systems, constitute an impor-
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tant step toward understanding the Control Revolution and resulting
Information Society. For a social or behavioral scientist, however, the
explanations raise as many questions as they answer. What precisely
are the relationships among information, processing, and control and
how are these concepts related to other aspects of human society and
culture?

Organization for Control
Because the Control Revolution and its aftermath have so forcefully
impressed on us the importance of information, we might be tempted
to embrace that concept alone as the ultimate means to understand
technological development and societal change. As we have seen, how
ever, information is an epiphenomenon of the physical world, one that
appears in even inanimate matter and energy when they are ordered,
for example, into comets and crystals. To reduce a living system to
the level of information, therefore, would be to study the ordering of
its matter and energy, that is, to analyze it in terms of chemistry and
physics-hardly a new or inspiring idea. If we wish to exploit the
higher-order or derivative aspects of living systems, we must instead
determine how they differ from the inanimate matter studied by phys
ical scientists; in this sense only will we eschew reductionism.
When we compare even the simplest living systems to the most
complex inorganic materials, one difference stands out: the much greater

organization found in things organic. Living things require many pages
to describe the organization of their physical structures, while the
structure of an inorganic compound can always be captured in a rel
atively short string of symbols. Quartz, for example, which accounts
for much of the earth's crust, is well described (well enough to replicate
most experiments using it, for example) by the chemical symbols Si02
or the words silicon dioxide. Crystals can be uniquely described by
the combination of their chemistry and atomic arrangement: only thirty
two different types of symmetry and seven systems of relationships
among axes are possible; angles between corresponding faces must be
constant. In other words, the complexity of crystals derives not from
organization but from regularity and repetition, that is, from

order.

Compared to organization, order contains relatively little informa
tion. A simple organism like the amoeba, for example, is not at all well
ordered; it is a formless bag full of sticky fluid in which irregularly
shaped molecules float haphazardly. In stark contrast to even the most
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complex crystalline structure, however, the amoeba is highly orga
nized, and indeed its description requires several hundred large vol
umes, the information storage capacity of the DNA in which the structure
is in fact recorded. That living material has greater complexity of
organization holds even at the molecular level, which explains why
students normally learn physical before organic chemistry.
John von Neumann (1903-1957), mathematician and computer pi
oneer, was one of the first to argue that the difference between order
and organization is that the latter "always involves 'purposive' or end
directedness." The quotation comes from a conversation recalled by
the biologist Colin Pittendrigh, who has applied the insight in defending
teleology in the life sciences. In Pittendrigh's words, ''What it was the
biologist could not escape was the plain fact-or rather the funda
mental fact-which he must (as scientist) explain: that the objects of
biological analysis are organizations (he calls them organisms) and,
as such, are end-directed. Organization is more than mere order; order
lacks end-directedness: organization

is

end-directed" (1970, p. 392).

What we recognize in the end-directedness or purpose of organi
zation is the essential property of control, already defined as purposive
influence toward a predetermined goal. Control accounts for the dif
ference between even the most complex inorganic crystal and simple
organisms like the amoeba: the amoeba controls both itself and its
environment; the crystal does not. As noted in the previous chapter,
everything living processes information to effect control; nothing that
is not alive can do so-nothing, that is, except certain artifacts of
our own invention, artifacts that proliferated with the Control Revo
lution.
Purposive organization and control, in other words, define the tan
gible discontinuity that distinguishes life from the inorganic universe.
On one side, the exclusive province of the physical sciences, we find
only matter, energy, and their ordering in the epiphenomenon we call

information.

On the other side, our own side in that we ourselves are

living systems, we find structures

purposively organized (in von Neu

mann's sense) for information processing, communication, and control,
the special subject matter of the behavioral and life sciences.
Social scientists have long recognized that society implies organi
zation, a distinction that extends downward through organisms and
organic material to the molecular level. As biochemist Albert Lehn
inger puts it, "ln living organisms it is quite legitimate to ask what
the function of a given molecule is. However, to ask such questions
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about molecules in collections of inanimate matter is irrelevant and
meaningless" (1975, p. 3). This same distinction, between "the most
humble organism" and "the inorganic dust under our feet," is what
Darwin (1871, p. 169) celebrated-without benefit of information the
ory or modern genetics-in the passage that opens this chapter.
Here, then, is the most fundamental reason why the Control Rev
olution has been so profound in its impact on human society: it trans
formed no less than the essential life function itself. Rapid technological
expansion of what Darwin called life's "marvellous structure and prop
erties" and what we now see to include organization, information pro
cessing, and communication to effect control constitute a change
unprecedented in recorded history. We would have to go back at least
to the emergence of the vertebrate brain if not to the first replicating
molecule-marking the origin of life on earth-to find a leap in the
capability to process information comparable to that of the Control
Revolution. But what precisely is it that living systems are organized
to control, and why is this particular function so important to life?
Control and Energy
Similar questions raised about the organization of nonliving matter
early in the nineteenth century culminated in thermodynaniics, the
science of heat and its relationship to other energy forms. Although
thermodynamics developed out of steam power engineering following
the Industrial Revolution, many scientists still consider its laws
whose progressive elaboration spanned the Control Revolution-to
rank among the greatest achievements of Western thought.
According to the second law of thermodynamics, the so-called prin
ciple of tbe degradation of energy, a system's energy cannot be con
verted from one form to another-including work-without decreasing
its organization and hence ability to do further work. A steam engine,
for example, can work only so long as it is organized into relatively
more and less heated parts, the organization known as a heat gradient.
Because degradation of organization can only increase, according to
the second law, the energy available to do work can only decrease.
In closed systems defined by impermeable boundaries, energy must
remain constant in keeping with the first law of thermodynamics, the
so-called principle of the conservation of energy, that matter and en
ergy can neither be created nor destroyed. Because this total energy
must remain constant, a closed system can only lose its ability to do
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work. Inevitably, by the second law, such systems must lapse into the
state of totally unorganized, randomly distributed, inconvertible par
ticles, the state of totally bound energy known-appropriately enough
as

heat death.

When thermodynamic theory first developed, many scientists thought
it to be violated by organisms that sustain and even increase their
organization, continuing to do work for many years in apparent con
tradiction of the second law. Resolution of the contradiction occurred
as living organisms came to be seen, like the steam engines whose coal
smoke blackened the skies of nineteenth-century industrial towns, not
as closed systems but as open ones, that is, systems with continuous
inputs and outputs of matter and energy. Just as steam engines run
off organic energy stored in wood or coal, vegetation also gets its
energy from outside sources, usually directly from the sun through
photosynthesis, while animals steal energy from other organisms by
eating them. Like steam engines, living things

are

open systems that

continuously lose energy to their environments-witness the heat of
the cushion beneath the cat. Even the wastes excreted by living sys
tems retain some energy in their molecules and this, too, is lost.
Thermodynamics thus explains what it is that all living systems must
control, and why such control is essential to life itself. All open sys
tems, if they are to postpone for a time their inevitable heat death,
must control the extraction and processing of matter, its internal dis
tribution and storage, continuous conversion into energy, and elimi
nation as by-product wastes. Living organisms, for example, convert
energy originally from the sun into forms more useful to the processes
of life: body heat, chemical energy for metabolism, electric energy to
fire nerve impulses, mechanical energy to contract muscles and move
about (luminescent organisms can even convert the energy back into
light).

Control and Society
Because societies must also be concrete open systems if they are to
sustain their organization against the progressive degrading of their
collective energy, the view of organisms as concrete open processing
systems applies equally to their social aggregates. The essence of human
society, in other words, is its continuous processing of physical
throughputs, from their input to the concrete social system to their
final consumption and output as waste. The major sectors of an econ-
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omy as first delineated by Colin Clark reflect the same essential life
process: agriculture and mining, the extraction and breakdown of mat
ter to produce energy; manufacturing, the synthesis of matter and
energy into more organized forms; and services, the organization and
support of these processes in well-integrated systems.
Unlike living organisms, however, social systems are made up of

relatively autonomous components-individuals, families, groups, or
ganizations-that can act for different and even cross-purposes. Be
cause system processing must depend on exchanges among these
individual components, the need for their coordination and control
means that information processing and communication will account for
a relatively greater proportion of matter and energy flows than they
do in single organisms. The actual proportion will depend on several
factors, including size of the population and its spatial dispersion, com
plexity of organization, and volume and speed of processing, among
others.
This conclusion suggests that the proper subject matter of the social
and behavioral sciences, if they are to complement studies of the flows
of matter (input.output economics) and energy (ecology), ought to be
information: its generation, storage, processing, and communication
to effect control. Much the same vision of social science has already
been expressed in a variety of disciplines. As early as 1950, for ex
ample, Norbert Wiener, a pioneer of cybernetic theory, argued that
"society can only be understood through a study of the messages and
the communication facilities which belong to it" (1950, p. 9). Zoologist

E. O. Wilson, after surveying the thousands of social species from
colonial jellyfish and corals to the primates, including Homo sapiens,
declared "reciprocal communication of a cooperative nature" to be what
he called the "diagnostic criterion" of society as most generally defined

(1975, p. 595). Niklas Luhmann, a German sociologist, proclaims:
"The system of society consists of communications. There are no other
elements, no further substance but communications" (1984, pp. 1-2).
Living as we do in the Information Society, surrounded by micro
processing and telecommunications technologies, we might suppose
that social theorists have always appreciated the importance of infor
mation and communication to social organization in general and to
human society in particular. What could be more obvious than that,
as Wiener put it in his first book on cybernetics, "the social system is
an organization, like the individual, that is bound together by a system
of communication" (1948, p. 24). With the continuing development of
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global computer networks, telecommunications, and mass media, it
grows increasingly difficult to appreciate how relatively recent and
different is the information-processing view of human organization and
society.
One indication is provided by the Encyclopedia Britannica's fifty
four-volume set,

Great Books of the Western World, published in 1952.

Not one of three key concepts-information, communication, and con
trol-made the list of 102 "great ideas" used to organize 520 classic
works from Homer to Freud, a list that did include

form, matter,

mechanics, and physics. The three informational concepts did not make
Britannica's penultimate list of 115 ideas, nor even the 88 additional
ones ranked "among the most likely candidates for inclusion" (Adler
1952, pp. 1223-1224). Even the publication's 1,798-item "inventory of
terms" included only communication, which turned up twenty-four
times among 163,000 citations. Not until the rise of the Information
Society, it appears, did concepts like information processing, com
munication, and control first surface in social theoretical discourse.
Most of the conceptual apparatus we need to understand the Control
Revolution, it turns out, was directly inspired by the Control Revo
lution itself. The new ideas followed major technological advances, with
some lag, during especially the period from the 1870s through the
1930s. This means that, although our interest here lies primarily in
understanding the Control Revolution, we can also chronicle its impact
on the history of ideas even as we develop the sa.me ideas to help
account for the larger societal change. For those who consider intel
lectual history to have a material basis, we could hardly do otherwise.

Control through Programming
One idea directly inspired by the Control Revolution in technology is
the concept of a program, a word that first appeared in the seventeenth
century for public notices but which in the past 150 years bas spread
through other organizational and informational technologies: plans for
formal proceedings (1837), political platforms (1895), broadcast pre
sentations (1923), electronic signals (1935), computer instructions (1945),
educational procedures (1950), and training (1963). In general,

pro

gram has come to mean any prearranged information that gilides sub
sequent behavior.

We have already defined control as purposive influence toward a
predetermined goal. 1f purpose is to .be explained in other than me-
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taphysical terms, however, its goal must exist prior to the behavior
that it influences in some material form, on the government rolls, for
example, that motivated the original Latin
is thus

programmed:

contrarotulare.

All control

it depends on physically encoded information,

which must include both the goals toward which a process is to be
· influenced and the procedures for processing additional information
toward that end.
Often such programming is built directly into the physical structure
of a purposive mechanism as, for example, information about the length
of a minute and the number of minutes in an hour is built directly into
the parts of a clock. Genetic programming. is of this nature, built into
our material essence at the moment of conception. Other programming,
like that of an alarm clock, can be modified by the environment. All
living systems can be reprogrammed in at least this way-Pavlov's
dogs were just one example of the universal rule.

Still other

information-processing systems, because of their highly generalized
capability for purposive action, might be controlled by a wide variety
of programming: microprocessors and computers, for example, or bu
reaucracy, a controlling structure that routinely serves even a radically
different government after a revolution or coup. By far the most gen
erally programmable structures to be found in any living system are
the brains evolved by the vertebrates, especially the human brain.
To account for purposive processes and behavior in terms of pro•
gramming might seem merely to shift the problem of explanation from
one set of concepts to another-from material action to information
with no real gain in understanding. This characterizes causal expla
nations in general, however, not just those based on the concept of
programming. Without attempting to review the many controversies

surrounding scientific explanation, we might simply note that, in seek
ing to account for purpose in terms of programming, we at least avoid
two major conceptual problems, those of

vitalism and teleology.

Unlike other attempts to account for the goal-directed behavior of
living organisms, including postulated forces like

animus (Aristotle
1931), elan vital (Bergson 1907), and Entelechie (Driesch 1908), pro
gramming must at least exist in a physical form, thereby eliminating
vitalist and other metaphysical baggage. Because programs must exist

prior to the phenomena they explain, moreover, they circumvent a
major objection to teleological, functional, or "in order to" explana
tions-that their effects precede rather than follow their causes (Nagel

1961,

chap.

12;

Wright

1976).

Programming and Control
Programmed behavior is not teleological but

teleonamic,
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a term

introdnced by the biologists Colin Pittendrigh (1958), Julian Huxley

(1960), and Ernst Mayr (1961, 1 974b) , among others, in an effort to rid
their discipline of both teleological explanation and a longstanding con
tradiction: insistence that all natural processes have mechanistic inter
pretations, on the one hand, in the face of seemingly purposive sequences
like organic growth, reproduction, and animal behavior on the other.
In Mayr's words, "a teleonomic process or behavior is one that owes
its goal directedness to the operation of a program" (1976, p. 389); a
program is "coded or prearranged information that controls a process
(or behavior) leading it toward a given end" (pp. 393-394).
Teleonomy, in other words, is equivalent to explanation in terms of
programming and control. Although grounded in these concepts of
modern information theory, teleonomic explanations are compatible

with theories arising as early as the secularization of social thought in

the seventeenth century. The view that society emerges from the
interaction of goal-directed behavior controlled at various levels of
aggregation, for example, dates back to the seventeenth-century po
litical philosophers and eighteenth-century economists. The positivist
version, stressing that individual goals are conditioned on objective
facts like the behavior of other actors, first developed in the writing
of Hobbes (1651), Locke (1690), and the classical economists (Smith

1776; Ricardo 1817). The idealist version, emphasizing the normative
and subjective programming of behavior, can be traced back to the
later writings of Kant, especially to the

Praktisclwn Vemunft

Critiques

of what he called

or "practical reason" (1788) and

Urtlwilskraft

or "judgment" (1790, pt. 2).
In contrast to these classical approaches, however, teleonomic ex
planations obviate the need to attribute consciousness, planning, pur
pose, or any other anthropomorphic qualities to aggregate levels, the
special problem of reijication. Adam Smith's "invisible hand" of market
forces (1776, p. 423), for example, can be seen to result from the
interconnected programming of individuals and their organizations,
including individual tactics, strategies, and utilities, on the one hand,
and organizational procedures, written law, and cultural norms on the
other. This list of programming is more than an analogy. Each item
describes a programmable form of control-including both goals and
procedures-that might be encoded in some physical form, whether
electrochemically in the human brain, in inked patterns on paper, or
in charged particles in computer memory. Each program might there-
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fore be a contributing cause-temporally prior and material-of ag
gregate market behavior.
To specify the example as a modern engineering problem that, like
Smith's invisible hand, combines individual action with certain pur
posive organization, consider the task of controlling rush-hour traffic.
In the classical tradition traffic patterns might be seen to result from
the interaction of goal-directed behavior by individual commuters, the
"invisible hand" of rush-hour traffic. Behavior might also be ignored
altogether, however, in favor of the various levels of programming
involved: genetic programming, encoded in each cell of each commuter
and determining the distributions of reaction times and stress levels;

r:uitural programming, encoded in neural structures of the brain and
defining certain norms and etiquette of the commute; organizational
programming, encoded in traffic law and employer regulations and
determining patterns of carpooling and parking; and mechanical pro
gramming, encoded in the timing devices of traffic lights and helping
to maintain the larger patterns planned by traffic control engineers.
Because we do not normally shift our attention from a manifest social
behavior like rush-hour traffic to the various programs that might
interact to control it, such an approach might at first seem awkward
a needlessly complex way to account for a relatively simple social
phenomenon. Like most macrosocietal processes, however, rush-hour
traffic patterns are in fact complex for a simple reason: they are con
trolled by multiple, multilevel, and densely interconnected programs.
In concentrating our analysis on these programs, we at least address
their complexity directly, rather than through reification of planning
and purpose to the aggregate level.

Programming and Social Theory
Teleonomic explanations are also useful in reconciling theoretical ap
proaches that might seem mutually exclusive but which in fact are
merely pitched at different levels of control. Consider, for example,
the normatively controlled, goal-directed behavior that sociologists call

social action. The most influential synthesis of action theory, Talcott
Parsons's Structure of Social Action (1937), opens with a question
borrowed from the historian Crane Brinton (1933, p. 226): ''Who now
reads Spencer?" Like Brinton, Parsons rejected Herbert Spencer's
positivist-utilitarian view of society as an integrated system, subject
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to the laws of natural selection and evolution, in favor of social analysis
grounded in the voluntaristic action of individuals.
The difference reflects the progress of the Control Revolution which,
as already noted, resulted in a fundamental change in human thought
between the 1870s and 1930s. At the turn of the century most intel
lectuals still accepted the view expressed in Spencer's Principles of
Biology (1864-1867) and Principles ofSociology (1876-1896) that social
organization and control might be treated as autonomous processes
like those studied by physical scientists. By the 1930s, however, social
theorists like Brinton and Parsons were beginning to see organization
as purposively constructed and effecting control through goal-directed
behavior. This new world view, compatible with concepts like infor
mation processing, programming, and decision, was at the same time
gaining adherents in a wide variety of other disciplines, from mathe
matical logic, philosophy, and psychology to the founding work in com
puter theory.
Despite Parsons's early involvement in the change, however, and
the great success of his work on action theory, he drifted back to the
study of autonomous social systems (1951, 1960, 1971) and even to
evolution (1966), eventually becoming what .one sociologist ironically
called "a Spencerian of sorts" (Bierstedt 1975, p. 155). Meanwhile,
according to the same source, Spencer's work has enjoyed "a remark
able resurrection, one that may require the restoration of his statue
in the pantheon of sociological heroes" (p. 154). Obviously the distinc
tion that Parsons insisted separated his work from Spencer's was in
fact overdrawn. The two theorists merely pitched their analyses at
different levels of control: Spencer closer to organization and its pro
cesses, Parsons closer to individual programs, their goals, and resul
tant behavior.
Had Parsons managed to develop the concept of programming, just
emerging as he wrote his first book, he would have had the perfect
means to reconcile his action theory with the theories of Spencer.
Because programming must exist in some material form, it is tractable
by positivist-utilitarian methods like those championed by Spencer.
Because both genetic and cultural programming can be communicated
to new individuals, whether through biological reproduction or through
socialization and cultural diffusion, both do indeed evolve much as
Spencer argued, whether through so-called natural (nonpurposive) or
purposive selection. Parsons's emphasis on normative programming
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remains compatible with this view, however, as does the importance
he placed on psychological and other subjective influences on behavior,
which he understood cannot be reduced in the positivist sense of "lo
cation in space" (1937, p. 86). This is a fair statement of the fact that,
for example, the "style" of a computer chess program is not reducible
to any particular part of its listing and indeed might appear to change
as the program is run on different types of machines.
The concept of programming would also have clarified the ontology

of what Parsons called a "social system," helping to distinguish it from
the concrete manifestation that we might also describe with that term.
As Parsons was repeatedly forced to stress, "In the limiting conception
a society is composed of human individuals, organisms, but a social
system ia not . . . It is an organized set of behaviors of persons inter
acting with each other: a pattern of roles" (Grinker 1967, p. 328). We

might accept this position without further agreeing that roles are merely
"abstracted" by reflective observers from concrete behavior. On the

contrary, what Parsons calls a "pattern of roles" exists concretely in
the programming-operational definitions, goals, and processing rules-
by which it

is taught,

diffused, and renegotiated by each new gener

ation.
Sociology is not the only discipline that might have benefited from
an earlier appreciation of programming as the cause of purposive be

havior. Perhaps because information is higher-order or derivative of
matter and energy on which it depends for its existence, physical
scientists also overlooked the role of programming until well into this
century. Nothing illustrates this better than the case of Maxwell's
demon, a hypothetical being who bedeviled theoretical physics between
1871 and the 1920s and whose progressive demystification reflects the
crucial transition in thought over the period of the Control Revolution.

Lessons of Maxwell's Demon
James Clerk Maxwell (1831-1879), the Scottish physicist, was without
question one of the most brilliant scientists of the nineteenth century.
His theory of electromagnetic radiation, published in 1865, occupies a
position in modern physics comparable to Newton's classic work on
mechanics. Many historians of engineering consider control theory to
date from the 1868 paper by Maxwell on Watt's flyball governor (Evans

Programming and Control

45

1977). Three years later, in The Theory of Heat, Maxwell introduced
a demon
whose faculties are so sharpened that he can follow every molecule in its
course. Such a being, whose attributes are still

as

essentially finite as our

own, would be able to do what is at present impossible to us. For we have
seen that the molecules in a vessel full of air at uniform temperature are
moving with velocities by no means uniform . . . Now let us suppose that
such a vessel is divided into two portions, A and B, by a division in which
there is a small hole, and that a being, who

•

can

see the individual mole-

cules, opens and closes this hole, so as to allow ouly the swifter molecules

to pass from A to B, and only the slower ones to pass from B to A. He
will thus, without expenditure of work, raise the temperature of B and
lower that of A, in contradiction to the second law of thermody
namics.

(1871, pp. 308-309)

According to the second law of thermodynamics, as we have seen,
the organization of a closed system like the vessel can only decrease
and the process is irreversible, Maxwell's demon notwithstanding. Rel
ative disorganization or randomness of a system is important enough
to have been given the special name

entropy,

a term coined by the

German physicist Rudolf Clausius in 1865. So basic and pervasive is
the tendency toward increased entropy in both nonliving and living
systems that the British astronomer and physicist Sir Arthur Ed
dington declared, "The law that entropy always increases-the second
law of thermodynamics-holds, I think, the supreme position among
the laws of Nature" (1928, p. 74).
Here, then, was the challenge of Maxwell's demon, which seemed
to overturn-by merely opening and closing a small hole-no less than
the supreme law of nature. The fact that even the great Maxwell failed
to resolve the paradox, not to mention similar failures by three gen
erations of scientists, illustrates how recent and nonobvious are con
cepts like information, programming, decision, and control-precisely
the concepts that Maxwell unwittingly ascribed to his hypothetical
demon.
That Maxwell's demon is in fact a program is demonstrated by Fig
ure 2.1, which gives the flow chart of an algorithm that perfectly
duplicates the demon's behavior. For each molecule in the vessel, the
demon must continually determine two piece_s of information-velocity
and trajectory-for the program's essential inputs (represented by the
parallelogram near the top of Figure 2.1). Based on only these two
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inputs, the algorithm determines whether or not the demon ought to
behave in the only two ways it can: by opening or closing the small
hole in the partition separating portions A and B of the vessel (outputs
are represented in the flow chart as rectangles).
With the same simple sequence of decisions, some mechanism might
in fact be programmed to act in the way described by Maxwell, namely,
"to allow only the swifter molecules to pass from A to B, and only the
slower ones to pass from B to A." Would such a mechanism overturn
the second law of thermodynamics-the supreme law of nature-by
reversing the progressive degradation of energy in the vessel and
thereby decreasing its entropy?
Because Maxwell took information for granted, he did not consider
the costs of providing his demon with a continual flow of inputs to its
program. Information always requires at least an expenditure of en
ergy sufficient to transmit it-with a resulting increase in entropy.
Unless there is light, for example, Maxwell's demon cannot "see" the
molecules in the vessel. Once light is introduced, however, the entropy
of the vessel can only increase-despite the demon's best efforts
because the free energy lost in transmitting information exceeds the
energy gained by his purposive sorting. Even if the demon does not
"see" the molecules, that is, follow them by means of reflected light,
he will need some alternative means of acquiring information. Because
information can only be communicated in some form of matter or en
ergy, the results are always the same: the demon's energy needs will
exceed the energy freed by his sorting and his operation must inev
itably succumb to heat death.
This argument was foreshadowed in work on statistical physics that
the Austrian Ludwig Boltzmann published in 1894. Boltzmann observed
that entropy is related to "missing information," that is, to the number
of alternatives that remain to a physical system after all the macro
scopically observable information about it has been recorded (Shannon
and Weaver 1949, p. 3). Extending this insight, Leo Szilard, the Hun
garian physicist who would later be instrumental in building the first
atomic bomb, used the statistics of quantum mechanics to calculate the
minimum amount of energy required to transmit

any

information.

Whatever means of information processing Maxwell's demon might
employ, according to Szilard's calculations, the heat gradient would be
exceeded by the energy costs of information necessary to sustain it

Figure 2.1. Flow chart of an algorithm for Maxwell's demon.
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(Szilard 1929). In other words, the demon is no threat to nature's
supreme law-Maxwelfs paradox is resolved.
His demon continues to interest us, however, because its sixty-year
career so precisely mirrors the intellectual development of the Control
Revolution. Born just three years after Maxwell's seminal paper on
control theory, in the same decade that brought technological inno
vations like the telephone, phonograph, and microphone, the demon
was not retired until the understanding of information had reached a
high level of quantitative sophistication-owing largely to the work of
new communications engineers like Nyquist (1924, 1928) and Hartley
(1928) and culminating in Shannon's mathematical theory after World
War II.
The basic lessons of Maxwell's demon-that control involves pro
gramming, that programs require inputs of information, that infor
mation does not exist independent of matter and energy and therefore
must incur costs in terms of increased entropy-all seem commonplace
today. One evidence is that grade-school children around the world
can now program simple algorithms like that used by Maxwell's demon.
Programming and Decision
A second basic concept that, like the idea of a program, was profoundly
changed by the Control Revolution in technology is that of decision.
Although programs are responsible for all control and hence all pur
posive action, this alone does not explain how such control is possible.
How do inert progams manage to influence concrete technologies, not
to mention living organisms, guiding both toward predetermined goals?
Work in a wide range of disciplines converged by the 1930s on a single
answer: programs control by determining decisions.
As we saw in the algorithm for Maxwell's demon, the process of
control involves comparison of new information (inputs) to stored pat
terns and instructions (programming) to decide among a predeter
mined set of contingent behaviors (possible outputs). As we have seen,
this describes the use of official government rolls as commemorated
by the medieval Latin verb contrarotulare. Contingent decision: If a
man's property is listed on the rolls, tax accordingly; if not, assess his
property and fine or imprison him. To decide is to control, in short,
and to control is to decide; information processing and programming
make both possible.
Once again the crucial aspect of a definition is exposed by etymology,
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by the origin of decision in the Latin verb decidere, to cut off from
the source, that is, purposely to determine the ultimate function-to
influence toward a desired goal. As late as the seventeenth century,
decide was still used as a transitive verb meaning to cut or separate
off as did the sea, for example, for Thomas Fuller: "Again, our seat
denies us traffick here, the sea too near decides us from the rest" (1642,
p. 122).
This early usage suggests modern applications like decision trees.
The number of alternatives or degrees offreedom available to Fuller
as he moved from his coastal position up the River Tyne, for example,
was progressively reduced as he passed each of the Tyne's tributaries.
The amount of information contained in his eventual destination (out
put), once he passed even a single branch, was greater than that in
any point of embarkation (input) downstream.
As we have already seen for programming, such decision implies
neither voluntarism nor free will; it carries no vitalist or other meta
physical implications. All decisions are determined in the sense that,
for a given program, the same input will always result in the same
decision or output. Decisions may be probabilistic, of course, as in
deciding by the flip of a coin, but the decision to flip it must be strictly
determined at some higher level.
Any decision tree of finite length can be duplicated by a finite au
tomaton, thereby equating the question of decidability with that of
computability, a connection that has brought considerable convergence
of mathematics, logic, and computer science with traditionally human
istic disciplines like philosophy, linguistics, and cognitive psychology.
As with the debunking of Maxwell's demon, the progressive devel
opment of computability theory, known in mathematics as recursive
function theory and in computer science as the theory of algorithms,
reflects a crucial transition in human thought about programming and
control between the 1870s and 1930s, the first stage of the revolution
in control technology.
The mid-nineteenth century saw a critical reexamination of the foun
dations of mathematics, inspired largely by the discovery of the first
non-Euclidean geometries under the influence of Karl Friedrich Gauss
(1777-1855), who coined the term. While geometers worked at revising
and perfecting their axioms, an effort that culminated in David Hil
bert's Gruudlageu der Geometrie in 1899, logicians were similarly in
spired. Modern logic is generally considered to have begun with
publication in 1879 of Gottlob Frege's Begriffsschrift, which boldly
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attempted to formalize various parts of mathematics (van Heijenoort
1967, p. vi). In contrast to axiomization, which uses ordinary language
and logic, Frege introduced a formal system based on abstract signs,
formulas, and explicit rules for their manipulation. The monumental
Principia Mathematica of A. N. Whitehead and Bertrand Russell,
published in three volumes between 1910 and 1913, helped to popularize
Frege's notion of a formal system.
Hilbert, in particular, insisted that all mathematics could be reduced
to an inventory of formulas, rules, and proofs, the subject matte� of
a new science of proof theory or metamathematics. When the Inter
national Congress of Mathematicians met in Paris in 1900, Hilbert
presented twenty-three of what he considered the most important
problems-including several involving questions of decidability-to
occupy mathematicians during the coming century. Hilbert himself had
already set out to find an algorithm to decide the truth or falsity of
any mathematical proposition, what came to be known as the Ent
scheidungsproblem. This program occupied many of the world's lead
ing mathematicians, including Wilhelm Ackermann (1924), John von
Neumann (1927), and Jacques Herbrand (1930, 1931).
Hopes for the program were dashed in 1931, however, when Kurt
Godel published his famous incompleteness theorem, one of the great
intellectual achievements of the century. The theorem proved, in ef
fect, that the procedure sought by Hilbert, including the one suggested
by Whitehead and Russell in the Principia, could not exist. In any
formal system adequate for number theory, Godel showed, there exists
an undecidable formula for which neither itself nor its negation can be
proved; a major corollary establishes that the consistency of any such
system is also undecidable. The revolution in logic begun by Frege a
half-century earlier bad at last found its dialectical resolution: intui
tionism remained dead, on the one hand, but mathematicians were now
forced to couch their new formalisms in semiformal language.
Of the many effects of Godel's theorem, none was more important
to the intellectual development of the Control Revolution than the
resulting clarification of decision procedures, the mechanical rules that
determine, in finitely many steps, whether a combination of symbols
is decidable. Today the accepted formalization of such procedures is
the Turing machine, a simple mathematical model of a general-purpose
computer introduced in 1936 by the British logician Alan Turing, who
evidently took the idea of a "mechanical" rule quite literally.
On the basis of Turing's work and several alternative formulations
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published in the same year (Church 1936a,b; Kleene 1936; Post 1936;
Rosser 1936; all reprinted in Davis 1965), many problems and functions
of longstanding importance to logic and related disciplines have been
found to be undecidable. One noted example is the theorem of Alonzo
Church (1936a) establishing that no decision procedure exists for the
predicate calculus beyond the monadic. Hilbert's best-known problem,
the tenth, provides anotlier classic example: it was finally shown to be
undecidable, owing largely to work on the behavior ofTuring machines,
by a twenty-two-year-old Russian mathematician, Yuri Matyasevich,
in 1970 (Davis and Hersh 1973).
.
Links between abstract questions of decidability and the develop
ment of control technology were established by von Neumann, Turing,
and the many other mathematicians who helped build computers during
World War IL Although formal proof cannot be made, there are good
arguments to accept the Turing machine as equivalent to a real com
puter. Perhaps most compelling is Church's hypothesis (1936b), known
also as the Church-Turing thesis, that all decidable number theoretic
functions are mathematically recursive (computable) and vice versa.
Because all functions that operate on strings of symbols-and indeed
from any countable set to any other-can be represented by natural
numbers, the Church-Turing thesis (now generally adopted by other
mathematicians) has wide application in computer science, artificial
intelligence, and cognitive theory.
One computer scientist (Hofstadter 1979, p. 429) restates the Church
Turing thesis as "What is human-computable is machine-computable,"
calling the idea "one of the most important concepts in the philosophy
of mathematics, brains, and thinking" (p. 561).'certainly the modern
revolution in logic, in which the thesis played a cen�al role, will remain
a basic foundation for the Control Revolution as it continues to unfold
in new industrial applications like those of artificial intelligence and
expert systems.
Social Technologies of Decision
Neologisms reflect the continued diffusion of new thinking ab.out de
cision into the popular ethos. The logician Willard Quine introduced
the term decidability in 1940 (Burchfield 1972, p. 750), noting in a later
work that "elementary algebra is completable and mechanically decid
able while elementary number theory is not" (1950, p. 247). The term
decisioo procedure, also introduced by Quine (1945, p. 3), was by the
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late 1950s applied to popular games in the semipopular press; according
to the July 1967 Technology magazine, "any game ofa finite kind which
can be completed in a finite number of moves . . . must have a decision
procedure, even though we may not know for any particular game
what this procedure is" (p. 182). Three years later the London Times
discussed "decision-making machines" (March 24, 1960, p. 2); the image
of the "decision-taking mechanism of the human brain" dates from 1964
(Young 1964, p. 28).
Games also provided the inspiration for a separate application of
decision to control theory, namely statistical decision theory, a for
malization of rational choice among alternatives with different prob
abilities and utilities. Drawing on von Neumann's 1928 paper establishing
what has come to be known as game theory, the mathematical stat
istician Abraham Wald in 1939 introduced a more general decision
theory incorporating classic statistical work on hypothesis testing and
estimation. Wald's generalization and synthesis of statistics, including
his application of multiple decision spaces, weight and risk functions,
and minimization of maximum risks (so-called minimax solutions), pro
vided the basis for much of the intellectual technology of control that
would emerge during and after World War II: quality control, linear
programming, operations research, systems analysis, and even game
theory, which found wide practical application after von Neumann's
text with the economist Oskar Morgenstern appeared in 1944. Soci
ologist Daniel Bell assesses the role of decision theory as follows:
Any single choice may be as unpredictable as the quantum atom respond
ing erratically to the measuring instrument, yet the aggregate patterns
can be charted as neatly as the geometer triangulates the height and the
horizon. If the computer is the tool, then decision theory is its master.
Just as Pascal sought to play dice with God, and the physiocrats attempted
to draw an economic grid that would array all exhanges among men, so
the decision theorists seek their own tableau entier-the compass of
tionality, the "best" solution to the choices perplexing men.

ra·

(1973, p. 33)

Logical and statistical theories of decision were not the only ones to
emerge in the 1920s and 1930s, a period that saw development of the
concept in two other areas: normative decision theory and deontic logic.
Both were influenced by the work of Frank P. Ramsey, a mathema
tician who in 1926 stated simple consistency postulates implying the
existence of both personal probabilities and utilities.
Psychologist Kurt Lewin, influenced by lectures on decision theory
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that von Neumann gave in Berlin in 1928, formulated the first treat
ment of utility (what he called Aufforderungscharakter or "valence")
and related concepts of subjective probability in the early 1930s
(193la,b,c). These and similar formulations gained mathematical rigor
in work by Bruno de Finetti published in 1937. Two years later, using
Milton's "Reason is also choice" as a motivation, John Hicks applied
the developing ideas to economic decision under uncertainty, work for
which he received the Nobel Prize in 1972. Following World War II,
the ideas of Ramsey, von Neumann, de Finetti, and Hicks found syn
thesis in work by Kenneth Arrow (1951a,b), corecipient of the 1972
Nobel Prize in economics, and statistician Leonard Savage (1951, 1954);
both treatments converged with statistical decision theory. A few years
later, Patrick Suppes (1956, 1957) and R. Duncan Luce (1959) began
to incorporate many of the same normative decision concepts into psy
chology (Luce and Suppes 1965).
Ramsey had initially called his theory "a branch of logic" (1926, p.
157), and indeed that idea developed into a fourth distinct approach to
decision. Until the late 1920s principles of deontic logic, the logic of
obligation, tended to be stated as footnotes to work on moral philosophy
or modal logic, the logic of the possible and necessary. Even modal
logic, extensively developed since its origins in ancient Greece, had
fallen into neglect during the Renaissance and found little place in
modern mathematical logic following Frege. Revival of interest in es
pecially the systematic treatment of modal logic in the 1920s, however,
led to attempts to treat deontic logic in a similar fashion.
The first such attempt was that of Ernst Mally (1926), who intro
duced the modern usage of "Deontik" by adding a modal operator
denoting ought to the formal language of propositional logic. Despite
continuations ofMally's effort by Karl Menger (1934, 1939), Kurt Grell
ing (1939), and Karl Reach (1939), widespread interest did not come
until the end of World War II and publication of the classic paper by
Georg Henrik von Wright (1951). Von Wright's essential insight, that
there exists a significant analogy between the deontic obligation (ought)
and permission and the modal necessity and possibility, has influenced
most subsequent work in the field.
Thus it was that the simple idea of decision, combined with the
concepts of information µrocessing and programming, stimulated con
siderable intellectual activity during the 1920s and 1930s in four in
terrelated yet distinct areas: recursive function theory or the theory
of algorithms, statistical and normative decision theory, and deontic
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logic. Practical applications of this work in computer control technol
ogies as well as in a wide range of academic disciplines have continued
to multiply. Like programming, the concept of decision holds consid
erable promise for social and behavioral science, especially one grounded
in principles of infonnation processing and communication.
As we have already seen, for example, Talcott Parsons might have
benefited from explicit use of the concept of programming in his early
action theory, a formal model that did include a half-dozen other logical
components: an actor, a situation involving both conditions and means,
a normative orientation, and an end (Parsons 1937, p. 44). When we
compare this schema with the postcomputer interest of philosophers
in normative action theory as derived from deontic logic (for example,
Rescher 1966), one major addition stands out: explicit attention to
decision. Similar integration of deontic logic and other abstract for
malizations of decision making has already developed in organizational
studies, computer science, psychology, and social theory in general,
most notably in work by Herbert Simon (1965, 1966).
With the growing understanding of programming and decision, the
intellectual development of the Control Revolution may at last have
come full circle from the 1870s and the work of Maxwell and Frege.
Consider, for example, the discussion by cognitive psychologists of a
"decision demon" (Selfridge 1959), including a lengthy treatment in a
textbook (Lindsay and Nonnan 1977, chap. 7) suggestively titled Hitman
Information Processing: An Introduction to Psyclwlogy. Could Max
well have possibly guessed that, in the instant he conceived his own
mythical demon, he glimpsed a complex tangle of ideas that would
remain at the center of intellectual discourse, technological develop
ment, and social change for more than a century?
Life's Decision Demon: DNA

What Maxwell could not have suspected when he introduced his demon,
thirty years before Mendel's work on heredity became known and
seventy years before the first published Wnt of a genetic code, is that
the heart of his hypothetical creature-that of programming, decision,
and control-does in fact beat in every cell of every living thing on
earth. This programmable control structure, which first appeared in
simple form at the origin of life perhaps four billion years ago, is the
complex macromolecule of deoxYr:ibonucleic acid or DNA. DNA does
not sort molecules by opening and closing a small hole, of course, but
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it does achieve the same result, that of maintaining and even increasing
the organization of living materials counter to entropy, in apparent
violation of thermodynamics' second law.

of organization
Indo-European worg, meaning work. A system

This fact is commemorated by the common origin
and

organism

in the

can sustain work, we have seen, only if its internal energy is purpo
sively organized in a heat gradient, as, for example, in the steam
engine, which inspired early work on thermodynamics. Only living
systems can maintain and even increase such organization-to work
as if guided by some vitalist equivalent of Maxwell's demon. This does
not mean that life decreases entropy in the universe, however, but
only within its own systems and only by increasing entropy in the
matter it consumes. Hence all living systems, including human soci
eties, must be seen as eddies in the entropic stream-as countercur
rents resisting for a time the rush of the nniverse toward final heat
death before they too are caught up in the flow.
The continuous processing of matter and energy that makes possible
this miracle, apparently unique in at least our own solar system and
essential to societies no less than to individual cells, resides ultimately
in

DNA, the decision demon that organizes matter and energy at the
most fundamental level of control. DNA is thus not only the most basic

of all control technologies, in the figurative sense, but also one whose
capabilities are unlikely to be rivaled liy technologies ofour own making
for many generations to come.
Consider that a one-inch strand of genetic particles can store the
amount of information contained in up to twelve thousand typed man
uscript pages, the equivalent of about twenty books as long as the one
yon are reading now. Because the nucleus of a single human cell con
tains roughly five feet of genetic material, it might store the equivalent
of nearly two thousand such books. The same amount of information
would fill three to eight thousand floppy disks, depending on the type,
or nearly sixty 24-thousand-foot reels of computer tape packed as densely
as possible. Some eleven hours would be needed to play as much in
formation on a high-fidelity system or over FM radio, more than forty
six hours to send it via telephone. The programming contained in a
single one of our cells, in other words, might easily exceed in infor
mation our personal libraries, record or tape collections, and video
game cartridges combined.
Even more impressive by engineering standards, all of the cell's
information is stored in a structure just barely visible with the most
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powerful electron nricroscope. George Berulie, the Nobel Prize-winning
geneticist, calculated that the complete genetic coding for every person
on earth could be wound back and forth into a cube only one-eighth of
an inch thick. This tiny stack, by Beadle's estimate, would contain
roughly sixty thousand times as much information as in all the books
ever published (1964, p.

6). "The deciphering of the DNA code," Beadle

concludes, "has revealed our possession of a language much older than
hieroglyphics, a language as old as life itself, a language that is the
most living language of all-even if its letters are invisible and its
words are buried deep in the cells of our bodies'' (Beadle and Beadle

1966, p. 207).
It is hardly surprising that, with the growing understanding of pro
grammed control by computers after World War II, scientists would
begin to decipher the ancient language of DNA and to exploit its
programming in new technologies. More surprising is that the essential
insight of modern genetics that DNA can be treated as programming
quite apart from the biochemistry of the amino acids that it controls
owed little to contemporaneous development of information theory,
cybernetics, or even von Neumann's seminal work
reproducing automata (Judson

(1966) on self

1979, pp. 242--244).

Perhaps the earliest mention of genes as physically encoded infor
mation can be found was

What Is Life?,

a popular book published in

1944 by Erwin Schriidinger, the Austrian-born theoretical physicist
who shared the 1933 Nobel Prize for his formulation of wave mechanics,
including the most widely used mathematical tools of modern quantum
mechanics. Twenty years before the decipherment of the genetic code,
Schrodinger-who had little knowledge of biochemistry-wrote:

It has often been asked how this tiny speck of material, the nucleus of
the fertilized egg, could contain an elaborate code-script involving all the
future development of the organism . . . the number of atoms in such a
structure need not be very large to produce an ahnost unlimited number
of possible arrangements. For illustration, think of the Morse code. The
two different signs of dot and dash in well-ordered groups of not more
than four allow of thirty different specifications . . . with five signs and
groups up to 25, the number is 372,529,029,846,191,405 . . . with the mo
lecular picture of the gene it is no longer inconceivable that the miniature
code should precisely correspond with a highly complicated and specific
plan of development and should somehow contain the means to put it into
operation. (1944, pp. 61-62)
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As happened so often since the advent of the Control Revolution,
concepts from information and communication technology-here Morse's
binary telegraph code-helped scientists to reconceptualize traditional
subjects like cellular biology. Because information and control are so
basic to living systems in general, nonspecialists who understood these
concepts have managed to contribute to a wide range of fields. Modern
biology, for example, developed through important work by a large
number of theoretical physicists and physical chemists: Max Delbruck,
Leo Szilard, Francis Crick, Maurice Wilkins, George Gamow, and Linus
Pauling, among others (Judson 1979, p. 605).
With the first postulation of DNA structure by Watson and Crick
in 1953, literally hundreds of theorists-working more as cryptogra
phers than as biochemists-set out to crack the code by which the four
different genetic particles (called

nucleotides)

represent the various

amino acids used in protein synthesis. As if to establish the role that
informational concepts were

to

play in modern biology, the first sug

gestion for a code came not from a biologist but from George Gamow,
a theoretical physicist. The importance of this contribution (Gamow
1954), Crick later recalled, "was that it was really an abstract theory
of coding and was not cluttered up with a lot of unnecessary chemical
details" (1966, p. 4).
Nor could it have been, since Gamow had only sparse knowledge of
the relevant biochemistry. He did get the number of basic amino acids
correct at twenty, however, which prompted Crick and Watson-im
mediately on receipt of Gamow's code-to list the correct acids, even
though the assumption that so few compounds could be the basis of so
many others was, according to one biochemist, "for its time, quite
audacious and wholly unsupported" (Stent 1971, p. 35). As one history
of modern biology concludes, "Gamow disentangled the problem, stat
ing it for the first time in its modern form" (Judson 1979, p. 250).

Technologies of Genetic Programming
Since perfection of the recombinant DNA process in 1973, modern
biology has rapidly spawned

biotechnology,

an application of several

academic disciplines-including microbiology, genetics, molecular bi
ology, biochemistry, and chemical engineering-which is already a
multibillion-dollar-a-year industry with some one hundred fifty firms
(Abelson 1983b). By 1982 the United States was issuing more than
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eleven hundred patents annually in biotechnology, about 2 percent of
all patents granted (Zaborsky 1983).
The term biotechnology has now lent itself to an eight-volume ref
erence set (Rehm and Reed 1981), to at least two textbooks (Smith
1982; Wiseman 1982), to its own patent digest (begun March 15, 1982),
and to a glossy monthly trade journal (begun March 1983). Today one
finds in mathematical puzzles (Hofstadter 1982) and popular books
(Hofstadter 1979; Eigen and Winkler 1981) what theorists like SchrO
dinger and Gamow first advanced as one ofthe more important insights
in the history of science: that genetics may be treated as an infor
mational problem, that is, one depending for its solution on the inter
relationships among programming, information processing, decision,
and control.
Biotechnology continues to exploit DNA qua programming, infor
mation that controls the physical structures and processes of living
systems. Recombinant DNA, or "gene splicing," for example, involves
reprogramming a living organism by inserting into its DNA a foreign
gene for a product with commercial value. Industry is just beginning
to realize the possibility of engineering proteins-which approach in
finity in their potential numbers-by using either genes from existing
organisms or synthetic genetic programs created by stringing together
chains of nucleotides (Abelson 1983a). Because such technologies are
the functional equivalent for living organisms of what more traditional
programming is for computers, genetic engineering must itself be viewed
as an information technology-another logical outgrowth of the Con
trol Revolution.
The Control Revolution Reconsidered
We began this chapter with certain nagging questions concerning the
Control Revolution and resulting Information Society: Why has infor
mation-of all commodities-come to dominate the economies of at
least a half-dozen advanced industrial nations? Why the growing im
portance of microprocessors and computers, devices that can do noth
ing more than convert information from one form to another? How are
information processing and programming related to communication and
control, and why have these simple functions become so central to
human society and culture?
Ultimate answers to these questions, we have found, lie at the heart
of physical existence. In order to oppose entropy and put off for a time
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the inevitable heat death, every living system must maintain its or
ganization by processing matter and energy. Information processing
and programmed decision are the means by which such material pro
cessing is controlled in living systems, from macromolecules of DNA
to the global economy. The Industrial Revolution sharply increased
the volume and speed of energy conversion and material processing
and thereby precipitated the various technological responses we call
the Control Revolution. Even if industrialization had been more grad
ual, however, the ultimate result would bave been much the same.
To understand tbe basis of human society in information processing,
communication, and control, moreover, is to appreciate the profound
irony in popular sentiment against technology that has persisted over
the past century. Of all the revolutionary innovations in technology
since the Industrial Revolution, few have aroused more widespread
suspicion, resentment, and even open hostility than have the various
capabilities for information processing. Since the mid-nineteenth cen
tury, as we saw in the first chapter, increasing bureaucratization has
been opposed as somehow dehumanizing, a sentiment tbat persisted
into the 1950s in popular works like William H. Whyte's

Man (1956).

Organization

Since then, many of the same feelings have begun to shift

to newer information-processing technologies: to the computer in the
1960s and 1970s and more recently to microprocessors, especially as
manifest in devices like industrial robots, word processors, and video
games, all of which were routinely accused in the early 1980s of de
humanizing influences. Just as the terms

bureaucracy and bureaucrat

long ago came to suggest narrow outlook, lack of humanity, and oth
erwise vague reprobation, similar connotations have been attached to
computer technology and personnel, although less frequently as a laity
begins to take responsibilities from the priesthood.
The irony, of course, is tbat information processing might be more
properly seen as the most natural of functions performed by human
technologies, at least in that it is shared by every cell of every living
thing on earth. In view of the fact that information processing distin
guishes all living things and a few of their artifacts from the rest of
the universe, moreover, the ability must by definition be as old as life
itself-on this planet or any other. Information processing is also ar
guably the most human of life functions in that particular capabilities
of our brains to process information best distinguish us from all other
species.
No human technology has more in common witb all living things
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than do our various capabilities to process information, whether they
be institutionalized in the formal structures and procedures of bureau
cracy, input electronically to computer memory, or photolithographed
into the silicon wafers of microprocessors. It is through the under
standing of these capabilities, the essential life processes of organi
zation, programming, and decision to effect control, that we can best
hope to answer the many challenging questions raised by the Control
Revolution.

3

�������-

Evolution of Control: Culture and Society
Social existence is controlled existence . . . Without some constraint
of individual leanings the coordination of action and regularity of con
duct which turn a human aggregation into a society could not mater
ialize . . . The concept of social control brings us to the focus of sociology
and its perpetual problem-the relation of the social order and the
individual being, the relation of the unit and the whole . . . Control is
simply coterminous with society, and in examining the former we shn
ply describe the latter.

-S. F. Nadel, "Social Control and Self-Regulation"

To APPLY the model of the previous chapter to the Control Revolution
directly without first considering the earlier evolution of culture and
society would be to risk underestimating the importance of control

all

to

social structures, those of other species no less than those of our

own. It would also be to risk failure in grasping the full impact of the
Control Revolution itself. Only through appreciation of even the sim
plest animal societies as complex systems of information processing
and communication-systems that maintain an often fragile balance of
control, both internal and external-can we begin to understand the
particular way in which industrialization disrupted the material econ
omy of the nineteenth century and why the modern information society
emerged as a direct result.
The Industrial Revolution was not the first time that external pres
sures on processing systems produced a sharp increase in their ca
pability to control throughputs, a change abrupt enough to merit
classification as a revolution in control. As we saw in Chapter 2, in the
example of rush-hour traffic, living systems have thus far evolved four
levels of programmable structures and programs: DNA molecules en
coded with genetic programming, the brain with cultural program
ming, organizations with formal processing and decision rules, and
mechanical and electronic processors with algorithms. This succession
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of four levels of programming, each one of which appears to have
complemented and extended more than superseded already existing
levels, constitutes the total history of control as we know it-a rela
tively smooth development punctuated by only these four major rev
olutions in control.
Table 3.1 places each of the four control revolutions in historical
perspective. The first, an all but imperceptible molecular change that

we revere as the origin of life, occurred approximately four billion
years ago, surprisingly soon after the formation of the earth itself. As
can be seen in Table 3. 1, it took another3.9 billion years for information
processing to transcend the genetic level; this second control revolution
occurred about 100 million years ago as certain vertebrates first began

to learn through imitation, the earliest and most primitive form of
cultural programming. The third control revolution, one that expanded
information processing from neural to social structures, came almost
one hundred million years later-about 3000 B.c.-in the bureaucratic
organizations of Mesopotamia and ancient Egypt. As we saw in Chap
ter 1, bureaucracy did not become pervasive until the nineteenth
century control crisis and the appearance of a complementary fourth
level of control: mechanical, electric, and electronic technologies for
information storage, processing, and communication.
Because the first level of control characterizes all living things, the
second level the higher vertebrates (birds and mammals), the third
and fourth levels only Homo

sapiens,

it might be tempting to stake

claim to the superiority of our own species based on this progression.
All such claims have been rejected, however-Aristotle's eleven-point

scala naturae (1912, pp. 732a-733b), his hierarchy of "psychic powers"
(1931, pp. 414a-415b), and all forms of the "Great Chain of Being"
that dominated science and philosophy until the late eighteenth century
(Lovejoy 1936). Even with ·no knowledge of genetics, Darwin could
appreciate the "marvellous structures and properties"-which we now
know derive from purposive information processing and control-that
characterize "the most humble organism."
Indeed, equally plausible arguments can be made for the superiority

of even the simple prokaryotes, which include the single-celled bacteria
and blue-green algae. Consider their case: Prokaryotes ruled earth for
some three billion years, fully three-fourths of the total tenure of life
on the planet. They still rule in that they are found inside all more
complex organisms and virtually everywhere else: in the depths of
oceans, in arctic glaciers, in hot springs-even at the top of the strat-

Table 3.1. Time line of the development of four levels of control

Years ago
(logarithmic)

1 billion

100 million

Formation of the Earth
Level One: Life (Molecular Programming)
Motility
Organs specialized in control
True nervous systems
Vertebrate brain

Level Two: Culture (Learning by Imitation)
Learning by teaching

10 million
Divergence of hominids and apes
Rapid increase in hominid brain size
Genus Homo
1 million

100 thousand

Homo sapiens

10 thousand
Neolithic or Agricultural Revolution
Level Three: Bureaucracy
B.C.-A.D.
l

thousand
Commercial Revolution

100 years

Industrial Revolution
Level Four: Technology (Control Revolution)
Computers
Microprocessors

10 years
Genetic programming technology
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osphere. There are more bacteria, as separate individuals, than any
other type of organism-as many as one hundred million in a single

gram of fertile soil. Earth's entire ecosystem depends on the algae,
primary producers, through photosynthesis, of the energy that powers
all forms of life.
It can even be argued that the prokaryotes, as the earliest of life
forms still existing �n earth, grabbed up all the planet's choicest eco
logical niches and thereby forced subsequent species to evolve at greater
and more inferior levels of size and complexity. By virtue of having
only a single cell, after all, the prokaryotes live free of the nagging
burden of gravity, one of the so-called weak forces of nature that affect
only objects above a certain ratio of surface area to volume. This
argument is facetious, of course, but not in its moral: success in control
cannot be judged by the nature of its programming or the complexity
of the results, only by the persistence of its organization counter to
entropy-the one true test of all living systems. By this standard the
prokaryotes-with neither brain nor technology-are at least holding
their own.
That the prokaryotes have survived virtually unchanged over sev
eral billions of years ought to be evidence enough that material pro
cessing systems do not necessarily respond to external changes by
evolving greater capacities to control their environments-let alone
wholly new levels oi programmable structures. If we hope to under
stand the emergence of the most recent control level, that of pro
grammable technology, we might consider this as another instance of
the dynamic at work at earlier levels. If the revolution in control
technology did indeed come in response to a crisis in the economy's
capability to process throughputs, as suggested in the first chapter,
then we must seek to understand this in terms of the more general
conditions that have constituted the causes of such change. That the
change obviously came not through natural but purposive selection by
governments and markets, a direct legacy of the third (bureaucratic)
control revolution five millennia earlier, ought not to obscure what
might be learned from more general features of control common to all
living systems.

Three Problems for Control
Undoubtedly the most difficult aspect of control to appreciate, espe
cially in technologies of our own making, is its evolution across gen-

Evolution of Control

65

erations of programs. This evolution spans hoth human generations
and, in the contemporary use of the term, generations of technologies
like computers as well. As argued in Chapter 1, human society and
culture seem often to evolve through changes so gradual as to he all
hut imperceptihle compared to the generational cycles of the individ
uals through whose lives they unfold.
Like the concepts of programming and decision, the idea of evolution
through differential selection was profoundly affected hy the growing
understanding of information during the Control Revolution, partic
ularly in the critical period from the mid-nineteenth century to the
1920s. Sixty years bridge the first edition of Darwin's Origin ofSpecies
(1859) and the so-called Modern Synthesis, the work of Alfred Lotka,
Vito Volterra, and other mathematical ecologists and geneticists that
culminated in Ronald Fisher's

Genetical Theory of Natural Selection

(1930), Sewall Wright's "Evolution in Mendelian Populations" (1931),
and J. B. S. Haldane's Causes

ofEvolution (1932).

According to E. 0.

Wilson, "very little theory in the strict sense was created between 1930
and 1960 beyond that already laid down in the 1920s" (1975, p. 63).

In human culture as in all programming, long-term maintenance of
control requires the replication of programs in new entities: by estab
lishing a new branch office of an organization, for example, or through
socialization of our children. If programming is

to evolve through such
replication, however, there must be both a relative fidelity to the
transference of information and some type of selection, whether pur
posive or nonpurposive. These two factors, fidelity of communication
and differential selection of messages, have increasingly drawn the
attention of social scientists since World War II in, for example, studies
of the diffusion ofinnovations, a subject that has itself diffused through
a wide variety of academic disciplines: geography (Hagerstrand 1952,
1953; Brown 1965), economics (Griliches 1957; Mansfield 1961, 1963).
sociology (Coleman et al. 1957), and communications studies (Katz
1957; Rogers 1962, 1971). The most recent interest in cultural diffusion
can be found in biology, especially in the work of Cavalli-Sforza, Feld
man, and colleagues (1981, 1982) on cultural versus gene-based selec
tion in the quantitative theory of population genetics.
That processes like cultural diffusion and change are too rarely seen
in terms of programming is largely the fault of cybernetics, the formal
study ofcontrol that has unfortunately concentrated almost exclusively
on behavior. The example cyberneticists cite most frequently, for ex
ample, is the behavior of a simple thermostat, one that can turn a
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furnace on and off and thereby control temperature by means of feed
back from the environment heated. The major shortcoming of such
examples is that they draw attention to the control behavior itself
especially to feedback-and therefore away from the more fundamen
tal aspect of control, namely programming. As Ernst Mayr put it:
It is not the thermostat that determines the temperature of a house, but
the person who sets the thermostat . . . Negative feedbacks improve the
precision of goal seeking, but they do not determine it. Feedback devices
are only executive mechanisms that operate during the translation of a
program. Therefore, it places the emphasis on the wrong point to define
teleonomic processes in terms of the presence of feedback devices. They
are mediators of the program, hut as far as the basic principle of goal
achievement is concerned, they are of minor consequence. (1976, p. 391)

Overemphasis on control behavior and feedback may be even more
misleading than Mayr suggests. By concentrating on behavior per se,
cyberneticists tend to overlook two other aspects of control perhaps
most obvious in genetic programming but which must prevail in any
control system. At a more fundamental level than behavior itself is
maintenance of the mechanism on which control depends; at a higher
level is the programming process on which depends the continuing
evolution of control. In a thermostatic system, for example, thermo
stats must be distributed, positioned, and maintained according to
some program; only a still higher-level program can decide that such
control is desirable and, if so, whether some other technology might
not better fulfill the same function.
We encounter these three levels of control involving mechanism,
behavior, and the process of programming in all control systems, from
DNA to human organization and technology. The levels might be seen
to involve three different temporal dimensions or to address three
distinct problems for control:

Existence or being, the problem of maintaining organization-even
in the absence of external change-counter to entropy

Experience or behaving, the problem of adapting goal-directed pro
cesses to variation and change in external conditions

Evolution

or

becoming, the problem of reprogramming less suc

cessful goals and procedures while at the same time preserving more
successful ones
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To have some mechanism that might be programmed and the matter
and energy in which to store its programming is the problem of ex
istence or being. Experience or behaving involves the problem of main
taining control regardless of the inputs to an existing program. To be
able to reprogram and thereby adapt to new contingencies is the prob
lem of evolution or becoming. Taken together, the three problems
subsume all those of programmed control because th�y exhaust the
three different temporal dimensions of one universal problem: how to
maintain organization counter to entropy. Existence solves the prob
lem at any one instant in the sense of differential calculus, that is, as
time goes to zero as a limit; behavior solves the problem over the
lifetime of programs in a single system; and evolution becomes the
essential solution across generations of both programs and systems.
With computers, for example, we recognize the fragility of existence
in system crashes, power failures , and accidental erasures of memory,
the problems of behavior in exceeding parameters or in infinite looping,
and the failure of evolution in the impossibilty of reprogramming read
only memory (ROM) to new specifications. Reprogramming is the gen
eral solution to problems of both behavior and evolution in all living
systems. At the organic level reprogramming comes in response to
changes in selection pressure on the replicating programs· (genes) qua
species that both exist and behave, that is, on the class of all entities
that might be controlled by the program (Hamilton 1964; Williams
1966; Dawkins 1976, 1982).
Similar categories have already been applied to human societies, for
example, to distinguish structure, process, and history in modern
structural-functionalist social theory (Merton 1968). According to the
venerable campus cliche, a university has precisely the same three
functions: to create knowledge (its evolution or becoming in research),
to preserve knowledge (the archival function of existence or being),
and to disseminate knowledge (the experience or behavior we know
as teaching and learning).
A neurophysiologist (Gerard 1960, p. 255) has suggested the terms
being, behaving, and becoming for virtually the same three aspects of
material systems, an application similar although not identical to the
one here. We emphasize not the temporal aspects of the three problems
but rather their functional implications as essential elements of control,
the solution to any one of which can have unanticipated consequences
for the other two. Proliferation of a new control technology, for ex
ample, can have major effects on the evolution of programming. As
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we shall see in Chapter 6, the development of mass media and national
advertising had precisely such implications for cultural programming
by the turn of the century.
An appendix to this chapter, "What Is Life? An Information Per
spective," presents my argument that the properties most basic to life
itself, in an abstract sense, are subsumed by static and dynamic aspects

of the three control functions presented here. Evidence comes from

properties of living systems cited by biologists in a half-dozen recent
textbooks. The same three functions are shown to correspond to the

three fundamental genetic processes of replication, regulation, and
reproduction, thereby establishing the control model on the level of
program ming itself.
In adapting this model to an analysis of the Control Revolution and
resulting Information Society, I want to be clear that I do not consider
society actually to be an organism, "alive" in some sense apart from
the life of its individual members. Considering the misleading infer
ences that have plagued organismic models since Aristotle's Politica,
from the pre-Darwinian treatments by Hegel and Comte through those
of Herbert Spencer, Oswald Spengler, and the twentieth-century func
tional theorists, we would do well to avoid such models entirely.
My own analysis of the Control Revolution will be motivated not by
any organismic model but by the more modest conviction that all con
crete control systems-both individual and collective-must overcome
the same fundamental problems if they are to maintain themselves
counter to entropy. Living organisms can provide an independent test
of our three-dimensional model, by this reasoning, and at the same
time afford new insights into the manifest properties of concrete con
trol. This will be indirectly tested in a rapid journey through the first
three control revolutions, those that breathed life into an inorganic
universe, brought cultural programming to specialized nervous sys
tems, and built formal organizational control in culture-based social
structures.

The Origin of Life
We may never know the precise details of what at least for us must
be the most sublime of all control revolutions: tbe origin of life-and
of control-on the third planet from the sun, a relatively solitary star
on the outskirts of a typical spiral cluster of perhaps a half-trillion stars
that we happen to know as the

Milky Way, which is itself one of a
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hundred billion such galaxies. Despite the Jack of details, however, we
can infer what must have happened, albeit at a level of abstraction
above that of particular forms of matter and energy, namely at the
level of their organization as

information.

Because even the simplest organic compounds contain much greater
energy than the most complex inorganic ones, one obvious place to
seek life's origin is in some naturally occurring energy source. Light
ning, volcanoes, and of course the sun's ultraviolet rays have all been
cited in various speculations. Whatever the source, little energy would
have been needed to knock apart particles in the hydrogen-rich at
mosphere that must have formed as the earth condensed out of inter
stellar gas and dust some 4. 6 billion years ago. Laboratory tests using
electric sparks discharged in containers of methane, ammonia, and
other simple gases have produced several amino acids, basic constit
uents of the proteins found in all living things. Sometimes the amino
acids have actually come chained together like simple proteins and
even nucleotides, the ringed molecules that constitute the coded in
structions of DNA.
Regardless of how it might have happened, more complex molecules
must have arisen from the infusion of energy into the early atmosphere.
These molecules would have inevitably mixed and combined with other
molecules and atoms, the products dissolving in the oceans to form a
kind of organic soup of increasing complexity. No teleonomic entity,
not life nor any other, could arise from the haphazard combination,
breakdown, and recombination of simple compounds, of course; hap
penstance alone does not yield purpose. Given sufficient time, however,
at least a simple molecule would certainly have appeared whose various
parts had the particular property of affinity for elements of the same
kind (as in crystals) or for their chemical "negatives" (the case, as
we have seen, with the DNA molecule). In either event the new mol
ecule-call it

R&plicator A-would

have immediately begun to pop

ulate the primordial soup with exact replicas of itself, directly in the
case of a crystal, alternately with its negative for a molecule like DNA.
Though not itself alive, Replicator A was nevertheless the earliest
ancestor of all life on earth, unless, of course, it has had multiple
origins. Replicator A was also the first concrete processing system,
one capable of taking simple chemical particles and combining them
into exact copies of itself. As for the information processing necessary
to

control such a system,

Replicator A had the unprecedented ability

to copy the instructions for its own composition, what might be called
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its own structurally coded

program.

This it replicated over and over

again in new molecules, each of which-by virtue of being an exact
copy-could replicate

itself many times in still more

copies.

First there was Replicator A, then two such molecules, then four,
eight, sixteen, and thirty-two. Because no predators as yet existed,
growth of the Replicator A population was likely to approach expo
nential, limited only by the number of free-floating constituents and
perhaps by the disintegrating effects of external energy. After ten
such "generations" there would have been 512 Replicator A-type mol
ecules in the primordial ooze, by the twenty-first generation well over
a million, by the twenty-fifth almost seventeen billion (assuming, of
course, that no molecules broke down in the process).
No known means of copying and recopying can go on indefinitely
without error, however. Sooner or later, given sufficient time, gen
erations, and replications, something would have gone awry in the
combination of chemical particles by Replicator A-type molecules.
Because any resultant mutation would consist mostly if not entirely of
parts of proven replicability, it is likely that one of the first such

aberrant molecules would also b� a replicator, capable of making exact
copies of itself from free-floating particles. At this point the earth had
two different types of replicating molecules, a population of Replicator
A and one variant and potential competitor.
If Replicator A had the superior capability for reproduction, its
mutant would not have gained much of a foothold in the primordial
ooze and indeed might well have disappeared altogether. In either
event, neither Replicator A nor any of its less successful variants could
be said to have possessed life, although they stood only a single step
from crossing into the realm of the living. This required the additional
ability to

reprogram in response to environmental and selection pres

sures, which the previous chapter showed to be necessary for the
higher control levels of experience and evolution.
Sooner or later, given enough time, a mutant replicator would have
appeared that had an edge on Replicator A in the competition for free
floating particles. This could have happened in either of two ways:
through a copying error that had immediate natural advantages over
Replicator A or as a result of changing conditions on earth, which
might have eventually swung selection pressures in favor of an earlier,
less successful mutation still surviving in the organic soup. In either
case, the relatively more successful type of molecule, call it Replicator

B, would have begun to spread its program at the expense of Replica
tor A.
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Although no trumpets could have sounded when Replicator B first
started to compete successfully with Replicator A, life must be said
to have begun at precisely this instant. This was the moment when
the total programming for constructing molecules on earth was up
graded the first notch

in the direction offunctional advantag�.

The

teleonomy of evolution was born and with it the final step in the goal
directed programming process we know as

life.

Several points are instructive here. First, Replicators A and B must

be said to be alive not because they manifest all of the properties that
biologists usually attribute to life (certainly not metabolism or re
sponsiveness) but rather because they achieved all three levels of con
trol: existence, experience, and evolution. Second, life is not a property
of individual molecules, which are themselves unchanged from their
preliving condition, but rather of the population of all replicating mol
ecules. This is contrary to Helena Curtis's conclusion, as noted in the
appendix, that "life" itself does not exist, only individual living organ
isms. Third, and perhaps most important for our investigation here,
life would have begun as the response of concrete open systems to
external pressures on their capabilities to process throughputs, in this
case the manufacture o:· replica molecules using free-floating chemical
constituents.
It may seem that this explanation is too simple to account for the
origin of a process that has culminated four billion years later in the
wide diversity of complex organisms that we know today. The argu
ment does gain support from the survival of viruses, organisms that
are nothing more than replicator molecules encased in protein. Fossil
evidence suggests that the appearance of such simple life forms may
be relatively straightforward, at least compared to that of more com
plex forms. Although life itself arose only 200 to 600 million years after
the origin of the earth, about as soon as the new planet had cooled
sufficiently for life as we know it to survive, another three billion years
passed before the appearance of even rudimentary specialized organs.
This suggests that the origin of life may be less difficult to explain than
the second control revolution, one that produced the most generalized
living organ of all: the vertebrate brain.

Origin of the Brain
The brain is, like the genome, a generalized information processor,
controlled by programming and capable of all of the functions that
characterize concrete open systems: input, storage, comparison, deci-
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sion, output. The evolutionary importance of the brain is that it enabled
organisms to "short circuit"-in effect-control by the genome. Com
pared to genetic control, control by the brain has certain obvious ad
vantages: it can be based on a much greater amount of programming,
respond much more quickly to environmental conditions, control social
communication with other organisms, and be reprogrammed contin
uously. Genetical evolution continues in slow response to selection
pressures, but the evolution of culture-programming of the brain
has been relatively quicker and more flexible, often changing many
times within the lifetime of a single organism.
As biologist John Bonner (1980) argues, the first branch in the ev
olutionary process leading eventually to the brain occurred in the bac
teria, the earliest known living organisms. Several billion years ago,
before the appearance of other specialized organs, some bacteria evolved
motility, the ability to move about by rotating their flagella at the
base (Berg and Anderson 1973; Silverman and Simon 1974; Berg 1975).
Once motile, bacteria evolved chemotaxis, attraction to some sub
stances and avoidance of others.
That motility and chemotaxis characterize a rudimentary informa
tion-processing system has become clear now that bacteriologists have
begun to isolate the various components of such systems. Specific pro
teins at the cell surface of a bacterium cell, for example, serve as
simple but quite effective input devices. Twenty such receptor proteins
have been identified for one species; they are specific for twelve chemo
tactic attractants and eight repellents (Adler 1976). Bacteria have e ven
been found to possess short-term merrwry, to be able to compare inputs
at different times, and to make decisions based on the integration of
simultaneous inputs from attractants and repellents (MacNab and
Koshland 1972).
As with the origin of DNA, molecular programming and indeed life
itself, in other word•, the generalized information processor that be
came the brain also arose as the response of a concrete open system
tbe genome-to external pressures on its capabilities to process
throughputs. This pressure first appeared as the relative .advantage
of responding to environmental conditions more quickly than was pos
sible through differential reproduction across generations of orga
nisms. Once this lower level of response had produced motility, which
it did almost immediately, selection pressures shifted from the repli
cation of genetic programming to information processing, reprogram
ing, and communication by organisms during their own lifetimes. In
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Bonner's words, "The brain, the whole neuromuscular system, and
therefore the capacity for culture are foreshadowed in the most ru
dimentary organisms and known to have originated in the earliest of
all living forms" (1980, p. 56).
True nervous systems appeared about six hundred million years ago;
virtually all multicelled animals have at least rudimentary forms. They
are built up of neurons, specialized cells that transmit information by

means of electrical impulses. Although chemicals still play a major role
in neural communication, especially at the junctions or

synapses

at

which one neuron influences another, nervous systems can be described
quantitatively by means of standard variables from electronics
(McLennan 1970). The parallels between this evolutionary develop

ment and the emergence of electronics as the basis of the nineteenth
century Control Revolution have not been lost on scientists them
selves. Consider astronomer Sir Fred Hoyle, for example, who writes
of evolution:

I am overwhelmingly impressed by the way in which chemistry has grad
ually given way to electronics. It is not unreasonable to describe the first
living creatures as entirely chemical in character. Although electrochem
ical processes are important in plants, organized electronics, in the sense
of data processing, does not enter or operate in the plant world. But
primitive electronics begins to assume importance as soon as we have a
creature that moves around . . . The first electronic systems possessed
by primitive animals were essentially guidance systems, analogous logi
cally to sonar or radar. (1964, pp. 24-25)
The beginning of increasingly centralized control of the actions and
reactions of animals in response to their environments marked the
second evolutionary branch leading eventually to the brain. Why should
such centralization have been evolutionarily advantageous for some
creatures? One possibility is pressure to sense and respond to the
environment in quicker or more complex ways; another quite different
explanation is that centralization results only incidentally from the
increasing size of organisms, which requires a corresponding increase
in the number of neurons needed to control them. In either case,
centralization is relatively more efficient not only because less con
necting fiber is necessary but also because nerve impulses travel over
shorter routes and thereby the speed of responses is increased.
For the lower invertebrates, in which learning is rudimentary at
best, centralization of control seems little more than an extension of
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motility functions that arose in the bacteria. The more primitive ner
vous systems appear wholly occupied by the processing of sensory
inputs from the environment and their translation into the appropriate
outputs to control muscular movements. Higher invertebrates like the
insects, however, have both short-term and long-term memory, a fact
well doeumented for fruit flies (Quinn and Dudai 1976) and honey bees
(Menzel, Erber, and Masuhr 1974), among others. Social insects have
remarkable abilities to memorize mazes, the rate of learning in ants
being only slightly inferior to that of rats (Schneirla 1953).
Evolution of tbe larger and more complex brain and spinal cord of
the vertebrates made possible an entirely new form of learning-the
purposive imitation of other individuals that we call cultural program
ming. Learning by imitation arose perhaps one hundred million years
ago and today distinguishes higher vertebrates, the birds and mam
mals, some twelve thousand species. Learning through intentional
teaching began roughly fifty million years ago and can today be found
in about two dozen species: wolves and dogs, lions, elephants, and the
anthropoid apes, including, of course, Homo sapiens (Lumsden and
Wilson 1981, p. 4).
At some point in vertebrate evolution, the brain surpassed even the
remarkable capability of DNA to store and process information (Bon
ner 1980, p. 164). Brains reigned as the highest-level information pro
cessors on earth for about one hundred million years, then began
themselves to be challenged by formal bureaucracy. We are just now
approaching the time when the largest bureaucracies will be exceeded
in their information-processing capabilities by the fourth level of con
trol: microprocessing and computing systems. Computers would not
exist independently of social organization, of course, no more than
bureaucracy would apart from individual brains, or brains from ge
nomes. Each new level of control presupposes all previous ones. We
might therefore extend to the levels of organizational and electronic
processing the symbiotic relationship tbat Bonner finds between ge
nome and brain:
The genome has produced a monster [the brain] that can respond to
selective forces with lightning speed; yet it is theoretically a benevolent
monster in that it responds to the same selective forces as the genome,
but does so more rapidly and efficiently. It is in this sense that I would
call the genome and the brain symbiants. Each depends upon the other
for benefits . . . The brain needs the genome, and the genome gains by
the agility of the brain to adapt quickly . . . The brain makes for a par-
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ticularly efficient survival machine, and in this way helps in perpetuating
the genes.

(1980, p. 34)

The survival of countless organisms without brains indicates that
the organ is hardly necessary-and probably not even advantageous
for the exploitation of many ecological niches. Like all organs, brains
have their costs, and these may outweigh their .benefits in many en
vironments. For niches in which spatial location and other environ
mental variables are important, however, the capacity to process
information within an organism's lifetime has certain advantages over
processing across generations. Not the least of such selection pressures
leading eventually to the brain favored the reciprocal communication
of a cooperative nature that distinguishes society itself.

Brain, Culture, and Society
Not all species that are social have brains and, conversely, not all
species with brains are social. The former include many species of so
called

colonial

microorganisms and invertebrates in which intercom

munication is so well developed that the distinction between multi
cellularity and society breaks down. Some species of sponges, for
example, can be disaggregated by passage through a fine mesh, after
which the separated cells move independently, regroup in small clus
ters, differentiate, and regenerate a new sponge in its original form;
neighboring sponges sometimes fuse and reorganize as a new colony
(Hartman and Reiswig 1973; Simpson 1973).
Examples of relatively big-brained animals that are not social occur
throughout the class Mammalia. Within the same family or even genus,
species often range from solitary to fully social. Of. the forty-seven
species of bats, for example, seven are solitary except for copulation
and mother-offspring associations, and three live in truly sOcial groups
multimale and multifemale-throughout the year (Bradbury 1977, pp.

22-26). Even the eleven species of anthropoid apes span the entire
range from the solitary orangutan, through parental families (gibbon,
siamang) and age-graded troops (gorilla), to the fully social chimpan
zees and, of course, Hanw sapiens (Eisenberg, Muckenhirn, and Rudran

1972). Sometimes wide variation can be found within a single species
as, for example, in the gray whale, for which sociality changes with
the seasons.
The brain seems to have evolved, in other words, for reasons that
had nothing to do with sociality per se, and society emerged for reasons
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that had nothing to do with a brain: many species have one or the
other but not both. Of the million or more animal species that currently
exist, several tens of thousands are social (Boorman and Levitt 1980,
pp. 2-3) and about twelve thousand (the birds and mammals) have
relatively well-developed brains. Brains and sociality coincide in a few
thousand species, however, perhaps ten times the overlap of the two
factors expected by chance alone.
Despite imperfect correlation, a combination of both sociality and
brain does appear to be essential to culture. All protocultural organisms
capable of learning through imitation have relatively well-developed
brains, and true culture is confined

to

the bigger-brained mammals.

Bonner's fiat assertion that "social existence is a necessary but not
sufficient basis for culture" (1980, p. 76) appears to have but partial
exceptions: the orangutan only occasionally meets to form secondary
groupings (Rodman 1973), and the jackal, siamang, and gibbons (six
species), all of which teach their young, are social only to the extent
of forming parental families. On the other hand, numerous species of
cold-blooded vertebrates-including reptiles, frogs, and fish-have
evolved both brains and social organization but not even the most
rudimentary culture. The only clear relationship among the three var
iables, therefore, appears to be that relatively big brains and sociality
are both necessary but not sufficient-even in combination-for cul
ture based on purposive teaching and learning to emerge.
Because brains and sociality are the two most obvious variables
associated with culture, it seems plausible that cultural programming
arose out of the need to process specifically social information. This
would suggest one reason for the rise of cultural over genetic pro
gramming: coevolution of the complexity of inputs and processors.
Social existence, depending as it does on reciprocal communication
of a cooperative nature, exerts pressure for greater information
processing capabilities. Better processors, in turn, permit social pro
gramming, processing, and communication of greater complexity, which
sustain the pressure for still greater processing capabilities. Only oc
casionally has this process produced true culture, perhaps, but cultural
programming has never emerged in its absence.
Indeed, the concept of culture subsumes all of the complex pro
gramming, decision making, and communication necessary for societies
composed of big-brained and hence relatively autonomous individuals.
The term has been variously applied to processing structures (social
organization and technology), to programs (specific learned rules of
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behavior), to preprocessing of inputs and outputs (selective perception
and symbolization), and to other informational activities (including, as
we have seen, imitation, teaching, and learning). These various mean
ings reinforce the conclusion that culture involves the processing of
specifically

social information-information about other individuals of

the same species.
If so, several conclusions might be drawn about the nature of this
information: it would be associated with
vantage would lie in processing

quickly,

particular

individuals, ad

and outputs would be rela

tively flewib/,e. Why? Because these are characteristics that, if adaptive,

would cause culture to be selected over genetic programming, the

relative disadvantages of which increase directly with pressure for
speed and flexibility and with the utility of information-like past
experiences with particular individuals-generated during a lifetime.
As we have already seen, for example, it is apparently adaptive for
the young of some species to learn to distinguish their own parents
from other adults, particularly among birds that nest close together.
The best solution available through genetic programming is that of

imprinting,

learning once and irreversibly during a critical period of

infancy, usually during the first five days after hatching (shortly before
hatching in some species). Such open genetic programming serves well
for even relatively complex functions, as in the learning of patterns of
star rotations about the North Star by nestlings of the indigo bunting
(Emlen 1975).
When it becomes adaptive to learn to recognize many individuals
over the course of a lifetime, however, and to process, store, and
update information about them, genetic programming cannot serve as
well as cultural programming-if at all. Certainly cultural program
ming is essential to society based on cooperation among many individ
uals

qua

individuals. Although only a few cases of truly personal

recognition have been documented in the invertebrates it is widespread
and possibly universal among the birds and mammals (Wilson 1975, p.

382), the two vertebrate orders with the most developed forms of social
organization.
This raises the question of how cooperation among individuals might
be explained within the paradigm of evolution through natural selec
tion. As Darwin originally formulated the theory, evolution proceeds
through the competition of individual organisms and the greater chance
that the fitter will survive to reproduction. What, then, is the basis of
cooperation among these same organisms? Here evolutionary theory
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confronts the Hobbesian question: how could society have ever emerged
from the so-called "state of nature"-characterized by Hobbes (1651,
pt. I) as "a condition of war of all against all"?
Until the mid-1960s few biologists attempted to characterize the
circumstances under which organic evolution might favor sociality;
most dismissed cooperative behavior as adaptive at the higher levels
of population or species. Even more recent writers have resorted to
non-Darwinian explanations: individual sacrifice for the sake of the
group (Wynne-Edwards 1962; Ardrey 1970), relationships that exist
for the good of the species (Lorenz 1963), adaptation of the entire earth
as a single organism (Lovelock 1979). More systematic examinations
(Williams 1966; Hamilton 1975), however, have found little basis for
selection at these higher levels; the process tends to be weak even at
the group level. Today most biologists accept cooperation and other
social behavior-on terms wholly compatible with Darwinian theory
as derived from combinations of three general types of selection:
1. Gr=p selectirm. In those relatively rare instances when a pop
ulation is divided into noncommunicating "islands" or demes, the sur
vival of which depends on each deme's genetic or cultural programming,
selection will favor any programs, including those for cooperation, that
increase a deme's chances-even at the expense of individual members
(Levins 1970). Here selection results not from competition among in
dividuals but among demes.
2. Kin selectirm. Because relatives share some fraction of identical
genes, p:rograms that have greater benefits for kin than costs to the
individual will tend to spread through a population. Programs for
cooperation will be selected, but only if the behavior remains rela
tively confined within groups that share many genes. Unlike group
selected cooperative behavior, kin-selected cooperation depends on the
information-processing capabilities of individual organisms: discrimi
nation of relatives is essential. This need not involve a processor as
elaborate as a brain, however; in species with little dispersal, for ex
ample, cooperation might simply be directed toward all others with
whom an individual has been associated from birth, as in litters of
puppies (Scott and Fuller 1965).
3. Reciprocity selectirm. Programming for altruistic behavior that
benefits the recipient more than it costs the donor will be selected, if
the same behavior is likely to be reciprocated, because the average
fitness of all individuals with the program is thereby increased. Because
it will be to each individual's advantage to "cheat" by accepting benefits
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without incurring the costs of reciprocity, however, this form of coop
eration requires much greater information-processing capability than
does behavior associated with kin selection. Individuals must be rec
ognized

qua

individuals, not merely as members of some group-like

birth associates-with relatively high proportions of kin. Unlike kin
based cooperation, reciprocity also requires individual long�term mem
ory or some social form of information storage and retrieval (branding
of transgressors, credit ratings, etc.).
Numerous hebavioral studies suggest that this latter type of selec
tion may have determined the social evolution of large carnivores and
primates, precisely the species distinguished by culture. Likely prod
ucts of reciprocity selection include cooperative hunting (Scott 1967;
Schaller 1972), multimale defense (Kummer 1971), and intragroup co
alitions (Packer 1977). Here, then, in the relatively complex forms of
organization that characterize the social primates and early hominids,
lies the likely pressure for genetic programming to be supplanted by
culture-the second level of control to appear on earth.

The Thre shold of Sociality
One lingering problem with explanations of sociality based on selection
for reciprocity is that, below a certain level of frequency in a popu
lation-because the behavior is not reciprocated often enough-pro
gramming for cooperation remains disadvantageous and hence will not
spread. To restate the problem more formally, the trade-off between
benefits of mutual cooperation and costs to the initiator when coop
erative acts are not reciprocated might be seen as a

threshold fre

quency, above which programming for cooperation spreads throughout
a population but below which it will be eliminated. No matter how

great the advantages of cooperation for society at large, it is difficult
to see how such programming, either genetic or cultural, could have
spread much beyond its earliest possessors,

to

whom it incurred no

benefits-in an otherwise asocial society-and considerable costs.
The problem of how cultural programming might break through this
"threshold of sociality," what for two centuries before Darwin philos
phers had felt compelled

to explain

with some form of

social contract

(Hobbes 1651; Locke 1690; Rousseau 1762), remains for some social
biologists an unresolved question (Wilson 1975, p. 120; Elster 1979).
Despite several thousand empirical studies of the diffusion of inno
vations (Rogers 1962, 1971, 1983), no social scientist seems even to
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have attempted to address the difficult problem: adoption of innova
tions that are not beneficial until possessed by a certain minimal pro
portion (threshold frequency) of the population. As vaudeville comedians
have posed the question, "What fool bought the first telephone when
there was no one to call?"

A general set of methods for addressing auch questions and thereby
attempting to account for the origin of cooperative behavior and society
based on culture derives from one of the more important applications
of mathematics to decision developed during the Control Revolution,
namely game theory (von Neumann 1928; von Neumann and Morgen
stern 1944). Extension of this work to evolutionary theory, especially
in the concept of the evolutionarily stable strategy or ESS, has been
pioneered over the past decade by the British mathematicial biologist
John Maynard Smith (1972, 1974; Maynard Smith and Price 1973),
although the essential idea appears in earlier work (MacArthur 1965;
Hamilton 1967). In the opinion of ethologist Richard Dawkins (1976,
p. 90), "We may come to look back on the invention of the ESS concept
as one of the most important advances in evolutionary theory since
Darwin.11
In the first application of game theory to the evolution of behavior,
Maynard Smith postulated five alternative strategies for conflict be
tween organisms (1972, p. 19; Maynard Smith and Price 1973, p. 16),
which for each participant must involve either conventional fighting,
escalation, or retreat. The five formal strategies can be expressed in
words, although in somewhat simplified form:

1. Hawk. Begin at escalated level, continue until victorious; retreat
only if injured.

2. Bully. Begin at escalated level, continue as in Hawk except that
if opponent escalates, retreat.

3. Retaliator. Begin conventionally, escalate only if opponent es
calates; otherwise continue for
injured.

a

predetermined time or until

4. Prober. Begin conventionally, escalate only if opponent also fights
conventionally; if opponent escalates, retreat.

5. Mouse. Begin conventionally, continue-never escalating-for
a predetermined time, then retreat; retreat immediately if op
ponent escalates or appears stronger.
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Figure 3 .1. Flow charts of algorithmsfm·five alternative strategiesfor conflict
behavior. (Strategies adaptedfrmn MaynardSmith 1972, p. 19, and Maynard
Smith and Price 1973, p. 26.)

Not surprisingly, considering that game theory has intellectual roots
in the concepts of decision and control (as we saw in the previous
chapter), what Maynard Smith means by strategy might be subsumed
by the concept of program. The latter is the better term in the view
of Dawkins (1982, p. 118), who finds strategy likely to be misunderstood
for several reasons, not the least of wbich is the suggestion "that the
animal is making rational decisions, attempting to outwit an equally
rational opponent" (1980, p. 332). That Maynard Smith's five strategies
for conflict are in fact programs-without assumptions of rationality
is demonstrated by Figure 3.1, which gives a simplified flow chart for
each (input stages have been omitted to streamline the diagrams and
facilitate their comparison). As in the flow chart for Maxwell's Demon
(Figure 2.1), rectangles represent outputs, here one of the three avail
able behaviors: conventional fighting, escalation, or retreat.
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Although game strategies cannot be isolated in material programs
in the way that, say, genetic programs can be traced to specific sections
of chromosome, such strategies must be considered no less real
unless we are to embrace vitalism or some other metaphysical expla
nation of control. The Bully, Retaliator, or any other game strategy
that we might devise, in other words, has the same relationship to
concrete genetic or cultural programming as, for example, the pro
grams that Mendel postulated for yellow hue and wrinkled skin have
to the strings of nucleotides that actually encode such programming
in garden peas. Just as Mendel could make correct inferences about
actual programs in total ignorance of their material basis, mathematical
biologists might do the same-ignorance of the concrete nature of an
ESS in no way diminishes the possiblity of its existence. What cannot
be determined by game theory alone, of course, is the relative degree
to which a strategy is genetically, culturally, or structurally pro
grammed. Game theory remains invaluable to the study of cultural
programming and control, however, for roughly the same reason that
classical genetic theory was valuable in the development of molecular
biology: inferences from inputs and outputs usually aid in the unrav
eling of unknown programming.
With the same simple sequence of decisions, any programmable in
formation processor might be made to behave-if only through sim
ulation-as if controlled by one or more of the five strategies; pairs of
the strategies could thus be made to "fight" each other to a decision
or draw. As genetic or cultural programs, the same strategies might
control actual animals that engage in conflict, in which case they would
compete not only in individual contests but for limited space in the
gene pool (in the case of genetic programming) or for space in the
population of brains (in the case of cultural programming). Using com
puter simulation, Maynard Smith addressed the question of which
program would win this competition, that is, spread throughout a
population at the expense of other programs.
Because successful programs will become increasingly plentiful, either
through genetic selection or adoption as cultural innovations, the one
that prevails (if indeed there is only one) must be especially good at
competing with many copies of itself, at least relative to other types
of programs-including any new mutations or innovations. Such a
program is the evolutionarily stable strategy or ESS, rigorously de
fined by Maynard Smith (1974) but essentially the program that, when
controlling most members of a population, cannot be supplanted by
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'
any alternative program. In the case of the five fighting strategies,
for example, Maynard Smith found that the third-the so-called Re
taliator strategy-is an ESS: once predominant in a population, none
of the other four strategies can do better. In some applications the
ESS has turned out to be not a pure strategy but a ratio or relative
frequency of two or more, what might itself be considered a still more
complex program.
As applied to the second level of control, that of brains and culture,
ESS methods might be used to address three general questions con
cerning the nature of society:

Its origin, the Hobbesian question, what we have already seen to
involve the initial viability in an asocial population of programming
for cooperative behavior

Its spread, which depends on the competitiveness of cooperative
programs relative to a wide variety of noncooperative ones

Its stability once established, the question of whether the successful
program or programs for cooperative behavior constitute an ESS
Political scientist Robert Axelrod, in collaboration with biologist
William Hamilton, has made several recent contributions to our un
derstanding of cooperation and its evolution, building on the earlier
work of Trivers (1971), Boorman and Levitt (1980), Chase (1980), and
Fagen (1980). To see what type of program might thrive in an envi
ronment dominated by noncooperating individuals, Axelrod (1980a)
conducted a computer tournament for the Prisoner's Dilemma, an el
egant application of game theory to the problem of achieving mutual
cooperation (Rapoport and Chammab 1965). In the two-player Pris
oner's Dilemma game, either player can cooperate or defect, with tbe
selfish choice yielding the higher payoff (here in fitness) for both play
ers. If both do defect, however, both do worse than if they had co
operated-hence the "dilemma" for eacb player.
Of the fourteen strategies (programs) game theorists in five disci
plines submitted to Axeirod's tournament, the highest average score
went to the simplest strategy of all: Tit-for-Tat. This program coop
erated on the first move, and on all succeeding ones simply did what
ever the other player had done-cooperate or defect-on the inunediately
prior move. In other words, Tit:for-Tat established cooperation-after
the initial encounter-on the principle of reciprocity, an essential basis
for human culture, as we shall see. After Axelrod circulated the tour-
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nament results and solicited entries for a second round, he received
sixty-two programs-some quite intricate-from six countries and eight
academic disciplines, from mathematics and computer science to eco
nomics, political science, and evolutionary biology. Tit-for-Tat, resub
mitted by game theorist Anatol Rapoport, won again (Axelrod 1980b).
Through analysis of some three million moves made in the second
round of the tournament, Axelrod determined three essential features
of an evolutionarily successful program for cooperation: begin coop
eratively, retaliate immediately, forgive j ust as fast. Over simulated
evolutionary time, using these three rules, Tit-for-Tat continued to do
well even as less successful programs became extinct, finally displacing
all others and stabilizing in the population (Axelrod 1980b). Axelrod
and Hamilton (1981) have also shown that a population programmed
exclusively by Tit-for-Tat can resist invasion by any possible mutant
program, given one essential feature that characterizes small societies
but not necessarily large ones: that individuals who interact have suf
ficiently large probability of meeting again.
Further elaboration of these results (Axelrod and Hamilton 1981;
Axelrod 1984) has begun to suggest how altruism and cooperative
behavior might have evolved even at the microbial level, possibly ex
plaining, for example, the existence of both chronic and acute phases
in many diseases and of chromosomal nondisjunctions like Down's syn
drome. Certainly findings at this level ought to dispel any lingering
suspicion that cooperation derives from rational decisions or from the
individual's attempt to outwit the collectivity. The line of investigation
begun by von Neumann and running through the work of Maynard
Smith, Axelrod, and their collaborators seems also to have gotten
theory securely across the thresholds of sociality and programmed
culture.

Sociality, Language, and Control
Upon crossing the threshold of sociality, as we have seen, a population
encounters increasing dependence-if it is to maintain this relatively
advantageous situation-on the reciprocal communication that char
acterizes all social structure. Reciprocal communication, in turn, gives
increased advantage to the various information-processing capabilities
that we generally subsume under culture: the preprocessing of selec
tive perception and symbolization, the programming of learned rules
and formal law, and the processing structures of formal organization.
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Relative advantage alone cannot be the mother of invention in organic
evolution, of course, but tens of thousands of animal species do manage
to sustain some degree of sociality, and some twelve thousand receive
cultural programming through imitation, about two dozen via inten
tional teaching, and one-Homo sapiens-through perhaps the most
wondrous of all forms of communication: language. Although no claim
to the superiority of our own species can be based on this capability
(a million or more animal species alone appear to do quite well without
it), language certainly does distinguish us most sharply from all other
life, at least on earth, and enables us to communicate with one another
in many ways unique among living things, for example, the way I am
communicating with you now.
Language must be considered at least in part a technology, since it
is an artifact that we can modify somewhat through our own innovation,
but it also appears to reflect-and to be constrained by-processing
capabilities innate to the human brain. Linguist Noam Chomsky (1965)
finds the brain innately structured to string words together in certain
arrangements and not others, for example, a "deep grammar" that
permits far more rapid acquisition of language than would be possible
by simple learning. Despite the faith of behaviorist psychologists like
B. F. Skinner (1938) that all types of learning might be explained by
a few simple reflexes, computer simulations have established that not
nearly enough time exists in childhood to learn English sentences through
such operant conditioning (Miller et al. 1960). Rather than passively
being programmed to speak, young children seem actively to pursue
language by incessantly babbling, inventing and testing new words,
and acquiring grammatical rules rapidly and in predictable sequence
(Brown 1973), basic steps of learning which Lenneberg (1967) has
shown to be inherited.
Because the human brain developed at least in part in interaction
with the use of tools and other technologies including language, the
processor itself might be seen as an artifact of human invention or
even oflanguage. Whorf (1956) suggests that the artifactual languages
used by any system determine many aspects of its structure and pro
cesses (Miller 1978, p. 34). If brain and language have indeed coevolved
so that each continues to reflect essential features of the other, it would
be impossible to distinguish them even as to the hardware versus
software or the processor versus programming of human culture (much
the same difficulty-as we shall see in the next section-surrounds
the concept of law).
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Language distinguishes human beings from all other living things

in several ways. Among the diversity of what ethologists call "the
behavior of communicating" (Smith 1977), language is unique in the
amount of information that it can encode: the number of sentences in
any language is infinite, and indeed-with the use of conjunctions
even a single sentence can be infinitely long. Language is also unique
in the extent to which it must be learned, although a few species of
birds must also learn certain features of their songs and other vocal
izations (Hooker 1968; Konishi and Nottebohm 1969). Because such
open programming requires greatly increased capacity for storing in
formation as well as mechanisms-most commonly parental care-to
ensure the appropriate inputs, it is obviously costly to evolve. Indeed,
ethologist Martin Moynihan (1976) argues that the increased storage
capacity required to learn social signaling may have been preadaptive
in our own species for the evolution of language as a richly complex
means of communication.
Unlike all other animal communication whose components differ from
each other in message but not in type, all languages distinguish lexical
categories: nouns and verbs (Sapir 1921), the "conjunctionalizations"
that link them, and the "adnominal" and "adverbial" classes that modify
them (Martin 1964). These unique distinctions of signals by type make
possible the grammatical sequences that structure diverse kinds of
relationships among them. Because all other animal communication
lacks such distinctions, none could possibly be as complex a s language.
Although natural human grammars can also be complex, grammatical
sequencing can develop without lexical distinctions, even if the rules
remain simple. This suggests to Smith (1977, p. 421) that "some for
malization of sequences may have been a relatively early step in lin
guistic evolution." Given the limits of short-term memory processes
(Miller 1956a), hierarchical structuring of grammatical formalizations
probably reflects a need to store information in organized "chunks,''
compounding numerous small units in a few more inclusive ones. "From
a recipient's perspective," according to Smith (1977, p. 421), "a for
malized sequence probably serves to make the temporal and quanti
tative relationships among displays [discrete social signaling acts)
maximally apparent."
Also unique among animal communication is language's capacity to
refer to other times and places ("displacement") and to generate totally
new sentences that can nevertheless be understood ("productivity").
Through metonymy, use of a part to represent a whole, and metaph&,
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use of a known to represent an unknown, language has even tran
scended the need for all referents to be known in advance to receivers
of a communication. According to linguist Roman Jakobson (1960),
metonymy and metaphor constitute the two fundamental means to
communicate meaning, the former through substitution by contiguity
("syntagmatically," the mode of, say, a realistic novel), the latter through
substitution by similarity ("paradigmatically," the mode characteristic
of most poetry).
Because language evolved in a species that already had formalized
signal behavior comparable to other primates, speech did not replace
the other signal systems so much as it coevolved with them. Speech
still depends heavily on nonlanguage communication to provide con
textual information, a fact rediscovered many times for the telegraph,
the telephone, and most recently computer networks (Hiltz and Turoff
1978). It also explains why speech still bears the mark of the simpler
signaling systems, so that "how are you," for example, is not ordinarily
a query about health but a greeting ritual (Goffman 1967, 1971; Kendon
and Ferber 1973). At the same time, however, speech has evolved in
ways that help to salvage social interactions in which other signal
systems might be so ambiguous as to present what Goffman (1971) has
termed "compromising situations."
More than merely a means of communication, language constitutes
what Berger and Berger (1976, chap. 4) call "the social institution above
all ot!\ers." Like kinship, religion, law, and other highly systematized
and enduring processes that distinguish human societies, language
constrains and controls each individual, translating the collective flood
of personal sensation and experience into a classified, ordered, shared
reality. Although each member of a species with a partially open sig
naling system can construct what ethologist Julian Huxley (1966, p. 259)
terms "private ritualizations," communication will be effective only to
the extent that each approximates a "socially standardized concept"
(Carroll 1964; Smith 1977, pp. 76-77). Language, although it does not
function apart from other cultural systems, constitutes the primary
institution through which collective reality is continuously renegotiated
and reproduced and thereby makes possible the organization and mo
bilization of individual experience. Much as sociologist William Graham
Sumner (1906) said of the institution of common law, language is not
enacted but crescive; it develops unconsciously out of collective action.
As we have already seen for the difference between language and
brain, the distinction between processor and programming is difficult
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to make at any level of cultural institutionalization.

Indeed, American

sociologists have argued for a half-century since Sumner about whether
institutions include formally organized processors like the family or
are restricted to more abstract systems or interacting roles (Parsons
1960, p. 171), to still more systematized and transcendent processes
like language (Maciver 1937; Bierstedt 1963; Ginsberg 1965), or to
more explicitly controlling programming like norms (Davis 1949). "Al
ways in human society there is what may be called a double reality,"
Kingsley Davis (1949, p. 52) notes, "on the one hand a normative
system embodying what ought to be, and on the other a factual order
embodying what

is"

(emphasis in original).

Bridging this gap between

is and ought and

reconciling the various

approaches to institutions is the fact that language and derivative cul
tural systems exist apart from any one individual and in that sense,
at least, serve to constrain and control all individuals. Such control,
like any other, will necessarily involve all levels and components of
concrete open processing systems: preprocessing (the Whorl-Sapir view
of language), programs (norms), the process of programming (social
ization), and processors themselves (formal social structures). This
range is perhaps best covered, among American sociologists, by Erving
Goffman's view of institutions as extending from what he calls "total
institutions" (like prisons and mental hospitals) to the seemingly "nat
ural" and timeless institutions of language, ritualized behavior, and
similar cultural programming. Although total institutions appear to
exert greatest control over the individual, Goffman (1961) notes that
"every institution has encompassing tendencies."
As we might expect, the gap between the social

is and

the cultural

ought-between process and program-is best understood at the high
est level: language. During the first stirrings of the Control Revolution
in the 1870s and early 1880s a number of scattered investigators and
theorists in both mathematics and linguistics discovered "the conjugate
notions of invariance and variation," in the words of Jakobson (1972,
p. 39), what he calls "a remarkable parallelism in time and essence
with the ideas that underlie the development of modern mathematics
and physics." In the United States the ideas were best represented·
by the work of Charles Peirce (1839-1914), whose 1878 argument that
the meaning of an idea lies in the response to which it leads-what he
called "pragmatism"-inspired social behaviorism through William James
and Charles Horton Cooley and, through John Dewey and George
Herbert Mead, modern symbolic interactionism. Peirce saw the rela-
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tionship between social process and cultural program as what he called

semiosis,

"an influence which is, or involves, a cooperation of three

subjects, such as a sign, its object and its interpretant, this tri-relative
influence not being in any way resolvable into actions between pairs"
(Peirce 1931, p. 484).
At about the same time, the 1870s and early 1880s, the great Swiss
linguist Ferdinand de Saussure (1857-1913) developed much the same

signified
(mental construct) and distinguished between what he called langue,
the abstract and infinite potential of any natural language, and parole,

view. He divided

signs

into

signijie,.

(perceived form) and

its concrete and finite manifestations in particular speech (Saussure
1916). The latter distinction might be drawn, for example, between a
particular algorithm for control, on the one hand, and its realization
in a particular program or processor on the other. Saussure's aim to
found what he called "a science that studies the life of signs within
society'' suggested that the programming of language and culture might
be studied in its own right, despite the gap between it and Davis's
"factual order embodying what is," a position identified with the "new
structuralism" of the 1960s (Piaget 1970). According to the molecular
biologist Gunther Stent,

The emergence of structuralism represents the overthrow of "positivism"
(and its psychological counterpart 0behaviorism") that held sway since
the late 19th century and marks a return to Immanuel Kant's late-18th
century critique of pure reason. Structuralism admits, as positivism does
not, the existence of innate ideas, or of knowledge without learning. Fur�
thermore, structuralism recognizes that information about the world en
ters the mind not as raw data but as highly abstract structures that are
the result of a preconscious set of step-by-step transformations of the
sensory input. Each transformation step involves the selective destruction
of information, according to a program that preexists in the brain. Any
set of primary sense data becomes meaningful only after a series of such
operations performed on it has transformed the data set into a pattern
that matches a preexisting mental structure [what we here call "pre
processing'']. These conclusions of structuralist philosophy were reached
entirely from the study of human behavior without recourse to physiolog
ical observations. As experimental work shows, however, the maru1er in
which sensory input into the retina is processed along the visual pathway
corresponds exactly to the structuralist tenets. (1972, pp. 24-25)
Most extensive application to cultural control of Saussure's "science
of the life of signs within society" and Jakobson's binary phonological
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code has been made by the French structural anthropologist Claude
Levi-Strauss (1958, 1962). Saussure's langue has informed similar con
cepts throughout the behavioral sciences: cognitive psychology's in
ternalized frameworks of rules and plans (Miller et al. 1960), the linguistic
"competence" (as opposed to parole or "performance") of Chomsky
(1968), and the heuristic strategies of artificial intelligence (Newell and
Simon 1972). Both Saussure and Peirce are today considered cofoun
ders of semiotics (Eco 1976, pp. 14-16), the study of the social pro
duction of meaning-and hence the possibility that sign systems might
program social control-popularized in the 1960s by the French lit
erary critic Roland Barthes (1957, 1968, 1977), himself a prominent
member of the French structuralist school including Levi-Strauss, psy
choanalyst Jacques Lacan (1966), Marxist theorist Louis Althusser
(1965, 1971), and esaayist Michel Foucault (1966).
Attention to symbols rich in meaning shifts the essence of control
from communication to the prior programming of its receiver. For the
engineer, communication involves a quantifiable amount of information
that "flows" from A to B; for the semiotician, A communicates by
"pointing" (by whatever means) to information already stored at B.
Clearly these are two different ways to view the same phenomenon:
pointing must involve information flow (symbols must be sensed before
they communicate), and the engineering model requires "decoding'' of
information by its receiver for communication to occur (Shannon 1948).
Nevertheless, the possibility that a symbol might be simple in infor
mation content but rich in meaning or part of a highly complex system
of meaning like a grammar gives human communication transcendent
power. 'Although the engineering model better captures what occurs
after one routinely asks an authority for the German name for Oswie
cim, Poland, for example, the semiotic model probably better captures
what will occur after you read the answer here: Auschwitz. Because
of the prior programming that is meaning, some nine-letter words can
"communicate" more than others of the same length, a fact not captured
by any measure of information flow alone.
Before Levi-Strauss began to concentrate on the explication of my
thology, he devoted nearly twenty years to the simultaneous appli
cation of cybernetic and semiotic models to anthropology more generally
(1958, pp. 55-97, 277-323), perhaps the most systematic effort to date
to reconcile the engineering and symbolic approaches to social control.
A related effort to combine symbolic and processing models began at
the University of Chicago in the late 1920s and 1930s. Linguistic an-
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thropologists Edward Sapir and Benjamin Whorf developed the idea
that humans build up their sense of reality through the unconscious
workings of their language to organize perception, a symbolic proces
sual model that recalls the Humboldtian idea of language as energeia
(Sapir 1949; Whorf 1956). Meanwhile, Peirce's irresolvable "tri-relative
influence" inspired-through Dewey-Mead's Mind, Self, and Society
(1934), which argues that shared symbols (Peirce's "signs") enable
individuals to take the perspective or "role of the other" and thereby
develop a "generalized other" (Peirce's "object") or internalized social
conscience as well as self and mind (Peirce's "interpretants"). This
view, similar to that of the structuralists in that it posits an innate "I"
in contrast to the objective social self or "me," survives in modern
symbolic interactionism (Blumer 1937, 1969; Swanson 1968).
Social Control: Programming or Process?
The distinction between programming and process, blurred among
brain, mind, and language and between other symbolic cultural sys
tems and the observable behavior they generate, raises a new question:
what is the nature of order and control in societies more elaborate
than those based largely on reciprocal altruism? Does control depend
on prior programming-encoded in each individual either genetically
or as learned cultural norms-that gives social life the appearance of
being governed by consensual rules? Or are these apparent rules merely
regularities in the interactions of self-seeking individuals, who might
cooperate for a time through enlightened self-interest (as a stable
strategy) but who would violate any rule the instant it no longer fur
thered their own ends?
Obviously this must be a fundamental question for social theory. It
has echoes in the arguments of "formalists" versus "substantivists" in
economic anthropology and in the split between "normative" and "in
terpretive" approaches to sociology. Some social scientists (Dahrendorf
1959; Giddens 1979) find similar divergence of explanation across the
entire body of Western social theory. Talcott Parsons (1961) traced
the split to differences between French Catholicism and British Pro
testantism beginning in the seventeenth century, the former being
more "collectivist" and presumably more inclined toward explanations
involving normative programming, the latter more "individualistic"
and hence predisposed toward processual models. Parsons (1967) iden
tifies the latter approach as one of "English utilitarianism," which he
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links with "economics, with biological thought and the beginnings of
anthropology as a discipline." A British anthropologist, Malcolm Crick

(1976),

has developed implications of the divergence for the episte

mology of social science more generally.
Social scientists sometimes dismiss the difference between program
ming and process as the taken-for-granted distinction between "ideal"
rules and "real" behavior. The difference must be real at the level of
material control, however, where the question remains: are more elab
orate social systems controlled primarily by concrete programming,
shared by most individuals either genetically or through socialization,
or are such systems controlled primarily through the process of social
interaction, each individual impinging on all others as an opportunity,
constraint, or threat? Nor is this merely an academic question, void of
political implications. At least since Hobbes's

Leviathan (1651),

those

disposed toward the programming model, which suggests social conflict
to be pathological, have favored a strong centralized authority. Those
who find norms to be mere abstractions from the interactions of self
interest, by contrast, have inclined toward doctrines of
for example, in the utilitarian political
Mill

laissez{aire,
theories of Bentham (1789) and

(1848, 1859).

Now here do the differences between programmed and processual
control of societies appear more clearly than in the most consciously
formalized institution of human social control: law. Anthropologist Laura
Nader describes the difference as a discontinuity between "legal pro
cedure" and "conflict resolution"

(1965;

Nader and Y ngvesson

1973).

Scholarly research in the tradition of law as programmed control began
with Sir Henry Maine'sAncientLaw (1861) and is most often associated
with the ethnography of A. R. Radcliffe-Brown (1933,

1952).

Research

in the tradition of law as control throngh processing seems generally
agreed to have begun with Bronislaw Malinowski's Crime and Custom

in Savage Society (1926)

and is most often associated with that an

thropologist's subsequent writing (Malinowski

1934, 1945).

Perhaps the most extreme example of the view of law as program
ming is Isaac Schapera's classic Handbook of Tswana Law and Custom

(1938),

which presents for the cluster of chiefdoms centered on the

Botswana-South Africa border a detailed inventory of rules organized
and presented in categories similar to those of Western legal systems
(Nader and Yngvesson

1973,

p. 889). These rules, which the Tswana

discuss explicitly and freely and invoke whenever disputes arise,
Schapera finds mutually consistent and exhaustive, so that they might
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causally account for all legal procedures and outcomes, which he finds
no need to explain further. Radcliffe-Brown (1952, pp. 195-199) gen
eralizes such systems of rules into a separate and concrete normative
programming of the "social physiology" analogous presumably to the
genetic. programming of the individual physiology.
By contrast, the processual approach to law owes little to theories
of legal scholars like Maine and often ignores rules altogether. Like
the ethologists and utilitarian economists, researchers in this tradition
view behavior as constrained primarily by social relationships-reci
procity, obligation, and expectation-and by the more concrete aspects
of social interaction. As described by Moore (1969, p. 258), "Mali
nowski's view made it difficult to separate out or define law as any
special province of study. Law was not distinguished from social control
in general."
As with the analogous distinctions among brain, mind, and language,
however, and with the other symbolic cultural systems already dis
cussed, law cannot be social control by either program or process alone.
lf collective rules do not control individual behavior, as the work of
Maynard Smith, Axelrod, and the ethologists might also suggest, then
the question remains why such rules exist at all, often in explicit and
elaborate repertoires, even in relatively simple societies. If individuals
are self-seeking and cooperate only as a form of enlightened self
interest, as a stable strategy, how might we understand the relation
ship between individual action and the sociocultural order or indeed
explain any institutionalized social arrangement? On the other hand,
if social control is programmed in a system of normative rules, either

genetically or through socialization, why are such rules themselves the
object of negotiation, or sometimes seen (Comaroff 1978) as a res.ource
to be managed to one's own advantage? No researcher in the pro
gramming tradition has yet to elaborate the causal connections be
tween prior law and the resulting legal procedures and outcomes, and

at least two (Krige 1939, pp. 114-115; Gluckman 1967, p. 95) seem to
imply that the connection involves more than formal logic: colonial
administrators, they concede, probably could not adjudicate a compli
cated dispute among their subjects no matter how the native "law"
might be codified.
Once normative and legal rules are seen to constitute symbolic con
trol systems much like languages, the apparent contradictions between
transactional and programmed or cybernetic control-as well as be
tween human and nonhuman social order-can be resolved. Because
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Homo sapiens alone can generate an infinite number of different out
puts from a restricted number of principles, according to Chomsky
(1968), and because we learn to speak correctly from a severely de
generate sample of examples, the rule structure of language must have
two dimensions: one concerned with inputa and outputs, the other of
a more abstract and possibly logical nature. H. L. A. Hart (1961) has
found much the same structure in law: a surface structure of rules
relating actual events to types of actions and a logically distinct gen
erative or deep structure concerning precedents, interpretation, and
changes in the surface rules. Because of this dual dimensionality, Crick
(1976, p. 99) suggests, "law is a limited set of principles generating a
vast range of particular cases," a fair description of a program in
general.
Much the same view of law as a symbolic control system has been
advanced by John Comaroff, an American anthropologist, and Simon
Roberts, a British legal scholar. From their joint restudy of Schapera's
rules of the Tswana, which are known collectively as mekgwa le melao
ya Setswana, Comaroff and Roberts conclude:

Mekgwa le melaa represent a symbolic grammar in terms of which reality
is continually constructed and managed in the course of everyday inter
action and confrontation. Far from constituting an 1'ideal" order, as distin<!t
from the "real" world, the culturally inscribed normative repertoire is
constantly appropriated by Tswana in the contrivance of social activity,
just as the latter provides the context in which the value of specific mekgwa
may be realized or transformed. 1 n short, notwithstanding the classical
opposition drawn between them, norm and reality exist in a necessary
dialectical relationship, a relationship that gives form to the manner in
which Tswana experience and navigate their universe. As this implies,
changes in the repertoire occur when transformations in the sociocultural
system impinge on indigenous consciousness; and, when they do, they
have consequences for future social processes. Viewed from this per
spective, one major and troublesome problem of jurisprudence may be
seen to be illusory. We refer to the "gap" problem-so called because
apparent disparities between rules and behavior are allegedly incapable
of elucidation-which ceases to exist once rules and behavior are seen to
be generated from the same systemic source. (1981, pp. 247-248)

Our earlier example (Chapter 2) of a traffic control system not only
can inform this conclusion but also suggests how both the programming
and processual approaches to law can be misleading. As Hart (1961,
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i control could not fail
pp. 55-57) points out, an ethnographer of traffc
to notice the correlation between the changing colors of traffic lights
and the flow of motor vehicles. The obvious conclusion that the lights

causally

influence traffic patterns would not be strictly correct, how

ever, because drivers control their own vehicles and are perfectly free
to disobey the signals (subject, of course, to constraints imposed by
other traffic). That drivers choose instead to obey the lights depends
on the nonobservable fact that these have meaning-quite literally as
signs-in a much more comprehensive symbolic system of control in
volving law, convention, and etiquette, among many other constituent
systems., Once signal changes and traffic patterns "are seen to be
generated from this same systemic source," to paraphrase the words
of Comaroff and Roberts cited above, the relationship between signals
and traffic no longer

requires

elucidation (it is causally spurious).

The more general point is that symbols do not effect control by
causing but by meaning. Cause is effected by individuals who recognize
the symbol

qua

symbol and hence its meaning. Meaning might be

defined-following Peirce and the pragmatists-as the output that
results from that meaning as input. Such defn
i ition involves a black
box, but not one that contains a cause: relations to an action that are
internal to an actor-like intention or motive-are not considered
causes but rather part of the action (Ryle 1949, p. 113; Crick 1976, p.

92). Language, law, and other symbolic cultural systems do not control
individuals through causation but through meaning. Although human
beings do not differ from other species in that their worlds have mean
i ition, we are unique in that our
ing for them, in this narrow defn
meaning systems are artifactual (cultural), not entirely learned, infn
i ite
in some capabilites, and otherwise reflective of the special generative
structure of our brains that is language.
Parallels to language in other cultural control systems can be ov
erdrawn, however. Although language must be integrally bound up in
the foundation of human cultural programming, not all symbolic cul
tural systems can be expected to reflect even the most basic aspects
of language (Lyons 1970, chap. 1). Even Chomsky (1968, pp. 64-65)
has some doubts about the more general applicability of his generative
models. Nevertheless, such models of the essential programming of
language remain the most obvious place to seek the uniquely human

basis for social control: complex systems of shared symbols and their
culturally programmed meanings.
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Cultural and Higher Levels of Control
With the emergence of language human .societies acquired the pro
gramming basis for many overlapping layers of social control. Lost in
prehistory, between three thousand and ten million years ago, are the
origins of the major means of social programming, processing, com•

munication, and control still operating today: ritual, exchange, generalized media, social networks, markets, and money, among many
others.
Although ethologists since Julian Huxley (1923, p. 278) have used
the word

ritual

for stereotyped displays of other species, the� are

mostly discrete signals that convey limited meaning (comparable

to

human nonverbal gestures) and at their most elaborate have only im
mediate signal value. A ritualized social interaction, by contrast, pro
vides each participant with a repertoire of parts and roles from which
to select, a formalized procedural framework or "program" (Scheflen

1967). When a particular framework is available for use by many or
even all members of a society, the roles belong to the event and not
to individuals and thereby serve for social control-in effect processing
people through the interaction. In what Goffman (1971) calls a "re
medial interchange," a ritual processes any two people through almost
any inadvertent transgression in four simple steps: the role of trans
gressor apologizes, that of the violated accepts, the former thanks the
latter, who replies, "You're welcome." As Smith (1977, p. 236) notes,
"Nonhuman primates use formalized interactions that are analogous

to

at least the first two steps of this human procedure."
Durkheim (1915) stresses that human ritual not only labels, com

municates, and controls individuals but also rejuvenates and reaffirms
as well. Sacred rituals appear to be the most distinctly human, serving
to replace the separate contents of individual minds with a shared pro
gram. "Ritual is strongest when it is most perfunctory and excites no
thought," William Graham Sumner (1906, p. 61) observed. "Ritual is
something to be done, not something to be thought or felt. Men can
always perform the prescribed act, although they cannot always think
or feel prescribed thoughts or emotions. The acts may bring up again,
by association, states of the mind and sentiments which have been
connected with them, especially in childhood, when the fantasy was
easily affected by rites, music, singing, dramas."
Ritual can also µreprocess thought more directly, however. Much
as both language and music enable us

to

hear-as discrete-sounds
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that would otherwise be perceived as continuous (Mattingly et al. I97I;
Cutting and Rosner I974), and as culture imposes color categories on
the continuous electromagnetic spectrum (Berlin and Kay I969), so too
does ritual render ambiguous social continua into discrete and "pro
cessable" categories. Rites of passage, for example, render the gradual
physiological transformation of child into adult an unambiguous di
chotomy (Van Gennep I909), important preprocessing for any addi
tional cultural programming that differentially processes children and
adults. Such ritual preprocessing may accommodate a more funda
mental linguistic programming that appears to depend on a uniquely
human system of cerebral dominance (Marler I975) that makes possible
the continuous categorization and processing of essentially similar in
puts.
In a critical review of the literature on sacred rituals, anthropologist
Roy Rappaport (I97Ib) demonstrates that they can mobilize, label,
and display societies to their biological, economic, and political advan
tage. Among the Maring of New Guinea, for example, Rappaport (I97Ia)
demonstrates that ritual plays a crucial role in regulating energy flows
as intensive agriculture substitutes for the complex natural plant com
munity a more simplified system of only a few crops. Ritual also assures
that the various products of a Maring pig are distributed among the
society's members in a way that optimizes caloric and nutritional as
well as more social benefits (Rappaport I968). Because the Maring
have no leaders who command allegiance during war, ritual dances
enable individual men to indicate their willingness to lend military
support by attending or not, so that the strength of each faction can
be determined by head count. Bureaucracies first arose, in the nation
states of Mesopotamia and ancient Egypt, to fill many of the same
information-processing, decision, and control functions that ritual pro
vides in simpler societies like that of the Maring.
Although the causal sequence is probably lost forever in prehistory,
economic exchange may have arisen from ritual exchange like the Kula
or "circular exchange" that Malinowski (1922, p. 81) observed among
the Trobriand Islanders: "The Kula is a form of exchange of extensive,
inter-tribal character; it is carried on by communities inhabiting a wide
ring of islands, which form a closed circuit [along which] articles of
two kinds, and these two kinds only, are constantly travelling in op
posite directions." Individual Trobrianders exchange tbe two articles,
necklaces and armshells, with each transaction involving the giving of
a single item of one kind and the receiving of a single item of the other,
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a relationship that, once begun, continued regularly for a lifetime, "The
rule being 'once in the Kula, always in the Kula'" (Malinowski 1922,
pp. 82-83).
Because "the Kula is not done under stress of any need, since its
main aim is to exchange articles which are of no practical use" (Mali
nowski 1922, p. 86), the exchange is not an economic but a purely ritual
one. Although any two partners exchange face-to-face, a relationship
that Malinowski felt gave psychological satisfaction, necklaces and
armshells move in opposite directions along the entire circuit of islands,
thereby maintaining a bond of social control, the most incipient (binary)
form of Durkheim's organic solidarity in an otherwise homogeneous or
mechanically solida.ry society, that is, one with little division of labor
or other aspects of individualism (Malinowski 1922, p. 510). This sys
tem-level communication and control function no Trobriander con
sciously planned or intends, however. "Not even the most intelligent
native has any clear idea of the Kula as a big, organized social con
struction," Malinowski (1922, p. 83) concluded, "still less of its socio
logical function and implications."
At the same time, however, no Trobriander confuses the ritual ex
change with an economic one. "The natives sharply distinguish it from
barter, which they practice extensively," Malinowski (1922, p. 96) noted,
"of which they have a clear idea, and for which they have a settled
term." Unlike bartered items but like money, the necklaces and arm
shells constitute generalized symbolic media of exchange, something
we will repeatedly find, as this discussion proceeds, to be crucial to
social communication and control. As described for money by theorists
(Mill 1848; Keynes 1930) who view it in terms of political and social
control, a generalized symbolic medium has three essential character
istics: (1) it has no value in use but only in exchange; (2) it can translate
value or meaning by making otherwise heterogeneous things compa
rable in terms of itself; and (3) it can serve as storage or memory to
preserve value or meaning over time.
The necklaces and armshells of the Kula clearly meet these criteria
for generalized symbolic media, although for social values only, not
economic ones. The goods make disparate social relationships like kin
ship and power (sometimes superiority, sometimes subordination) com
parable, for example (Malinowski 1922, pp. 91-98, 175), and in at least
this limited way they serve to store meanings. Money similarly stores
meaning that, for example, enables the separation of the selling de
cision from the buying one and thereby transcends the coincidence of
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wants that controls and often frustrates true barter. But the Kula
exchange items "are neither used nor regarded as money or currency''
and have value only when given to a partner (Malinowski 1922, pp.

91, 511).
Rather than serving as a proto-market in the development of an
economic system, moreover, ritual exchange like the Kula probably
provided the social integration and control that first made barter and
money markets possible. As Levi-Strauss (1949, pp. 138-139) argues
for the classical example of ritual exchange, namely kinship, "the ex
change relationship comes before the things exchanged, and is inde
pendent of them." In distinguishing such behavior from exchange for
economic motives, Malinowski established ritual exchange as an in
frastructure of communication and control in large-scale societies. Be
cause necklaces and armshells have no economic value, they must be
exchanged out of social scarcity (Levi-Strauss 1949, pp. 32-35), which
differs from economic scarcity in that it is purely

symbolic, created

by diminishing the value or otherwise altering the meaning of the
individual's own outputs relative to the economically equivalent out
puts of others. A birthday gift we buy for ourself, for example; simply

means less than the same item given to us by a friend. Kinship is ritual
and not economic exchange, Levi-Strauss. argued against Frazer (1918),
because it is not economic but social scarcity-an artifact of rules
concerning exogamy and incest-that governs the supply of possible
spouses.
Ritual exchange also differs from economic exchange in that the
costs of the purely social transactions are not charged against their
immediate material beneficiaries. We attribute the costs of holiday
gift-giving to that institution, for example, and not to those who receive
our gifts. Similarly, we engage in ritual exchange not for economic but
for social motives: to build and maintain social networks, the infra
structure by which we obtain socially scarce commodities. Judging from
the research of social psychologist Stanley Milgram and his associates
(Milgram 1967; Travers and Milgram 1969; Korte and Milgram 1970),
social networks aggregate in what is indeed a "small world": an average
chain of only four to seven intermediary contacts links any two indi
viduals chosen arbitrarily from the entire U.S. population. This finding
suggests that, via overlapping social networks, ritual exchange pro
vides integrative control and communication for even the largest and
most rationalized economic systems, a possibility explored formally by
Pool and Kochen (1978).

100

Living Systems and Technology

Since Malinowski's pioneering work on the Kula, ethnographers have
discovered the two types of exchange systems existing side-by-side in
a wide range of societies. In Nigeria, for example, anthropologist Paul
Bohannan finds:

Distribution of goods among the Tiv falls into two spheres: a "market" on
the one hand, and gifts, on the other. The several words best translated
"gifts" apply . . . to exchange over a long period of time between persons
or groups in a more or less permanent relationship. The gift may be a
factor designed to strengthen the relationship, or even to create it . . .
A "market" [by contrast] is a transaction which in itself calls up no long
term personal relationship, and which is therefore to be exploited to as
great a degree as possible. (1955, p. 60)
The ephemeral and potentially exploitative nature of purely eco
nomic exchange in even relatively small societies suggests that ritual
exchange may be a further precondition-as an additional information
processing capability-for human reciprocity selection of the type dis
cussed by Maynard Smith and Axelrod. Without the overlay of ritual
exchange, moreover, economic transactions-because they would be
come more visible and salient-would threaten the stability of an entire
exchange system whenever they became exploitative. Ritual ex
change, by contrast, can be what Levi-Strauss (1949, p. 220) called
"univocal" or "generalized," that is, reciprocal only indirectly as, for
example, in the Kula circular exchange. Nigerian sociologist Peter

Ekeh, who calls Levi-Strauss's distinction between restricted and gen
eralized exchange "by far the most important development in social
exchange theory" in an exhaustive critical survey of the field (Ekeh

1974), notes that "exploitation in univocal reciprocity and generalized
exchange situations is much more subtle: the source of exploitation is
less easily detectable and exploitation therein will contribute to social
disruption less readily" (1974, pp. 208, 213).
In addition to circular systems, generalized exchange can take two
other forms: individual to network and network

to

individual (Ekeh

1974, pp. 52-56). The latter prevails, for example, in the Nigerian

esusu,

where the entire group pays visits of solidarity to each of its

members, in turn, over an extended period. Many American offices
display network-to-individual ritual exchanges, for example, in taking
up collections for individual workers on special occasions or during
times of bereavement or hardship. The structural reverse, individual
to-network ritual exchanges, were observed by Herbert Spencer (1876-
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1896, vol. 3, pp. 390-391) in "the drinking of men in a public-house."
In what Spencer described as "usages curiously simulating primitive
usages," each member of a social circle, in turn, buys a round of beer
for all the others (the words "circle'' and "round" take on their Kula
meanings here). Spencer struggled to describe the distinction Mali
nowski would draw a quarter-century later between ritual and eco
nomic exchange: "We have here, indeed, a curious case, in which no
material convenience is gained, but in which there is a reversion to a
form of propriation from which the idea of exchange

is nominally,

but

not actually, excluded."
Not only do men in British pubs consume drinks through ritual
exchange, the principle of univocal reciprocity requires that they "drink

level" throughout each round. Douglas and Isherwood (1979, pp. 124-

125) cite a British periodical from the 1930s reporting that even with
blind men included among the drinkers, "gulp for gulp they drink level
to within a quarter of an inch throughout" (Mabey 1970, p. 47). An
thropologist Mary Douglas pioneered the study of economic demand
and consumption as communication and control systems more gener
ally:

Man is a social being. We can never explain demand by loolting only at
the physical properties of goods. Man needs goods for communicating with
others and for malting sense of what is going on around him. The two
needs are but one, for communication can only be formed in a structured
system of meanings. His overriding objective as a consumer, put at its
most general, is a concern for information about the changing cultural
scene. That sounds innocent enough, but it cannot stop at a concern merely
to get information; there has to be a concern to control it. If he is not in
any position of control, other people can tamper with the switchboard, he
will miss his cues, and meaning will be swamped by noise. (Douglas and
Isherwood 1979, p. 95)
As network size increases among systems of generalized exchange
other than circular onea, interpersonal communication begins to col
lapse into_forms more suggestive of mass communication. Individual
to-network ritual exchange progressively deteriorates into publicity
ploys (as in advertising's "free gift" offers) while network-to-individual
exchange becomes increasingly rationalized in public awards (for so
ciety's creditors) and public charity (for society's debtors). Granovetter

(1973) argues-from the fact that friends of friends tend to be them
selves friends-for the importance to larger networks of what he calls
"the strength of weak ties," the casual acquaintances that are more
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likely to express economic rather than affective relationships. The
importance of these weak ties in linking more affective but "ingrown"
networks and thereby facilitating social diffusion of controlling infor
mation and influence suggests that the multiplicity of casual acquaint
ances in modern society (Gurevich 1961) may at least partly substitute
for wide-scale ritual exchange like that of the Kula.
As human social exchange has become both generalized and ration
alized over the past ten million years, so too have its symbolic media
of exchange. John Maynard Keynes, whose "genealogical tree" for
money distinguishes twenty-two different functional forms (1930, pp.
9-11), concludes, "Money, like certain other essential elements in civ
ilization, is a far more ancient institution than we were taught to believe
some few years ago. Its origins are lost in the mists when the ice was
melting, and may well stretch back into the paradisaic intervals in
human history of the interglacial periods" (1930, p. 13). Keynes models
the modern economy as a complex cybernetic system in which money
in its various forms provides the medium of communication and feed
back control. Today even economists do not agree on how to define
money, much less measure it. The Federal Reserve provides three
measures of money supply (M-1, M-2, and M-3) and one of "liquidity"
(L). Talcott Parsons finds that, in addition to language and money,
"social systems and other systems of action" are cybernetically con
trolled by "generalized symbolic media of interchange": political power,
influence, value-commitments, and intelligence (1969, 1975). To this
list George Homans (1961, p. 385) adds the generalized exchange me
dium of "social approval." .
Table 3.2 illustrates the place of cultural and higher levels of control
in living systems, including the type of social system possible at each
level (a view of life itself from the information perspective can be found
in the appendix to this chapter). As can be seen in Table 3.2, each
level exists in a concrete sense, with matter and energy organized into
both processor and programming: DNA and genetic programming,
vertebrate brain and learned programming, formal organization and
rules, machines and algorithms. As argued earlier in this chapter, all
four levels of control involve three different temporal dimensions or
address three distinct control problems: existence or being, experience
or behaving, and evolution or becoming.
All three of these dimensions or problems involve a mechanism, its
behavior, and the processes of its programming and reprogramming.
Organization can be maintained, counter to entropy, by a hierarchy of

Table 3.2. Analytic dimensions and empirical properties of the fonr levels of control, including the type of social system
possible at each level
Organization of matter
and energy
Level of control

Processors

Programming

Analytic dimensions of the resulting control systems
Existence

Experience

Evolution

(Inorganic universe)
Intennediate: Replicating molecules
Level One: Life
Genetically based
sociality (many
animal species)

Molecules of
DNA

Genetically
inherited
programming

Replication of
programming,
protein synthesis

Response, adaptation of
genetically controlled
processes to
environment

Organic evolution
through natural
selection

Level Two: Culture
Culture-based social
structures; human
societies

Vertebrate
brains

Learned
behavioral
programs

Behavior controlled by
programming stored
m memory

Learned responses,
adaptation to
environment through
reprogramming

Cultural diffusion, change
through purposive
innovation, differential
adoption

Level Three: Bureaucracy
Bureaucratically
controlled social
systems

Formal
organizations
of individuals

Explicit rules
and regulations

Rationalized
processing, record
keeping, hierarchical
decision, formal
control

Organizational response to
environment, adaptation
through reorganization,
procedural changes

Diffusion of rationality
with differential
adoption as culture,
selection pressure on
organizations

Level Frrur: Techuology
Technobureaucratic
Information Society

Mechanical and
electronic
infonnation
processors

Purposively
designed
functions and
programs

Informational inputs,
processing and
storage, programmed
decision and output

Interaction of processor
and environment,
adaptation through
reweighting,
reprogramming

Diffusion of processors
and programs with
differential adoption as
culture, government,
and market selection

Intermediate: Genetically
engineered organic
systems
(Synthetic life)
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physical control: protein synthesis controlled by

DNA, cultural be

havior by learned programs, organizational processing by formal rules,
machine processing by still more intentionally designed algorithms.
Preprogrammed goals can be pursued, despite variation and change
in external conditions, by a hierarchy of behavioral mechanisms: ad
aptation, learning, reorganization, reprogramming. Less successful goals
can be modified or dropped, while still preserving or improving more
successful ones, through a hierarchical process of system changes:
organic evolution through natural selection, cultural diffusion through
differential adoption at the individual and organizational levels, gov
ernment and market selection at the technological level.
The currently precarious state of human culture and higher culture
based levels of human control can also be seen in Table

3.2. Today we

stand between the inorganic universe, on t:•e one hand, and the pros
pect that our technology might soon create new life-thereby repli
cating all four levels of control at the synthetic level-on the other
hand. Intermediate forms now exist on both sides: self-replicating pol
ymers on the inorganic side and genetically engineered systems on the
organic one. In view of the continued development and proliferation
of nuclear weapons technology, the next major stage in the evolution
of life on earth might hinge on the question of which end-state of Table

3.2 will be achieved first: synthetic life, certainly one possible product
of our evolving technobureaucratic control, or the return of the entire
planet to the inorganic level, another quite possible outcome-ironi
cally enough-of the same revolution in control technology.

Reductionism and Synthesis
Because we initially defined technology as the intentional extension of
natural processes like respiration and metabolism, it would seem rea
sonable to discuss the Control Revolution using concepts that apply

to

all living systems. Similar reasoning is commonly used in environ

mental anthropology, economic geography, and ecology, among other
academic fields. Unfortunately, when we seek to reduce any human
phenomena to a set of simpler and more general concepts, we confront
an objection that seems more doctrinaire than practical: many social
scientists and humanists dismiss even the

possibility

monalities might exist, the so-called

position that opposes bio

logical and other forms of

holist
reductionism.

that such com

Holists argue that unique phenomena "emerge" at successive levels
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of a hierarchy: animals, primates, our own species, formal organization,
nation-states, the world order. At each of these levels and many in
between stand specialists ready to . defend an undeniable truth: the
whole is often more than the sum of its parts. As biologist John Bonner
assesses criticisms made by social scientists of human social biology,
they are almost entirely related to the idea that a reductionist approach
will not be useful in the .social sciences . . . In their view, human societies
are too complex, too special, too different from anything found in the animal
world to be interpreted in any meaningful way by biological analysis . . .
The reductionists tend to be contemptuous of all holists, for they feel they
alone have the key to the universe. Holists know they have a broad
perspective, a large insight, whereby they can see all the riches missed
by the single,minded reductionist. In principle it would appear so easy to
be both at once, but human nature is such that it enjoys taking positions
on philosophical or political dichotomies. (1980, pp. 7-9)

As a result of this unwillingness among social scientists to concede
that one subject matter might be reduced to some other, a multitude
of overlapping concepts and propositions-differing even among jour
nals and theoretical camps-has proliferated in increasingly fraction
ated subdisciplines and specialties. Thirty years ago, for example, the
anthropologists Alfred Kroeber and Clyde Kluckhohn had already found
164 different definitions of "culture" in print, "probably close to three
hundred"-in their judgment-if all variations had been taken into
account (1952, p. 149). A more recent study (Dance and Larson 1976)
identified 126 different definitions of"communication" without any spe
cial effort to compile an exhaustive list.
Apparently even as social scientists profess to be awaiting their
Newton, a revolutionary figure-as defined by Thomas Kuhn (1957,
1962)-who will reduce their disparate efforts to a few basic concepts
and principles, they continue to eschew such reductionism in the name
of "emergence," phenomena found at one level of specialization and
held to be irreducible to any others. As a result, more and more be
havioral science journals have become what George Miller described
for psychologists as "catalogs of spare parts for a machine they never
build" (1956b, p. 252).
Today, continuing technological development-more than any char
ismatic thinker-suggests the integrative machinery we might build
from the spare parts amassed by our various disciplines. The rise of
the Information Society, more than the corresponding development of
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information theory, has exposed the centrality of information pro
cessing, communication, and control to human society. It is to these
fundamental processes and not to any particular level in the hierarchy
of living systems that we might hope to reduce our accumulating knowl
edge of human organization and society.

APPENDIX: What Is Life? An Information P erspective

What is :ife? Despite more than twenty centuries of sustained attention
to the question since Aristotle's observation "Soul is better than body
and the living, having soul, is thereby better than the lifeless which
has none" (1912, p. 731b), biologists still do not agree on the criteria
that distinguish the subject matter of their discipline. Most do not even
attempt to define life. "Life does not exist in the abstract," writes
biologist Helena Curtis. "There is, in fact, no 'life.' What exists and
what can be studied are living systems, individual living organisms"
(1975, p. 26).
But how do we recognize a living organism? By what criterion do
we say, for example, that the blue-green scum on the side of a swim
ming pool has life and an intricate, growing crystalline structure does
not? It is tempting to cite some physical constituent of organic matter,
for example, protoplasm. Reputable scientists now discuss the pos
sibility of life on other planets, however-life that may have a radically
different chemical basis from that on earth. One molecular chemist
(Cairns-Smith 1971) even speculates that our own earliest ancestors
might not have been based on organic molecules at all but on tiny
mineral crystals capable of self-replication. Whether or not such rad
ically different life forms actually exist, we do not hesitate to use the
word life to describe them. Clearly we mean something more abstract
than any particular organic substance.
The problem becomes more than academic as we begin to explore
into deep space, where something we would want to call life may be
based on silicon rather than carbon or on ammonia rather than water
where organisms may be discovered, for example, that boil to death
below the temperature at which oxygen boils, When we come to pro
gram a computer for an unmanned expedition to detect signs of life in
these distant regions, for what do we i nstruct our machinery to look?
All the laws of physics and chemistry by which we construct the equip
ment are assumed to hold throughout the universe-must we expect
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less of the principles hy which we define the behavioral and life sci
ences?
In the absence of any generally accepted definition, many biologists
simply list five to ten properties that they consider most basic to life.
On the basis of several recent texts (Curtis 1975, pp. 27-32; Keeton
and McFadden 1983, p. l; McNally 1974, pp. 3-4; Nason and Dehaan
1973, pp. 3-4; Villee 1972, pp. 23-27; Weisz and Keogh 1982, pp. 1927; Wilson et al. 1978, pp.

6-7), six properties can be singled out as

among those most frequently cited: organization, metabolism and growth,
responsiveness, adaptability, reproduction, and evolution. In the de
scriptions of these six properties, each considered in at least several
textbooks as essential to life, we come perhaps as close as possible to
biology's consensus definition of living systems in general.
1.

Organization.

Unlike the inorganic world, which consists of rel

atively random mixtures of fairly simple chemical compounds, living
systems combine the same atoms and molecules in precise, organized,
and complex ways. As we saw in Chapter 2, even the simplest micro
organism can be distinguished by the relative complexity of its struc
ture from, say, the rock in which it might be embedded. This explains
why ohservation of structure remains the principal means biologists
use to find microfossils. Essential to the organization of living systems
is

homeostasis,

the maintenance of a relatively stable internal envi

ronment. We mammals normally maintain a fairly constant body tem
perature, for example, despite wide ranges in outside temperatures.
In chemical composition, at least, all living things are homeostatic.
2.

Metabolism and growth

through destruction and reconstruction

of organic material-that is, the breakdown of matter to produce en
ergy (catabolism) and the synthesis of nonliving materials into living
matter (anabolism). All living systems, as we have seen, are fueled by
energy from the sun, either directly as in the photosynthesis of green
plants or through the ingestion of other plants and animals; a few
bacteria are capable of

chemosynthesis,

the manufacture of carbohy

drates directly from inorganic compounds. In energy conversion and
system growth, metabolism approximates what Aristotle saw as the
essence of life: "The power of self-nutrition . . . is the originative power,
the possession of which leads us to speak of things as living'' (1931,
pp. 413a-b).
3.

Responsiveness,

the capacity to respond to stimuli. Even unicel

lular organisms contract when touched, a property often called

ability.

irrit

Much the same capacity can be seen at progressively higher
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levels of complexity: bacteria move toward or away from certain chem
icals, plants bend toward light

(phototropism),

flies shoot out their

probosci in the presence of sugar water, dogs salivate at the mere
smell of food. Sometimes the response, although innate, automatic,
and fixed, provides for

alternative

behavior as, for example, when a

fly moves either toward or away from a light depending on its intensity.
Honey bees exhibit a

continuous range

of responses to signals indi

cating quantitatively different directions and distances of a food source.

4. Adaptability, including the ability to learn. Unlike responsive
ness, which involves genetically fixed responses to external stimuli,
adaptability refers to environmentally determined, relatively enduring
changes in an individual that occur in response to environmental factors
rather than through maturation. Our skins darken upon prolonged
exposure to the sun, for example; people who move to higher altitudes
develop additional oxygen-carrying red blood cells.

Learning,

a par

ticular type of adaptation that involves enduring changes in behavfor,
covers a range of responses that vary widely in complexity:

habitua

tion, a gradual decline in response on repeated exposure to insignificant
and unrewarded stimuli; imprinting, a learned attachment to an en
vironmental stimulus that can occur during only an extremely short
period, usually early in an organism's life; conditioning, the association
through reinforcement of a response with a new stimulus; and

and-error learning,

trial

an increase or decrease in the frequency

of behavior according to the relative advantage or disadvantage of its
outcome.

5. Reproduction. Living things reproduce themselves, in whole or
in part, copy after copy and generation after generation, with relative
copying fidelity. This holds true for a wide range of reproductive pro
cesses, including both sexual ones involving internal and external fer
tilization and several types of asexual processes: mitotic cell division,
nonmitotic division, fragmentation of filaments, and budding. A similar
capacity for self-reproduction in copies virtually identical in size, shape,
and internal structure through numerous "generations" has not yet
been achieved in any nonliving entity, even though von Neumann

(1966) has proved that, above a certain finite number of parts, an
automaton might be built that could reproduce others of complexity
greater than its own, and these in turn others of still greater com
plexity. A . G. Cairns-Smith, a molecular chemist, has argued the same
possibility for self-replicating polymers

(1971, 1977).

6. Evolution through natural selection, the continual readjustment
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to environmental variation and change over successive generations.
Because organisms so often seem ingeniously suited to their particular
ecological niches, it was long believed that each type must have been
specially created. Darwin was first to attribute the result to differential
reproduction of inheritable variation over generations of individuals.
Although not a property of any particular living thing, such adaptation
ranks among the properties most often cited by biologists as crucial
to life itself. The possibility of life on other planets, for example, has
prompted one zoologist to ask: "Will there be any general principle
which is true of all life? Obviously I do not know but, if I had to bet,
I would put my money on one fundamental principle. This is the law
that all life evolves by the differential survival of replicating entities.
The gene, the DNA molecule, happens to be the replicating entity
which prevails on our own planet. There may be others. I f there .are,
provided certain other conditions are met, they will almost inevitably
tend to become the basis for a evolutionary process" (Dawkins
p.

1976,

206).
These six properties, then, are most frequently cited by biologists

as most essential to life. Does this simple list suggest any more general
insight into the nature of concrete open systems, including our own
society and culture, and into the problems of control in such systems?

Toward an Analytic Model
Although none of the biologists included in our survey attempts to
integrate the manifest properties of life into a more general model of
living systems, the six properties they identify most frequently do
turn out to represent distinct dimensions of existence, experience, and
evolution, the three functions of control that we noted in Chapter

3.

Organization and metabolism can be seen to represent the static and
dynamic aspects of existence, responsiveness and adaptability describe
these two dimensions of experience, and reproduction and natural se
lection do the same for evolution. Relationships among these control
functions and properties of living systems are shown schematically in
Table

3.3, which lists each of the biologists' six properties as either

static or dynamic aspects of the three control functions.
The distinction between static and dynamic aspects of a system
recalls the work of Auguste Comte (1798-1857), student of Saint-Simon
and generally considered the founder of modern sociology, a term he
coined in 1838. Comte attempted to establish sociology in two branches:
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Table 3.3. Analytic dimensions and empirical properties of living systems
Static

Dynamic

Organization

Metabolism

Existence (being)
in the absence of external change,
counter to entropy

Need: Maintenance of matter and energy processing
Control: Fixed programming distributed throughout system
Responsiveness

Adaptability

Experience (behaving)
during the life of one system,
in response to external variation and change

Need: Goal-directed response to external conditions
Control: External input and output with feedback, ability
to reweight or reprogram

Reproduction

Selection

Evolution (becoming)
across generations of programs,
through the differential selection of systems

Need: Preservation of programming with advantageous modification
Control: Ability to replicate or otherwise communicate programs to new
generations with high fidelity, some variation

"The one, the statical, will treat of the structural nature of Humanity,
the chief of organisms; the other, the dynamical, will treat the laws of
its actual development" (1852, p. 1). Unfortunately, sociologists con
tinue to see the difference between static and dynamic, like the one
they draw between structure and process, as a matter of absolute
continuity or change, thereby reducing an analytically powerful dis
tinction to one of mere description.
The folly of considering categories like structure, process, and even
history as mere temporal distinctions can be seen in Table 3.3. All
three functions of control have both statie and dynamic dimensions
that are obvious enough to rank among the properties most often cited
by biologists as fundamental to living systems. Even the individual
temporal dimensions can be seen to have both static and dynamic
aspects: reproduction, for example, identified here as the static com-
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ponent of evolution, is probably a more dynamic process in any absolute
sense than the dynamic aspect of existence, namely metabolism.
One can even imagine an alternative scheme in which reproduction
is seen as the dynamic aspect of one analytic dimension and the static
component of another. Certainly nothing about reproduction or any
other empirical phenomenon makes it either static or dynamic per se
but only relative to some analytic function. For this reason, we will
consider static and dynamic to be defined only with respect to a par
ticular dimension of analysis, thereby avoiding many classical contro
versies-for example, the one concerning the supposedly static nature
of the term social structure, which at least two eminent anthropolo
gists, Meyer Fortes and S. F. Nadel, have maintained involves "a sum
of processes in time" (Nadel 1957, p. 128).
Table 3.3 also demonstrates that programming is central to control
at all three levels. For existence, where the problem is to maintain
organization by controlling matter and energy processing, the solution
involves programmed control distributed throughout the system. For
experience or behaving, where the problem is to pursue goals in in
teraction with the external environment, the solution involves pro
gramming with environmental inputs, outputs, and feedback, plus the
capability to reweight contingencies within a progr2m. For evolution,
where the problem is to preserve programming across generations
with goal-directed modifications, the solution involves replication of
programming in new generations 'With relative copying fidelity but at
least some variation that might be differentially selected.
Ernst Mayr (1974a) makes the useful distinction between open and
closed programs: a closed program is .one entirely encoded prior to the
beginning of the behavior that it controls; an open program incorpo
rates additional inputs as, for example, in conditioning or learning.
Once filled with the requisite information, an open program becomes
the functional equivalent of a closed one. In living systems, closed
programs can be seen to control existence or being, open programs to
control experience or behaving, and external selection of programs
whether purposive or nonpurposive-to control evolution or becoming.
To generalize to all control systems, three different actions involving
programming are essential: maintenance of closed programming
throughout the system, modification of open programs in interaction
with the environment, and evolution of all programming through dif
ferential selection.
As we saw in the example of rush-hour traffic in Chapter 2, living
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systems have thus far evolved four levels of programmable structures
and programs: DNA molecules encoded with genetic programming,
brains with cultural programming, organizations with formal written
procedures, and mechanical processors with algorithms. Because the
first level emerged at the origin of life and the second with the higher
vertebrates (birds and mammals), these first two control revolutions
are lost to prehistory. The third and fourth levels, however, are unique

to

Homo

sapiens,

with formal organization first appearing in Meso

potamia and ancient Egypt about

3000

B.C.

and merging with me

chanical control to form the technological basis of the nineteenth-century
Control Revolution.
Because programming is essential to all four levels of control, it will
be generally useful to consider its oldest and most basic form, at least
that survives on earth: the macromolecules of DNA that we share with
all living things. Not only does DNA provide a further test of our
three-dimensional control model, it also enables us to reduce that model

to the level of programming itself.
Three Functions of DNA
Even in living systems that have evolved brains, culture, and control
technologies, most control remains programmed at the genetic level,
a fact that we commemorate in expressions like "genetic programming''
and "genetic code." All living systems maintain control through three
genetic processes: replication, regulation, and reproduction. As we
might expect, these processes correspond to the same three dimensions
of control-existence, experience, and evolution-that we have al
ready identified:

1. Existence (being) through replication of programming for dis
tributed control. At least in multicelled organisms, existence depends
on communication and coordination among individual cells. The human
body may contain a quadrillion cells, including more than a billion
qualitatively different ones; many organisms have even more. How do
such staggering numbers of cells, each acting independently and many
with highly specialized functions, come

to

achieve the coherence of a

single organism?
Most biologists believe that at least in fungi and plants and possibly
also in the animal kingdom, multicellularity first occurred through amal
gamation. Several independent single cells came together, began to
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live as a group, evolved a division of labor, and eventually formed the
integrated structure ofa single multicelled organism. Even if this were
not the case, coordination of functionally differentiated cells must have
been as crucial to tbe evolution of animal species as coordination of
functionally specialized individuals and roles has been to the devel
opment of human society.
Internal coordination of a multicelled organism depends on the exact
replication of its genetic program or genome, the complete set of op
erating instructions for the

entire

organism, in each of its individual

cells. Repeated replication of the genome is made possible by DNA's
remarkable capability to break in half lengthwise, and by the capability
of each of the strands thus separated to connect to freely floating
molecular complements and thereby reconstruct two new copies of the
original double helix. After these are complete, the entire cell divides
into two new ones, each controlled by one of the two identical pro
grams. What begins at fertilization as a single cell becomes two, these
four, these eight, and so on into the quintillions (including the replace
ment of lost cells) if necessary, each cell containing exact copies of the
original chromosomes.
With programming virtually identical-except for a rare copying
error-in each of an organism's individual cells, the problem of their
coordination is greatly reduced. Even in the vertebrates, which have
tbe most centralized control systems in the spinal cord and brain,
considerable autonomous control remains at the cellular level. If a
vertebrate's brain is likened to the central processing unit (CPU) of a
computer system and its spinal cord and peripheral nervous system
to a network for communicating with various input and output devices
like organs and muscles, then each cell can be seen as an intelligent
microprocessor or minicomputer, effecting considerable autonomous
control at the local !eve:.
In this way each living thing constitutes an information-processing
and communication system in which control of its internal structure
and processes is both hierarchical and-at least at the genetic level
distributed as well. Such control accounts for the "soul" or "animus"
(Latin root of "animal") that has been postulated by vitalists since
Aristotle's

De Anima.

In this sense, at least, life has long been ap

preciated for the combination of hierarchical and distributed control
that bureaucratic organizations have only recently come to appreciate
in information-processing and communications systems. Organization
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and distributed control cannot account for adaptation, learning, and
other forms of open-ended behavior, however; these characteristics
derive from the second of DNA's three control functions.

2. Experience (behaving) through regulation of physical processes
with feedback. Astounding though it may seem, adaptive control by
DNA is effected through the manipulation of only twenty different
amino acids. These compounds, either synthesized by the organism or
provided in the diet, are recombined by DNA in chains of fifty or more
to form proteins. Proteins, in turn, control the various chemical pro
cesses in a cell by switching them on and off at precise times in precise
places. Particularly effective in control are the enzymes, proteins that
often use negative feedback in the regulation of cellular processes.
Branson (1953) concludes that the structures of proteins are highly
efficient with respect to information processing: none of those he stud
ied had less than 70 percent maximum information content and many
approached their respective limits.
As Schrodinger had perceived by 1944 and Gamow stated explicitly
a decade later, even as few as twenty essential substances can combine
in many different ways, especially in protein chains ranging up to ten
thousand links. With a conservative estimate of average length of 150
links, a count characteristic of hemoglobin, the number of different
proteins possible-assuming that every combination of amino acids
can serve-is 20150 or a hundred
lion . . . (the word

quadrillion

thousand quadrillion quadril

repeated a dozen times). This far ex

ceeds the total number of elementary particles-protons, neutrons,
electrons, and scores of others-estimated to exist in the entire known
universe. Although many of the combinations could not exist, more
than enough real possibilities remain to control even complex orga
nisms at the cellular level.
In order to be adaptive, such control must involve information pro
cessing-the translation of genetic chains not into identical ones as in
replication but rather into the amino acid sequence that they encode,
which characterizes the protein required at a particular time and place
in a life process. Here the role of information is straightforward: the
four different genetic particles or

nucleotides,

usually represented by

A, C, G, and T (abbreviations for their identifying bases), serve in
triplets that encode one of sixty-four different "words," one to six of
which represent each of the twenty protein-forming amino acids. The
ordering of particles counts (AAGand GAA code different amino acids),
with two of the sixty-four triplets functioning as "punctuation marks"

Evolution of Control

115

to denote the end of the molecular instructions to build a particular
protein.
In most cells the process of control is also simple: the double helix
unwinds, generates a chain of 150 or more particles (aptly named

messenger RNA) to instruct the protein-synthesizing machinery,

and

then rewinds, thereby preserving all of its many volumes of instruc
tions for future use. This much-repeated activity, which requires only
about a minute, constitutes adaptive behavior at life's most basic level,
in cells so tiny that a hundred may be needed to cover the period at
the end of this sentence.
Genetic control has one shortcoming: the genome is fixed forever at
the instant of conception. Even though its programming routinely con
trols adaptation to the environment, it cannot itself be reprogrammed
to accommodate gross changes. In this, at least, the genome resembles

firmware, computer hardware's functional equivalent in programming,
which cannot be changed or removed from a system but which must
instead be used by all other software.
As in the design of new computers, natural selection had to decide
which functions to build into hardware (programmable structure}. which
to program in as firmware (the genome}, and which-in the case of
the higher vertebrates-to leave to subsequent development in soft
ware (culture}. In all species evolution seems to have favored pro
gramming-both firmware and software-at the expense of hardware,
basing genetic control in the simplest imaginable structure: a single
universal molecule that can be programmed with only four different
symbols.
The advantage to this is one of preprocessing, identified in the pre
vious chapter with a reduction in the total amount of information to
be processed. Because each chemical base can bond with only one other,
and the entire chain of nucleotides with only a complementary chain
of messenger RNA, only minimal information needs to be processed
in the latter's synthesis (called, appropriately enough,

transcription).

When, in turn, messenger RN A manufactures noninformational ri
bonucleic acids using adaptor molecules composed of twenty different
types of

transfer RNA,

each of which can bond with only one of the

twenty essential amino acids, information processing is similarly
straightforward.
In other words, the advantages of preprocessing, realized much later
in human technologies through rationalization, were first achieved in
information processing at the genetic level. In sharp contrast to the
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simplicity of its hardware and processing, however, the information
content of genetic programming can reach several million bits.
Like some recent computer firmware, genetic programming is not
always closed but may be open as well. The young of many species,
for example, can recognize their own kind at birth, obviously the result
of a closed genetic program. The young of some species, however,
learn to distinguish their own parents from other adults shortly after
birth, once and irreversibly-the work of an open genetic program
that, once completed, is indistinguishable in function from the closed
program for species recognition. The result is imprinting, a term that
itself suggests addition to an open program.
It may seem that similar programmed adaptability can be found in
the various game-playing and related computer programs that pro
gressively modify themselves through interaction with humans and
other computers. Although such programs are commonly said to "learn,"
their development in fact more closely approximates our definition of
evolution. So-called learning occurs as each branch of a decision struc
ture is weighted up or down, depending on whether it has led to success
or failure-a clear case of selection by the environment. Although such
programs are not reproduced themselves, strictly speaking, their es
sential strategies are communicated from one game to the next with
relative fidelity and purposive selection-the two features that distin
guish evolution.
Most other computer programming does indeed resemble open ge
netic programs, at least in that it allows for a finite number of discrete
inputs which, once determined, cause the program to operate in a way
that is indistinguishable from its "hard wired" or closed equivalent.
Whether closed or open, however, genetic programs cannot evolve
unless they can be

reprogrammed,

the third of DNA's three control

functions.

3. Evolution (becoming) through reproduction of programming in
new entities with differential survival. Like replication and regulation,
reproduction is essentially an informational task: to communicate ge
netic programming to each new generation. Unlike DNA's other two
functions, however, sexual reproduction preserves only half of an or
ganism's programming, not the entire genome. This enables new or
ganisms to receive programming equally from each parent, thus making
possible the continual reshuffling of genetic instructions into new pat
terns and their modification in new directions that may be more ad
vantageous to the species. Each newly fertilized egg constitutes a kind
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of trial balloon, in other words, to test whether its genome contains
programs meriting more widespread adoption by the species as a whole.
This continual shuffling of genetic programming from one generation
to the next is possible only because the chains of genes (named

mosomes

chro

in the late nineteenth century because they absorb colored

laboratory stains) store information in structures that are both divided
and paired. Each coherent division (gene) represents one

allele,

a

member ofa mutually exclusive and exhaustive set of rivals for control
of the same trait (Mendel's term for alleles translates as "antagonistic
factors"). For each such trait, at least two alleles-inherited from
separate parents-occupy separate chromosomes. A combination of
any of three possible alleles, for example, determines the 22 or four
human blood groups: A, B, AB, and 0. When alleles contain different
instructions for the same trait, only one set (called dominant) can affect
protein production; hence at least half of the programming contained
in the genome is not activated for control but remains

recessive.

In the formation of both ova and sperm for reproduction, chromo
somes pair up-allele to allele-before splitting lengthwise. While
lying side by side, strands originally from the father may exchange
strings of nucleotides with programming originally from the mother,
a process called crossing over. After replication of the separate strands,
the resulting cells split again to form four sex cells, each containing
only a half set of chromosomes, no one of which-owing to crossing
over-may be like any others or ever duplicated again. In this way
each new organism results from the chance combination of an astound
ingly improbable egg and an equally improbable sperm and is unlikely
to be remotely approximated in genetic programming even by its own
siblings (unless, of course, they are identical twins).
Crossing over does not always occur and is not essential to evolution.
Male fruit flies never do it, for example, and their species has a gene
for suppressing it in females as well. Crossing over does leave open
the possibility that any given chromosome might be a wholly new
mosaic ofgenes-and even individual genetic instructions-taken from
both maternal and paternal programming. In other words, even though
crossing over does not increase the carrying capacity of the genetic
hardware, it does increase the

degrees of freedom

available in the

combination of messages and therefore the amount of information con
tained in any one message.
Despite this great freedom of choice in messages, the fidelity of their
reproduction, by any standard of human engineering, is truly remark-
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able. Suppose that the seven hundred thousand manuscript pages of
information coded in our own genes had been given to a battery of
typists, who were asked to retype each page twenty-five times, about
the average number of replications made by a single cell producing
human ova or sperm. This amounts to about 17.5 million pages, in the
typing of which we might reasonably expect at least one typographical
error every twenty pages, probably more; let's say an even one million
errors for the entire job. By comparison, the tiny cell in the human
ovary or testis will make the equivalent of one typographical error
a mutation-only about ten times, roughly once in every 1.5 to 2 million
manuscript pages. In other words, the copying of genetic programming
in human sex cells is about one hundred thousand times as accurate
as the typists it may eventually produce.
Despite the potential advantages of chance mutation, then, its prob
ability has been kept very low. What randomness is necessary for
evolution through natural selection has been largely relegated to higher
levels-to the pairwise redundancy of alleles, to the shuffling of chro
mosomes, to crossing over, even to mate selection. Apparently it is
much more important to copy faithfully and thus hope to preserve
useful programming, however rarely it appears, than it is to generate
a greater amount of new programming-only potentially useful-through
more frequent errors in replication.
The result is that genetic programming can adapt only slowly to
external conditions, a rate of change limited by the length of gener
ations and hence much faster in fruit flies than in human beings-not
to mention the giant sequoia. Only at the levels of brains, culture, and
control technology has evolution enabled some species partially to short;..
circuit, in effect, the relatively slower process of reprogramming through
natural selection.
That the process continues to operate, however, points up a more
general conclusion: teleonomic programming need not imply a teleon
omic programmer. As we saw in the case of game-playing computer
programs, for example, a strategy for winning at chess can improve
without anyone instrncting it how to do so. All that is required for
evolution to occur are the static and dynamic aspects of its essential
control function: replication of programming and its differential selec
tion relative to other programs. It is the emergence of precisely this
capability, in the earliest ancestors of DNA that marked the origin of
life on earth, that is the beginning of evolution through natural selec
tion.
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Industrialization,
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the Crisis of Control
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From Tradition to Rationality:
Distributing Control
Roll on, thou deep and dark blue Ocean, roll!

Ten thousand fleets sweep over thee in vain;
Man marks the earth with ruin, his control
Stops with the shore.
-Byron, Childe Harold's Pilg1�mage

IN VIEW OF the cultural and market control achieved in even the sim
plest societies using kinship, religion, ritualized exchange, law, and
social networks, as we saw in Chapter

3, it is certainly not obvious

why the nineteenth century should bring a crisis of control to the
industrializing countries of Europe and America or why the twentieth
century dawned on a revolution in control technology. Commercial
capitalism, born in the Mediterranean, had sustained an increasingly
international exchange and processing of material goods since the thir
teenth century. As a result of a succession of innovations in naviga
tional and seafaring technology, this exc hange embraced the entire
world by

1519, when Fernando Magellan boldly set sail from Portugal

to circumnavigate the planet. Colonization of Africa, Asia, and the
New World under the control of nascent bureaucracies in the new
nation-states of Europe brought these continents into a single world
system by the eighteenth century-even as the colonizers competed
and warred among themselves.
Control of the world system under commercial capitalism resided in
stay-at-home merchants who conducted their business through similar
merchants living in other trade centers and willing
actions on commission (Gras

to

execute trans

1939, chap. 3). These resident merchants

introduced a series of innovations in the control of commerce, beginning
in fifteenth-century Venice, including the systematic collection and
processing of market information, the standardization of commission
rates, reliance on private arbitration to settle disputes, and formation
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of joint ventures to spread risk and preserve mobility (Lane 1944, pp.

93-136). This last characteristic of the resident merchant, diversity of
investment and function, constitutes a major difference between com
mercial capitalism and the industrial capitalism that would begin to
supplant it in the nineteenth century. Medieval merchants who "put
out" wool or cloth for spinning, weaving, or finishing notwithstanding,
little specialization of investment occurred before the eighteenth cen
tury (Gras 1939, chap. 3).
Diversity offuuction resulted, in part, from the relatively low volume
of trade under mercantilism, the dominant economic doctrine of the
sixteenth and seventeenth centuries, uuder which each Etiropean power
pursued its own most favorable balance of trade by limiting imports
(Schmoller 1884, pp.

47-80). The primitive telecommunications of the

same period, however, which made control at distances greater than
a few days' ride by horse exceedingly tenuous, constitute a less often
cited but equally important cause of the resident merchant's diversi
fication of investment and resistance to specialization. As Byron ob
served in the passage that opens this chapter, even for a global power
in the early nineteenth century "control stops with the shore. " Lacking
control at a distance, the merchant engaged in international commerce
diversified his investments and economic activities for much tbe same
reason that the modern investor maintains a well-balanced portfolio:
to minimize risk.
Problems associated with attempts to maintain control at a distance
can be seen in the largest centrally controlled system of the period,
the Hapsburg Empire of the sixteenth and seventeenth centuries,
which eventually stretched from California to Argentina and from the
Hapsburg lands in Belgium to the Philippines and other Pacific islands.
The Emperor in Spain often had difficulty maintaining control over the
more remote territories. Even though the Laws of 1523 and 1526
strictly forbade enslavement or maltreatment of natives in tbe Indies
(roughly the territory of Mexico, the Caribbean islands, Peru, and
lands between), for example, and had the full support of Charles V,
"the intervening distance made it impossible for the Emperor to en

force the laws," according to R. B. Merriman.

cumpla-let

"Obedezcase pero no se

it be obeyed but not enforced-became the formula for

the colonists' reception of unpopular decrees from Spain" (1925, p.

659).
Because directives from the Escorial often arrived in a colony long
after local changes had rendered them obsolete if not counterproduc-
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tive and even foolhardy, the formula did not always work to the Em
pire's disadvantage. Indeed, the so-called "colonists' expedient" proved
useful enough to be officially adopted, two centuries later, in another
situation where imperial control frequently broke down because of
inadequate communication: on the battlefield. In 1757 Empress Maria
Theresa, locked in the Seven Years War with Frederick the Great,
instituted her Order of Maria Theresa for officers who turned the tide
of battle by purposively disregarding orders (Boalt et al. 1971, p. 63).
Because the Empress took pride in her centralizaton of military au
thority, disobedience without battlefield success invariably led to court
martial. Her new order represented an effective means to distribute
control without unduly disrupting the more centralized system.
The resident merchants who dominated world trade as early as 1300
for a period lasting some five centuries (Gras 1953, p. 73) confronted
much the same control problem as did the Hapsburg emperors of the
same period. As F. C. Lane describes the fifteenth-century merchants
of Venice, their control over commerce amounted to little more than
making "controlling decisions," after which they "had to leave much
to the man on the spot" (1944, p. 99). In view of the primitive infor
mation-processing and communication capabilities that prevailed well
into the nineteenth century, not to mention the highly speculative
nature of venture trading, it is small wonder that, for the fifteenth
century merchant, handling far-flung commission agents "constituted
a very large part of the problem of business management" (1944, p.
97).
A quantitative study indicates that this problem-essentially the
inability to centralize decision making with sufficiently short turn
around times between command and feedback-continued to plague
merchants three centuries later: "Shippers did not search for trade
among overseas areas and ports with which they were unfamiliar, and
there was a limit to the number of ports and areas that they knew
well and in which they had reliable commercial contacts. Information
costs and the risks associated with overseas trade were very high
during the eighteenth century, and unfamiliarity raised these costs
even higher, slowed the process of exchange and lengthened port times"
(Shepherd and Walton 1972, p. 157).
Continuing diversity of investment and resistance to division oflabor
and specialization of function, although protecting the individual mer
chant against risk, only compounded the problem of controlling the
world commercial system. That specialization increases control has
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been demonstrated by James Grier Miller, a behavioral and medical
scientist who finds specialization

to be one of a half-dozen common

responses to the growth of information in systems ranging from in
dividual cells to formal organizations (1978, chap. 5). Although spe
cialization might have increased the resident merchant's control of
preindustrial commerce even in the absence of adequate communica
tion, the relatively low volume of both information and trade discour
aged specialization. Thus the world commercial system foundered for
centuries in a vicious cycle in which poor communications and the
resulting lack of information prevented the increased specialization
and control that would have made specialization itself less necessary.

The Solution of Distributed Control
Merchants and shippers sought to resolve this control problem much
as did Charles V and as do managers today using microprocessors and'
microcomputers: they attempted

to distribute control. Unable to be
themselves everywhere that decisions had to be made or to be in
communication with these places with turn-around times sufficiently
short to effect adequate control, merchants enlisted in major com
mercial centers the preindustrial approximation of a portable, pro
grammable

information

processor:

Replacement of profit sharing or

the

commission

merchant.

commenda by the system of paying

commission agents a fixed percentage of turnover distinguished the
Commercial Revolution, after the fourteenth century, as concomitant
with the replacement of traveling by resident merchants (de Roover
1953, p. 82).
That the commission agent served as a means to distribute control
rather than merely

to carry out the resident merchant's instructions

can be seen in Lane's analysis of Andrea Barbarigo, a fifteenth-century
merchant of Venice: "If he was to profit, his agents must give him the
advantage of market situations if and when they developed and became
known to the agent on the spot. A good agent was one who sold quickly
and reinvested at good prices, obtaining high quality wares, and who
found the cargo space in which to ship the investment. In regard to
all these four desiderata, quick turnover, good prices, high quality,
and adequate transportation, Andrea Barbarigo could give exhortation
more easily than definite instructions" (1944, pp. 98-99).
Both resident merchants and their agents preferred commissions to
profit sharing because of inadequacies in information processing: "As
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a practical matter," notes Lane (1944, p. 95), "it was very difficult for
the stay-at-home merchant to obtain an adequate accounting for the
funds or goods entrusted under profit sharing agreements." Profit
sharing had worked as the information-processing system of the trav
eling merchant only because the merchant ordinarily went out with
his wares, so that profits could be calculated among partners after
goods had been at least partly sold and unsold goods thereby appraised
at current market price (de Roover 1941, p. 92). Commissions afforded
a much better information-processing system, although not without a
half-dozen other informational innovations: invoices, bills of lading,
ships' manifests, a postal service, systematic accounting methods, of
ficial clerks

(scrivani),

and standardization of prices, shipping prac

tices, and handling charges. Lane describes the relative advantages
of commissions over the profit-sharing system:
A resident merchant acting through agents residing abroad could keep
track more accurately of what his agents were doing if their sales were
in bis name and on commission. The agents' accounts then consisted of
records of sales (or purchases) at specified prices of specified amounts,
and of relatively small and well standardized handling charges. Once trade
connections were so firmly established that handling charges and shipping
practices were generally standardized, and once prices, season by season
or even day by day, were a matter of common knowledge among the
mercantile community, the stay-at-home merchant could check fairly well
on his commission agents' accounts . . . This advantage depended in turn
on the contemporaneous development of a clear method of keeping agency
accounts and of such commercial conveniences as the invoice, the bill of
lading or the ship's manifest and reasonably dependable postal service . . .
Invoices

(fatture) were regularly sent with covering letters,

and gave all

the information necessary for checking with the records of the

scrivani

(the quasi-public officials who kept the ships' manifests and whose activ
ities, especially on the galleys, were carefully regulated).

(1944, pp. 95-

96)
Even with the many innovations in information processing and com
munication made possible by the commission system, agents retained
the one shortcoming common to all controllers (like bureaucracy in
general) based on individual human brains: independence of purpose.
A commission agent might profit at the expense of his principal, for
example, by buying the consignment himself, before an expected price
increase, and selling afterward, pocketing the difference. Although the
general laws of agency protected the resident merchant, they remained
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a court of last resort in a relationship so dependent on the agent's own
intelligence, autonomous judgment, and ability to make quick deci
sions. "Fear of a lawsuit might cause an agent to follow instructions,"
Lane (1944, pp. 98-99) concludes, "but the faithful performance of
precisely defined tasks was not the characteristic most needed in the
conduct of agents."
The problem of distributed control, in the absence of telecommun
ications sufficient to keep a constant check on one's agent (a technology
that, because it would have made centralized control possible, would
have rendered distributed control less important), was to find agents
one could trust: "Even when he had no thought of a lawsuit," according
to Lane (1944, p. 98), "an exporter and importer such as Andrea ex
amined his agents' accounts and letters with great care before deciding
whether to give him more business or to shift to another agent." An

even better solution was to distribute the most dependable information
processors available : an immediate family member, relative, or at least
a legal partner, friend, or close acquaintance. Alfred Chandler writes
as follows of the American colonial merchant:
He tried, where possible, to have members of his own family act as his

agents in London, the West Indies, and other North American colonies.

lf he could mt consign his goods and arrange for purchase and sale of
merchandise through a family member or through a thoroughly reliable
associate, the merchant depended on a ship captain or supercargo (his

authorized business agent aboard ship) to carry out the distant transac

tions. Even then, the latter was often a son or a nephew. The merchant
knew . . . the shipbuilders, ropemakers, and local artisans who supplied
his personal as well as his business needs. Finally, he was acquainted with
the planters, the farmers, and country storekeepers, as well as the fish
ermen, lumbermen, and others from whom he purchased goods and to
whom be provided supplies.

(1977, p. 18)

Given the importance to a merchant of distributing his control glob
ally, despite the inadequacy of other control technology, it is hardly
surprising that family partnership became the essential form of busi
ness organization, not only in fourteenth-century Venice (Lane 1953,
pp. 86--102) but throughout the world system for the next four hundred
years (He aton 1948, p. 358). As economic historian John KHlick notes
of a large group of merchants engaged in Anglo-American trading at
the end of the eighteenth century, "The essential links that held such
firms together despite the problems of communication across the At
lantic we:re ties of family and background. Indeed, tbe essential com-
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mercial unit before incorporation was frequently not the simple
partnership but often a chain of mutually supporting partnerships re
flecting a kinship network" (1974, p. 503).
Even when kinship or friendship did not exist, principals often at
tempted to evoke such feelings. As Lane (1944, p. 99) notes of Andrea
Barbarigo, ''There were in his business letters more protestations of
personal affection than can be taken seriously . . . Conventional ref
erences to a loving concern for the agent's future honor and profit,
references found even in brief instructions to agents hitherto unknown
to Andrea, may be interpreted as promises to give more business if
the present commission be well handled."
The apparent rationality of kinship- and friendship-based commercial
networks like those described by Chandler, Killick, and Lane, when
considered in terms of the need for distributed control in the absence
of alternative information-processing, communication, and control
technologies, provides new perspective on the role of traditionalism in
the development of industrial capitalism. lt affords us new insight, in
particular, into that great historical transformation of traditional into
rational society.

Control and the Rationalization of Commerce
As Max Weber stated the late nineteenth-century view, which is still
generally accepted, ''the traditionalistic attitude"-which he associ
ated with dependence on family and personal loyalties-"had to be at
least partly overcome in the Western World before the further de
velopment to the specifically modern type of rational capitalistic econ
omy could take place" (1922, p. 71). Here Weber credited the pioneering
work of the German sociologist Ferdinand Toennies (1855-1936), who
saw the crucial precondition of the capitalist transformation as a shift
in social relationships from those traditional and intimate

schaft)

to those impersonal and limited

(Gesellschaft),

(Gemein

roughly the

replacement of community by association (Toennies 1887).
Similar views of the great historical transformation appeared in the
work of several other social theorists writing at the height of the
Control Revolution-in Otto von Gierke's contrast of "communal" Ger
manic and "impersonal" Roman law (1880, pt. 2, chap. 6; 1881, 1913),
for example, or in Durkheim's distinction between mechanical and
organic solidarity (1893). Weber generalized Toennies's dichotomy to
the extremes of a continuum running from

communal social

relation-
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ships "based on a subjective feeling of the parties, whether affectual
or traditional" to associative relationships oriented toward "rationally
motivated adjustment of interests" (1922, pp. 40-43).
Once traditional and personal loyalities are seen as rational means
to distribute control in world trade following the Commercial Revo
lution, simple means-ends distinctions like that made by Toennies be

Gemeinschaft, in which he found family relationships to be
ends in themselves, and the Gesellschaft, in which associates use each
tween the

other as means to achieve economic ends, no longer appear tenable.
As Weber himself argued, "Communal relationships may rest on var
ious types of affectual, emotional, or traditional bases . . . but the
great majority of social relationships has this characteristic to some
degree, while being at the same time to some degree determined by
associative factors" (1922, p. 41).
The point informs several controversies concerning the rise of in
dustrial capitalism, in particular the one centered on Weber's own

Protestant Ethic and the Spirit of Capitalism (1905) and the role of
religion and ideology in societal transformation. In his analysis of Prot
estant sects Weber found that-contrary to the usual in-group cohe
sion, out-group exploitation-Puritans especially took pride in their
trustworthiness among the "sinful children of the world. " By demand
ing depersonalized family and community ties so as not to jeopardize
the work of members' "callings" and by preaching the similar dangers
of hatred, the Puritans fostered not only trustworthiness but reciprocal
trust of nonbelievers, standards that Weber thought were significant
for the development of modern commerce.
How, then, do we account for the obsession of the American colonial
merchant with kin and personal relationships in his business or for the
persistence of the family partnership

as

the dominant form of com

mercial organization well into the nineteenth century? The answer, as
we shall see, lies in the need to control widely dispersed transactions
without adequate telecommunications or effective legal sanctions. If
lack of sufficient information-processing, communication, and control
technology caused the retention of traditionalist values in commerce,
it seems reasonable to expect the converse: that rationalization of these
values will follow improvements in the same technology.
Killick (1974, p. 505) explains why the need to distribute control
contributed to the retention of traditional relationships in commerce.
In the late eighteenth and early nineteenth centuries "the effective
conduct of the foreign exchange business required that the balance of
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the firms' liquid capital be shifted back and forth across the Atlantic
as necessary," certainly a major control problem with the technology
of the day. Well into the nineteenth century, Killick concludes, mer
chants like Bolton Ogden & Co. based their control on whatever com
munication they could manage, which usually meant hiring and
distributing family members in key commercial centers, communica
tion through kinship networks, and reliance on a traditional code of
family and commercial "honor":

Higher interest rates available in America meant that the firms kept
proportionately more oftheir liquid capital there. Thomas Bolton therefore
had to trust [his American partners'] control of his money without effeetive
legal sanctions and without precise knowledge of current trends. Ob
viously information, intelligence, and experience would obviate the worse
risks (information was provided by a huge and regular correspondence
with firms all over the United States and Europe), but competition was
bound to drive firms to the margin, and risks had to be taken to make
profits or save a situation. Partners and agents overseas needed opera
tional latitude to meet local circumofances, and although the law and
mercantile ethics usually imposed some degree of trustworthiness even
on strange agents, far greater reliance could be placed on confidence
resting on friendship and kinship. The mechanics of business therefore
explain the closeness of many transatlantic family relationships, why new
partners were chosen with considerable care, and why "family" and com
mercial honor were such important preeepts. (1974, p. 505)
Just as the need to distribute control in the absence of any better
control technology caused traditional values to persist in commerce,
the rapid disappearance of at least the American general merchant
and his family partnership in the early decades of the nineteenth cen
tury seems to be due less to ideological or religious changes than to
the development of alternative and less centralized means of control.
Although little specialization of investment occurred before the eigh
teenth century, by the beginning of the American Revolution certain
"American houses" in London had become market if not commodity
specialists. A French

Encyclopedie,

published in 1751, listed several

advantages to the specialization oflabor; Adam Smith included three
improved skills, time savings, and the increased likelihood of tech
nological applications-in the first chapter of his

Wealth

of Nations

(1776, pp. 9-14). By 1819 a Baltimore house had specialized sufficiently
to be the obvious choice for a consignment of brandy (Bruchey 1956,
p. 372). Killick (1974, p. 519) finds that specialization of commercial
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functions, well under way in the 1830s, increased "professional com
petence and institutional efficiency," at the expense of personal rela
tionships, with the result that even a vastly increased commerce could
be controlled "more cheaply, more safely, and

almost automatically"

(emphasis added).
In addition to specialization, American merchants relied on com
mercial control technologies developed earlier by the British and Dutch,
including formal exchanges to conduct market transactions, concepts
and usages of commercial law, and more sophisticated instruments of
credit (de Roover 1963, pp. 49-58; North and Thomas 1973, pp. 53156). The half-century following the American Revolution brought rapid
development of at least the major underpinnings of a commercial con
trol structure: commercial banks (1780s), a federal banking system
(1791), state regulation of insurance (1799), federal bankruptcy law
(1800), fire insurance joint-stock companies (1810), commercial news
papers (1810s), state marine insurance (1818) and insurance of bank
deposits (1829), a commercial credit rating company (1841), and a credit
protection group (1842).
Were these and many similar innovations in the national system for
the control of commerce not sufficient to reassure merchants in their
transactions with strangers, a parallel system of telecommunications
developed in the eaTly nineteenth century by which they might main
tain command and feedback links with even a large number of far-flung
associates. This system arose from the continuing coevolution of trans
portation and communications, each growing in response to a series of
impressive innovations in the other: a federal postal service (1791), the
first turnpike (1795), coastal steamboat travel (1809), mail delivery by
steamboat (1813), regular packet service to England (late 1810s), steam
railroads and Atlantic clipper ships (early 1830s), local postal delivery
service (1836), regular transatlantic steamship service (1838), express
delivery using railroad and steamboat (1839), a national turnpike to
the West and the first interregional rail line (1840), commercial tele
graph (1847), and regular steamboat service to California (1849).
The remainder of this chapter examines the transformation of Amer
ican domestic and transatlantic commerce-most often away from tra
dition

to ward

more rational modes of operation-in the half-century

preceding America's Industrial Revolution. Even in this preindustrial
period, as we shall see, rationalization of commercial structures par
alleled the development of a national and international infrastructure
of transportation, communication, and control of commerce. At least
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a half-dozen commercial institutions of the period, including the fac
torage, brokerage, auction, wholesale jobbing, and agricultural mar
keting systems, served to integrate the systems of technological and
economic control also developing in the early nineteenth century. These
same institutions constituted important transitional stages between
traditional and modern control and thus served the transformation of
American capitalism from a commercial system to an industrial one.
The Three Reciprocal Flows of Matter and Information
During the first decades of American independence, the personal net
works of the colonial merchant gave way to increasingly specialized
and impersonal market exchanges. Growing chains of such exchanges,
involving both commercial transactions and material transshipments
and opposite flows of matter and information, moved goods through
increasingly denser networks of specialized middlemen. Considered at
the most macro level, the new commercial infrastructnre can be seen
to have sustained three major exchanges of material goods for infor
mation-in the form of commercial paper-about their movements, or
three predominant flows of matter and energy through the interna
tional processing system: First, cotton, tobacco, rice, and other agri
cultural commodities, grown mostly in the South, moved from plantations
to river ports, then on to New York and other northern coastal cities,
and eventually to Great Britain, where they fed the machines and
workers of Britain's Industrial Revolution. Simultaneously with this
flow, textiles and other machine-made goods passed from Britain back
to American markets through similar chains of ocean and waterway
shipments and commercial transactions. Finally, as the farming fron
tier moved across the Appalachians and into the Ohio and Mississippi
valleys in the early nineteenth century, extensive interior networks
developed to move agricultnral commodities-provisions, horses, mules,
and whiskey-south and especially eastward.
After completion of the Pennsylvania and Ohio canal systems in the
1830s, the interior movement included an increasing stream of Mis
sissippi Valley wheat, flour, and other grains, most of it bound for
domestic consumers. As Alfred Chandler describes the rapid devel
opment of this new continental commercial infrastructure and the world
system into which it became increasingly incorporated, "Nearly every
plantation, farm, and village in the interior came to have direct com
mercial access to the growing cities of the East as well as to the
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manufacturing centers of Europe. The output ofmillions of acres moved
every fall over thousands of miles of water. Dry goods from Manch
ester, hardware from Birmingham, iron from Sweden, the teas of
China, and the coffees of Brazil were regularly shipped to towns and
villages in a vast rogion which only a few years before was still wil
derness" (1977, p. 27).
The rapid growth of this continental commercial infrastructure had
been paced by cotton. Not grown commercially in America until 1786,
cotton began to restructure the nation's commerce after Eli Whitney
introduced his gin in 1793. Two cotton mills had been built in the United
States by 1795, four by 1804, only fifteen by 1808. The boom came in

1809 when an additional eighty-seven mills began operations, nearly
quadrupling the nation's capacity-from eight to thirty-one thousand
spindles-in a single year. Over the following two years, to the brink
of war with England, capacity almost tripled to an estimated eighty
thousand spindles (North 1966, p.

56).

The Factorage System of Distributed Control
Like the other two predominant movements of goods through the
American economy, the flow of cotton from southern plantations to
British factories quickly differentiated a half-dozen intermediaries to
conduct some of the first specialized information work: factors, com
mission merchants, financiers, brokers, exporters, and manufacturing
agents. First in this lengthening chain of middlemen leading to Liv
erpool stood the cotton factors, usually operating out of river ports
like Memphis or Montgomery, who received shipments of raw co'cton
from the plantations and either sold them directly to agents of man
ufacturers or consigned them to other middlemen in coastal ports or
in England (Bruchey 1967, pt. 4, chap. 3; Woodman 1968, pt. 1).
Because cotton prices could fluctuate wildly as a result of instability
in worldwide supply and demand, even providing advances carried
certain risks if prices fell during transit (Chandler 1977, p. 22). For
this reason, cotton factors and other firms specializing in agricultural
trading did not normally risk taking title to goods but worked instead
for a flat commission (usually 2.5 percent). Early differentiation and
predominance of a commission trade, therefore, might be directly at
tributed to the spread of commercial agriculture-especially cotton
in the South and West.
The factorage system for the movement of American cotton served
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much the same purpose as the commercial system that developed in
the twelfth century when merchants began to conduct business through
others in distant ports who executed orders on commission. By the
fifteenth century such commission merchants had become institution
alized in the factor, from the French and Latin for "doer," a word that
had entered English by 1485 (1491 with the commercial meaning); the
word factory, for the office or position of the factor, had appeared by
1560 (Murray 1933, vol. 4, pp. 13-14). As one nineteenth-century
Charlestonian recalled, "These businessmen of a high type . . . were
indeed people who 'did' things for the planter as their designation
imports" (Woodman 1968, p. 4). Indeed, it would be difficult to think
of a more appropriate word for a programmable information processor
and decision maker than "doer" in view of the implied purposiveness
and the centrality of purpose to programming, decision, and control.
Drawing on several American legal works of the early nineteenth
century, N. S. Buck defines the factor more formally as
an agent empowered by an individual or individuals to transact business
on his or their account. Usually he was not resident in the same place

his principal, but in a foreign country, or at a distance. The business
which he transacted depended on the authority given him by his principal,
as

and might be limited to a particular and specific transaction, or might be
more extended, and comprise buying and selling, shipping, negotiating
insurance, discounting bills, making payments, etc. He could, and in many
cases did, do anything which the principal himself could do through an
agent. A distinctive mark of the factor seems to have been that he was

permitted to transact business in his own name and as if on his own
account.

(1925, pp. 6-7)

The American cotton factorage system evolved from the seven
teenth- and eighteenth-century system for marketing southern tobacco
and West Indian sugar in Britain, a development that had four stages.
Initially planters consigned their tobacco directly to British merchants
who sold the crop, purchased and shipped manufactured goods in re
turn, and advanced credit when required. As tobacco production in
creased and the population moved inland, British firms located
representatives in various colonial ports, who established themselves
as intermediaries between American planters and merchants in Eng
land. When trade with that country was interrupted during the Rev
olutionary War years, many Americans replaced the British resident
merchants or "factors," developing ties with the southern planting class
and capital sufficient to finance the tobacco trade domestically (Gray

134

Industrialization and Processing Speed

1941, chap. 18; Boorstin 1958, chap. 18). With the appearance of do
mestic cotton after the war, a parallel factorage system grew up for
cotton, "not from a conscious desire to emulate the system of tobacco
marketing," according to Harold Woodman, "but rather as a practical
effort to meet certain immediate needs" (1968, p. 10).
Foremost among these were the need to gather market information,
process it to make price predictions, and arrive at selling and buying
decisions that maximized profits. For example,

early in February 1800 a factor wrote to a planter that his cotton had
been received but not sold. The shipment was being held, he said, because
the market was uncertain but he predicted a price rise later. Unless given
orders to the contrary, he would continue to await improved conditio:is
before selling. Thus, the planter had not been forced to sell in an unfa
vorable market, nor had he been required to be on the scene awaiting the
propitious moment to dispose of his crop. The factor had handled all this
for him. (Woodma:i 1968, p. 10)
That the antebellum southern planter intended his factor to be an
all-purpose controller finds reflection in the memoirs of a South Car
olinian, I. Jenkins Mikell, whose boyhood spanned the Civil War. Mikell
refers to the position with the alliterative "factotum," from the Latin

Dominus factotum,

"one who controls everything" (Murray 1933, vol.

4, pp. 14-15), a word that southerners used for a head servant of a
plantation who arranged his master's daily affairs. Mikell described
the corresponding commercial functions, several of which might now
be filled by personal computer software:

The Factor was the factotum of our business life, our commission mer
chant, our banker, our bookkeeper, our advisor, our collector and dis
burser, who honored our checks and paid our bills. Many of the planters
did not really always know what money they possessed. One year's ac
counts would overlap another's and sometimes years would pass before
the accounts were balanced and settlement made. The planter did not
worry, so long as he could draw what money he called for. It was a terrible
jar when the old order of things gave place oo the new, at the close of
the War Between the States. (Mikell 1923, pp. 200-201; Woodman 1968,
p. 4)
Clearly the factor, as both longstanding family acquaintance and
business agent, represented another intermediary phase in what Weber
saw as the gradual transition from twelfth-century traditionalist
("internal") control

to

the rationalist ("external") control of the late
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nineteenth century. Internal to the southern aristocracy, the relation
ship between planter and factor was bound by a chivalrous "gentle
man's code," what one historian of the period described as "that quick
sensitiveness upon all questions of personal integrity and honor which
they had inherited from their fathers," a sensitivity frequently rein
forced by the duel (Osterweis 1949, p. 87). Externally, the international
factorage system became bound up in what Justice Joseph Story called
in an important 1840 Supreme Court decision the "ordinary relation
of principal and agent," that is, the general laws of agency (Woodman
1968, chap. 6).
The legal concept of agency dates from the Roman Empire, although
it never achieved effective form there, in part because the use of sons
and slaves as instruments of contract made a law of agency less nec
essary for the Romans (Thomas 1968, pp. 13-14). Agency reflects
precisely the compromise between autonomous and purely mechanical
control over transactions that we might expect when even a single
round of query, reply, command, and feedback required several months.
A New York merchant described the problem in 1806 in a letter to his
partner in Halifax:
The order for cottons on ale of Richard Roberts . . . I received . . . The

commissions are very liberal but how to carry the order into effect I know

not. People in giving such orders never reflect that Charlestown is near

900 miles distant from New York and that a month must elapse before
you can get an answer to a letter . . . or that during that time prices are
continually fluctuating and are not to be calculated upon with any degree
of precision. You must be sensible Hindley [a Liverpool cotton buyer then
in Charleston] must have every shilling remitted to him before he would
undertake to buy cotton . . . and supposing that we had the means it can
never possibly be worthwhile for us to have money lying idle in Charl
estown, unless we certainly knew that the money would be in�
vested. (Killick 1974, p. 511)

Planters who attempted continual control of a factor from their plan
tations with telecommunications such as these "were at a distinct dis
advantage," according to Woodman. "News about market conditions
was often stale by the time it arrived in the mails. Information about
a rise in prices might not reach the planter before a contrary tendency
governed the market and the advantage lost" (1968, p. 22).
That the general laws of agency reflected the need for partially
programmable, partially autonomous control can be seen in their cod
ification by commercial nations and in the interpretations of these
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nations' courts. Although the factor conducted business in his own
name, neither American nor British law allowed him to extend credit
for the commodities that he sold. In transactions where a mercantile
custom of credit prevailed, however, any loss through the failure of a
factor's creditor fell to his planter (Buck 1925, pp. 7-8).
In short, the Jaws of agency made the planter himself responsible
for anything his factor did in accord with tradition or upon his prin
cipal's direct command and for nothing else-laws that assured that
the factor would serve as an intelligent information processor but not
as an autonomous one. In this way the laws of agency rendered the
factor a mechanical and hence programmable controller, much as the
formal organization and rules of bureaucracy would do for large col
lections of individuals in the latter part of the nineteenth century. As
the 1840 Supreme Court decision described this mechanical and pro
grammable control, "the consignor had the privilege of setting con
ditions controlling the sale of his goods 'according to his own pleasure,'
and the factor was bound to obey any instructions given him" (Wood
man 1968, p. 60).
In the absence of any competing interests of his own, the factor
served well as programmable controller, motivated by the fact that
the higher the price he got for his planter's cotton, the greater his
commission and commercial reputation. Here reputation and honor,
enforced through interpersonal networks as the traditionalist control
mechanism of the feudal South (Osterweis 1949, pp. 16-17), still pre
vailed over more rationalized control: "Given the importance of the
factor-planter relationship," Harold Woodman concludes, "it is sur
prising how little litigation did take place, how general were the laws
and court decisions, and how much of the relationship was governed
by custom and tradition" (1968, p. 60).

The factor's purely mechanical processing broke down, however, as
opportunities arose for him to profit at the possible expense of his
planter. As the Alabama

Tuscumbian warned in 1825,

factors' '1oca

tions in seaport towns gave them an advantage of receiving advanced
news of market quotations as well as contemplated changes"; hence
they might buy cotton consigned to them before a price rise and sell
it afterward, keeping the difference (Davis 1939, p. 145). Based on
similar reasoning,

Farmer and Planter advised its readers in 1858 to

"scan with a suspicious eye" the operations of their factors (Gray 1941,
p. 711). The mere fact that commercial newspapers and trade journals
appeared in the South after 1815 signaled the beginning of the end of
that region's largely traditional control of commerce.
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As might be expected, the breakdown in trust between planter and
factor brought increasing pressure for more rationalized control, in
this case functional specialization of factors. In Louisiana in 1834 and
North Carolina in 1835 courts ruled that the same firm could not serve
as factor for both buyer and seller. They cited as their reason the
incompatibility of programming: custom and law both bound a factor
to sell at the highest attainable price and to buy at the lowest one
possible. Some northeaatern and British firms even announced that
they would not engage as buyers any factors who served planters as
sellers. By the late 1840s factors had begun to advertise that they did
not buy cotton, and Woodman finds that most did not, even though
buying remained-on separate transactions-legally permissible. A
commercial magazine in 1853 clearly differentiated factors from buying
agents and speculators from factors, who it reported "usually pledged
not to speculate in produce" (Woodman 1968, pp. 69-71).
The growing communications infrastructure gave the planter more
direct control of his factor by the early 1850s. Telegraph lines in op
eration by 1853 linked all of the major southern cities and much of the
rural areas with northern ports (Fred 1980, p. 154); a transatlantic
cable directly linked America and Europe after 1866. Meanwhile, com
mercial newspapers brought the planter estimates of the quantity of
cotton produced and prices paid for it in southern, northern, and Eu
ropean markets. The Price Current of various market cities printed
abridged editions, reduced in size and available in bulk orders, which
planters expected their factors to send them regularly. Some Price
Current editions even printed letter sheets, folded pages with re
printed prices on one side, the other side blank for the factor's letter;
almost every collection of planter's papers contains such correspond
ence (Woodman 1968, p. 20).
Should more precise monitoring of the factor's sale of a consignment
be desired by its owner, commercial journals reported the daily docking
times of every ship and the arrival of every conveyance into the market
so that planters might know exactly when their shipment had been
received and could correlate this with the daily prices for cotton re
ported by the same publications (Woodman 1968, p. 71). Continued
growth of such commercial media and telecommunications capabilities
after the Civil War, along with various innovations in the control of
distribution, brought the beginnings of the end of the factorage system
by the early 1870s.
On the eve of industrialization, however, the southern planter still
lacked the capability to process system-wide information that espe-
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cially the cotton exchanges would provide the next generation. In the
absence of such information, and because he also lacked sufficient speed
of transportation and communication, the planter could not centralize
control of his affairs but dependea on the distributed control provided

by his factor and a chain of other middlemen stretching through the
river and coastal ports to Liverpool and Manchester. "Lacking the
means of communication that would allow him to have precise and
timely knowledge of market conditions," Woodman concludes, "the
planter came to trust the judgment of his factors in most of his business
dealings" (1968, p. 71).

Control Distributed to Commission Agents and Brokers
Continued growth of the international markets in cotton and o ther
agricultural commodities during the 1820s and 1830s also encouraged
commercial specialization in information work in the northeastern ports.
Soon the commission merchant, a functional equivalent of the cotton
factor, began to replace the general merchants of the eastern coastal
ports. Although Buck (1925, pp. 6, 10) finds "no practical difference"
between commission merchants and factors, the former did not ordi
narily serve as factors exclusively but imported or exported goods on
their own account as well.
Robert Albion, historian of early New York shipping, argues that
the cotton trade helped to make that port America's most important
by hastening the demise of its general merchants (1939, chap. 6)
tbose who, unlike the factor, traded on their own account, usually in
many different commodities and to all parts of the world (Buck 1925,
pp. 4-5). Because cotton and other agricultural commodities dominated
trade through New York by 1840, and because of the risks associated
with instability in their prices, nearly 70 percent of the port's thirteen
hundred merchant establishments operated on commission in that year.
In southern ports, more dependent on agricultural commodities, com
mission trading developed even faster: all but eight of the 383 New
Orleans houses worked on commission in 1840. In Boston, by contrast,
where agricultural trade never became as important, less than 40 per
cent of some 230 firms had established themselves on a commission
basis in the same year (Pred 1973, p. 195).
Even as commission houses began to replace the more general mer-
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chants, the commission merchants themselves began to specialize in
various ways that increased their control of a market. As early as 1795,
for example, Everitt of London described his business as "principally
the export of woolens to Ireland" (Buck 1925, p. 9). Although a New
York City business directory of 1846 listed 317 "general" commission
merchants, it also showed that ninety-one specialized in dry goods,
eighty-six in flour and other produce, and eight in domestic hardware
(Albion 1939, p. 275).
Some commission houses, in addition to dividing their labor accord
ing to categories of commodities, reduced their information-processing
burdens still further through specialization along various other di
mensions of trade, including regions (continents or countries) and, to
a lesser extent, direction (imports or exports). William Higgins of
London, for example, proclaimed in 1812 that he "dealt with Malta
only, and with no other part of the Mediterranean." By 1826 Sir Claude
Scott, a prominent British wheat merchant, imported exclusively and
would not return any portion of a client's earnings in manufactured
articles (Buck 1925, pp. 8-12).
Commission merchants in New York and other American coastal
cities sold directly or on consignment to several different types of
buyers: to speculators, many expecting to profit from shipping the
cotton to other markets; to representatives of European cotton houses;
and to agents of the Lancashire spinning firms (Buck 1925, p. 80).
These last manufacturers' agents, who also worked on commission for
their services, ended the chain of intermediaries between southern
plantation and British factory.
Some speculators retained the option to sell either to New York
commission merchants or in European markets by shipping cotton
directly to Europe but sending samples from each bale to New York.
This innovation, called selling "in transit," saved the extra expense of
shipping cotton first to New York and then to Europe, at a time-the
early 1850s-when three bales out of four eventually left the country
anyway (Watkins 1908, pp. 29-31). The farther a port from New York,
as might be expected, the more likely were its speculators to sell
in transit: those in New Orleans, Mobile, and Savannah were the
greatest users of the method. By 1858 in-transit sales in New York
accounted for some two hundred thousand bales per year (Woodman
1968, p. 28).
In order to sell in transit or to be successful as a factor, commission
merchant, or buyer, one had to be able to classify, grade, and sample
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cotton. Because its value varied markedly according to quality and
grade, an error in classification would either prove costly to a seller
or land him in litigation. This problem of preprocessing bales into their
essential market information came to be resolved by yet another spe
cialized middleman and information worker: the cotton broker. In larger
ports where trade volume permitted, individual brokers served as
intermediaries between buyers and sellers, helping them to find one
another for a commission and to agree on a shipment's quality and
grade; associations of brokers standardized market price quotations
and sales reports and adopted-in the words of Hunt's

Merchants'

Magazirle in 1860-"other rules amongst themselves to secure a more
uniform and satisfactory method of receiving cotton" (Woodman 1968,
p. 25).
Despite the important preprocessing functions of classifying and
grading, the broker's primary informational tasks remained those of
search and coordination. Brokers helped factors to dispose of odd lots,
commission merchants to fill out shipments, and agents to complete
manufacturers' orders, not by serving clients of long standing but by
bringing buyers and sellers together for a fixed commission (one-half
to one percent). When a merchant informed a broker that he wished
to buy a certain quantity of cotton, for example, the broker would go
to the market to learn the current price and where bales might be
purchased.

Bankers' Magazine,

a New York trade journal, described

in 1854 the information-processing tasks involved in binding buyer and
seller legally:
When the terms of purchase were approved by the merchant, and the
purchase arranged, it was then the broker's duty to make a note of the
purchase in a book of his own, stating the names of the buyer and seller,

the quality and description of the article bought, the price for which it
was bought, and any special or unusual conditions or terms of purchase.
Having made this r.ote, he signed it, and went to the selling broker to
compare it with a similar note made by him. If the notes corresponded
exactly, the buying broker sent an exact copy of his memorandum to the
broker of the seller, whose duty it was to exchange it for an exact copy
of his own memorandum. Each copy was, or should have been, signed by
the broker who sent it. They were then called "bought and sold notes,''
the bought note being that which was sent to the seller's broker. If the
same broker acted for both the buyer and seller, after making the entry
in his book it was his duty-and it was generally the practice-to call on
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both parties to the transaction, in order to ascertain that he had made
his entry correctly, according to the views of both parties. He then sent
a copy of the memorandum to buyer and seller.

(Buck 1925, p. 21)

Because the various brokerage functions required detailed knowledge of a commodity and its market, most brokers specialized in ways
that paralleled the specialization of the commission merchants. The
cotton and wool trades had large numbers of specialists; sugar, spice,
coffee, tea, and tallow brokers were not uncommon. At least two large
brokerage houses specialized in West Indian produce by the 1820s;
others concentrated solely on American, South American, or East
Indian produce. An 1823 commercial directory listed only four brokers
in Boston and none in New York; Boston's total had risen to twenty
tbree by 1850. Only in the wheat trade, which required little prepro
cessing of information because most grain was substitutable, did no
brokers appear-factors sold directly to millers (Buck 1925, pp. 1921, 28-29).

Credit Flows in the Control of Exports
In the cotton trade, unlike that of wheat, a considerable amount of
capital could be tied up in the advances and discounted bills of exchange
that kept the bales of raw cotton moving through the long chain of
middlemen between plantation and factory (Buck 1925, pp. 23-27;
Woodman 1968, chap. 10). Yet another set of intermediaries, the fin
anciers, often the older resident merchants or establishments in Liv
erpool and London, provided the flow of capital to fuel the movement
of cotton through possibly five transshipments: from plantation over
land to the nearest river port, then down river to a coastal port like
New Orleans, Mobile, or Charleston, by sea to New York or Boston,
across the North Atlantic to Liverpool, and finally to the manufacturers
themselves. These movements required at least three commercial ex
changes: between planter and factor, between factor and manufactur
er's agent, and between agent and manufacturer. With each separate
movement of cotton toward England, an advance against its sale moved
in the opposite direction, so that the total voyage generated at least
four commercial transactions and four different bills of exchange.
After shipping his cotton, a planter could draw from his factor,
usually two-thirds to three-fourths of the current value, thereby cre
ating a domestic bill for discount. The factor reimbursed himself for
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the advance, after consigning the cotton to a ship bound for England,
by drawing on his Liverpool branch, thus creating a second bill for
discount. After a British manufacturer purchased the consignment,
the agent sent a sterling bill for the proceeds-minus the advance
drawn against them-back to the American office. The factor sold this
sterling bill to a local bank for dollars and then authorized the planter
to draw another bill to cover the remainder of his payment.
Except for their o pposite directions of movement, cotton and money,
representing material processing and the information used for its con
trol, played equivalent roles in the system. Anyone with a few bales
could easily get an immediate cash advance from the agent to whom
he consigned it, whether in the interior, in the southern ports, in the
North, or in England (Woodman 1968, pp. 34-35). Conversely, it was
virtually impossible to obtain goods on consignment without giving
advances (Buck 1925, p. 13). Thus the commercial infrastructure also
served as a credit network, with advances based on the value of cotton
moving in the opposite direction of its shipment, so that the entire
cost ofits transportation, processing, and distribution could be financed

almost entirely on credit.
Rapid growth of this infrastructure might seem a direct result of
Britain's Industrial Revolution, with the mounting demand of its new
textile machinery for raw cotton. Most historians of the period concur,
however, that this development of the quaternary or control sector
had begun well before the cotton trade and would in any case have
come by the time of America's industrialization of the 1840s. "Even
without the boom in cotton and textiles," argues Chandler (1977, p.
19), "specialization in commercial business enterprises eertainly would
have come to the United States in the fifty years after 1790." By that
year, other historians report, structural differentiation had already
begun in the commerce oflarger towns like Philadelphia (Warner 1968,
chap. 1) and New York (Harrington 1935, chap. 2), where shopkeepers
who bought from local wholesalers and sold only at retail could be
distinguished from suppliers who bought goods directly from abroad
merchants who were themselves beginning to specialize in particular
lines.

Distributed Control of I mports
Retail sales by the newly specialized shopkeepers soon constituted only
the final transaction in a steadily expanding distributional system that
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brought an increasing variety of foreign goods to American markets.
Like the opposite movement of cotton and other agricultural commod
ities for export, the system for the import, processing, and distribution
of especially European goods quickly differentiated a half-dozen in
termediaries engaged in specialized information work: British manu
facturer's agents and exporters, American importers, auctioneers,
jobbers, and interior merchants, as well as the newly specialized shop
keepers. Rapid increases in imports, especially of British textiles fol
lowing the War of 1812, provided the essential impetus for this structural
differentiation.
Despite the war, virtually total control of the importation and dis
tribution of foreign goods in America remained-after 1815-in British
hands (Cohen 1971, p. 510). British exporters purchased the bulk of
domestic textiles from manufacturers' agents located in London,
Manchester, and other commercial centers; some had begun business
as early as the 1740s and sold exclusively to exporters. These mer
chants usually consigned goods to America at their own risk, either
to their own agents, to branch houses, or-in the case ofless important
exporters-to an American house for sale on commission. Only a few
American importers, residing in Great Britain, purchased on their own
account from British merchants or from manufacturers directly (Buck
1925, pp. 103-108).
Before the war American imports from Europe had been moved by
the same commission houses that handled southern cotton-import
and export functions had not yet begun to differentiate. With the
increasing volume of foreign trade after 1815, however, the shipment
and distribution of imports to the United States rapidly specialized in
two distinct ways. First, the older firms that continued to export cotton
on commission progressively narrowed the range of their imports.
Second, new merchants increasingly specialized in the purchase of
goods in Europe and their import and sale to American manufacturers
and wholesalers (Killick 1974; Perkins 1975, chaps.

2-4).

Because prices

for these goods fluctuated less than did prices for agricultural com
modities in the international market, these more specialized import
ers-unlike exporters-often took title to shipments rather than selling
on consignment or commission (Tooker 1955, pt. 2; Porter and Livesay
1971, chaps. 2-4).
In his study of Bolton Ogden and other large groups of merchants
during the critical period from 1790 to 1850, John Killick concludes
that specialization of the American import trade did hasten the re-
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placement of traditional family relationships by more rationalized com
mercial associations:

The relationships amongst the younger partners was not as warm as
amongst the older generation . . . These estrangements . . . reflected 'he
declining value of the chain of mercantile relationships, for which it no
longer seemed worthwhile to struggle. A number of reasons account for
this decline, which, repeated in many other firms, was probably apparent
in transatlantic commerce as a whole. The shift of American interest
westwards, the rise of manufacturing, the smaller proportionate impor
tance of British commercial credit, and speedier transatlantic communi
cation were all important . . . Increases in the volume and regularity of
commerce were leading to specialization. Trade increasingly relied on
professional competence and institutional efficiency rather than personal
relationships. Many of the functions undertaken in 1800 . . . were by 1840
being split up amongst shipowners, manufacturers, bankers, credit rating
agencies, speculators, and stockbrokers. Consequently, vast increases in
commerce came to be handled more cheaply, more safely, and almost
automatically. One important result was the decline of many traditional
firms . . . as well as of the close-knit skein of mercantile relationships
across the Atlantic and the economic and cultural unity that this had
implied. (!Gllick 1974, p. 519)
Thus did traditional relationships give way-in the course of a single
generation-to what Weber would call "rationally motivated adjust
ment of interests." Central to the change was the auction, a dominant
system for processing and communicating market information in the
1820s and 1830s. During this brief period the auction system served
not only to control the allocation of commercial goods but to smooth
the transition from traditional face-to-face exchange to more ration
alized forms of distribution.

The Auction System in Control of Distribution
Auctions and similar bidding systems originated in the trading prac
tices of the ancient civilizations and rank among the oldest forms of
control over the allocation of resources (Amihud 1976, p. xi). Herodotus
describes a Babylonian auction, about 500 B.C., in which women of
marriageable age were sold-in descending order from the most beau
tiful-on condition that they be wed by their purchaser; money paid
for the more comely subsidized those less attractive as bidding became
negative (1910, pp. 100--101). The Romans adapted auctions to com-
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mercial trade and differentiated two of the few information specialists
in ancient times: the argentarius, who organized, financed, and reg
ulated the sale, and the praeco, who advertised and promoted the
auction and served as auctioneer (Thomas 1957, p. 43).
The word auction-derived from the Latin auctus, "an increase"
entered English by 1595 and became commonplace in the late seven
teenth century (Murray 1933, vol. 1, p. 559). Auctions had spread to
New York City by 1676, when Matthias Nicoll was appointed vendee
master with security proof of two thousand pounds sterling, an indi
cation of the auctioneer's responsibility at the time (Westerfield 1920,
p. 164). Of the better-known surviving British auction houses, Soth
eby's began as Samuel Baker's, bookseller, in 1744, Christie's in 1766.
The earliest English legal action to develop from an auction, Daniel
vs. Adams, was settled in 1764 (Cassady 1967, p. 30).
Despite the ancient origins and widespread application of auctions,
they did not become important means of allocation in the international
commercial system until the Nonimportation Act of 1806, the Embargo
of 1807, and the War of 1812-1814 disrupted the flow of goods from
Britain to the United States. Except for a few months respite in 1809,
the eight years brought increasing shortages of British goods in Amer
ica. What goods did get through sold at auction, an especially attractive
means of distribution in a seller's market-that is, when supply is low
and demand high (Cohen 1971, p. 488). "The large sales and high prices
attracted the attention of both buyers and sellers and gave them the
habit of attending the public sales," according to Jones (1937, p. 33).
"English merchants observed all this, and in preparation for the ces
sation of hostilities established extensive depots of goods at Halifax,
Bermuda, and other British possessions. "
Upon cessation of hostilities in the spring of 1815, the imperial ware
houses dumped their contents on the American market. "All witnesses
agreed that large profits were made on these shipments," according
to Cohen (1971, p. 489). The size of these profits helped to establish
the auction system as a legitimate commercial institution. "The auction
offered the most convenient medium of sale and was used quite gen
erally . . . The success which attended these first ventures encouraged
the merchants and other speculators to send fresh orders to Great
Britain, and so a stimulus was given to the British manufacturer to
increase his output" (Buck 1925, pp. 137-138).
American importers, still few in number, their business devastated
by the eight-year disruption of trade with Britain, now found that they
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lacked the processing speed needed to compete with the auctions as a
distribution system on two counts. First, because of the slowness of
transatlantic communications, importers had to order at prices already
weeks old and had difficulty responding to the frequent oscillations in
auction prices (Albion 1939, p. 276). Second, whenever an American
importer sent an order to Britain for goods, the manufacturer or mer
chant could send a duplicate order on his own account back on the
same ship, knowing that he could sell them at auction almost before
the hapless importer could have his own goods unloaded (Buck 1925,
p. 142).
The superior responsiveness of the auction as a processor of market
information, in short, virtually drove the American importer out of
business. Robert Albion, historian of New York port, described the
problem for that city's importers:
Merchants, having to order at prices determined months in advance, could
not compete with the unpredictable fluctuations of the auction rooms; their
countinghouses were deserted by the New York jobbers who, like many
retailers from other parts of the country, haunted the auction sales in
search of bargains. Country newspapers advertised the stocks of local
storekeepers, "recently purchased cheap at auction." Articles of every
sort-houses, land, tea, crockery, hardware, and much else were put up
for sale, but British textiles overshadowed all the rest at the Pearl Street
"vendues." (1939, pp. 276-278)

As a result Americans owned only a quarter of the dry goods im
ported to New York by 1819 and roughly the same fraction as late as
1825. A commercial newspaper in Baltimore claimed in 1824 that the
city had hardly one large textile importing house because of foreign
competition (Buck 1925, p. 140). The four major commercial centers
of Boston, New York, Philadelphia, and Baltimore had 160 importing
houses in the wool trade before the War of 1812-1814; in 1830 only
about twenty of the same class remained, the reduction attributed in
congressional testimony to the auction system (Jones 1937, p. 35). As
an anonymous writer summarized American trade in 1820, "the man
ufacturers of Birmingham and Manchester, in England, have become
the traders of New York" (Buck 1925, p. 140).
Although American importers successfully lobbied for restrictions
on auctions in several states and localities, including Philadelphia and
Boston, similar efforts failed in New York City, where in every year
between 1821 and 1833 at least 30 percent of all imports sold at auction
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(Cohen 1971, p. 496). During the peak sales period for New York
auctions, 1825-1836, sales averaged $21. 6 million per year,·38 percent
of the value of all imports entering the port (Albion 1939, p. 410). By
1827, 26 percent of all imports to the United States sold at auction,
up from 10 percent only a decade earlier; the fraction remained above
one-fifth through 1830 (Cohen 1971, p. 496).
Auctions as an Information System
The auction has three features that distinguish it from other means of
allocation among competing buyers: (1) goods auctioned are ordinarily
indivisible; (2) their seller remains relatively passive; and (3) there are
no provisions for recontracting, that is, canceling a sale if a better
price is available from another seller or group of sellers. Recontracting
will ordinarily achieve Pareto Optimality, the equilibrium state in which
no improvement for any one actor could leave all others at least as
well off, for a simple reason: whenever suboptimal allocations do occur,
they can be recontracted until optimality is achieved. That auctions
are not Pareto Optimal can be seen in tobacco auctions, where so-called
"pinhookers" buy lots in the early rounds and resell them-right on
the floor of the auction house-in later rounds. "If Pareto Optimal
allocations are achieved in this manner," according to economist An
drew Schotter, "we certainly could not attribute them to the auction
itself." As Schotter generalizes: "Not only do mistakes occur in auc
tions, but all mistakes are final. Therefore, it is not surprising to find
sub-optimal allocations occurring in auctions" (1976, pp. 4-5) . .
Despite being a suboptimal means of economic allocation, auctions
have several advantages as information-processing, communication,
and control systems. First, auctions serve as a general means to pro
cess goods that for a variety of reasons contain more information than
the larger distribution system has been designed to handle. As Buck
(1925, p. 57) notes of the eighteenth-century British cotton auction,
for example, "In many cases it is resorted to as a means of disposing
of odd lots, damaged goods, or goods difficult to classify" (emphasis
added). Goods "difficult to classify" represent a breakdown of prepro
cessing and a challenge to information processing for control of dis
tribution, which the auction helps to meet even today in police auctions,
liquidation sales, and auctions of antiques and art, rare books and coins,
unclaimed baggage, and unimproved land (Cassady 1967, pp. 17-19).
In the words of business economist Henry B. Arthur, "Auctions do
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bave a place, especially where unique products, perishables, or un
predictable supplies have to be moved" (1976, p. 200).
Second, an auction system serves as a particularly effective means
to control the distribution of material whose flows are sporadic or
irregular. During tbe War of 1812-1814, for example, what few British
goods entered America came mostly as prizes captured by armed pri
vateers or from smugglers; the auction first established itself in Amer
ican commerce as a means to dispose of these occasional items (Buck
1925, p. 136). A. H. Cole, historian of the American wool manufacture,
suggests that an auction system may be necessary to distribute the
sputtering output of any new industry: "The auction method, unor
ganized as it was in this period, was distinctly the sign of an immature
market for wool fabrics. It suggested a lack ofregularity in the demand
for such goods and tbe failure of woolen factories to provide an even
and orderly flow of products to the consuming areas" (1926, p. 218).
Even in more mature industries like cotton textiles, where factory
output proved steadier, "large producers discovered that they could,
in slack season . . . dump their surplus through auctions" (Cohen 1971,
p. 499). For this reason, argues Ware (1931, p. 176), the auction's
"decline was coincident with the growth of selling houses, which were
better equipped to gauge market conditions, and with the opening of
foreign markets, which carried off surplus goods."
Third, an auction system serves as a direct substitute for information
about new or unfamiliar markets, or indeed for a distributional in
fras.tructure itself, an important function filled today by general retail
chains, trade representatives, and marketing agents and consultants.
"Foreigners selling in the United States had very poor knowledge of
the size and nature of the American market, and tbey found auctions
a convenient means of disposing of goods and realizing a quick return
on their ventures," according to Ira Cohen, historian of the New York
auction system. "Domestic manufacturers and interior retailers often
found the auctions a useful distribution mechanism because the early
domestic wholesaling system was rudimentary and imperfect" (1971,
pp. 488-489).
Fourth, an auction system serves as a good information processor
and controller because it can be readily programmed or reprogrammed
to meet particular conditions. When Samuel Baker began the book
auctions that would become Sotheby's in 1744, he published a list of
five rules containing, among others, a price-escalator clause: "No Per
son advances less than Sixpence each bidding, and after the Book arises

From Tradition to Rationality

149

to One Pound, no less than One Shilling" (Brough 1963, pp. 25-27). A
New York law passed in 1817 attempted to regulate the conditions for
conduct of auctions by requiring that they be published in a newspaper
of the port at least two days in advance (Cohen 1971, p. 494), and
auctioneers routinely repeated the rules before the start of bidding
(Westerfield 1920, p. 175). Even the particular form of bidding was
open to reprogramming: although most ninteenth-century auctions used
the ascending system common today, some adopted, for example, a
descending system (called

mineing)

in which the auctioneer began at

a high priee and continually reduced it until a buyer called "Mine!"
Auction houses also used combinations of descending and ascending
bidding systems (Cassady 1967, p. 32).
Fifth, auctions served as a regular means by which manufacturers
and distributors could communicate face-to-face, an important infor
mational function now institutionalized in the annual convention. "The
auction system for the American manufacturer was not only a means
of distribution but also a method of educating retailers and jobbers as
to what was available," writes Ira Cohen about the New York auction.
"At the same time, the manufacturers were able to learn more about
what the public would buy" (1971, p. 499). Geographer Alan Pred, in
a study of the circulation of information in early America and the effect
qn urbanization, draws much the same conclusion about Boston's semi
annual auctions of the 1820s and 1830s: "Most important, in terms of
the amount of information gathered and disseminated as a result of
auction activities, retailers sometimes attended these sales 'for many
days, and even for weeks together' " (1973, p. 151; quote from Flint

1822, p. 59).
Finally, auctions served to control distribution by providing working
models of the larger distribution system upon which new products and
styles could be tested, an important informational function filled today
by attitudinal surveys, test marketing, and similar techniques of mod
ern market research. For example, the textile auction in the early
nineteenth century "offered a means of testing a market which, because
of the slowness of communication and the lack of well organized selling
methods, was otherwise difficult to gauge," according to Caroline Ware,
historian of New England cotton manufacturing. "It was a good way
in which to introduce new styles of goods and its prevalence around

1830 may have been partly due to the extension of calico printing at
that time and the need of introducing a variety of prints to a market
which was accustomed to handling principally standard gray goods"
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(1931, p. 175). Cohen (1971, p. 498) draws the same conclusion for New
York auctions: "To American manufacturers the auction room also
offered the chance to gauge the readiness of the market for the intro
duction of new products and styles. The greatest period of experi
mentation in styles was in the years 1826 to 1832, which coincided with
the maximum use of auctions by domestic producers."

Shortcomings of Auctions as an Information System
Despite these several advantages of auctions as information-process
ing, communication, and control systems, they also constitute-in a
separate sense-a barrier to information. Because the identities of
both the manufacturer and the seller of a good are easily concealed in
an auction, the system undermined the communal relationships of tra
ditional commerce. As a New York citizens' committee expressed this
discomfort, auctions subverted "the mutual confidence and courtesy
that subsisted, in our better days, between the responsible importer
and his customers" (Westerfield 1920, p. 194). Whether this view was
justified or not, American colonists considered the auction a disreput
able way to sell goods, which led owners to develop various devious
means to conceal their identities (Westerfield 1920, p. 164), so that
suspicion and reality reinforced one another.
Because the auction concentrated trade in a few places and facilitated
face-to-face exchanges, however, it may well have served as a nec
essary if temporary transition between traditional commerce and more
rationalized forms of distribution. "It was a period when, the world
over, people began to wear cheaper clothes introduced and made pos
sible by the Industrial Revolution," Westerfield (1920, p. 196) no.tes.
"Auctions probably did facilitate this change of custom in costume by
breaking the rigid trade channels and giving the manufacturer a com
peting outlet for his new products."
The growing number of lesser quality, machine-made goods only
fueled suspicions about the new form of business relationships. Im
porting merchants, hardly disinterested observers in that auctions
directly threatened their commercial function, reported to Congress
in 1819 that goods sold at auction "are of less than the usual length,
deficient in breadth, of a flimsy texture; in short, inferior in every
respect to the goods they are intended to represent; yet, so well dressed,
and in other respects, so highly finished to the eye, that they generally
escape detection till they reach the consumer, who too late discovers
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their inferiority" (Buck 1925, p. 149). To aggravate such misrepresen
tations, one newspaper charged in 1828, "At nine-tenths of auction
sales, one minute, or even less, and scarcely ever so much as two
minutes,

is all the time usually allowed to a large company of perhaps

two hundred buyers, to examine, in the twilight of an auction store,
amidst noise and confusion, goods which they never saw before. The
worse the goods-the shorter will probably be the time given" (Wes
terfield 1920, p. 197).
Several other complaints against the auction system involved abuses
of information processing or communication: auctions obliterated the
"distinctive character of goods,'' so that "they could no longer be bought
simply by name and brand and number" (Westerfield 1920, p. 197);
"the names and marks of well known manufacturers were counter
feited" (Buck 1925, p. 149); auctions involved publication of false news,
fictitious bidding, and false reports of sales (Westerfield 1920, p. 198).
Because complaints about auctions centered on their shortcomings
as an information-processing and communication system, it is hardly
surprising that regulatory legislation centered on these same functions.
New York's Auction Law of 1817, for example, required a minimum
of two days prior notice of an auction in at least one newspaper of the
port, during which time goods would be available for inspection; buyers
had three days after a sale in which to return goods that differed from
the terms of sale or to receive appropriate price adjustments. Auctions
had to be held between sunrise and sunset "to prevent poor lighting
from misleading buyers" (Cohen 1971, p. 494). Federal legislation pro
posed in 1829 by the House Ways and Means Committee would have
required auctioneers to publish, at least two days before a sale, "sched
ules of the goods, name of the importer or consignee, detailed descrip
tion of the goods and their marks, name of vessel by which they were
imported and the time of their importation,'' with the same information
to be posted at the time and place of sale (Westerfield 1920, pp. 207-

208).
Meanwhile, the auctioneers, feeling the heat of public dissatisfaction
and regulatory legislation recent and pending, had in 1821 presented
Congress with their own view of how auctions might be improved
as an informational system-through their own self-regulation. Worth
noting are the means by which goods might be preprocessed-a half
century before standardized quantities, grading, packaging, and trade
marks had become commonplace-to facilitate their processing by
potential buyers:
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When the sale is of magnitude, it is generally advertised in the principal
commercial cities, with an enumeration of the articles to be sold. Printed
catalogues are prepared, specifying the ter.n of credit, with other con
ditions of sale, and detailing the contents of each package, the number of
pieces, the varieties of quality, by number or otherwise, and the lengths;
all of which is guaranteed to the purchaser . . .
The packages

are

arranged in lots corresponding with their numbers

on the catalogue, and are exhibited sometimes two entire days before the

sale, sometimes but one . . . When the goods are prepared for inspection,

the purchasers are invited by public notice in the papers to examine them.
Where it is necessary for an advantageous examination, whole packages
are

displayed; where it can be made with more convenience from samples,

one or more pieces of each quality are exhibited; and where there are
many packages exactly corresponding one only is shown.
Pattern cards are exhibited displaying the assortment of colors, etc.
The purchaser receives every information and facility that can contribute
to his convenience and protect him from mistake. The goods are arranged
with so much attention to the accommodation of the purchasers, that three
or four hundred packages may be examined with care and accuracy in one
day.
On the day of sale the purchasers assemble, each prepared with a
catalogue marked with his estimate of the value of the articles wanted; a
practice that not only guards the buyer against any disadvantageous ex
citement which competition naturally produces, and refers him to the
deliberate opinion formed upon careful examination before the sale, but
also promotes a general knowledge of merchandise in every variety, and
creates a useful register of the fluctuations of the market, as these cat
alogues are generally preserved, with notes in the margin of the prices
at which every article has been sold.
At the commencement of the sale the conditions are recapitulated by
the auctioneer, among which is a provision that no allowance will be made
for damage or deficiency after the goods have left the city . . . This being,
however, a declared condition at all times, the publicity of the rule insures
the prompt examination of the goods.

(Westerfield 1920, pp. 174-176)

Commercial newspapers served to inform potential buyers of three
events: when auctions would be held, when catalogs would be available,
and when goods could be examined. Auctioneers facilitated the pro
cessing of available goods by their customers, so that packages might
be examined at a sustained rate of one every two minutes, with a half
dozen major information-processing devices: lists and catalogs, se
quential numbered keying of items, samples and pattern cards, and
published conditions of sale. Buyers were also encouraged in more
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rationalized information processing, including prior written estimates
of value, on-the-spot inspection of purchases, and records of market
trends. That the auctioneers intended their system to remedy problems
of face-to-face commerce, what they called the "disadvantageous ex
citement which competition naturally produces," again suggests that
the auction served as an intermediate stage between traditional trade
and more rationalized forms of distribution.

Further Rationalization of Distributional Control
Before self-regulation could be widely established by the auctioneers
and before federal regulatory legislation gained widespread support,
the auction system faded from American commerce almost as quickly
as it had appeared. During the mid-1830s jobbers began to purchase
directly from domestic and then foreign manufacturing agents, with a
resulting decline in auctions. As early as 1834 auctions accounted for
only 7 percent of U.S. imports (Cohen 1971, pp. 495-496).
Causes for the decline in auctions can be found in technological in
novation and increased control of both foreign and domestic trade in
the 1830s. Clipper ships, streamlined vessels designed for speed, ap
peared in the early 1830s; regular transatlantic steamship service began
in 1838. "Steam navigation brought together the agents of foreign
commission houses and the jobbers of this country," notes Westerfield
(1920, p. 208), "and the inducements for a speculative and uncertain
market were lessened."
Because ofthe easier contacts between foreign merchants and Amer
ican jobbers, many jobbers became importers, a commercial specialty
that by the 1830s, according to Cohen (1971, p. 505), was "playing the
major, if not decisive, role in handling America's international t�ade."
A British parliamentary investigation in 1833 asked whether-because
of improved transatlantic transportation-"a practice had not grown
up of late years which had not existed before, of the Americans coming
over themselves to see the goods and make their purchases" (Buck
1925, p. 153). By going directly to the source of supply in this way, a
practice followed in the China trade, American importers managed to
circumvent the auction system altogether (Cohen 1971, pp. 505-506).
Because the new American importers afforded a more regularized
and predictable means of disposing of goods, European manufacturers
turned to them in increasing numbers. Sales in the port of New York,
which received more than half of all U.S. imports after 1830, indicate
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that auctions increasingly shifted over the 1830s and early 1840s from
British dry goods to Oriental teas, silks, and chinaware and to )lard
ware, groceries, and liquors. European dry goods accounted for more
than half of New York auction sales until 1829, only a third in 1834;
total sales of these goods dropped from a high of $14.8 million in 1827
to $7.2 million in 1840.
In 1846 a New York City business directory listed 40 percent as
many importers as jobbers in dry goods: 89 versus 224 (Albion 1939,
p. 421). The port had nearly 60 percent as many importers as jobbers
in china, glass, and earthenware (53 vs. 93), 80 percent as many in
drugs (37 vs. 46), about an equal number in silks and fancy dry goods
(42 vs. 40), two-and-a-half times as many in hardware and cutlery (86
vs. 35), and four times as many in wines and liquors (89 vs. 22). Control
of the importation of foreign goods to America had clearly shifted
between the War of 1812 and the advent of industrialization in the
1840s-from British to American hands.
The auction system, which had served to control distribution during
this transitional period, did not disappear entirely after the 1840s.
New York City's auction sales in the half-year ending June 30, 1851,
for example, totalled $15.8 million, of which $3.5 million came from
Erie Railroad bonds and other securities (Jones 1937, p. 40). Even
today, according to a list compiled by Cassady (1967, pp. 17-19), 150
major types of commodities-from lumber to licenses-are still sold
at auction. Each week the federal government auctions off more than
a billion dollars worth of Treasury bills, not to mention military and
highway construction contracts, oil exploration rights, surplus equip
ment, and a wide range of other commodities. "So many of the most
important goods and services in our economy are allocated through a
bidding or auctionary procedure," according to economist Oskar Mor
genstern (1976). "Yet no theory of auctions exists. Moreover, hardly
any of the leading textbooks on microeconomic theory even mention
this important form of trading."
lf the auction had little impact on economic theory, it left a lasting
mark on the American distributional system in the form of a new
controller: the wholesale jobber. That jobbers existed in 1800 cannot
be directly documented, according to Jones (1937, p. 10), but a review
of trade and commerce in 1820 reported that "during 1815 and 1816
they had extended credit from one end of the Union to the other." The
rise of the auction system in the same years had, ironically enough,
threatened to eliminate the jobbers by enabling retailers to purchase
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westward in

the 1820s and 1830s, however, the wholesale jobber assumed an in
creasingly important role in the lengthening chain of transactions ex
tending from British factories across the Atlantic, over the Appalachians,
and into the small country stores springing up in the newly admitted
states of the American heartland: Kentucky (1792), Tennessee (1796),
Ohio (1803), Indiana (1816), Illinois (1818), and Missouri (1821). By
1840 the wholesale jobbers of New York's Pearl Street had become
the principal customers at the city's auction houses (Albion 1939, p.
280), a position they would enjoy until the Civil War (Taylor 1951, pp.
397-398; Cohen 1971, p. 507).

The Jobbing System in Control of Distribution
The jobber managed to aurvive along with auctions by spanning a gap
that they left in commercial distribution with a new system of infor
mation processing and communication linking European and north
eastern manufacturers, on the one hand, with rural and western
storekeepers on the other. In effect, the jobber helped both manufac
turer and retailer with informational tasks that the auction system
made difficult for them to perform on their own.
Especially the foreign mannfactnrer, who resorted to auction sales
in lien of establishing information and commercial contacts in America,
lacked the information needed to extend credit to distant storekeepers,
many of whom had been in business only a brief time. "Whenever
possible the auctioneer shifted the responsibility for approving credit
to his principal, either the agent or mannfactnrer," Cohen (1971, p.
508) notes, and "the manufacturer frequently carried the burden of
sometimes dubious debts." Even New England textile manufacturers,
according to Ware (1931, p. 176), "had to carry the financial burden of
possible bad debts and long and irregular credit."
The interior storekeepers, on the other hand, lacked the telecom
munications necessary to follow flnctnations in northeastern auctions,
could not afford to visit them more than once or twice a year, and
could not always stay long enough to obtain a wide variety of goods
at the most advantageous prices. A New York retailer, more fortunate
than his rural and western counterparts in that he could visit the
auction houses daily, lamented the need by 1828 to be continnonsly
alert to market information:
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The system is miserably changed: now I am obliged . . . to live in an
auction store the best part of my time; I am there all the business part
of the day, say from 8 to 2 and 3 o'clock, and all my business is done at
home by my clerks . . . I have known an article sold in the morning at 65
cents per yard, and the same article precisely, from the same package,
sold in the afternoon of the same day, at 43 cents. I have known prints
sell at 28 cents and go down to 21 cents in less than five minutes. I have
known an article ttat was not very plenty advance in a few days from 35
to 65 cents, by the competition in the auction room.

(Jones 1937, pp. 51-

52)
Into this gap in distribution between manufacturer and retailer, an
informational niche created by the auction and its breakdown of the
commission merchant system and by the lengthening lines of com
munication created by westward expansion, stepped the wholesale
jobber. Glenn Porter and Harold Livesay, historians of early American
marketing, report the situation for dry goods:
Out-of-town retailers obviously could not loiter in New York waiting for
appropriate goods to go on the block, and auctioneers could not extend
credit to country merchants. The jobber did both, and his performance
of these services made him the most important link in the web of agencies
which distributed textile products throughout America. In the words of
one contemporary observer, the jobber "n:led the trade.'' The jobber
achieved his position of dominance because his ability to connect the mills
to their ultimate consumers was "essential to the orderly marketing of
fabrics.''

(1971, p. 27; quotations from Cole 1926, p. 291)

This conclusion applies equally to tbe distribution of groceries, drugs,
hardware, clothing, liquor, and a variety of other manufactured and
imported items. It reveals the jobber to be not only a new information
worker but also a material extension of the purely informational system
of the auction. He helped to distribute in time and space what the
auctions could merely allocate to the person willing to pay the highest
price. By determining and paying tbat price at auction, the jobber also
served the commercial communication system of money and credit by
processing information from many scattered retail markets into single
purchasing decisions.
Jobbers performed another informational function that stemmed di
rectly from the sparseness of rural retail markets. Where the volume
of business permitted, retailers ordinarily took advantage of the econ
omies of division of labor and specialized in a particular line of goods.
Rural and western storekeepers, however, supplied markets too small
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to permit much specialization (Jones 1937, p. 64); hence the name
"general store" for their establishments. This situation reflects what
economist George Stigler has more recently elaborated in an article
that takes Adam Smith's original theorem (1776, chap. 3) as its title:
"The Division of Labor is Limited by the Extent ofthe Market" (Stigler

1951). Nor could country merchants afford to stock much of any one
item in view of the difficulty and expense of transportation before the
railroad; the early storekeeper "kept all of his goods in a chest or box,
which was opened whenever a purchaser would appear'' (Jones 1937,
p. 44).
This rapidly growing but widely dispersed retailing that could not
specialize constituted another commercial niche that came to be filled
by the wholesale jobber. Unlike country storekeepers, jobbers could
process market information continuously, wait for favorable prices,
and purchase in large quantities, either wholesale or at auction. They
unpacked and reorganized these goods into many smaller and more
varied lots, which they sold either to local retailers or to cotton factors
and country storekeepers on semiannual visits to the Northeast (Jones

1937, chap. 2; Porter and Livesay 1971, chaps. 2, 3). By specializing
in the processing of bulk goods into the four major store lines-dry
goods, groceries, hardware, and earthenware-that dominated early
nineteenth-century retailing, the jobber profited from, in effect, in
creasing the information contained in the commodities, much as, say,
a file clerk gets paid for sorting stacks of papers into the appropriate
folders. The information contained in the jobber's store lines would
have cost most retailers much more than the commission-often as
high as 20 percent-were they forced to gather it themselves.
This does not mean that many storekeepers did not try, on their
visits to the Northeast, to buy goods directly at auction and thereby
avoid the jobber's commission. To forestall this possibility, jobbers
maintained elaborate intelligence-gathering and information-sharing
networks that not only kept them current on each storekeeper's credit
rating but also alerted them to his arrival in their city. As one British
traveler described the system, "A Southern or Western merchant no
sooner reaches New York, Boston, or other intended place of purchase,
than his arrival is thus and immediately known, chronicled through
the city, when, if by reference he is found to pass muster, that is, is
considered of sufficient solvency, he is immediately waited upon by a
numerous bevy of agents, who crowd these hotels in wait for the latest
comer, and who are in nowise restrained within any considerate or
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reasonable bounds, in their importunities and mode of seeking orders"
(Jones 1937, pp. 16-17).
"Competition for a visiting retailer's business was fierce," according
to Cohen (1971, p. 507), "for the only time the supplier could sell his
goods to the retailer was during the latter's semi-aunual visit to the
city." Not only did the jobber have to worry that an out-of-town cus
tomer might talk to other jobbers or frequent auctions-even contact
with other visitors could result in lost business. As one early nine
teenth-century retailer reported of a visit to New York, "I occasionally
made the acquaintance of several grocers who wanted small lots of the
goods offered for sale, and we frequently clubbed together and bid off
a lot which, being divided between us, gave each about the quantity
he desired, and at a reduced price from what we should have been
compelled to pay ifthe goods had passed into other hands [the jobber's]
and thus been taxed with another profit" (Jones 1937, p. 52).
In response to such diverse competition for his customers' purchases,
the jobber introduced the practice of diverting their attention through
out a visit. This task fell to the junior partners and confidential clerks
of the jobbing houses, a company of young men that in New York City
came to be called the "Prime Ministers. " According to Cohen (1971,
p. 507), "Their function was to so monopolize the visit of the out-of
town buyer that he would be happy, kept from competitors, and in
clined to buy from the right jobber."
As we might expect, wider power soon accrued to the function of
controlling new customers, whose continued business often required
that the jobber be, in the words of one Pearl Street merchant, "very
liberal of his money in paying for wine, oyster-suppers, theatre-tickets,
and such other means of conciliating the favor of the country merchant

as are usually resorted to" (Greene 1834, p. 60). As Westerfield (1920,
p. 186) writes of the Prime Ministers, "they had entire control of all
country buyers who visited the city for the first time; they were men
of education and polished manners, superior to the merchants who
employed them; and they soon acquired a powerful influence in the
mercantile world. "

Rationalization of the Jobbing System
By the 1830s, and especially after the decline of the auction system,
jobbers began to abandon the haphazard practice of selling at whatever
price the market would bear (Cohen 1971, p. 507). Reuben Vose, a
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New York jobber who specialized in hats and shoes, introduced the
"one price system" and eventually published a catalog describing some
hundred different items, with fixed prices included, which he mailed
to his customers. As a result, according to Westerfield (1920, p. 185),
Vose "gained and kept the ascendency over all other New York jobbers
in sales to Western and Southern mer�hants; his business was con
ducted on a strictly cash basis and he won from the credit houses their
cash business."
The informational innovations of fixed prices and price catalogs
two decades before major stores adopted fixed prices and thirty years
before the first mail-order catalogs-advanced the control of distri
bution for its three most important actors. For the jobber, the price
fluctuations of the auction system had made planning and hence further
rationalization of commerce difficult at best; fixed prices offered the
possibility of much longer-range planning and hence market control.
For the retailer, the jobber's catalog meant that he could make a good
estimate of his purchases before leaving for the Northeast; it thus
eliminated the uncertainties involved in negotiating with jobbers or
buying at auction. For the manufacturer, greater rationalization of
commerce meant better planning of production and hence further sta
bility of distribution; "the danger of a downturn in the market before
one's goods reached the auction block was very real," according to
Cohen (1971, p. 508), so that "domestic manufacturers, like their for
eign counterparts, naturally favored a more regularized and predict
able means of disposing of their goods." Better information, in short,
meant better control of the distributional system by all actors involved.
Although the jobber gained control through his continuing special
ization in distribution, he could be totally eliminated by still greater
control effected through integration at higher levels of the system. In
textiles, for example, jobbers supplied stores that sold retail to con
sumers who, in turn, either made their own clothing or took the cloth
to tailors. By the 1840s, however, the demand for ready-made clothing
had been well enough established for manufacturers to integrate the
importation of textiles and the production and retailing of apparel in
a single firm. By integrating their specialized functions under one roof,
they eliminated the importer, wholesaler,. jobber, storekeeper, and
tailor. In 1845 an American firm advertised that, in eliminating the
importer and jobber, it had cut the price of clothing 24 percent (Jones
1937, p. 13). Clearly control of processing could be enhanced not only
through division of labor and specialization but also through vertical
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integration of the separate functions-what Alfred Chandler (1977)
would call control by the "visible hand."
ln most industries, however, the specialized function of the jobber
did not begin to be eliminated until the Control Revolution oftbe 1870s
and 1880s, when the modern mass retailers-department stores, chain
stores, and mail-order houses-started to bypass the wholesalers al
together. During the 1840s and 1850s, with the rapid development of
a commercial infrastructure based on railroad and telegraph and the
advent of American industrialization, the wholesale jobber completely
replaced the traditional mercantile firms that had dominated the world's
trade for half a millennium. As jobbers fought the vertical integration
of manufacturers by bypassing importers to seek out their own foreign
sources of supply, importers responded by attempting to sell directly
to retailers so that, in the words of Jones (1937, p. 14), "importers
became jobbers and jobbers became importers."
In this way the importing and jobbing functions became integrated
in wholesale houses that bought directly from manufacturers and sold
to specialized retailers, thereby eliminating many intermediate links
in the chain of middlemen. "The new jobber created large buying
networks through which he purchased directly from manufacturers at
home and abroad," according to Chandler ( 1977, p. 216), "and he built
extensive marketing organizations to sell to general stores in rural
areas and specialized retailers in the cities." So great an advantage
did this prove to be that by the 1860s Chicago alone had fifty-nine
jobbers with annual sales of more than $1 million each (Twyman 1954,
p. 31). A decade later, as we shall see in Chapter 6, the great wholesale
houses like Chicago's Marshall Field were among the largest and most
differentiated structures of bureaucratic control that would appear
before the twentieth century.
During the 1840s and 1850s the role of the jobber changed in several
other ways that increased his control of the nation's distributional
system. With the penetration of the railroads into the interior in the
late 1840s and early 1850s, jobbers themselves began to move west
ward from the coastal ports, so that the eastern seaboard lost its control
over the distribution of American manufactures. No longer did south
ern factors and western storekeepers have to make their treks to the
Northeast; the jobbers had come to them-or at least as close as the
new regional wholesale centers like Cincinnati, Louisville, Chicago,
and St. Louis. Even short trips to these cities became unnecessary for
retailers after the Civil War, when the wholesale houses began to send
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out traveling salesmen-by the railroads and then by horse and buggy
to pay regular visits to even the smallest and most distant country
stores (Clark 1944, chap. 6).
Distributed Control of Agricultural Commodities
With the establishment of separate commercial systems for the move
ment and distribution of both exports and imports by the 1830s, a third
infrastructure began to develop to move agricultural commodities from
the American interior south and east, mostly to domestic markets.
Like the more developed systems for moving American cotton and
European manufactured goods, the interior networks eventually dif
ferentiated-as intermediaries separating western farmers and the
distant consumers of their products-a half-dozen middlemen with
specialized informational functions: country storekeepers, warehous
ers, commission merchants, freight forwarders, wholesalers, and ex
porters.
Just as the cotton factor provided the first step in the lengthening
chains of distribution stretching from southern plantations, country
storekeepers played a similar role for small farmers in the South and
West (Atherton 1949; Woodman 1968, chap. 7; Danhof 1969, chap. 2).
Economic descendants of the scattered storekeepers in the interior of
colonial America, western storekeepers made half of their income by
obtaining local crops and produce, consigning them to commission mer
chants in ports downstream, and arranging for their delivery via flat
boat. Commission houses, in turn, forwarded the shipments to other
merchants in coastal ports or in the North, providing advances against
the sale much as in the cotton trade (Clark 1970, pp. 301-304).
The other half of a storekeeper's income came from retail sales of
manufactured goods and staples from the East. As we have already
seen, country storekeepers normally visited eastern cities twice a year
to replenish their stocks and arrange for transshipment overland to
Pittsburgh and then downstream to their local port. Soon eastern
wholesalers provided western storekeepers more credit than did the
houses to which they consigned crops and produce (Chandler 1977, pp.
23-24). Because auctions so dominated New York markets in the 1820s,
that city quickly became the wholesale center for the country trade,
mecca for rural shopkeepers on their semiannual pilgrimages, and focus
of a flourishing credit network to support the distributional networks
of the West. Only coffee, sugar, and molasses did not normally sell at
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New York auctions, moving instead directly to the West through New
Orleans (Albion 1939, pp. 178-187; 410).
As with the factorage, brokerage, auction, and jobbing systems al
ready examined, the general country merchant system of distribution
constituted an important intermediate stage in the transition from
traditional to modern control of commerce. As agriculture moved west
ward in the 1820s, the first farms on the frontier were necessarily
small, nonspecialized, widely separated, and often semisubsistent
they produced little beyond their own needs, quantities tellingly re
ferred to by western farmers as "surpluses" (Danhof 1969, p. 17). Even
where farmers might have desired to produce for the market, money
remained scarce; what little existed was generally suspected to be
counterfeit (Jones 1937, p. 45). Into this traditional society, little changed
from that of th� Middle Ages, came the country merchant, usually in

the earliest waye of western settlement (Danhof 1969, p. 29). By ac
cepting farm goods in barter for supplies from the East, the frontier
storekeepers provided the sole link not only between the agricultural
and market sectors but also between traditional and rational commerce.
As long as the horse powered transportation, according to Clarence
Danhof, historian of nineteenth-century American agriculture, "an
overnight trip of perhaps 12 to 15 miles represented roughly the dis
tance within which frequent contacts with markets could be main
tained" (1969, p. 27). Farmers who could reach a public market within
a day enjoyed the advantage of maintaining personal networks of buy
ers and consumers. Virtually all cities and towns maintained their own
public markets, patterned after those in Europe and administered by
a clerk or market master. These rank among the first information
workers in the American West, even though they performed many
noninformational functions in addition to enforcing market ordinances,
testing weights and scales, collecting rents, and settling disputes (Jones
1937, p. 59). For the majority of American farmers before 1820, how
ever, and for most western farmers until the 1860s, the nearest store
keeper remained the route to market. Many stores even maintained
wagon yards-occasionally providing firewood, shelter, and meals
where back-country farmers could stay when they arrived to dispose
of a crop (Atherton 1949, pp. 48, 95).
Because agricultural communities are notoriously short of ready cash,
a problem aggravated by the undeveloped state of banking in the early
nineteenth century, western storekeepers had little choice but to ac
cept farm products in exchange for merchandise from farmers who had
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no other means by which to pay. As one British traveler on the Ohio
and Mississippi rivers wrote in 1806, "the entire business of these
waters is conducted without the use of money" (Jones 1937, p. 45,
quoting Ashe 1808, p. 51). Although some so-called cash articles
mostly imports like tea and coffee and processed goods like iron, gun
powder, and leather-could not be purchased except with money,
storekeepers accorded the status of money to many farm commodities
that met the same informational criteria: standardized, light-weight,
durable, readily transportable, and generally accepted for cash by
wholesale dealers downstream. These frontier equivalents of money
included linen, cloth, feathers, beeswax, deerskin, and furs (Jones
1937' p. 45).
We have seen that the jobbers who supplied the storekeepers re
organized bulk purchases into smaller and more varied lots for sale in
the general stores. The storekeepers themselves performed the re
verse function for material flows in the opposite direction: they col
lected a wide variety of commodities from small, nonspecialized, and
widely scattered farmers and stored these goods until they had suf
ficient quantity of a like kind to consign to commerce. Butter, for
example, "typically moved to market through the country store," ac
cording to Danhof (1969, p. 40), "where it was collected in small quan
tities and indiscriminately mixed, the accumulations being sent to market
a few times a year as quantities and opportunities permitted."
At first the new middlemen kept commercial products of the Ohio and
Mississippi valleys-corn, pork, tobacco, hemp, whiskey, and lead
fiowing downstream to New Orleans and the East, and supplies of
manufactured goods and imported staples moving back through the
Appalachians to Pittsburgh and then downstream to western store
keepers. After completion of the Pennsylvania and Ohio canal systems
in the 1830s, western merchants not only had a shorter route to the
East but also a cooler one for perishable products. Wheat and flour,
which often rotted or soured in transit through the South, now passed
eastward with less loss.
As with cotton, the distributional network for grain was also a credit
system, financed by advances and the discount of notes on shipments
in transit-grain moving eastward, credit westward. Although eastern
exporters sometimes shipped grain or flour on consignment to a foreign
house, most of the trade-and hence its financing-remained in the
United States (Clark 1966). ln structural differentiation of the com
mercial infrastructure, however, the pattern of "specialization in the
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grain trade followed that of the provisions and cotton trades," accord
ing to Chandler (1977, p. 24), "yet because of its smaller volume before
1840, it was less systematized and specialized than that of cot:on,"
further evidence that division of labor and specialization depend mostly
on the volurne of flows through the system.
Lack of specialization in the movement of agricultural commodities
before 1840 is reflected in the number of rural and western stores. In
1839 nearly fifty-eight thousand retail establishments of all kinds op
erated in the United States, about one store for each three hundred
of the population (the ratio today is about 1 per 120). Although many
of the stores were in eastern cities, fully 20 percent could be found in
the six states of the western heartland: Ohio (8.0 percent), Indiana
(3. 1), Kentucky (2.9), Illinois (2.3), Missouri (1.9), and Tennessee (1.8).
The importance of general stores in less settled areas can be seen in
the fact that all three U.S. territories in 1839 had more stores per
thousand population than the national average of 3.4: Wisconsin had
5.8, Florida 4.4, and Iowa 3.6 (Jones 1937, pp. 56, 71). Although the
direct impact of the rural stores on the commercialization of agriculture
is difficult to measure, the proportion of farm products not consumed
within rural communities but offered for sale in urban markets in
creased from about 20 percent in 1820 to approximately 40 percent by
1870 (Danhof 1969, p. 2).
Certainly storekeepers played an important role in the development
of at least one informational innovation for control of agricultural dis
tribution: the preprocessing of farm products into standardized grades
and types. The advantages of such grading in processing commodities
for export had been recognized in the colonial period and had brought
government inspection and grading requirements in seaport cities for
major products like tobacco and flour. Traditional farming communities
of the West began to feel pressure-through their storekeepers-for
similar rationalization of their production methods. "It made no dif
ference to a farm family if its potatoes were an assortment of white
and red varieties," according to Danhof (1969, p. 43), "but such mix
tures suffered significant discounts when offered for sale."
Quickly farmers became aware that, as a result of grading and typ
ing, the premium market for high-quality products constituted a sep
arate distribution channel through which they might secure greater
returns for their output. As the more settled areas began to specialize,

products of consistently high quality came to be marketed under the
names of their region of origin: Genesee flour, Goshen butter, Herkimer
cheese (all regions of western New York state). Because wholesalers
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accepted such names as designations of grade, they came to be applied
to products of similarly high quality as agriculture moved westward:
in the 1820s, for example, Michigan flour sold under the Genesee label;
by the 1850s the Goshen name applied to the better butter of Illinois
and other western states. Grading of wool remained a source of conflict
between producers and merchants from the late 1830s through the
early 1860s; grain grading caused controversy throughout the 1860s
(Danhof 1969, pp. 43-44).
Although the country merchant continued to be an important agent
for the handling of small lots from many farmers throughout this pe
riod, regional specialization in commodities and large volume produc
tion brought replacement of the storekeeper's marketing function by
more specialized information-processing institutions and practices. As
the grain traffic increased, for example , so too did the number of
specialties in the string of middlemen linking western wheat farmers
to northeastern markets. Country warehousers and millers joined local
storekeepers in consigning grain and fiour to commission houses. Freight
forwarders more specialized in grain appeared in the lake ports, es
pecially in Buffalo. With the development of a rail network in the
wheat-growing regions in the 1840s and 1850s, a farmer could load his
crop onto a grain car at the nearest station, consign it to a warehouse
or elevator, and either sell it outright or take a receipt against later
sale.
In Chicago and other distributional centers, warehouse receipts for
stored grain became a new communications medium for its purchase
and sale and thereby facilitated control of both its processing and
financing in increasing volume. Agricultural historian G. A. Lee de
scribed this new system for the collection, storage, and marketing of
grain:
For the first time anywhere, it forced into the grain trade huge quantities
of uniform warehouse receipts based on a definite quantity and grade
rather than an individual lot in store. The use of these receipts to represent
a particular article is hundreds of years old, but their use based on a
standard known to a large market group, developed quite independently
as a direct product of the Chicago elevator system. Grades were first
indicated on the receipts at Chicago in 1857. The practice spread to other
markets and became the keystone of a spectacular, worldwide, market
structure. (1937, pp. 22-23)
By 1859 total U.S. wheat production had reached 173 million bushels
(U.S. Bureau of the Census 1975, p. 512), of which 46 percent came
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from the five Great Lakes states including Wisconsin (admitted to the
Union in 1848). This region had more than double the per capita wheat
production of the United States as a whole (Clark 1966, pp. 197-198).
Small wonder that the U.S. census o f 1860 declared the grain trade
"the leading agency in the opening up of seven eighths of our settled
territory" (Lee 1937, p. 16).
Thus the increasing speed and volume of movement of agricultural
commodities, which resulted from the canals and railroads and was
controlled by the western storekeepers and a growing chain of mid
dlemen, provided the material and commercial metabolism for an entire
continent-much as the cotton and import trades had done for the
international system. Little different from that of the traditional so
cieties of the Middle Ages as late as 1830, America's interior marketing
system by the 1860s, "though still immature," according to Danhof
(1969, p. 44), "comprised the basic elements that have characterized
it since."
The rapidity of this transformation was in large part due to the
country storekeeper, intermediate between traditional and modern
institutions, who developed and diffused the transitional control sys
tem: acceptance of barter for credit, preprocessing of commoditites
into standardized grades and types, and consignment at commission.
Danhof (1969, pp. 47-48) summarizes the degree of control thus ef
fected in only thirty years from the viewpoint of the western farmer:
"The typical farmer wished to sell his produce with as little effort and
attention as possible. His ideal was to sell at l!is barn door, and certainly
at a distance no greater than the nearest county seat. By the sixties,
the great majority of farmers enjoyed such a situation."

From Tradition to Rationality: Weber Reconsidered
Thus did the agricultural marketing system of the American interior,
like the systems for control of the cotton and import trades, bridge
the transition from traditional to rational control of commerce in the
half-century preceding America's Industrial Revolution. Contrary to
Max Weber's interpretation, the great transformation of traditional
into modern society, one based not on family and communal relation
ships but on what he called "rationally motivated adjustment of inter
ests" (1922, p. 41), seems to correspond less to ideological or religious
changes than to the development of alternative means of control. Mer
chants at the turn of the nineteenth century kept the traditional means
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of control-family partnerships, the southern "gentleman's code," the
community relations that bound farmer and storekeeper-only so long
as technologies of information processing, transportation, and com
munication remained underdeveloped.
Traditional control proved particularly useful, in the absence of ad
equate telecommunications, for

distributing

control, that is, for con

trolling through the use of other people-commission agents, factors,
auctioneers-as portable and programmable information processors.
But distribution of control became progressively less important over
the first half-century of American independence, as we have seen,
following a rapid series of innovations in transportation and commu
nication and a parallel informational system of commercial control,
which increased the merchant's ability to maintain distant and hence
less distributed control. The transatlantic mails enabled foreign ex
change partners to monitor one another; commercial newspapers gave
plantation owners the opportunity to check up on their factors; auctions
allowed textile manufacturers to test the market for new products and
styles. Indeed, Clarence Danhof attributes the growing dissatisfaction
of western farmers with the agricultural marketing system after the
Civil War to "the fact that, as functions of distributing products over
an ever-widening market were taken over by others, farmers became
acutely aware of the wide margin between the prices they received
for their products and the prices prevailing upon the central markets
or paid by the ultimate consumer" (1969, p. 45), information that the
growing transportation and communication infrastructure increasingly
brought to the American interior.
Even in the preindustrial period, as we have seen, the development
of society as a concrete open processing system paralleled the contin
uing rationalization of material distribution. At least a half-dozen com
mercial institutions of the early nineteenth century-including the
commission agent, factorage, brokerage, auction, jobbing, and country
merchant systems-served to integrate the developing systems of
technological and market control. These same systems, it would seem,
and not changes in ideology or religious belief, constituted the most
important vehicles of transition from traditional to modern commerce
and from commercial to industrial capitalism.
Even Weber, who never abandoned his argument that the Protes
tant ethic had contributed to the capitalist transformation, conceded
in 1910 that he had not yet assessed the reciprocal relationship: the
impact of social and economic arrangements on religion. Once he did,
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he added, his critics would probably accuse him of materialism , as they
then accused him of idealism (Bendix 1960, p. 90). In his 1919-1920
lectures, published posthumously as General Economic History (1923),
Weber suggested that traditional ties might serve as means to eco
nomic ends-as in the family partnerships that dominated the twelfth
through early nineteenth centuries-in the transition to industrial cap
italism:
Originally . . . there is absolutely unrestricted play of the gain spirit in
economic relations1 every foreigner being . . . an enemy in relation to
whom no ethical restrictions apply; that is, the ethics of internal and
external relations are categorically distinct. The course of development
involves on the one hand the bringing in of calculation into the traditional
brotherhood, displacing the old religious relationship. As soon as account
ability is established within the family community, and economic relations
are no longer strictly communistic, there is an end of the naive piety and
its repression of the economic impulse. This side of the development is
especially characteristic in the West. At the same time there is a tempering

of the unrestricted quest ofgain with the adoption of the economic principle
into the internal economy. Tbe result is a regulated economic life with
the economic impulse functioning within bounds.

(Weber 1923, p. 356)

Thus Weber clearly saw that internal (family) controls could be abandoned only as external (economic) controls became stronger. Internal
controls, as we have seen in this chapter, can provide the programming
for one's agents in distributed control, a transitional role for tradition
in the rationalization of exchange. Industrialization of the external
control technology of information processing, transportation, and com
munication, as we shall see in the remainder of this book, comes at
the expense of that transitional control.

5 �������-

Toward Industrialization:
Controlling Energy and Speed

Here is an enormous, an incalculable for,ce practically let loose suddenly
upon mankind . . . precipitating upon us novel problems which demand
immediate solution . . . Not many of those . . . who fondly believe they
control it, ever stop to think of it as . . . the most tremendous and far
reaching engine of social change which has ever either blessed or cursed
mankind.
-Charles Francis Adams, Jr. , "The Railroad System"

DESPITE the modest technological and economic innovations in control

under commercial capitalism, the world distributional system, even in
the early nineteenth century, ' siniply di 11ot require anything ap

d

proaching: the degree of control that would become nec,essary under

raP.iil industrialization. Because' capital remained so mobile under the
centuries-old commercial order, it served as the major medium-in
the form of money and commercial paper-for communication and
control of the world Sys�em. Merchants in each major port could devote
their capital and enterprise to ships and shipments, to a wide variety
of wares, and to the provision of storage, loans, and insurance for

merchants resident elsewhere. They thereby maintained both the li
quidity and flexibility to hel'p control, in small part, the larger system.
Not until commercial capital came to be tied down in the British power
driven industries did profit begin to depend on the ability to manage

not the totality of one's investments but the processing of relatively
much smaller investments in raw materials. The faster one moved
these throughputs past one's fixed capital, the greater the returns on
one's investment.

If profit provided the incentive to process matter faster under in

dustrial capitalism, steam power provided the means. The difference,

in a word, was speed. As long as the extraction, processing, and move

ment of matter depended on traditional sources of energy (human,
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draft animal, wind, and water power), the material economy did not
differ markedly in the speed of its throughputs from that of the Middle
Ages.
Even a major technological innovation in transportation, the intro
duction of the Dutch flyboat or flute about 1595, had no significant
impact on the speed of material processing in the seventeenth and
eighteenth centuries. Lightly built without armament and with a flat
bottom, elongated shape, and simplified rig, the flyboat not only moved
faster than other contemporary ships but had peacetime operating
costs one-third to one-halflower (Barbour 1930, p.

285).

Nevertheless,

imitations of the flyboat did not diffuse to many routes, including those
in the Mediterranean, western Atlantic, Caribbean, and East Indies,
because pirates and privateers frequented these waters; the armament
of trading ships was necessary well into the eighteenth century (Shep
herd and Walton 1972, pp. 81-82). After reviewing the dates vessels
cleared and entered the ports of Boston, New York, Barbados, and
Jamaica between 1686 and 1765, Shepherd and Walton found no sig
nificant increase in speed-an average of slightly under two knots
over the eighty-year period (1972, pp. 77-78).
Despite limits on the speed of shipping under sail, by the early
eighteenth century innovations in material processing had already begun
to reduce the time that ships had to remain in port. In the Chesapeake,
for example, the arrival after 1707 of Scottish factors, who introduced
the inventorying of tobacco in warehouses so that it could be more
quickly loaded with the docking of a ship, helped to cut average port
time from one hundred to forty-seven days over the·eighty years; so,
too, did the use of certificates of tobacco deposits as a medium of
exchange, an innovation that led to inspection systems and, in effect,
quality control of tobacco. Similarly, in Barbados average port time
fell from forty-nine to twenty-three days with the growth of a more
systematic market economy, including centralization of markets and
standardization of quality, prices, credit, and rates of currency ex
change (Shepherd and Walton 1972, pp. 78-80, 159-160).

Speed and Control
Because processing rates remained so woefully slow between the twelfth
and nineteenth centuries, the mercantile system did not require much
in addition to the traditional means of control: individual managers and
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the simplest of commercial and governmental organization. As ·one
historian observed of Baltimore merchants in the 1790s,
The nature of their business, and the way in which they conducted it, fall
quite within the mainstream of commercial capitalism. Standing at the
very end of that 500 year long period in economic history it is remarkable

how similar they were in every important respect to the merchants who
stood at or near its beginning. Their form of organization, and their meth
ods of managing men, records, and investments would have been almost
immediately understood by the 15th century merchant of Venice . . . They
were a family partnership, the basic form of business organization not
only at Venice but in every land. The central accounts in their double
entry bookkeeping reeords were Adventure and Merchandise Ac
counts . . . both well fit the pattern of medieval foreign trade.

(Bruchey

1956, pp. 370-371)

What meager trade statistics exist for the preindustrial period sug
gest a similar conclusion. Venice, at the height of its glory in. the
fifteenth century, boasted some three thousand ships with a carrying
capacity of perhaps 150 thousand tons. In 1760, on the eve of the
Industrial Revolution, the newly united kingdom of England, Scotland,
and Wales had a combined merchant fleet only three times as large:
7,081 vessels with a reported capacity of nearly a half million tons. "In
the century or so preceding the Industrial Revolution," according to
Deese (1957, pp. 348-349), "the development of international trade
was normal in degree, depending mainly on the increase of population
and any cheapening in transport caused by improvements in the arts
of navigation and shipbuilding."
That world trade grew relatively little between the Middle Ages
and the eighteenth century reflects the limited dependence of prein
dustrial societies on long-distance processing and distribution of ma
terial goods. Even at the end of the eighteenth century most nations
remained almost wholly self-dependent for the livelihood of their peo
ple; international commerce consisted mainly of traffic in luxuries for
the few. Reinforcing the status quo was the mercantile system, dom
inant economic doctrine of the sixteenth and seventeenth centuries,
under which each European power pursued its own most favorable
balance of trade by limiting imports (Schmoller 1884, pp. 47-80).
Even the slow expansion of trade, however, had ramifications for
system-wide control. Because of the growing number of ships moving
throughout the system and the increasing regularity in their move
ment, Shepherd and Walton (1972, p. 55) conclude that "the speed of
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communications probably increased somewhat" despite little change
in ship speeds. Certainly telecommunications in the eighteenth century
left substantial margin for improvement: letters between America and
London typically took two months in each direction, which meant that
any response to a change in market conditions (already two months in
the past) could only be effected a minimum of four months after the
fact.

Economics of Market Information
To the extent that market conditions change faster than buyers and
sellers are able to respond, using the infrastructure of information
processing and communication available to them, or that the costs of
information about prices remain high, markets will deviate from the
classical economic model, which assumes free and perfect information
and instantaneous transactions. Indeed, some economists (for example,
Taylor 1969, p. 191) virtually equate the extent to which a market has
achieved "perfection" with the quality of its communications, even
though other factors are also involved. Needless to say, in view of the
poor state of telecommunications in the eighteenth century, American
colonial markets functioned imperfectly in the special economic sense
that prices varied among regions in excess of shipping costs and others
associated with distribution: insurance, inventorying, commissions, and
other transaction costs.
These persistent regional variations in prices, a direct result of in
adequate telecommunications, presented colonial merchants with the
chance for both profit and ruin. As might be expected, the correspond
ence and accounts that survive reveal "continuous exchange of infor
mation about market conditions, prices, and expectations" (Shepherd
and Walton 1972, p. 54), a struggle to overcome the conditions re
sponsible for their opportunity but also much of their risk. By increas
ing the number of merchants in major trade centers and thereby
increasing the density of their commercial information networks, the
greater volume of shipping in the eighteenth century probably helped
to reduce market imperfections as well as risks by fostering more and
better market information.
Increases in both the number of merchants and the density of their
interactions encouraged specialization in the information function. Such
specialization depended on the extent of the market to absorb the
increased output, as Adam Smith (1776, chap. 3) saw; it also depended
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on what Durkheim (1893, bk. 2, chap. 2) called the "moral density" of
a community. As typically happens when inadequate communications
create an imperfect market (Seldon and Pennance 1976, p. 186), the
uncertainty of resident merchants generated an information "indus
try," including some of the first specialists in information processing
and communication: brokers, agents, advertisers, wholesalers, and other
commercial intermediaries.
Specialization of the trading function itself, a development that we
have seen began in the mid-eighteenth century, also depended on the
extent of the market, in turn limited by

distribution costs,

the differ

ence between the price at which a producer sells an item and the price
paid for it by a distant consumer. Even when production costs can be
lowered through specialization, these gains may be overshadowed by
the high costs of distribution. Because this differential includes the
costs associated with risks in an imperfect market, as represented, for
example, by the cost of insurance, poor communications must be con
sidered an important cause of high distribution costs, limited markets,
and underdeveloped division of labor. Indeed, insurance might be seen
as a special type

of information cost,

more typically defined as the

time, money, and effort required to obtain information (Seldon and
Pennance 1976, p. 186). To the extent that insurers trade off higher
rates with the acquisition of more information, however, or merchants
trade off greater coverage with the maintenance of tighter control, we
can say that insurance-like many other distribution costs-repre
sents the cost

of not having information.

From this perspective, the growth of trade can be seen to beget still
more trade, at least at the low levels of the eighteenth century. Even
slight increases in trade helped to expand markets by improving jn
formation-and thereby reducing distribution costs-in several ways:
through faster mail, greater density of merchant exchange networks,
and increased specialization in information processing and communi
cation. Expanded markets and denser commercial networks, in turn,
enabled increased specialization of the trading function; such special
ization improved system control. At the same time, reduced distri
bution costs made trade even more attractive to merchants, so that
its volume increased still further in a continuing spiral fed by positive
feedback.
With the four-month lag in transatlantic communication, however,
high information and hence distribution costs remained, in effect, a
tariff on colonial trade, which reinforced the protectionism of the mer-
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cantilist system. For many goods and services, the high costs of dis
tribution combined with high production costs exceeded any return
they could bring in a distant market; hence they did not exchange in
the larger system. By discouraging the movement of goods, high dis
tribution costs encourage economic self-sufficiency (Shepherd and Wal
ton 1972, pp.

53--55). This latter dynamic, combined with the mercantilist

requirement that manufactures and not precious metals be exchanged
for foreign goods, provided impetus for industrialization (Schmoller
1884).

Industrialization and Control
By the time Britain decided to enforce the mercantilist Navigation
Acts in its American colonies in the 1760s, it was clear that many of
the former luxury goods from the New World had already become for
the growing populations of Europe and America today's everyday sta
ples: sugar, tobacco, tea, molasses. Because such goods could be ob
tained only in exchange for others, the so-called nation of shopkeepers
found itself transformed into what would come to be known in the
nineteenth century as the "workshop of the world."
Factories with water-powered machinery, tended by hundreds of
specialized workers, appeared in Britain after 1700, especially in the
metalware and textile industries; by 1750 such centralized production
gained at the expense of the "putting out" system of employment in
individual homes. Cotton textiles led the revolution, spurred on by a
rapid succession of innovations: John Kay's fly shuttle (1733), Richard
Arkwright's water frame (1769), James Hargreave's spinning jenny
(1770), Samuel Crompton's combined jenny and frame or "mule" (1779),
Edmund Cartwright's power loom (1783), and finally-from America
the cotton gin (1793). In a Birmingham factory with two waterwheels
and some six hundred workers, in 1775 Matthew Boulton and James
Watt began the manufacture of patented parts for Watt's new engine,
which transformed the power of moving water into the potential energy
and speed of steam and helped to launch the material economy on a
process of industrialization that would inevitably lead to a crisis in its
control.
The need for sharply increased control that resulted from the in
dustrialization of material processes through application of inanimate
sources of energy probably accounts for the rapid development of au
tomatic feedback technology in the early industrial period (1740-1830).
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Although feedback control dates at least from the waterclock of Kte
sibios of Alexandria, in the third century B.C., no new feedback system
appears to have been invented between antiquity and the thermostatic
furnace devised by Cornelis Drebbel of Holland about 1620-a hiatus
of some four centuries (Mayr 1970). Moreover, "we know. of only three
relevant inventions in Europe prior to 1745," writes Otto Mayr, his
torian of feedback technology, "in contrast to no less than 14 between
1745 and 1800," the advent of centralization and industrialization of
cotton textile production. "In the middle of the 18th century," Mayr
concludes, "the application of feedback in technology achieves a veri
table breakthrough" (1970, p. 127).
Table 5.1 lists nineteen major innovations in the development of
automatic feedback control in the early industrial period. Although
some applications were to preindustrial technologies like windmills,
float regulators, and watches, two-thirds of the inventions came in new
industrial processes-eight in steam technology directly (Fig. 5.1).
Almost all of the innovations appeared in the industrializing coun
tries-almost two-thirds in England. Almost three-fourths controlled
temperature, pressure, or speed, the crucial parameters of steam
powered production. The parameter that this book finds to be most
central to the Control Revolution, namely speed, drew the most in
novations in its automatic control (six)-all after the mid-1780s. In
short, Table 5.1, insofar as it establishes at least a temporal correlation
between early industrialization and what Mayr calls a "veritable break
through" in feedback technology, bolsters a central argument of this
book: the Industrial Revolution and the harnessing of inanimate sources
of energy to material processes more generally led inevitably to an
increased need for control.
Even with enhanced feedback control, industry could not have de
veloped without the enhanced means to process matter and energy,
not only as inputs bf the raw materials of production (including the
sustenance of an urbanized workforce) but also as outputs distributed
to final consumption. Commercial capitalism, although it did not mark
edly change the speed and volume of material processing, did establish
the essential infrastructure for the movement of matter and energy
on a worldwide scale. This included not only material technology like
port facilities and ships but also nonmaterial infrastructures like inter
personal channels of information gathering, processing, and exchange,
programming in the form of commercial law, and innovations in infor
mation technology like credit instruments and inventory techniques.
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Table 5.1. Major innovations in the development of automatic feedback
control in the early industrial period, 1740-1830
Year

Innovation

Application

Parameter
controlled

Innovator
or adopter

Country

1745

Fan-tail

Windmill

1746

Float valve

House water Level (of
reservoir
water)

1751

Temperature
regulator

Chicken
incubator

1758

Float valve

Steam engine Level {of
water)
boiler

James
Brindley

England

1765

Float valve

Steam engine Level (of
boiler
water)

Ivan I.
Polzunov

Russia

1771

Sentinel
Register

Chemical
furnace

Temperature William
Henry

America

1777

Temperature
regulator

Chicken
incubator

Temperature Bonnemain

France

1784

Float valve

Steam engine Level (of
boiler
water)

1787

Centrifugal
pendulum

Windmill

1788

Centrifugal
governor

Steam engine Speed

1789

Roller reefing sails

Windmill

1790

Float valve

Steam engine Speed

1793

Pendule
Watches
sympathique

1799

Pressure
regulator

Steam engine Pressure (of Robert
Delap
boiler
steam)

Ireland

Pressure
regulator

Steam engine Pressure (of Matthew
Murray
steam)
boiler

England

1803

Pressure
regulator

Steam engine Pressure (of M. Boulton
and J.
boiler
steam)
Watt

England

1804

Centrifugal
pendulum

Windmill

John
Bywater

England

Direction

Edmund
Lee

England

William
Salmon

England

Temperature Prince de
Conti

Speed

Speed

S. T. Wood

England

Thomas
Mead

England

James Watt

England

Stephen
Hooper

England

Brothers
Perler

France

Speed (syn- A.-L.
Breguet
chronized)

Speed

France

France
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Year
1820
1830

Innovation

Application

Parameter
controlled

Innovator
or adopter

I77

Country

Pressure
regulator

Furnace
system

Pressure (of
steam)

Thermostat

General

Temperature Andrew Ure England

William

England

Brunton

Source: Adapted from Mayr (1970).

By developing this infrastructure, essential for the processing and
distribution of matter and energy, the Commercial Revolution helped
to establish necessary preconditions for the Industrial Revolution, in
effect the application of inanimate energy to the material processing
system.
This explains why industrialization quickly undid most of the con
straints on trade perpetuated by the mercantile system. By I800, even
after severe losses in the war with France, British shipping capacity
exceeded one-and-a-half million tons, a threefold increase in just forty
years; actual tonnage moved between British and foreign ports in
creased fourfold during the same period (Deese I957, p. 349). Between
I820 and 1860 Britain conscientiously dismantled its protectionist sys
tem in favor of free importation and opened the nation's ports to
raw materials and foodstuffs in exchange for manufactures. By mid
century, as a result of proliferating railroads and low ocean freights,
wheat grown in the Mississippi Valley sold in Britain at prices that
drove local farmers to remove arable land from cultivation (Rees I920,
pp. 119-12I).
The corresponding transformation of the American economy, the
more limited focus of this chapter, reflects similar stages in the de
velopment of a social system for the processing of matter and energy:
innovation in the movement and exchange of material goods in the
early nineteenth century preceded widespread application of inanimate
energy; industrialization, in turn, brought control of the system into
question in the 1840s through I880s and began a revolution in infor
mation processing and communication that continues to this day. Much
as the Commercial Revolution established preconditions for the In
dustrial Revolution, the latter provided both the necessary and suf
ficient conditions-the nineteenth-century crisis of control-to produce
the Control Revolution.
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179

a Processing System

To understand the sequence of developments leading from the indus
trialization of the American economy to the crisis in its control, the
purpose of this chapter, it will be useful to reconsider the model of
society as a processing system. The essence of a human society, as we
saw in Chapter 2, is the continuous processing of matter and energy,
which sustains individual members and their social organization, for a
time, against the inevitable degrading of energy and eventual heat
death. No living system can counter entropy except through the ex
traction of matter and energy from its environment and through their
processing, distribution, and final consumption. Economic science, as
represented by a tradition extending from Quesnay (1758) and Walras
(1874) to Clark (1940) and Leontief (1941), has for centuries been de
voted to the study of material flows through social systems.
As we might expect, an economy's major sectors, as delineated by
Clark (1940), Hatt and Foote (1953), and Bell (1973), correspond to
major stages in the essential life process. The primary sector-agri
culture, fishing, lumber, mining, oil and gas-represents the extrac
tion of matter from the environment to produce energy, including the
calories to sustain individual organisms. The secondary sector-pro
cessing primary goods, as in construction and manufacturing-rep
resents the synthesis of matter and energy into more organized forms
(negentropy). The tertiary sector, including transportation and utilities,
represents the infrastructure for distributing matter and energy about
the system, while the quaternary sector-trade, finance, insurance,
and real estate-constitutes a parallel infrastructure for the collection,
processing, and distribution of information that is necessary in all living
systems for the control of material flows. Finally, the "highest" of all
sectors in its remove from the physical environment is the quinary
sector, including government, law, and education, representing the
societal programming-socialization, education, law making-and col
lective or representative decision making to effect control.

Figure 5.1. Early innovations in automatic feedback control. Top: windmill
with fan-roil and self-regulating sails, from Edmund Lee's patent of 1745
(English Patents of Inventions, old series, no. 615, 1745; courtesy of the
Controller of Her Majesty's Swtionery Office). Bottom: James Watt's cen
trifugal governor (1788),from a design sketch, Boulton & Watt, 1798 (Dick
inson and Jenkins 1927, wble 81; courtesy of Oxford University Press).
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Because America remained all but untouched by the several millen
nia of Western economic development when the London Company first
settled at Jamestown in 1607, the American colonial period represents
an unparalleled opportunity to study the conscious reconstruction of a
material economy. Although the details are obviously beyond the scope
of this book and have already been accorded lengthy treatment by many
others (Clark 1916, chaps. 1-10; Williamson 1951, pt. 2; Boorstin 1958;
Kranzberg and Pursell 1967, vol. 1, pts. 2, 3; Shepherd and Walton 1972),
Table 5.2 presents a selective chronology of innovations in the American
colonies, the first steps in the development of a concrete system for the
processing of matter and energy and the information for their control.
As Table 5.2 suggests, the processing of matter and energy and of
information develop simultaneously and in parallel-neither can be
said to precede the other in any general sense. Innovations before 1650
in the harnessing of energy (windmill, power canal) and material pro
cessing (iron works, brick kiln, grain and cloth mills, brass and iron
foundries) appeared to stimulate over the next century several busi
ness controls: machine patents, incorporation and capital stock sales,
business manuals, fire insurance. Tertiary sector developments in
transportation (highways, bridges, shipping) and utilities (municipal
water supplies) correspond to parallel informational innovations in the
control of transportation: a postal system, published road maps, light
houses, insurance of ships and their cargo.
Colonial control of the material economy through information pro
cessing, programming, and communication also included developments
in the quaternary subsectors of trade (chamber of commerce, trade
registers), finance

(banks,

paper money), and insurance (marine, fire,

and life). Also present before the War for Independence was control
by the quinary sector: colonial governments (postal services, patent
and copyright laws), the legal profession (law books, formal instruc
tion), and public education (libraries, textbooks). Even mass publish
ing, usually associated with the nineteenth and twentieth centuries,
had appeared before 1800, first as unfolded newspapers or "broadsides"
(after 1689), then as periodicals (1741) and daily papers (1784); even
newspaper advertising had begun by 1704 and could run to the half
page by 1743.
This five-sector model of America's material economy, on the eve of
industrialization, will be useful in understanding the major develop
ments leading over the next half-century to the Industrial Revolution
and the crisis of control. Continuing innovation in the tertiary sector,
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Table 5.2. Selected events in the development of a national system for
processing matter, energy, and information for control, seventeenth and
eighteenth centuries
Year

Matter and energy

1619

lron works built near
Richmond, operates only
briefly

1629

Brick kiln established (Mass.)

1632

Windmill erected for grinding
grain (Mass.)
Va. establishes hig;iway
program

1638

Cloth mill established (Mass.)

1639

Information

Post office (Boston) established
for foreign mail
Printing press imported from
England (Mass.)

1640

Canal completed to create
water power to run mill
(Mass.)

1643

Iron works established (Mass.);
produces eight tons per week

1645

Brass and iron foundry opened
(Mass.); makes tools, utensils

1646

Machine patent granted (Mass.)

1648

C<>mpilation of colonial laws
published (Mass.)

1650

American iron exported (Mass.)

1652

Municipal (Boston) water supply
system built of wooden pipes

1672

C<>pyright law passed (Mass.
General Court)

1673

Postal route established between
New York and Boston;
monthly service inaugurated

1675

Commercial corporation (N.Y.
Fishing Company) chartered;
shares of capital stock sold

1679

Commercial ship launched on
Great Lakes (Erie, Mich.)
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Table 5.2 (cont.)
Year

Matter and energy

Information

1681

Shorthand used in court (Md.)

1689

Newspapers appear, first as
unfolded "broadsides"

1690

Paper mill built (Pa.); produces
250 pounds per day
Bank established, paper money
issued (Mass.)

1692
1698

Parliamentary act establishes
post office in America
Stone bridge completed (Pa.)

Road map listing distances from
Boston published in an
almanac
Library-with commissioners
and trustees-opened in
Charleston

1703

Business manual published;

contains examples of bills,

bonds, deeds, letters,
waITants, etc.

1704

Successful newspaper (Boston
News-Letter) published, runs
first newspaper advertising

1710

lron slitting mill established to
slit nailrods (Mass.)

1714

Schooner built (Mass. )

1716

Lighthouse built by Mass. at
entrance to Boston Harbor

1721

Fire insurance offered on ships,
cargo, merchandise (Pa.)

1732

Circulating library established
by Benjamin Franklin (Pa. )

1735

Fire insurance company
organized (S. C.)

1739

lron casting introduced (Pa.)

1741

Per'.odicals issued (Pa.)

1743

Half-page newspaper adverthing
appears (N.Y.)

1746

Iron rolling mill with three
stacks established (Pa.)
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Year

Matter and energy

1753

Steam engine imported, used to
pump water from mine (N.J.)

1755

Pumping plant built for
municipal (Bethlehem, Pa.)
water system

1756

Stagecoach service links
Philadelphia and New York
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Information

Law instruction offered in a
college (King's College, N. Y.)

1759

Life insurance firm incorporated

1768

Chamber of commerce formed by
twenty merchants (N.Y.)

1771

Permanent printing type foundry
opened (Pa.)

1773

Trade register published (Pa.)

1774

Steel shovels produced (Mass.)

1776

Engineering book published

1779

Law school (William and Mary)
established (Va.)

1780

Ratio of paper money to silver in
America becomes 40 to 1

1781

Congress charters first bank
(Bank of North America) with
capital of $400,000

1783

Copyright laws passed by states
(Conn., Mass.)

1784

Trade ship (Empress of China)
visits China

1785

Newspaper begins daily
publication (Pa.)
Decimal system of money
adopted by Continental
Congress
City directories published (Pa.)

1786

Spinning, carding, roping
machines built (Mass.);
spinning jenny put in
operation (R.l.)

1788

Water power used at
commercial worsted wool
mill (Conn.)

Cotton goods trademarked by
seal of corporation (Mass.)
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particularly in the movement and exchange of material goods, preceded
widespread application of inanimate energy. Subsequent innovation in
the primary sector in the 1820s and 1830s produced a new source of
energy-anthracite-and a new type of power: steam. Continuing de
velopments in the secondary sector produced new materials-espe
cially iron and steel-essential for harnessing the power of steam.
Steam power applied first to the tertiary sector (steamboats, railroads)
and then to the secondary (factory production) so speeded up the entire
processing system that its continued control would come into question
during the half-century of the 1840s through 1880s, as we shall see in
the next chapter. This crisis of control, in turn, brought rapid devel
opment and innovation in the informational quaternary and quinary
sectors, a revolution in information processing, programming, and
communication that has continued unchecked to this day. The Infor
mation Society is one result.
The Clark-Bell S equence Revised
The sequence of development just outlined, although not incompatible
with the descriptions of other social scientists, will enable us to dis
tinguish several new phases in the development ofa national economy.
Daniel Bell, for example, citing the work by Colin Clark (1940) just
discussed, associates industrialization with a shift in the labor force
from the primary (extractive) to the secondary (goods producing) sec
tors of the economy. A major dimension of the so-called postindustrial
society, according to Bell, is the subsequent shift to the tertiary (ser
vice) and higher-order sectors, beginning with transportation and pub
lic utilities, distribution (wholesale and retail), and finance, real estate,
and insurance (1973, pp. 127-128). "A large service sector exists in
every society," Bell concedes, but "in a preindustrial society this is
mainly a household and domestic class" (1976, p. xvi).
Although an accurate summary of aggregate statistical trends (do
mestics did constitute the single largest class in Britain until about
1870), Bell's account obscures an important precondition of industrial
ization. Because industrialization involves the utilization of inanimate
sources of energy by society as a concrete processing system, it cannot
develop unless an adequate infrastructure for the movement and pro
cessing of matter, energy, and information already exists. How else
can we explain the appearance of formal organization and bureaucracy
even before the Commercial Revolution and their continuing reap
pearance in undeveloped forms throughout the world down to the
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nineteenth century? Initial development of the tertiary (transportation
and utilities) and quaternary (trade, finance, and insurance) sectors
may just as well be viewed as a precondition of industrialization than
as a harbinger of the postindustrial society. Indeed, processing struc
tures, energy utilization, and control capabilities necessarily coevolve
in all living systems.
What made the Commercial Revolution truly revolutionary was that,
for the first time, distributional and control systems including infor
mation processing, programming, and telecommunications could be
sustained indefinitely on a global basis. Industrialization became rev
olutionary when the energy harnessed vastly exceeded that of any
naturally occurring or animate source; the resulting throughput and
processing speeds greatly exceeded the capability of unaided humans
to control. What made the Control Revolution in fact revolutionary
was the development of technologies far beyond the capability of any
individual, whether in the form of the massive bureaucracies of the
late nineteenth century or of the microprocessors of the late twentieth
century. In all cases it was not the novelty of the commodities pro
cessed (whether matter, energy, or information) that proved decisive,
contrary to Bell, but rather the transcendence of the information
processing capabilities of the individual organism by a much greater
technological system.
The first half-century of the new American republic illustrates this
qualification of the Clark-Bell sequence. Although the Industrial Rev
olution cannot be said to have begun much before the 1840s, the decade
that brought coal-powered factory production, the railroad, and the
telegraph, America had already undergone extensive transformation of
its transportation, commercial, and financial systems by that time. Key
to the change was rapidly increasing division of labor in occupations
and enterprises, specialization that lowered information and transac
tion costs but increased reliance on the market as a control system.
As we have already seen, the colonial merchant, a generalist who
embraced all types of products and embodied all basic commercial
functions, differed little from his counterpart in fifteenth-century Ven
ice. Within two generations, however, these general merchants had
been largely replaced by more specialized workers: shipowners, fin
anciers, jobbers, transporters, insurers, brokers, auctioneers, retail
ers-a growing network of middlemen to process and move material
goods. What merchants remained came increasingly to specialize in
only one or two lines of goods, and to concentrate on a single commercial
function: importing, wholesaling, retailing, or exporting. At the onset
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of the Industrial Revolution America's institutional system had already
been reconstituted in the specialized types of service enterprises
shipping lines, freight forwarders, insurance companies, and banks
that characterize the tertiary and quaternary sectors of the economy.
Pre-Steam Innovation in the Tertiary S ector
In the tertiary sector two wholly new and modern types of transpor
ation enterprises-common carriers and companies to build and main
tain overland rights-of-way-helped to establish the distributional
infrastructure necessary for industrialization. Because there were rel
atively few roads in colonial America, nearly all freight moved by
water. This meant that common carriers-enterprises specialized in
the transport of goods and passengers, with services available to all
who could pay-first appeared in transportation along water routes,
especially in transatlantic shipping. Because the eventual construction
and maintenance of overland rights-of-way, in the form of turnpikes
and canals, required large amounts of capital, these projects also led

to new institutional forms: to incorporated joint-stock companies, fore
runners of the modern corporation, and to state-controlled commercial
enterprioes.
Except for a few ferries, no common carriers traveled water routes
in the eighteenth century. Most transatlantic shipping operated be
tween broad regions, as between New England and the Mediterranean,
with ships moving from port to port within each area as trading op
portunities arose. Ships did not ply between prespecified terminuses,
however, nor keep to any particular schedules. Although shipowners
sometimes rented out space in their holds, they were under no obli
gation to carry cargo for other merchants and did so only when they
had unused capacity (Shepherd and Walton 1972, chap. 4).
With continued expansion of transatlantic trade into the nineteenth
century, the volume of traffic enabled certain shippers to become "reg
ular traders," crossing back and forth between a major American port
and a European one; New York had more than thirty such vessels
making two round trips to Liverpool annually by 1815 (Albion 1938, p.
16). The trading function then differentiated into that of the general
merchant, who could now charter ships rather than owning them, and
the shipping agent or "husband," who might own and operate several
vessels but conduct no trade of his own. Husbands specialized in the
management of the shipping operation, including negotiating with mer-
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chants, scheduling departures, selecting and instructing ships' officers,
deciding repairs, receiving and loading cargoes, arranging payment of
customs and port duties, and keeping the accounts (Albion 1939, p.
268; 1941, p. 7). This division of labor proved so efficient in moving
American cotton to England, for example , that by 1820 less than one
third of Liverpool's thirty leading importers owned any ships of their
own (Williams 1969, p. 199).
Once the advantages of plying prespecified routes between major
ports had been established by the regular traders, standardization of
transatlantic shipping was quickly extended to departure schedules,
even though crossings might take from three weeks to three months,
depending on the vagaries of wind and weather (Chandler 1977, p. 35).
In January 1818 owners of four regular traders in cotton and textiles
founded the first scheduled packet service, the Black Ball line, which
ran between New York and Liverpool with regular departure dates
and times. Four years later a packet line linked Philadelphia and Liv
erpool; within a decade similar services plied the coastal lanes from
New England south to Charleston and Savannah and even connected
these Atlantic ports with Mobile and New Orleans (Albion 1938, pp.
33-35, 47, 60). Merchants who established successful lines either came
to specialize in shipping or sold their interests to more specialized
agents who might manage several vessels, each regarded as a separate
business (Albion 1941). Typical of the new specialists was Charles
Morgan, a Connecticut Yankee who between 1819 to 1846-although
nominally a "grocer"-held equity in eighteen packets serving ten dif
ferent lines from New York to New Orleans, Kingston, and Liverpool
and in at least fifteen unscheduled tramps trading to the West Indies
and Europe (Baughman 1968, pp. 9, 248-249).
Although shipping along water routes constituted the crucial area
of growth for common carriers, the new type of enterprise did spread
on overland routes as well. During the colonial period only a few stage
coach and wagon lines had operated as common carriers. Stagecoaches
regularly carried passengers and mail but little freight and ran on
mostly informal schedules. Charles Paullin describes transportation
out of New York City at the turn of the nineteenth century:
Travel by stagecoach was limited to the area bounded by Boston, Ben
nington, and Albany on the north, Richmond on the south, and the Al
legheny Mountains to the west . . . Buffalo was a nine-day journey via
the Hudson-Mohawk route, and the trip over the mountains to Pittsburgh
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required t<m days. It required 22-25 days to reach Louisville by way of
the Ohio and 28-30 days to reach Cairo. In Tennessee and Kentucky travel
on horseback was more rapid than water transportation, because of the
circuitous courses of the rivers, and several well�defined overland routes
such as the

Natchez Trail had already developed.

(1932, p.133)

Even less scheduled than the stagecoaches were the wagon lines,
usually operated out of rural towns, which picked up shipments from
local merchants and hauled them to the nearest port, where the team
sters waited until a city merchant had a return shipment for their local
areas. This system prevailed until the 1830s, Alfred Chandler reports,
"even in Philadelphia, a city whose large hinterland was served by the
best turnpike system in the nation" (1977, p. 32). The first turnpikes,
in New England and the Middle Atlantic states, were built a11d main
tained by private corporations, as were the few canals built before
1820.
After completion in 1825 of the 340-mile Erie Canal, a nine-3·ear,
$140-million public works project which the state of New York served
both to organize and bankroll, merchants in other Atlantic ports cla
mored for their own connections with the West-while western busi
nessmen sought similar links to the Ohio and Mississippi. Much too
expensive to be built with private capital, even if pooled through in
corporation, the new canal systems of Maryland, Virginia, Pennsyl
vania, and Ohio were largely financed by these states and their port
cities and managed by representatives of their political bodies (Taylor
1951, pp. 48--52; Goodrich 1960, chap. 2).
Even though American businessmen increasingly relied on local,
state, and national governments to fund canals and turnpikes after the
1820s, they did not suggest that the governments operate the common
carriers that used the new routes and indeed government never as
sumed this role (Taylor 1951, chaps. 2, 3). Even the private corpo
rations that had built and maintained the first turnpikes and canals
rarely managed any of the transportation lines that used them. The
stagecoach and wagon lines running on the new turnpikes as well as
the barge lines shipping on the new canals operated much as did com
mon carriers of colonial times. As on the transatlantic routes, however,
overland transport increasingly differentiated separate commercial and
shipping functions. Although the first canal boat lines were organized
by merchants who needed to move their goods, these men quickly
specialized in shipping or else sold their interests to a freight for
warder who might own and operate large fleets on the canals. By the
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1840s these new transportation specialists offered regular through
freight arrangements with far-flung lines (Scheiber 1969).
Contrary to what we might expect from the Clark-Bell sequence of
industrial development, therefore, industrialization of America did not
begin before extensive innovation in the tertiary sector: common car
riers, incorporated joint-stock companies, and state-controlled enter
prises to build and maintain rights-of-way. Ship's husbands, regular
traders, scheduled packet lines, turnpike and canal companies, and the
freight forwarders all appeared in the first half-century of the American
republic and flourished well before the onset of the Industrial Revo
lution in the 1840s. This squares with the systems view that tertiary
services constitute a necessary precondition of industrialization-and
not only because they facilitate the movement and processing of matter
and energy by the system. Tertiary services also enable businessmen
to specialize in only a few lines of goods and even to concentrate on a
single commercial function (Pred 1973, chaps. 3-5); by reducing in
formation and transaction costs they increase the efficiency of ad
vancing division of labor.
Despite increases in complexity and specialization, the infrastructure
of distribution remained unchanged on the key dimension: speed. Until
the 1830s, when steam first began to power overland transportation
on the railroads, goods still moved at the speed of riding horses, draft
animals, and water and wind power. Although Robert Fulton and his
financial backer, Robert Livingston, established the first steamboat
line in 1807, persistent problems long confined the new technology to
only the stillest waters. Along coastal routes the steamboat reduced
travel times as much as one-half: between 1800 and 1830 the trip from
New York to Charleston was reduced from ten to six days, to New
Orleans from 26-28 days to two weeks (Paullin 1932, p. 133). Steam
ships did not ply the high seas regularly before the 1840s, however;
Tyler (1939, pp. 18-28) reports fewer than fifteen transatlantic cross
ings using even auxillary steam power before 1838. Although a steam
powered boat, the American-built Savannah, first crossed the Atlantic
in 1819, it used its collapsible paddle wheels only about eighty hours
of the twenty-seven-day trip and soon returned to the coastal trade
as a sailing ship without engine (Taylor 1951, pp. 113-114).
Table 5.3 summarizes selected events before 1850 in the development
of that part of America's transportation infrastructure and its con
trolling services based on animate and wind power. The tertiary in
frastructure developed rapidly on both land and water over this half-
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Table 5.3. Selected events in the development of a national transportation
infrastructure using only animate and wind power, 1789-1849
Year

Development

1789

Survey of U.S. roads-containing 86 plates-published

1794

Two-mile canal around falls of the Connecticut River at
South Hadley Falls, Mass., opens to traffic

1795

Lancaster Turnpike, 62-mile road of macadam (pounded
stone), links Philadelphia and Lancaster, Pa.

1796

Suspension bridge erected
Coastal survey book (Furlong 1796) published; includes
directions for entering, leaving major ports and harbors
north of Virginia

1806

Congress appropriates $30,000 for Great National Pike
(Cumberland Road) from Maryland to Ohio

1807

Congress appropriates $50,000 to survey U.S. coasts

1809

Railroad-0. 75 mile, with cars pulled by horses-built at
stone quarry

Early 1810s

Atlantic shipping volume enables traders to become common
carriers between major American and European ports

1816

Coastal survey superintendent appointed by Secretary of
Treasury

1818

Owners of four regular traders i:1 cotton and textiles found
packet service (Black Ball) between New York and
Liverpool

Late 1810s

Packet ships-with regular service on a particular runbecome predominant in Atlantic shipping

1821

Packet line links Philadelphia and Liverpool
Canal tunnel-450 feet long-opened to traffic near Auburn,
Pa.

1825

New York State's 340-mile Erie Canal-a nine-year, $140
million public works project-begins operations

1826

Railroad using horses to draw wagonloads of ore along castiron rails opens between Quincy, Mass. , and Neponset
River

1828

Baltimore and Ohio Railroad begins service with horse-drawn
cars

Late 1820s

Canals extended to eastern Pennsylvania by owners of
anthracite fields in the region

1831

Regular coastal shipping service links New York and New
Orleans
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Development

c. 1833

Clipper ship-streamlined vessel designed for speedconstructed

1830s

Wagon lines carrying freight between rural towns and ports
begin to operate on regular schedules

1840

Great National Pike (Cumberland Road) completed between
Maryland and Vandalia, Ill.

1842

Overland wagon road (Oregon Trail) through Rocky
Mountains to Pacific surveyed by federal government

1840s

Freight forwarders operate large fleets on canals, offer
regular through-freight arrangements with other lines

Late 1840s

Clipper ships become predominant, especially on rontes
to California, China

century. On land, roads extended from the sixty-two mile Lancaster
Turnpike (1795) to the Great National Pike connecting Maryland and
Illinois (1840) and the Oregon wagon trail through the Rockies to the
Pacific (1842); railroads developed from a three-quarter mile line pow
ered by horses (1809) to steam power twenty years later. On water,
transatlantic shipping evolved from the first common carriers (early
1810s) and packet service (1818) to clipper ships in the late 1830s and
1840s; canals appeared, flourished, and began to be abandoned over
the same period. Boosting both land and water transportation, par
ticularly in the new nation's first quarter-century, was the quinary
service of the survey: of roads (1789), ports and harbors (1796), and
the U.S. coast (1807); as early as 1816 the country had a permanent
superintendent of the coastal survey.
Despite the fact that the tertiary infrastructure developed steadily
throughout this preindustrial period, few major innovations must be
left off the list-before the late 1830s-by excluding steam power
(compare Table 5.6, later in this chapter, which supplements and ex
tends the chronology in Table 5.3 for steam). Without steam power
the infrastructure improved, as did commercial distribution, but nei
ther got dramatically faster. Teams of horses and mules continued to
power canal boat lines, on which sustained speeds as great as four
miles an hour proved rare (Chandler 1977, p. 47). The trip from New
York to Cleveland took ten days in 1830, to Detroit required thirteen;
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from Detroit to Chicago took six days overland, about two weeks on
the Great Lakes (Paullin 1932, p. 133). In 1840, after a decade of
railroad development, more than 90 percent of Post Office routes still
depended on the horse (Pred 1973, p. 85).
Such dependence on natural and animate sources of energy and on
undeveloped road surfaces and waterways often put transportation at
the mercy of weather and wind. This meant that, before steam power,
transportation lacked two other prerequisites for the application of
control technology: regularity and predictability. As we have seen, a
transatlantic crossing under sail could be expected to take seven weeks,
plus or minus a month. Outside of the South, winter freezes usually
halted all shipments via canals and other inland waterways for several
months each year; flooding and drought disrupted transportation dur
ing tbe other seasons. Heavy rains could keep interior towns mud
bound for weeks; snows routinely isolated even the largest cities for
days on end.
Not until the advent of railroads and ocean-going steamships in the

1840s, therefore, did transportation systems begin to achieve the speed,
regularity, and predictability that would eventually challenge existing
communication and control technologies-and indeed call continued
control of tbe systems into question. Even early in the nineteenth
century, owing to the increasing specialization of the tertiary sector,
the movement, processing, and distribution of goods began to generate
an increasing number of transactions and transshipments.

As long as

these exchanges and flows remained slow and irregular, however, they
could be controlled by market mechanisms. Well before applications
of steam power speeded up the system, in other words, market control
had already improved through structural differentiation and special
ization in the white-collar or quaternary sector of the American econ
omy-changes that involved major innovations in commerce, finance,
and insurance.

Innovation in the Quaternary S ector
Contrary to what we might expect from the Clark-Bell sequence of
development, the industrialization of America did not begin before
considerable differentiation and systemization of the commerical in
frastructure took place, especially in the cotton trade but also in im
ports and grain. Even in the absence of Britain's Industrial Revolution
and the resulting boom in cotton, as we saw in the previous chapter,
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specialization of American commerce would have come by the mid
nineteenth century. As it happened, a complex network of specialized
middlemen-storekeepers and factors, commission merchants and ex
porters, wholesalers and manufacturing agents-arose well before the
onset of the American Industrial Revolution in the 1840s. This growing
commercial infrastructure, a complement of the new transportation
infrastructure discussed in the previous section, stood ready to move,

process, and distribute the matter and energy necessary to sustain the

first phase of industrialization. Development of both these tertiary and

quaternary infrastructures constitute necessary preconditions for in
dustrial society.

Even more striking, however, is the mechanism for

control of the

commercial infrastructure. At mid-nineteenth century virtually every

movement through the system-every transaction or exchange be
tween middlemen-was still governed by the simple market mecha

nisms described by Adam Smith in his

Wealth of Nations

(1776). As

Alfred Chandler describes these mechanisms, "Merchants who carried

out the commercial transactions and made the arrangements to move

the crops out and finished goods in did so in order to make a profit on
each transaction or sale. The American economy of the 1840s provides
a believable illustration of the working of the untrammeled market

economy" (1977, pp. 27-28).
Despite structural differentiation and the specialization 'of mer
chants, the commercial infrastructure remained wholly unchanged since
colonial times on what we have already found to be the key dimension
for control: speed. Not until the application of steam power to pro
cessing and distribution in the decades 1840-1870 did the speed, reg

ularity, and predictability of throughputs to the commercial system call
into question its control by market mechanisms. Owing to the increas
ing systematization of American commerce beginning early in the nine
teenth century, the volume of throughputs and the number of transactions
and transshipments did increase steadily. This resulted in improve
ments and refinements of market control, however, not in the mount

ing crisis of control that would close out the century.

Differentiation of Finance and Insuranc e
Structural differentiation of the quaternary sector also occurred, well

before American industrialization, in the ancillary services that sup
port commerce, namely finance and insurance. Throughout the colonial

194

Industrialization and Processing Speed

period such services had remained parts of an undifferentiated com
mercial function. The colonial merchant not only served as shipowner,
importer, exporter, wholesaler, and retailer for a wide range of goods,
as we have seen, but also financed and insured their movement through
the economy. With the rapid expansion of trade after independence,
however, merchants began to find advantage in pooling their capital
in a new institution, the joint-stock company, and to provide the in
frastructure and support services useful to all commercial activities
not only canals and turnpikes but banks and insurance companies as
well.
Because established merchants, who already financed the cotton
export trade and, to a lesser extent, the return traffic in manufactured
goods, naturally specialized in international and interregional banking,
the first incorporated banks served mostly local businessmen who had
less capital and therefore greater need to pool resources. Unlike the
merchant banks, which were virtually all British, the incorporated
American banks did not issue short-term bills of exchange for property
in process and transition but rather provided much longer-term loans
based on more fixed sources: mortgages, securities, and personal prom
issory notes. Incorporated insurance companies, begun in port cities
by local importers, exporters, and shipowners to reduce the costs of
insuring vessels and cargoes, also provided long-term loans, primarily
on mortgages.
Both banks and insurance companies filled two other vital functions.
First, their stocks could be held as investments during a period when
fuw other opportunities aside from land and nonliquid assets had yet
developed. Second, both institutions reduced information and trans
action costs to the economy by entrusting most day-to-day operations
to some of the first salaried information specialists: secretaries, clerks,
cashiers, appraisers, and inspectors (Redlich 1951, chap. 2; Albion
1939, pp. 270-274).
Through the issuance of bank notes, state-chartered institutions also
provided the generalized medium of exchange necessary for market
control of a preindustrial economy. Unlike Europe, where merchant
bank financing generated bills of exchange for market control, the
United States relied largely on notes issued by various state-chartered
banks for its standard circulating medium. This remained true until
the American Civil War, when the federal government began to issue
its own paper money in quantity.
America's first quaternary-sector enterprise to be incorporated was
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the Bank of North America in Philadelphia, chartered in 1781. By the
time Congress approved Alexander Hamilton's proposal for a federally
chartered institution in 1791, a half-dozen more banks had already
opened in major ports: Philadelphia, New York, Boston, Baltimore,
and Charleston. The first incorporated insurance company began op
erations the following year; by 1807 forty American firms bad spe
cialized in marine insurance. With the opening of the second federally
chartered Bank of the United States in 1816, the country had nearly
250 banking enterprises; there were 307 by 1820 (U.S. Bureau of the
Census 1975, p. 1018). Well before the advent of industrialization in
the 1840s the quaternary sector oftbe U.S. economy had differentiated
savings banks (1819), trust companies (1822), investment trusts (1823),
and building and loan associations (1831) (Kroos and Blyn 1971, pp.
57-63); the insurance business included a few companies that special
ized in both fire and life insurance by 1840 (Chandler 1977, p. 32).
Centralized control of national and international finance also ap
peared for the first time in the 1830s. Although many British merchant
bankers maintained interlocking partnerships, these rarely encom
passed more than three cities; most banks conducted business in distant
ports through correspondents, independent merchants who worked on
commission. By 1830, however, the Second Bank of the United States
operated twenty-two branches in all regions of the country from its
headquarters in Philadelphia. This banking system, probably the most
competitive on earth for financing interregional and international com
merce by the early 1830s, provided the administrative infrastructure
for centralized control of credit and funds transfers among widely
separated branch offices, which nevertheless maintained considerable
local autonomy-one of the few distributed control systems established
without benefit of electrical communication (the telegraph did not ap
pear until after the bank ended its operations in 1836).
In essence, the Second Bank controlled a financial network that
paralleled the commercial networks described in the previous section
(Redlich 1951, chap. 6, sect. 3; Temin 1969, chap. 11). This new
financial control system might be summarized as a circular exchange
among branch offices in three cities: a western river port, a southern
coastal port, and a northeastern commercial center. When planters
and farmers turned over their outputs to the commercial system, they
received bills on the proceeds which they sold for bank notes at the
river port branch; this office remitted the bills to . its branch in the
coastal port to which the goods had been shipped. Merchants in that
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city exchanged the shipment for bills on the proceeds from other mer
chants in the northeastern commercial center where the goods were
to be sold; these bills also entered the coastal port branch. After the
planters and farmers spent their newly earned currency on manufac
tured and imported goods from the northeastern port, these bank notes
moved hack through the same commercial network, many eventually
arriving at the city's branch bank. When this office called on its western
branch to redeem the notes, the latter paid the bills remitted to the
coastal port branch, which in turn paid with bills drawn on merchants
in the northeastern city.
In other words, both western produce and bank notes moved east
ward through the combined commercial and financial infrastructure;
both finished goods and bills of exchange moved westward through the
same system. As the bills and notes-in effect the media of commu
nication and market control-reached the opposite ends of the ex
change system, branch banks along the route (like the coast!ll port
branch in the example here) effectively canceled out the countervailing
paper, which greatly reduced information and transaction costs while
maintaining the system of control by market mechanisms.
The efficiency of this distributed system of branch networks gave
the Second Bank unprecedented control over a national economy and
inevitably generated political controversy. In 1832, the year President
Andrew Jackson vetoed recharter of the bank, it handled $22.6 million
per month in domestic transactions, up from $1. 9 million at the begin
ning of 1823; profits on these same exchanges exceeded $740,000 per
month (3.3 percent) in 1832, up from less than $50,000 (2.6 percent)
over the same period (Catterall 1903, p. 502). After expiration of the
Bank's charter in 1836, merchant bankers resumed major financing of
long-distance trade while local and domestic commerce continued to
be served by state-incorporated banks, which by 1840 numbered more
than nine-hundred-nearly a threefold increase in just twenty years
(U.S. Bureau of the Census 1975, p. 1021).
Despite the headstart in capital accumulation that the Industrial
Revolution afforded Britain's merchant bankers, local and regional
financing of U.S. commerce came to be controlled by incorporated state
banks, and the federally chartered Second Bank more than held its
own in interregional and even international banking. These new fi
nancial networks, a complement to the growing transportation and
commercial infrastructures discussed in the previous two sections, fa
cilitated market control of the movement, processing, and distribution
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of the matter and energy necessary to sustain the first phase of
industrialization. Growth of control by these higher levels of the qua
ternary or service sector, like the parallel development of the trans
portation and commercial infrastructures, constituted a necessary
precondition of industrial society.
Table 5.4 summarizes selected events before 1860 in the development
of America's quaternary sector, including trade and the controlling
subsectors of finance and insurance. Again contrary to what we might
expect from the Clark-Bell sequence of industrial development, even
the higher-order control levels of the quaternary sector had developed
and differentiated, with growing systematization, well before the ad
vent of American industrialization in the 1840s. As shown in Table 5.4,
not only trade but also finance and insurance developed throughout
the preindustrial and early industrial periods as a result of a continuing
series of innovations in information-processing and communication
technologies in all three subsectors.
In trade, innovations included all of the major means to increase
control: differentiation and specialization, programming, standardiza
tion and preprocessing, enhanced information processing and com
munication. Structural differentiation of commerce included that of
city merchants into retail shopkeepers and their wholesale suppliers
(late 1780s), of general merchants into shipowners, managers, and
traders (early 1810s), of interior jobbers into more specialized middle
men (1830s). Functional specialization included that of older commis
sion firms in particular imports (late 1810s), of the new importers in
goods from Europe (late 1810s), and of the city of New York, first as
a hub for the rural trade and center of credit (1820s), then as the major
port for the export of cotton and other agricultural commodities (late
1830s).
Innovations in the programming of trade included a federal bank
ruptcy act (1800), codification and teaching of the principles of com
mercial law (c. 1802), and court decisions establishing the corporate
form (1819), trust powers (1822), and regulation of interstate commerce
(1824). Standardization and preprocessing innovations included the
adoption of fixed prices by specialized jobbers (1830s), the appearance
of companies to establish commercial credit ratings (1841), and the
standardization of methods for sorting, grading, weighing, and inspect
ing agricultural commodities (early 1850s). lnformation-processing in
novations included two major institutions, the auction (after 1815) and
the commodity exchange (early 1850s), as well as the adoption of the
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Table 5.4. Selected events in the structural differentiation of commerce
and controlling financial and insurance sectors, 1789-1859
Year

Development

1780s

Half-dozen banks open in major ports

Late 1780s

Commerce in Philadelphia and New York begins to
differentiate into retail shopkeepers and their wholesale
suppliers

1791

Bank of United States chartered in Philadelphia, used by
Secretary of Treasury Hamilton as fiscal agent

1792

Federal mint authorized; director appointed; building
constructed in Philadelphia
Price of gold fixed by Congress
Stock exchange organized in New York by protective league
of twenty-four brokers who fix commission rates on stocks
and bonds
Life insurance offered by a general insurance company
lncorporated insurance oompany begins operations

1795

Business journal
publication

1799

Insurance companies regulated by state (Massachusetts)

1800

Federal Bankruptcy Act establishes a uniform system of
bankruptcy fur merchants, bankers, brokers, factors,
underwriters, insurers

1802

Textbook on commercial law published

1804

Insurance agency-representing London firm-opened in
New York

1810

Fire insurance joint-stock company organized

1811

Charter of the Bank of the United States expires, not re
newed by Congress

Early 1810s

Function of general merchants differentiates into those of
shipowners, managers, and traders

c. 1815

Newspapers proliferate, devote increasing space to commerce

1816

Second federally chartered Bank of the United States
authorized
Savings banks begun in Philadelphia, Boston

1817

New York Stock Exchange organized

1818

Ten percent of U.S. imports sell through the new institution
of the auction
Marine insurance law enacted by state (Massachusetts)

(New York Prices Current) begins
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Development

1819

Immortality of corporations set by Dartmoutl! College vs.
Woodward

Late 1810s

Older comm:ssion finns narrow their range of imports; new
merchants increasingly specialize in goods from Europe

1820

New York insurance firms organize board of underwriters,
set rates for ships, cargoes, freight earnings
Mercantile, mechanics' libraries opened in New York,
Philadelphia for clerks, tradesmen, mechanics, and
apprentices

1822

New York company (Farmers' Fire Insurance and Loan)
becomes first corporation in world to be granted trust
powers

1823

Federal assay office opens in Philadelphia Mint

1824

Interstate commerce case, Gibbons vs. Ogden, decided by
Supreme Court

1826

More than half ofimports through New York port sell at
auction

1829

Legislation by state (New York) insures bank depositors;
state bank commissioners, examiners appointed

1820s

New York becomes wholesale hub for rural trade, mecca for
country shopkeepers on semiannual trips, center of credit
network supporting distribution in West

1831

Trade journal (Rail-road Advocate) published
Building and loan association formed to safeguard savings,
secure mortgages at reasonable interest rates

Early 1830s

Control of national, international finance becomes centralized
in the Philadelphia headquarters of the Second Bank of the
United States, which operates 22 branches in all regions
Interior commercial system develops to move western
agricultural commodities to markets in South and East,
differentiating a half-dozen specialized middlemen

1835

Mutual life insurance company chartered
Mutual fire insurance company for factories incorporated

1836

With expiration of the Second Bank's charter, merchant
bankers resume major financing of long�distance trade

1830s

Private semaphore systems built by shipping and mercantile
firms to relay messages from incoming ships to counting
houses
Jobbers begin to purchase directly from domestic and foreign
manufacturing agents; auctions decline
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Table 5.4 (cont.)
Year

Development

1830s

Specialized New York City jobbers adopt fixed prices,
publish catalogs, mail to customers

Late 1830s

Cotton, other agricultural commodities come to dominate
trade through New York, hastening the demise of general
merchants, helping to make port most important in North
America

1840

Auctions fall to only one-eighth of U.S. import sales

1841

Commercial credit rating company (Mercantile Agency)
begun
Advertising agency (V. B. Palmer) established

1842

Credit protection group formed by importers, commission
houses

1844

Credit report book published, distributed by subscription

1847

Health insurance company incorporated

1850

New York City directory lists more jobbers than importers
in a half-dozen speciality goods

1851

Insurance board established by state (New Hampshire)

1852

Branch of federal mint established on west coast
Insurance magazine (Tuckett's Monthly) published

1853

Federal assay office building authorized, erected on Wall St.
Through bill of lading introduced
Bank clearing house organized, exchange opened on Wall St.
Trade association (American Brass Association) organized to
regulate prices

1854

Firm (United States Trust) organized to act as executor,
trustee

Early 1850s

Commodity exchanges opened; standardized methods adopted
for sorting, grading, weighing, inspecting

1859

Insurance department established by state (New York)

1850s

Specialized jobbing begins to spread from large coastal ports
Warehouse receipts with uniform grades serve as exchange
media

through bill of lading (1853) and the use of warehouse receipts with
uniform grades as a medium of exchange (1850s). Commerce also adopted
a series of innovations in communication, including journals of prices
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(1795), commercial newspapers (c. 1815), mercantile libraries (1820),

trade journals (1831), ship-to-shore semaphore systems (1830s), agen

cies for advertising (1841), and credit report books distributed by sub
scription (1844).

In addition to this extensive innovation in commerce itself, increas

ing control of the processing and distribution of material goods also
was seen throughout the preindustrial and early industrial periods in

the financial and insurance subsectors of the quaternary sector. In
novations in finance included a half-dozen major institutions: general
commercial banks (1780s), the stock exchange (1792), savings banks

(1816), state boards of bank examiners (1829), building and loans (1831),

and bank clearing houses (1853). Innovations in insurance included a
half-dozen new types: general life (1792), joint-stock fire (1810), state

marine .0818) and bank deposit (1829), mutual life and fire (1835), and
health (1847).

Even the quinary sector, including the federal and state govern

ments and the legal profession, played an active role in increasing

control of commerce during this period. Well before the advent of
American industrialization in the 1840s, the federal government had
established two national banks (1791, 1816), a mint (1792)', and an assay

office (1823); it had also attempted to control commerce by fixing the
price of gold (1792) and establishing a uniform systein of bankruptcy
(1800). Meanwhile, various state governments had also been active

throughout · the preindustrial and early industrial period in adopting
innovations for the additional control of commerce: regulating insur
ance companies (1799) and marine insurance (1818), granting trust
powers (1822), insuring bank depositors (1829), and establishing in
surance boards (1851) and departments (1859).

Well into the 1840s, however, despite intervention by the federal

and state governments, the mechanism for control of the American

economy remained the market. Differentiation and specialization of
commerce and the various quaternary and quinary innovations in

control notwithstanding, market control remained unchanged on the

key dimension: speed. Even in the distributed control structure of the

Second Bank, with its extensive network of branches, bank notes and

bills of exchange moved between offices at the speed of the riding
horse, stage coach, flat boat, and sailing ship.

In 1840, as we have seen, virtually all Post Office routes still de
pended on horses. Not until the spread of railroads and ocean-going
steamships in the 1840s and 1850s did the systems of transportation
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and the commerce dependent on them attain the speed, regularity,
and predictability that called their continued control by market mech
anisms and supporting quaternary services into serious question. Until
such application of steam power to the material economy, the entire
operations of the Second Bank, with twenty-two branch offices and
profits fifty times those of the largest mercantile house in the country,
could be run by just three people: Nicholas Biddle and two assistants
(Redlich 1951, pp. 113-124). Clearly Biddle, who died in 1844, knew
nothing of the crisis of control that would begin to challenge his fellow
bankers of the succeeding generation.
Lagging Development of the Primary and S econdary
Sectors
Although to give a precise date for the American Industrial Revolution
or the resulting criais of control would be specious, several technolog
ical and economic developments converged in the late 1830s and 1840s
to give the process a relatively distinct beginning. Each of these de
velopments involved one or both of two essential changes: increasing
levels of energy utilization or power and the progressive translation
of this power into the increasing speed with which matter, energy, and
information moved through the system. All else being equal, increases
in power will always result in increases in speed, which in turn in
creases the need for control and hence for communication, information
processing, programming, and decision.
To power the extraction, processing, and distribution of material
throughputs to industrial production, the system turned for its energy
from sources animate (human and draft animal) to sources inanimate
(steam-powered machinery) and from natural kinetic sources (wind
and water) to sources chemical (coal and electric batteries). For this
reason anthracite and iron mining gained in importance in the primary
sector relative to agriculture, while textile and metals production
the most effective early applications of steam power-came to domi
nate the secondary sector. Steam-powered transportation, especially
railroads and steamship lines, speeded processing and distribution;
even faster electrical communication via a national telegraph grid helped
to control the new systems of transportation and commerce. Although
not all of these changes characterized the earlier Industrial Revolution
in Britain, they had converged by the mid-nineteenth century in factors

Toward Industrialization

203

that began to push American industrialization toward its crisis of con
trol.
As in Britain, where the proximity of large coal and iron deposits
speeded industrialization, the Industrial Revolution did not take hold
in the United States before domestiC fields of the two key ores had
been sufficiently developed. Although iron and coal were the only two
materials mined in colonial America, the new continent did not yield
either ore in quantity until the 1830s. Before that decade the former
colonial mines of Virginia on the James River remained the only do
mestic source of coal available to New England manufacturers; for
many years the James River mines measured total output not in tons
but in bushels (Eavenson 1942, chaps. 6, 7). This lack of coal hindered
the spread of steam power. Although operating a steam engine cost
two-and-a-half times as much in the northeastern United States as it
did in England in 1828, in Pittsburgh-where coal abounded-it cost
only three-fourths the English rate (Chandler 1977, p. 526). "Of all the
technological constraints," Chandler concludes, "the lack of coal was
probably the most significant in holding back the spread of the factory
in the United States" (1977, p. 76).
Americans first recognized the value of the anthracite fields of east
ern Pennsylvania under the trade restrictions imposed by the War of
1812. Owners of these coal lands began to extend canals into the region
in the 1820s. From virtually zero output before 1825, when the first
canals became operational, annual production of anthracite exceeded
290,000 tons by 1830. Although this coal was first used to heat build
ings, its increasing availability and declining price-from nearly $10
to less than $5 a ton by the mid-1830s-hegan to stimulate industrial
applications, especially in New England, where coal became an at
tractive alternative to the limited sources of water power. Using an
thracite to generate steam, Samuel Slater, who in 1789 had been first
to bring a British design for a water-powered spinning mule to Amer
ica, began in 1828 to operate the country's first steam-powered textile
mill in Providence, Rhode Island (Ware 1931, chaps. 2, 5). Four years
later nearly sixteen hundred sailing ships moved 158,000 tons of Penn
sylvania's finest anthracite from Philadelphia to Boston to help feed
new steam-powered textile, metal-making, and metalworking factories
in southern New England.
As late as 1832, however, most American factories continued to run
on water power. Outside of Pittsburgh, only four of 250 of the largest
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U.S. manufacturers relied solely on steam power in that year, even
though four-fifths of these firms made textiles; three other firms used
steam to supplement water power (Chandler 1972, pp. 143-145). Al
though among them the 250 companies had a total of some one hundred
steam engines, most were low-horsepower auxiliary engines (Temin
1966, p. 189). Indeed, more of the large firms relied on wind and mule
power than on steam (Chandler 1977, pp. 6 1-62). Clearly steam-driven
manufacturing, despite the steady supply of cheap coal by the late
1820s, did not precede the application of steam to rail transportation
in the late 1830s.
Much the same can be said of iron. From mines to manufacturers,
the entire industry continued to burn wood rather than coal and to
rely on water power rather than steam until the coming of the railroads.
Even in metal-making and metalworking, among the first American
industries to exploit the growing domestic coal production to increase
their own output, little change occurred before the 1840s. Peter Temin,
specialist on early nineteenth-century manufacturing, noted that "be
fore the 1840s . . . the iron industry of the United States was ex
panding only slightly more rapidly than the population . . .

It was

still using the old techniques and the traditional fuel, charcoal, inher
ited from previous centuries, much as the economy was largely con
centrated in its fan:iliar location" (1964, p. 15).
Well into the 1830s American domestic iron continued to come from
the rural "iron plantations," little changed from colonial times, where
adequate ore, trees to make charcoal for a blast furnace, and water

power to run the forges all happened to be found in proximity. As
colonial sites became depleted, plantations moved inland; furnaces to
refine the ore into pig iron usually followed the miners. Because forges

depended on water power and not steam to hammer pigs into wrought
iron, however, these primitive operations often stayed behind at east
ern sites, thereby increasing transportation costs. Output of both pig
and wrought iron remained irregular: both furnaces and forges had to
halt operations in extreme heat or cold or when a freeze or drought
disrupted water supplies (Chandler 1972, p. 147). Even when they did
operate, powered by several score indentured servants or occasionally
by slaves, plantations produced at best thirty tons of pig iron per week
(Hunter 1951, p. 178).
Small wonder, then, considering the low output, high cost, and ir
regular supply of domestic iron, that the large ironworks of New Eng
land and the Delaware Valley purchased 70 percent of their raw material
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abroad, even after the stiff tariff-the so-called Tariff of Abomina
tions-in 1828. As late as 1832, 97 percent of Maine blacksmiths, the
sector that consumed most wrought iron in the agricultural economy,
still depended entirely on foreign supplies; the other 3 percent used
only small amounts of American iron (Chandler 1972, pp. 145-146).
Metalworking itself remained nearly as primitive as domestic min
ing. Despite the increasing availability and decreasing cost of domestic
anthracite by the late 1820s, most wrought iron processors continued
to use water power and not steam to draw out wire and nails and to
hammer out sheets and fittings. Even New England's larger iron
works, source of most nails, barrel hoops, axes, and shovels for the
developing economy, continued to rely on charcoal and not anthracite
to work their metal, despite the mounting costs of wood as local
forests became depleted.
Table 5.5 summarizes selected events in the development of the
American anthracite and iron industries. The two industries developed
independently until the mid-1830s, when coal became plentiful and
cheap and anthracite reverberating furnaces first began to replace
charcoal-heated, water-driven forges. Owing to the demand for iron
created by the application of steam power to transportation, however,
by the mid-1840s anthracite, iron, and steam power began to develop
almost as one. By the late 1850s anthracite-powered iron rolling mills,
struggling to produce the material infrastructure for the steam
powered railroads, constituted some of the largest industrial enter
prises in the United States.
Thus did the primary, secondary, and tertiary sectors coevolve,
driven by the new inanimate power of steam. Until the 1840s, however,
despite growth in the coal, iron, and railroad industries, the industrial
factory-with complex, steam-driven machinery-had yet to appear
in the United States. With the exception of a few hundred textile mills
and a few dozen metalworking establishments like the U.S. Army's
Armory at Springfield, Massachusetts, almost all of which remained
water-powered, even multiunit factories, with division of labor and
integration of the several processes in a single establishment, had not
yet appeared. Alfred Chandler has pointed out that "before the mid1830s, when coal became available in quantity for industrial purposes,
nearly all production was carried on in small shops or at home. Amer
ican manufacturing was still seasonal and rural. Workers were
recruited when they were needed from the local farm population and
paid in kind as well as wages. There was as yet only a tiny indus-
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Table 5. 5. Selected events in the development of the American anthracite
and iron industries, 1789-1859
Year

Anthracite

1791

Anthracite discovered in
Carbon County, Pa.

1808

Anthracite burned
experimentally

1812

Anthracite used commercially

Iron

1816

Boiler plate rolled at iron
mill

1817

Iron mill puddles, rolls iron

1819

Angle iron rolled in
Pittsburgh mill

1824

Large anthracite mining tunnel
begun using black powder
Malleable iron castings
produced

1826
Late 1820s

1835
Mid-1830s

Owners of anthracite fields in
eastern Pennsylvania begin
to extend canals into region
Coke demonstrated to be a
successful blast furnace fuel
Coal becomes plentiful and
cheap as far north as Boston
Anthracite reverberating furnaces
begin to replace charcoal-heated,
water-driven forges

1837

Domestic coal production
exceeds a million tons per
year
Anthracite used to smelt iron ore

1839

Iron blast furnace adopts anthracite,
produces 28 tons per week

1840

Anthracite blast furnace begins
production of pig iron

1842

Hammered iron produced
with water-powered trip
hanuners

1844

Rolling mill produces iron
rails
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Iron

Pig iron producers adopt anthracite
blast furnace; replaces rural iron
plantations

1846

Cast steel made, used in
plows

1854

Wrought iron beams
rolled, used in place of
cast iron beams

1850s

Anthracite surpasses charcoal,
bituminous in iron production
With large rail mills,
railroad products
consume 20 percent of
domestic pig iron

Late 1850s

Four rail mills-each with
more than $1 million in
capital-become the
largest enterprises in the
iron industry

trial proletariat and a minuscule class of industrial managers" (1977,
p. 245).
According to several of the so-called new economic historians (Fogel
and Engerman 197lb), industrialization of the United States came in
response to rising demand, at least prior to the American Civil War.
Although demand for high-volume production existed before the 1840s
in both America and abroad, at ieast for textiles (Zevin 1971, pp. 121>137) and iron products (Fogel and Engerman 197la), the steam-driven
factories of England and Europe continued to satisfy this demand. In
short, the American Industrial Revolution cannot be said to have begun
before the 1840s and the major application of steam power in the.
tertiary sector: the railroad. Not the steam engine itself, nor the knowl
edge of steam-powered machinery, nor established manufacturing in
textiles and metals, nor the growing supply of domestic coal and iron
not even together did these factors bring rapid industrialization to the
United States. The explanation, once again, involves speed.
As concrete open processing systems, societies cannot produce goods
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faster than they can move, process, and distribute throughputs to
production and still maintain control of the system. We have already
reviewed, in the previous three sections, early differentiation and spe
cialization of the essential infrastructure for transportation, commu
nication, and control. Until this system moved at the speed of steam
power, however, steam could not be extensively applied to factory
production-speeds in all parts of the system had to increase more or
less in parallel.
As we have seen, a hundred steam engines could be found among
the 250 largest manufacturers in 1832. Coal bad become plentiful and
cheap even in Boston by the mid-1830s, when the new anthracite furnace
promised increasing supplies of wrought iron. Still, steam-powered
factory production on a large scale awaited a means to move the cor
respondingly large volume of throughputs to the processing system
also at the speed of steam. Factories could sustain high processing
speed and volume only if raw materials flowed in and finished goods
could be distributed with equal volume and speed. For this to occur,
the national network of canals and turnpikes would have to be replaced
by a similar network of steam railroads. At the beginning of 1840, the
United States-despite three thousand miles of track-still awaited
completion of its first interregional railroad link. Contrary to the Clark
Bell sequence of industrialization, development of the economy's sec
ondary sector awaited further development of its tertiary one.

Steam Speeds the Tertiary Sector
As in England, the first railroads in the United States employed horses
to draw wagonloads of ore along cast-iron rails. The first such railroad,
built in 1826, connected Quincy, Massachusetts, to the Neponset River;
the following year a second linked the coal mines in Carbon County,
Pennsylvania, with the Lehigh River. Although the first two loco
motives arrived from England in 1829, they proved too heavy for
existing tracks and trestles. The Baltimore and Ohio Railroad, begun
in 1828 with horse-drawn cars, used steam power after 1830, when
Peter Cooper, partner in a Baltimore ironworks, successfully tested
his new locomotive, the

Tom Thumb.

By this time, steam-powered

passenger and freight service on England's Stockton and Darlington
Railway had been in full operation for five years.
Table 5. 6 summarizes selected events before 1860 in the development
of the second American infrastructure of transportation, one based not
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Table 5.6. Selected events in the development of a second national
transportation infrastructure based on steam power, 1807-1859
Year

Development

1807

Fulton, Livingston establish steamboat line

1809

Steamboat navigates ocean from New York to Philadelphia

1811

Steam ferryboat begins operations between New York and
Hoboken, N.J.
Steamboat travels from Pittsburgh to New Orleans

1816

First steamboat launched on the Great Lakes (Ontario)

1819

Steamboat (Savannah) built in United States crosses Atlantic

1825

Sheet-iron steamboat-weighing 5 tons-launched on
Susquehanna
Steam tugboat built to tow vessels at New York City dry
dock

1829

Two locomotives arrive from England; too heavy for U.S.
tracks

1830

Baltimore and Ohio Railroad adopts steam power after Peter
Cooper successfully tests Tom Thumb

1831

Practical U.S. locomotive (York) introduced that burns coal,
has coupled wheels, double pair of drivers

1834

Railroad tunnel· 901 feet long-completed through
Allegheny Mountains

1838

Regular transatlantic steamship service begins
Annual steamboat inspection, federal inspection service
established by Congress
Steam shovel invented, first used on Western Railroad

1839

Express delivery service between New York and Boston
organized using railroad and steamboat

1830s

Some three thousand miles of railroad track go into operation

1841

Western Railroad links Worcester, Mass., and Albany, N.Y.,
to become first interregional line

1844

Iron steamship (Bangor) built for transatlantic service
Rolling mill produces iron rails

Early 1840s

Railroads move three to five times as much freight as canals
for the same cost

1847

U.S. passenger steamship line to Europe established

1849

Regular steamboat service from New York to California via
Cape Horn inaugurated

1840s

Six thousand miles of new railroad line built, double the
amount laid in the previous decade
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Table 5.6 (cont.)
Year

Development

1853

Railroad begins operations between New York and Chicago
Union passenger station (Indianapolis) opened for trains of
five companies

Early 1850s

Four great railroad trunk lines-Erie, Baltimore and Ohio,
New York Central, Pennsylvania-link East and West

1855

Steam dredge built, used in Charleston harbor

1856

Railway bridge across Mississippi completed

1858

Overland mail service begun-twice weekly-to Pacific Coast

1850s

Rail network east of the Mississippi essentially completed
Network of waterways, canals largely abandoned for
railroads even in the Old Northwest; Mississippi Valley
river boat lines also lose much traffic to railroads �

'

on animate and wind power but on steam. Unlike the first infrastruc
ture, which developed steadily from the 1790s through the 1820s and
declined somewhat thereafter, the infrastructure of steam-powered
transportation did not develop before 1830 and Cooper's Tom Thumb.
Even the application of steam power to water transportation, as Table
5.6 shows, did not advance much beyond Fulton before the late 1830s
and 1840s, when steamships first made their mark on the world com
mercial system with a regular transatlantic service (1838), a U.S. pas
senger line to Europe (1847), and regular service from New York
around Cape Horn to California (1849).
On land, steam powered some three thousand miles of railroad by
1840 (Taylor 1951, p. 79; U.S. Bureau of the Census 1975, p. 731).
Despite this rapid growth, railroads did not begin to stimulate wide
spread industrialization until America's first railroad boom in the mid1840s. Until that time, lines remained short-most less than fifty miles
except in the West, where they carried fewer passengers and less
freight. Most early lines connected existing commercial centers and
therefore merely supplemented turnpike and water routes; no lines
connected East and West until the 1850s. By 1850, indeed, only one
railroad-the Western, completed in 1841 between Worcester, Mas
sachusetts, and Albany, New York-linked major regions of the coun

try.

The first decade of the railroad did, however, stimulate innovation

and growth in iron and coal. By the mid-1830s the anthracite rever-
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berating furnace had begun to replace the charcoal-heated, water
driven forge in the manufacture of wrought iron bars, sheets, and rods;
the country's first anthracite blast furnace began production of pig iron
in 1840. As both cause and effect of the innovations in iron-making,
domestic coal production rose from 290,000 tons in 1830 to a million
tons by 1837 and, despite a long economic depression, to two million
tons by the mid-1840s; the price fell from $5 to $3 a ton. During the
five years between 1831 and 1836 the number of vessels carrying an
thracite from Philadelphia to Boston increased from 563 to almost 3,300
(573 percent); total shipments increased from 56,000 to 345,000 tons
(616 percent) (Chandler 1972, p. 156).
After the protracted economic depression of the early 1840s, Amer
ican railroad building boomed, first in New England and later in the
South and West. The decade brought nearly six thousand miles of new
track, double the amount laid in the railroad's first decade, compared
to less than four hundred miles of new canals; America had as much
rail as canal mileage by 1840, almost two-and-a-half times as much by
1850 (Taylor 1951, p. 79). Stagecoach-type rail cars gave way to rec
tangular "long cars" seating sixty in the 1840s; freight cars came to
resemble smaller versions of the boxcars, cattle cars, and lumber cars
used on American railroads to this day.
Between 1851 and 1854 four great trunk lines connecting East and
West-run by the Erie, Baltimore and Ohio, New York Central, and
Pennsylvania railroads-all began operations. The five states of the
old Northwest, despite the region's natural transportation system of
lakes and rivers, had by 1860 largely abandoned their network of
waterways and canals for nine thousand miles of railroad. More canals
were abandoned than built in the 1850s, when the country added twenty
one thousand more miles of track, thereby completing the essential
rail network east of the Mississippi. Even the river boat lines had lost
much of the Mississippi Valley traffic to the railroads by 1860 (Hunter
1949, pp. 484-488). As Chandler (1977, p. 86) observes, "Never before
had one form of transportation so quickly replaced another" (Fig. 5.2).
In terms of costs alone, success of the railroads over canals depended
on three factors: building, maintenance, and shipping costs. First,
railroads cost considerably less to build over rugged terrain and, al
though canals cost somewhat less per mile on fiat land, railroads could
follow more direct routes (Taylor 1951, p. 53). Second, canals had much
higher maintenance costs, particularly because of freshets, the sudden
overflows caused by a thaw or heavy rain (Sanderlin 1946, pp. 191-
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193; Taylor 1951, p. 43). Third, because canals did not operate for'much
of the winter, even the early railroads could carry fifty times as much
freight per mile annually, thereby greatly reducing unit shipping costs.
As early as

1840 railroads could move at least four times as much

freight as canals for the same cost (Lebergott 1966, p. 444).
In addition to these purely economic considerations, railroads also
greatly surpaosed canals in speed, regularity, and predictability-what
we have already found to be the key factors increasing the need for
control. Even the earliest railroads could increase the speed of a ship
ment tenfold: the canal and river route from Boston to Concord, New
Hampshire, took five days upstream and four down, for example; the
trip took only four hours each way on a rail link opened in 1842. "For
the first time in history," Chandler (1977, p. 83) observed of the rail
road, "freight and passengers could be carried overland at a speed
faster than that of a horse."
Steam power made the American processing system move roughly
three to ten times faster in the railroad's first quarter-century alone:
between 1830 and

1857, according to data compiled by Paullin (1932,

pp. 133-134, plates 138B, C), movement from New York City to New
Orleans speeded up threefold (from two weeks to five days), to Cin
cinnati fivefold (from one week to one-and-a-half days), to St. Louis
sevenfold (from two-and-a-half weeks to as many days), to Chicago
tenfold (from three weeks to two days).
In addition to speed, steam power made transportation more reg
ular, dependable, and predictable than that powered by animals, wind,
or water currents. Although fraught with accidents and delays, rail
road transportation, hindered little by either storm or calm, drought
or flood, almost immediately proved more dependable than canals or
sailing ships. Unlike the canals, railroads quickly developed the tech
nology to continue operations year-round, even during the heaviest
snowfalls. From the first, railroads ran on strict schedules: as early as
1835, for example, on the forty-four mile Boston and Worcester line,
passenger trains departed each end of the single track at precisely
the same times-6 A.M., noon, and 4 P.M.-with freights following

Figure 5.2. A half-century's growth in the U.S. rail network. During the period
1840-1890 the total mile<111e of completed railroad lines increasedfrom 2,808
(1840) to 52,922 (1870) to 169,597 (1890); the system peaked in 1916 with a
total af 254,000 miles of road, compared with about 200,000 miles today.
(Courtesy of the Association of American Railroads.)
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immediately behind the morning trains (Salsbury 1967, p. 114-115).
With the development of a year-round, dependable, and predictable
transportation system that could move throughputs at the speed of
steam, after 1840, the Industrial Revolution-grounded in similarly
fast, steam-powered factory production-could at last take hold in the
United States, nearly a century after its beginning in Great Britain.
As domestic anthracite provided the energy, pig iron the matter, and
steam-driven machinery the material processing for industrialization,
the rapidly expanding rail network provided the infrastructure to move
throughputs on an interregional, national, and finally continental scale.
As Chandler (1977, p. 245) writes of the railroad, "Without a steady,
all-weather flow of goods into and out of their establishments, manu
facturers would have had difficulty in maintaining a permanent working
force and in keeping their expensive machinery and equipment oper
ating profitably."
Once the tertiary sector had established sufficient speed of move
ment, the primary sector provided the inputs of matter and energy.
By the mid-1840s, with the price of domestic coal down from $10 to

$3

a ton and annual production up to two million tons from virtually

zero twenty years earlier, pig iron producers quickly adopted the new
anthracite blast furnace. In 1849 sixty such furnaces had gone into
blast; four years later the number had doubled. During the same decade
the use of anthracite surpassed that of charcoal (in 1855) and charcoal
and bituminous coal combined (1856) in U.S. pig iron production (Temin
1964, p. 266). For the first time, as a result of the railroad, American
manufacturers could count on domestic sources for energy in abun
dance. Not only did anthracite generate the high steady heat needed
in both furnace and foundary, thereby fueling a modern American iron
industry and (indirectly) new metalworking industries, but it also
powered the machines they produced.

Steam Moves to the S econdary S ector
As in the British Industrial Revolution, textiles paced industrialization
of America's secondary sector. Aside from the production of firearms
for the U.S. Army, as we have seen, the textile industry maintained
the only substantial number oflarge factories-harnessed to the power
of major rivers-before the 1840s. These so-called

integrated

mills,

with all of the activities for both spinning and weaving under one roof,
had appeared in America after 1815; the first integrated steam mill
Slater's Providence factory-began operations in 1828 (Ware 1 931,
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chap. 2). With the increasing availability of coal for steam in the 1830s,
the textile industry relocated from rivers to a string of integrated
steam mills stretching along the New England coast from New London,
Connecticut, to Portsmouth, New Hampshire.
Most of the major innovations in the new steam-driven textile ma
chinery came before 1840 (Jeremy 1973), after which date the indus
trialization of American textiles can be said to have been essentially
completed. Although productivity continued to increase dramatically
in the decades immediately before and after the Civil War, these gains
resulted less from further industrialization than from improvements
in the processing skills of workers and in control technology-what
economists call "learning by doing" (Arrow 1962; David 1970). ln
1828, for example, Paul Moody applied belt drive to textile production,
thereby overcoming the mechanical difficulties of the English gear
drive and greatly raising the operating speeds potentially attainable
(Gibb 1950, pp. 79-80). Greater productivity came through increased
control learned through "experimental determination of optimum plant
layouts, or work organization, or operating speeds and machinery
maintenance schedules, or similar best-practice information" (David
1970, p. 537).
Abundant, inexpensive coal and iron brought the steam-powered
integrated factory
with it the

to the metalworking industries in the 1840s, and
so-called American System, manufacture through the pro

cessing and assembly of interchangeable parts. Pocket watches, clocks,
locks, safes, and scales all came to be produced by the new method in
large departmentalized factories. By 1850 manufacturers had begun
to apply the American System to the production of newly invented
machines of the Industrial Revolution: reapers, harvesters, and sewing
machines. The need for still more specialized machinery to produce
these machines, in turn, gave birth to a new machine tool industry
the technology of interchangeability applied to the production of parts
for machines that would make parts for still other machines (Roe 1916,
chap. 11).
Railroads themselves became major new markets for the metal
working industries. With completion ofthe first large rail mills, railroad
products consumed more than 20 percent of American pig iron by the
late 1850s, up from only 4. 7 percent as late as 1840-1845; the rerolling
of worn rails provided the mills a second substantial business (Fishlow
1965, p. 142). Because one rail mill could consume the total output of
two or three blast furnaces, the total iron-making process-split up
by the westward migration of the iron plantations-became quickly
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reintegrated in a single works with both furnaces and final shaping
mills. By 1860 four rail mills, each with more than $1 million in capital,
had become the four largest enterprises in the iron industry; the largest
had nearly three thousand employees. Several rail mills had by this
time. branched out into the production of bar iron, beams, and wire
(Temin 1964, pp. 109-111).
After the Civil War the large rail mills nurtured a new American
steel industry. Sir Henry Bessemer's process for the manufacture of
steel from molten pig iron, the first means of making the metal on an
industrial scale, received its American trial in 1865. In 1866 the Penn
sylvania Steel Company, rail-making subsidiary oftbe mammoth Penn
sylvania Railroad, adopted the Bessemer process; by 1873 eight American
mills had installed the new converters. In the decade that followed,
large rail mills also pioneered the adoption of Sir William Siemens's
open-hearth methods, which used both iron ore and pig iron, to produce
steel on a mass scale (Temin 1964, pp. 170-172).
Not only did the railroad serve as a means to move throughputs to
the industrial system, therefore; it also provided major markets for
the products of that system. Because most locomotives burned coal,
railroads stimulated both production and innovation in the coal indus
try-so vital to metals and manufacturing-while also serving as its
major means of transportation. Because railroads consumed so much
iron in their rails, wheels, and spikes, they also stimulated development
and innovation in metal-making and metalworking, also industries vital
to manufacturing.
Table 5. 7 compares selected innovations in the application of steam
power to transportation as compared to other sectors. American
inventors seemed to think first of transportation when considering
applications of the new inanimate power. Most of the major applications
of steam to transportation, including a wide assortment of boats, ships,
and locomotives, had been well developed by the early 1830s. The
spate of innovations in the other sectors appeared to come in the late
1830s and 1840s.
This finding, however tenuous, does support our earlier conclusion
about the relationship between transportation and the primary and
secondary sectors. Despite the tertiary sector's role as a market for
industrial production, its more likely major role was to move through
puts to the industrial system. As Chandler (1977, p. 245) concludes,
"Of far more importance to the expansion of the factory system was
the reliability and speed of the new transportation."

Toward Industrialization
Table 6.7.

Selected innovations in the application of steam, 1788-1870

Year

Transportation

1786
88
1790
92
94
96
98
1800
02
04
06
08
1810
12
14
16
18
1820
22
24
26

28
1830
32
34
36
38
1840
42
44
46
48
1850
52
54
56
58
1860
62
64
66
68
1870
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Other sectors

Boat engine

Practical engine
High-pressure engine
Twin·screw boat
Amphibious scow
Successful boat
Seagoing boat
Ferryboat
Frigate
Double-decked boat

Boiler plate

Transatlantic ship

Model locomotive
Tugboat

Printing press

Textile mill
Locomotive
Practical coal locomotive
Coin mint
Thresher; shovel and crane
Independent boiler pump
Engine for screw ship
Seagoing frigate, iron ship

Fire engine; grain elevator
Building heating system
Hotel, factory heating systems
Pile driver
Percussion rock drill

Seagoing dredge

Calliope
Portable sawmill engine

Whaler; automobile
Motorcycle
Elevated railroad

Suspended elevator
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On the Eve of Crisis: Steam Power and Speed
This chapter has outlined a sequence of technological and economic
innovations-most before 1850-in the material processing system
that sustains the American society, the result of which was the har
nessing of steam power throughout the economy, from extraction and
production to distribution and consumption. Applied first to transpor
tation, to railroads and to maritime shipping, steam power provided
the means to move a large volume of throughputs to the processing
system. With the development of this tertiary infrastructure and the
quaternary and quinary infrastructure for its control, steam-powered
factory production began to sustain the high processing speeds and
volume that would usher in America's Industrial Revolution.
Speeding up the entire societal processing system, as the next chap
ter shows, put unprecedented strain on the quaternary and quinary
sectors-on all of the technological and economic means by which a
society controls throughputs to its material economy. Never before in
history had it been necessary to control processes and movements at
speeds faster than those of wind, water, and animal power-rarely
more than a few miles per hour. Almost overnight, with the application
of steam, economies confronted growing crises of control throughout
the society. The continuing resol.ution of these crises, which began in
America during the 1840s and reached a climax in the 1870s and 1880s,
constituted nothing less than a revolution ir. control technology. Today
the Control Revolution continues, engine of the emerging Information
Society.

6
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Industrial Revolution and the Crisis
of Control
The most vital trait of the spontaneous organization of the industrial
order is that its goal, and its exclusive goal, is to increase the control
of man over things.
-Emile Durkheim, Le socialisme

INCREASING the speed of an entire societal processing system, from

extraction and production to distribution and consumption, was not
achieved without cost. Throughout all previous history material goods
had moved down roadways and canals with the speed of draft animals;
for centuries they had moved across the seas at the whim of the winds.
Suddenly, in a matter of decades, goods began to move faster than
even the winds themselves, reliably and in mounting volume, through
factories, across continents, and around the world. For the first time
in history, by the mid-nineteenth century the social processing of ma
terial flows threatened to exceed in both volume and speed the system's
capacity to contain them. Thus was born the crisis of control, one that
would eventually reach, by the end of the century, the most aggregate
levels of America's material economy.
Problems began with a crisis of safety on the railroads, first with
the intersectional lines in the early 1840s and then in the early 1850s
with the great trunk lines connecting East and West. By the 1860s
this safety crisis had given way to the. railroads' continuing struggle
to control their vast systems to maximum efficiency. As late as the
1870s, as we shall see, railroad companies actually delayed building
large systems because they lacked the means to control them.
Meanwhile, the control crisis spread to distribution. With the pro
liferating network of grain elevators and warehouses in the 1850s,
mercantile firms and other transporters had increasing difficulty in
keeping track of individual shipments of wheat, corn, and cotton and
in controlling the growing commerce in these commodities. In the 1860s
this crisis in the control of distribution also began to affect the move-
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ment of goods in the opposite direction: from manufacturers westward
to consumers. Commission merchants found it increasingly difficult to
handle the distribution of mass-produced consumer goods; wholesalers
struggled to integrate the movement of goods and cash among hundreds
of manufacturers and thousands of retailers. By the late 1860s, with
the rise of department stores and other large retailers and wholesalers,
the control crisis had become one of maintaining high rates of "stock
turn" in inventory.
At ai>out the same time, the crisis of control also reached the pro
ducers themselves. Rail mills adopting the Bessemer process in the
late 1860s struggled to control increasing speeds in the production of
steel. Producers of basic materials-iron, copper, zinc, and glass
also worked with difficulty to maintain competitively fast throughputs
within their plants. This crisis of production had by the 1880s reached
even the metalworking industries, where companies engaged in the
manufacture of everything from castings and screws to sewing ma
chines, typewriters, and electric motors struggled to keep up with the
volume and speed of their metal-producing suppliers.
Finally, in the 1880s the control crisis reached the area of consump
tion. Even in the 1860s petroleum companies adopting continuous
processing technologies, which increased output three to six times
while halving unit costs, had confronted the need to stimulate con
sumption, differentiate products, and build brand loyalty. In 1882 a
single miller adopting the same continuous-processing technologies to
oatmeal produced at twice the national rate of consumption. Clearly
the need to create new markets-and to stimulate and control con
sumption-had reached a crisis level in oatmeal. Over the same decade
similar needs confronted producers of fiour, soap, cigarettes, matches,
canned foods, and photographic film as they began to adopt continuous
processing technology.
As this crisis of control spread through the material economy from
the 1840s to the 1880s, it inspired a stream of innovations in information
processing, bureaucratic control, and communications. This continuing
innovation, effected by transporters, producers, distributors, and mass
marketers alike, reached a climax in the 1870s and 1880s; by the turn
of the century the crisis of control had largely been contained. Only
through the dynamic tension between crisis and control, with each
success at control generating still new crises, has the revolution in
technology continued into the twentieth century and into the emerging
Information Society.
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Control Crisis in Transportation
Dramatic problems of control first appeared, as might be expected, on
the railroads, the first part of the material processing system to harness
the speed of steam power on a large scale. Because early railroads
operated for most of their length on only a single track at unprece
dented speeds of up to thirty miles per hour, they faced the problem
of especially dangerous and costly head-on collisions. Lacking modem
communication and control technology, most railroads adopted one of
two solutions. On longer, lightly traveled roads, all trains ran one way
one day and the other way the next. This solution did not prove eco
nomical or convenient enough for shorter, busier routes, however,
where the first of two trains scheduled to meet running in opposite
directions would wait at a midpoint station or siding until the other
had passed. Without the technologies of centralized bureaucratic con
trol, telegraphic communication, and formalized operating procedures
along the line, however, and lacking even standardized signals, time
tables, and synchronized watches aboard each train, many accidents
did occur (Fig. 6.1).
For the Western Railroad, America's first intersectional rail link,
the inability to control even a half-dozen trains quickly ended in trag
edy. Because the 156-mile trip between Worcester and Albany took
more than nine hours, the single-track Western could not adopt the
Boston & Worcester method-waiting until one run had ended before
starting another in the opposite direction-and complete more than
one run daily in daylight. Instead, the Western scheduled two pas
senger trains and one freight a day each way between Worcester and
Albany, a plan that required nine daily "meets," times when trains
going in opposite directions had to pass each other. "Even assuming
that there were no extra movements or work trains on the line," notes
Stephen Salsbury, the Western's historian, "there was a scheduling
problem on a single-track, unsignaled mountain system" (1967, p. 183),
a system with much curved track often shrouded in fog.
On October 5, 1841, between Worcester and the Massachusetts state
line, on a section of the road opened only the previous day, disaster
struck: two Western passenger trains collided head-on, killing two,
seriously maiming eight, and less critically injuring nine others. The
public outcry, including an investigation by the Massachusetts legis
lature, reflected the fact that people were not yet used to travel at
the speed of inanimate energy-certainly not to the Westem's oper-
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Figure 6. 1 . The crisis ofsafety on the railroads helped rival canal and turnpike
interests to incite local resistance to the development of intersectional lines.
In 1840 rioters actually tore 1tp a Pkiladelph,ia rail line, which had to be
abandoned. Despite this 1839 broadside intended to rally Philadelphians against
becoming "a suburb of New York," that city had already been linked by a
chain ofrailroads to Washington, D.C., by January 1838. (Courtesy ofMetro
North Commuter Railroad, New York.)
.
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ating speeds of up to thirty miles per hour. Travel on the shorter
regional lines, although occasionally as fast, had been relatively free
of accidents through the 1830s, so that the public had come to regard
the railroad as a safe means of transportation. Salsbury sets the his
torical context for the great Western collision of 1841:
The twentieth centnry has become blase about disasters. Although train,
aircraft, and even automobile wrecks are headline news, there is a general
acceptance of the maxir« that accidents are the price of progress. Few
newspaper subscribers are surprised to learn of several major disasters
on the same day. That was not the case in Boston in the 1840s. Although
ship mishaps were considered normal, no tradition prepared people for
spectacular land wrecks. True, stages often overturned or smashed, but
for the most part such accidents usually resulted in injuries rather than
death and involved only a few people. By contrast, a single train carried
hundreds, at speeds up to 30 miles an hour. The railroad disaster, with
its potential to kill or maim scores, if not hundreds, held a special terror.
(1967, p. 183)

Investigation of the Western collision laid the blame on a failure of
programming and communication. The company's management, aware
that running six or more trains simultaneously on more than 150 miles
of track required special information technologies, had settled on two:
precise scheduling and a strict written program that defined proce
dures for various contingencies. The eastbound train had been late in
arriving at the Chester Village siding, according to an investigation
by the Western's board of directors, who reported of the conductor in
charge of the train: "In conformity with the general order with which
he had been furnished and the time sheet which he had then in his
possession and which he had consulted on the route, he should have
remained at Chester Village until the arrival of the westbound train.
He must have known by examining his timetable that ifthe westbound
was then acting in conformity to the same order, the trains would most
certainly meet between Chester and Westfield" (Salsbury 1967, pp.
185-186).
Explanation for the behavior of the conductor, who himself died in
the wreck, seemed to lie in a general failure of control. Programming
for contingencies like delays lacked precision, detail, and integration
among various workers and functions. As a result, the chain of com
mand among Western employees could be ambiguous. The company's
own investigation found "laxness in distributing copies of new orders
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to the train crews" and concluded that the "general control of the trains
was too loose" (Salsbury 1967, p. 186).
As a result of this fatal failure of control, the Western manage
ment instituted a wide range of innovations in bureaucratic organiza
tion, programming, information processing, and communication. Alfred
Chandler has hailed the result as an early milestone in bureaucratic
control, "the first modern, carefully defined, internal organizational
structure used by an American business enterprise" (1977, p. 97).
Control of the entire Western line became centralized in a new
Springfield, Massachusetts, headquarters, linked to three regional of
fices by what Salsbury (1967, p. 187) describes as "solid lines of au
thority and command." One chain of command, headed by the chief
engineer in Springfield, stretched through three regional "roadmas
ters" and controlled track, roadbed, bridges, and buildings. A separate
chain of command, headed by the master of transportation at Spring
field, stretched through three divisional masters and the various sta
tion agents and controlled all passenger and freight traffic. A third
chain of command, headed by the master mechanic at the Western's
major shops in Springfield, although normally under the master of
transportation, stretched through deputy mechanics at each terminal
and roundhouse and controlled all engines and rolling stock.
Certainly the most modern aspect of the organizational structure in
stituted by Western and eventually adopted by other railroads was
the company's particular attention to regularity in data collection, to
formalization of information processing and decision rules, and to
standardization of communication with feedback. Responsibility for
updating the three roadmasters on the condition of track and structures
fell to conductors, enginemen, stationmasters, and other subordinates
who passed up to the regional hierarchies a continual flow of data. The
Western required each roadmaster, in turn, to keep a "journal of his
operations" and to make a formal monthly report to the chief engineer
in Springfield. The company also specified that "no alteration in the
time of running or mode of meeting and passing of trains shall take.
effect until after positive knowledge shall have been received at the
office of the superintendent that orders for such change have been
received and are understood by all concerned" (Salsbury 1967, p. 186).
Although the Western left much to the discretion of central, regional,
and even local administrators, the company's directors programmed
its operating workers with "careful and explicit rules." Enginemen,
for example, became little more than programmable operators, duti-
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fully following rules like "in descending grades higher than 60 feet per
mile passenger trains are not to exceed 18 miles per hour and mer

chandise trains not over 10 miles per hour." In transit the engineman
obeyed the conductor, who told him even when to start and stop; upon
arrival, however, enginemen fell under the supervision of the termi
nal's master mechanic. The Western directors specifically charged con
ductors with the responsibility of reporting "any disobedience of the
engineman" directly to the superintendent in Springfield (Salsbury

1967, pp. 187-188).
Control of each train became centralized in its conductor, who had
standardized detailed programs for responding to delays, breakdowns,
and other contingencies, who carried a watch synchronized with all
others on the line, and who moved his train according to precise time
tables. The conductor controlled all operations between origin and
destination, including those of the engineman and the brakeman on
each car, from bis platform outside the first car of the train. He con
trolled the brake of this car, and he alone-except in emergencies
determined when and where to stop and when to start, signaling his
decisions by pulling a cord connected to the engine bell.
To describe the conductors on the reorganized Western line as "pro
grammed" might at first seem anachronistic, a needless intrusion of
contemporary jargon into the early nineteenth century. The fact re
mains, however, that in their control of trains the Western conductors
might have been replaced in many of their functions by on-board micro
computers or, given modern telecommunications, by a more centralized
means of computer control. Seen in this way, the Western conductors
take on new significance: they are possibly the first persons in history
to be used as programmable, distributed decision makers in the control
of fast-moving flows through a system whose scale and speeds pre
cluded control by more centralized structures. This use of human beings,
not for their strength or agility, nor for their knowledge or intelligence,
but for the more objective capacity of their brains to store and process
information, would become over the next century a dominant feature
of employment in the Information Society.
The directors of the Western Railroad labored quite consciously to
program and reprogram the entire system. In investigating the com
pany's operations, the Massachusetts legislature reported that "the
directors have been at great pains to collect and compare their rules
with those of other similar companies in this country and in England,
with a view to adoption of those which would produce the greatest
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security." The legislators also found that the directors reassessed an
employee's programming after an accident and used the experience to
determine new rules that might make for still safer operations (Sals
bury 1967, p. 189).
Because the Western was the first enterprise to extend beyond the
span of a single manager's close personal contacts, a distance Chandler
(1962, p. 21) sets for early railroads at roughly a hundred miles, and
because the company attempted to control multiple units operating at
the new speed of steam power, especially in opposite directions on the
same track, it is perhaps not surprising that a crisis of control would
arise in the first days of its operations or that its organizational and
informational solutions to the crisis would serve as the earliest models
for control by business well into this century. "As the first private
enterprises in the United States with modern administrative struc
tures," Chandler (1962, p. 23) finds, "the railroads provided industri
alists with useful precedents for organization building when the industrial
enterprises grew to be of comparable size and complexity." And, as
we shall see, when they came to control movements at comparable
speeds.

From Safety Crisis to Control for Efficiency
With the rapid diffusion of the telegraph, after Morse's successful
demonstration in 1844, and the adoption and refinement of the West
ern's organizational innovations, the danger of collisions no longer ranked
as the railroad's major control problem by the 1850s. In the first half
of that decade, which brought the first four trunk lines-the Erie
(1851), Baltimore and Ohio (1852), New York Central (1853), and Penn
sylvania (1854)-connecting East and West, the control crisis of the
railroads shifted from safety to efficiency in keeping track ·or trains,
cars, and personnel in increasingly large, complex, and busy systems.
The history of the Erie Railroad, America's first great trunk line,
illustrates this shift. In 1841, the year of the Western collision and the
Erie's first in operation as a regional railroad, the company ran five
locomotives, six passenger cars, and three freight cars, at an average
speed of twelve miles per hour, on forty-six miles of track; tbis kept
112 people employed. Only a decade later, in its first year as a trunk
line, the Erie ran 123 locomotives, 68 passenger cars, and 1,373 freight
arid baggage cars-at average speeds ranging from twenty-four up to
twenty-nine miles per hour (for the express)-on 445 miles of track;
this operation employed 1,325 people (Mott 1901, p. 483). Compared
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to the largest interregional railroad (the Western) in the previous year,
the Erie in 1851 had three times as much track and moved about as
much freight (a quarter million tons) and half again as many passen
gers-nearly 690,000.
In short, over the decade of the 1840s the Erie's control crisis had
become how to keep track of 450 times as many freight cars moving
at twice the speed over ten times as much track. Needless to say,
traffic on the Erie and the other great trunk lines quickly overburdened
the control technologies of the day. Imagine the manager who at
tempted to sustain efficient movement of several thousand rolling stock
over hundreds of miles of track using the mercantile style of manage
ment. In 1854 Henry Varnum Poor, editor of the American Railroad
Journal, wrote that "the utmost confusion prevailed" in the Erie sys
tem during its early years, "so much so, that in the greatest press of
business, cars in perfect order have stood for months upon switches
without being put to the least service, and without its being known
where they were" (Chandler 1956, p. 147).
Although efficiency had come to overshadow safety, the Erie's ac
cident rate also reflected its control problem: no one was killed in its
first two years of operations, but twenty-six people were killed in 1851
alone. One possible way to attempt to regain control, of course, was
to hire more people: The number of Erie employees increased nearly

twelve times between 1841 and 1851, doubled again to twenty-six
hundred in 1853, and again to fifty-five hundred by 1862. Employees
had themselves to be controlled, however; 167 were killed in the Erie's
first decade as a trunk line, a rate that in one year (1852) exceeded 1
per 100 employees (Mo:t 1901, p. 483).
Without innovations in organization and bureaucratic control, simply
hiring more employees contributed to the control crisis as much as to
its solution. As a result, railroads found that, contrary to anticipated
economies of scale, as their systems grew larger, per-mile operating
costs actually increased. As early as 1856, however, the Erie's super
intendent, Daniel C. McCallum, saw the problem arising not from
increasing scale per se but rather from the resulting decrease in ability
to control operations efficiently:
A Superintendent of a road fifty miles in length can give its business his
personal attention and may be constantly on the line engaged in the di
rection of its details; each person is personally known to him, and all
questions in relation to its business are at once presented and acted upon;
and any system however imperfect may under such circumstances prove
comparatively successful. In the government of a road five hundred miles
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in length a very different state exists. Any system which might be

ap

plicable to the business and extent of a short road would be found entirely
inadequate to the wants of a long one; and I am fully convinced that in
the want of system perfect in its details, properly adapted and vigilantly
enforced, lies the true secret of their [the large roads'] failure; and that
this disparity of cost per mile in operating long and short roads, is not
produced by a difference in length, but is in proportion to the perfection
of the system adopted.

(Chandler 1956, p. 146; 1965b, p. 101)

By virtue of such insights, Daniel McCallum must be considered
among the first to appreciate the breakdown of control that results
when a system exceeds the grasp of any one individual. As we saw in
Chapter 1, Emile Durkheim would reach much the same conclusion
for markets generally in his Division of Lab<Yr in Society (1893).
McCallum's report also made clear that, even though the railroads first
experienced loss of control as accidental loss of lives and equipment,
by the 1850s their control crisis bad become one of mounting operating
costs and loss of business. McCallum's Erie Railroad, for example,
faced increasing competition from the short lines along the Erie Canal,
which in 1853 consolidated to form the New York Central, thereby
making that route more attractive for through traffic. In response to
the New York Central, the Erie promoted McCallum, a formally trained
civil engineer with experience in bridge building, to general superin
tendent of all five of its geographically separate operating divisions.
To complement the increasing regularity and speed in the movement
of matter and energy then possible on the Erie, McCallum sought
greater control over the railroad through greater regularity and speed
in the movement of information-greater regularity and speed of cmn
munication. This be accomplished by means of a new hierarchical
system of information gathering, processing, and communication de
signed to return control to the superintendent's office.
Among a half-dozen "general principles of organization and admin
istration" McCallum placed major emphasis on intelligence gathering,
hierarchical communication, feedback, and error detection. Although
organizational control demanded that responsibility be formally divided
and power distributed, McCallum believed, the general superintendent
retained responsibility for system-wide control, which he saw as de
pendent on four informational capabilities: (1) "The means of knowing
whether such responsibilities are faithfully executed"; (2) "great
promptness in the report of all derelictions of duty, that evils may be
at once corrected"; (3) "such information, to be obtained through a
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system of daily reports and checks that will not embarrass principal
officers, nor lessen their influence with their subordinates"; and (4)
"the adoption of a system, as a whole, which will not only enable the
General Superintendent to detect errors immediately, but will also point
out the delinquent" (Chandler 1965a, pp. 28-29). Clearly here, as in
the subsequent implementation of these ideas, McCallum placed greater
emphasis on communication from subordinates to their superiors than
vice versa, that is, not on lines of command so much as on lines of
feedback and control.
To illustrate these lines of communication and authority among the
Erie's various offices and employees, McCallum drew up a detailed
diagram that Chandler (1965a, p. 30) calls "certainly one of the earliest
organizational charts of an American business enterprise." As Chan
dler (1956, p. 148) describes it, "the design of the chart was a tree
whose roots represented the president and the board of directors; the
branches were the five operating divisions and the service depart
ments, engine repairs, car, bridge, telegraph, printing, and the treas
urer's and the secretary's offices; while the leaves indicated the various
local ticket, freight, and forwarding agents, subordinate superintend
ents, train crews, foremen, and so forth." Although McCallum intended
this chart to be used for the Erie's internal purposes only, Henry
Varnum Poor had it lithographed and offered copies to his American
Railroad Journal readers for $1 each.
As if the formal hierarchy and lines of communication were not enough
to unite the Erie's three thousand employees into a single information
processor capable of controlling the growing system, McCallum also
introduced the idea that all employees would wear a prescribed uniform
indicating the wearer's particular subdivision and grade in the orga
nizational hierarchy. By thus making manifest the lines of authority
drawn in the General Superintendent's chart, the uniforms served to
preprocess the crucial information that employees moving around in
the far-flung Erie system would need in interacting with one another.
As the general public came to recognize the various insignia, the uni
forms also served to preprocess the Erie's organizational information
for its passengers and clients. The revolutionary nature of this inno
vation is evident from the fact that it generated considerable contro
versy: Henry Varnum Poor, for example, defended the idea against
the Railroad Record of Cincinnati, which considered it unbefitting a
democracy.
To implement the flows of data that McCallum had outlined in his
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"general principles" and had drawn into his organizational chart, he
required that three types of reports-hourly, daily, and monthly
be sent to the General Superintendent's office. Conductors and station
agents began to report hourly, via telegra;>h, on the location of trains
and the reasons for any delays, accidents, or breakdowns. Processing
these data required "a very considerable amount of extra trouble and
expense," the American Railroad Jrmrnal reported, including "the
maintenance of a large office with eight active clerks" (Chandler 1956,
p. 148). As McCallum himself described the data processing in his
office, "The information being edited as fast as received, on convenient
tabular forms, shows, at a glance, the position and progress of trains,
in both directions on every Division of the Road" (Chandler 1965a, p.
30). Henry Varnum Poor, reporting triumphantly to his readers that
"the superintendent can tell at any hour in the day the precise location
of every car and engine on the line of the road, and the duty it is
performing," also reflected the urgency of the control crisis: "All these
reforms," he added, "are being steadily carried out as fast as the ground
gained can be held" (Chandler 1956, p. 147).
So urgently were the reforms needed that many-including the or
ganizational plan, the reporting system, and the use of the telegraph
had been initiated in part by the Erie even before McCallum became
general superintendent in 1854. The first use of tbe telegraph in rail
roading, for example, came three years earlier when Charles Minot,
then a superintendent on the Erie, wired fourteen miles to Goshen,
New York, to delay a train so that his own would not have to wait
(Mott 1901, p. 420).
McCallum systematized the Erie's initial plans, however, and inte
grated them into a comprehensive control system. His major con
tribution, according to Chandler (1965a, p. 30), lay in this larger
understanding of communication and control: "McCallum's use of the
telegraph brought universal praise from the railroad world both in this
country and abroad. What impressed other railroad managers was that
McCallum saw at once that the telegraph was more than merely a
means to make train movements safe, but also a device to improve
better coordination and better administration through this extremely
efficient new technique of communication."
Data from the daily and monthly reports submitted to McCallum's
office, although not dependent on the rapid new telegraphic commu
nication, did prove useful-often in unexpected ways-to control var
iables not arising from the increasing distances, speed, and volume of
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the Erie's operations. When the railroad raised its rates, for example,
it found that the resulting decrease in traffic actually reduced revenues.
"To guard against such a result," McCallum argued, "and to establish
the mean, between such rates as are unremunerative and such as are
prohibitory, requires an accurate knowledge of the cost of transport
of the various products, both for long and short distances" (Chandler
1965a, p. 31). Continuing time series data, in other words, could he
used to control rate structure and thereby maintain maximum revenues
despite continually changing conditions-an application of data collec
tion to control that would he adapted to industrial production in the
latter nineteenth century.
Even the monthly reports required of all heads of the Erie's various
service departments, recorded and filed by McCallum's office in sta
tistical format, proved useful to maintain the type of rational admin
istrative control that would become known in the 1890s as "scientific
management." Comparison of data from two different sources-con
ductors and station agents-on the loading and movement of freight,
for example, served as a reliable check on the honesty and efficiency
of these employees. Comparative analysis of the monthly engine re
ports revealed the engine best suited to even complex tasks (involving
various loads, speeds, and grades) and the enginemen who operated
their locomotives mosf efficiently. Even the Railroad Advocate, which
claimed to speak for engineers and other skilled railroad laborers,
favored such analysis: "Althpugh, perhaps, for a purely selfish purpose,
the monthly reports acknowledge the full doings of each engineer, they
still serve as an honorable stimulant to exertion" (Chandler 1956, pp.
149, 321). And, we might add, as a means by which the engineer's
exertion might be better controlled from the central office.
From this office, using data based on the daily and monthly reports,
McCallum even proposed a crude type of

operations research,

what

one text defines as "a scientific method of providing executive de
partments with a quantitative basis for decisions regarding the op
erations under their control" (Kimball and Morse 1951, p. 1). Because

of the problem of unused capacity, for example (a control problem that
continues to plague railroads to this day, according to a Nw

York Times

editorial, "Boxcar Follies," in 1983), McCallum proposed that his sta
tistics be used to analyze traffic flow patterns so that prices might be
"fixed with reference to securing, as far as possible, such a balance of
traffic iri both directions as to reduce the proportion of 'dead weight'
carried." As Chandler (1965a, pp. 31-32) adds, "unused or excess ca-
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pacity on a return trip warranted lowering prices for goods going that
way."
Many historians find the origins of operations research in World War
11 or, occasionally, in World War 1 (Trefethen 1954, p. 4); Daniel Bell
(1973, pp. 29-33) has associated such statistical control techniques with
the postindustrial society. To describe MeCallum's early use of sys
tematically collected quantitative data to inform decision making and
control as operations research may not seem anachronistic, however,
when we consider that the term has been applied to the still earlier
work of Charles Babbage in England, especially to his 1827 study of
the British postal system, to his On

the Ecorwmy of Machinery and

Manufactures (1832), and to his series of studies of the Great Western
Railway in 1839 (Halacy 1970, pp. 75-77; Dubbey 1978, pp. 221-224;
Hyman 1982, pp. 158-163). McCallum's ideas, although they followed
Babbage's by a quarter-century, stemmed from similar observations
and experience with the new steam-powered systems-and they were
more suecessful than Babbage's in effecting immediate control.
Despite the success of McCallum's innovations, the control crisis had
not yet ended for America's railroads. Control problems with the first
interregional trnnk lines like the Erie in the early 1850s gave way to
a mounting crisis in the control of national through traffic as the rail
roads pushed westward to Chicago (1853), crossed the Mississippi at
Rock Island (1856), and-with the driving of the golden spike at Pro
montory Point, Utah, on May 10, 1869-connected to West Coast lines.
Meanwhile McCallum had left the Erie in 1857 to return to his bridge
building business, although during the Civil War he served as "military
director and superintendent" of the Union railroads (he spent $42 mil
lion to build or rebuild 2, 745 miles of track and twenty-six bridges)
and was made Brigadier General for helping to save Grant at Chan
cellorsville (Mott 1901, p. 434). Outside of the Union Army, McCallum's
hierarchical system of information gathering, processing, and control
continued to be tested and elaborated in other interregional trunk lines,
most notably hy the Pennsylvania Railroad.
By the late 1870s the control crisis of the railroads had shifted once
again, this time to the maintenance and extension of vast multiregional
systems. The first of these, the Pennsylvania, which by 1874 connected
New York City and Washington, D.C., with Chicago and St. Louis,
confronted the problem of controlling $400 million worth of capital and
six thousand miles of track-more than any national system except
for those in Britain and France. Until the 1880s most railroad com-
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panies delayed building giant systems like that of the Pennsylvania
because they lacked adequate control technology. "Managers opposed
expansion," according to Chandler, "because they considered any road
much over five hundred miles in length to be too large and complex
to manage" (1977, p. 136). As late as 1898, the Erie's express trains
ran at an average speed of only thirty-five miles per hour, the same
speed they had run under McCallum in 1854; ordinary passenger trains
ran at twenty-five miles per hour-an actual decrease of five miles per
hour over the forty-three years (Mott 1901, p. 483).
Control of even transcontinental rail systems gradually became fea
sible through a steady progression of innovations intended to facilitate
control: the through bill of lading (1853), standardization of cars (1867),
adoption of a uniform standard time (1883) and standard gauge of track
(1886), regulation by an Interstate Commerce Commission (1887), and
required standardized automatic couplers and air brakes (1893). By
the 1890s, owing to these and many other innovations in control tech
nology, the rail network of the United States had essentially been
completed (Taylor and Neu 1956; Kirkland 1961, pp. 46-51; Stover
1961, chap. 6). Freight that in 1849 required nine transshipments
between Philadelphia and Chicago could by the late 1880s move from
coast to coast without a single one (Chandler 1977, pp. 122-123).
Table 6. 1 summarizes the major innovations in information-process
ing and communication technology for the control of U.S. transpor
tation and distribution from the 1830s-and the first applications of
steam power-to the establishment of a standardized, federally conTable 6.1. Selected innovations in information processing and
communication for control of transportation and distribution, 1830-1889
Year

Innovation

1830s

Wagon lines carrying freight between rural towns and ports begin
to operate on regular schedules

1837

Telegraph demonstrated, patented

1839

Express delivery service between New York and Boston organized
using railroad and steamboat

1840s

Freight forwarders operate large fleets on canals, offer regular
through-freight arrangements with other lines

1842

Railroad (Western) defines organizational structure for control

1844

Congress appropriates funds for telegraph linking Washington and
Baltimore; messages transmitted
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Table 6.1 (cont.)
Year

Innovation

1847

Telegraph used commercially

1851

Telegraph used by railroad (Erie)
First-class mail rates reduced 40-50 percent

1852

Post Office makes widespread use of postage stamps

1853

Trunk-line railroad (Erie) institutes a hierarchical system of
information gathering, processing, and telegraphic communication
to centralize control in the superintendent's office
Through bill of lading introduced

1855

Registered mail authorized, system put into operation
First-class mail rates reduced-a second time-40 percent

1858

Transatlantic telegraph cable links America and Europe, service
terminates after two weeks
Overland mail service begins-twice weekly-to Pacific Coast

1862

Federal government issues paper money, makes it legal tender

1863

Free home delivery of mail established in 49 largest cities

1864

Railroad pos:al service begins using special mail car
Postal money order system established to insure transfer of funds

1866

Telegraph service resumes between America and Europe
''Big 'fhree" telegraph companies merge in single nationwide
multiunit company (Western Union), first in United States

1867

Railroad cars standardized
Automatic electric block signal system introduced in railroads

1874

Interlocking signal and switching machine, controlled from a central
location, installed by railroad (New York Central)

1876

Telephone demonstrated, patented

1878

Commercial telephone switchboards and exchanges established,
public directories issued

1881

Refrigerated railroad car introduced to deliver Chicago-dressed
meat to Eastern butchers

1883

Uniform standard time adopted by United States on initiation of
American Railway Association

1884

Long-distance telephone service begins

1885

Post Office establishes special delivery service

1886

Railroad track gauges standardized

1887

Interstate Commerce Act sets up uniform accounting procedures
for railroads, imposes control by Interstate Commerce
Commission
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Figure 6.2. Integration of information-processing and communication sys
tems: the mail car, instituted in England in 1837, adopted by the U.S. Post
Office in 1864. By 1888 the New York and Chicago "Fast Mail" employed
1iineteeti postal workers in five cars W process mail bags seized by means of
iron catch�armsfrom tnore tlia1i a hundred stations en ·route. (Hornung 1959,
p. 135; courtesy of A. S. Barnes.)

trolled transcontinental rail network by the late 1880s (Fig. 6.2). The
list of innovations illustrates a shift from basic organizational tech
nologies like scheduling, multisystem coordination, and centralization
of bureaucracy-in response to the control crises of the 1840s and early
1850s-to what Daniel Boorstin (1973, pt. 5) has called "leveling times
and places," for example, through the development of refrigerated
railroad cars (1881) and uniform standard time (1883). Control of the
speed and volume of material flows, at first largely a matter of bu
reaucratic coordination, increasingly came to be built into the trans-
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portation infrastructure itself through automatic signals (1867) and
switches (1874) and through standardization of cars (1867) and track

(1886).
The entire system of transportation and distribution derived pro
gressive coordination and integration-as Table 6. 1 suggests-from a
succession of new communication systems involving both infrastruc
ture or common carriers and generalized media of exchange. The com
mon carriers, which developed increasingly apart from the develop
ment of the railroads, included the telegraph, postal, and telephone
systems-all point-to-point networks well suited to control transpor
tation and distribution. New generalized media of exchange-and
therefore of communication and control-included postage stamps (1852),
the through bill of Jading (1853), federal paper currency (1862), and
postal money orders (1864), among many others.
That the degree of control enjoyed by the directors of the Western,
Erie, Pennsylvania, and other interregional and national rail systems
was truly new and revolutionary in the mid-nineteenth century is re
flected in the fact that few of their innovations drew on previous ex
perience in large business, government, or military bureaucracies.
Although a few such bureaucracies already existed and controlled the
processing of materials and information, none did so over hundl'EJdS of
miles at the speed of steam. Alfred Chandler describes the difference:
The management of such enterprises did not require the constant, almost
minute�to..minute supervision . . . Such constant coordination and control
were, however, fundamental to the management of the railroads . . .
Without the building of a managerial staff, without the design of internal
administrative stru<.:tures and procedures, and without communicating
internal informatior:, a high volume of traffic could not be carried safely
and efficiently . . . No other business enterprise, or for that matter few
other nonbusiness institutions, had ever required the coordination and
control of so many different types of units carrying out so great a variety
of tasks that demanded such close scheduling.
(1977, p. 94)
Most of the early innovators of the Control Revolution were civil
engineers with experience in the construction of roadbeds and bridges,
hardly an obvious preparation for the control of dynamic systems. "All
evidence indicates that their answers came in response to immediate
and pressing operational problems," Chandler (1977, p. 95) finds. "They
responded to these in much the same rational, analytical way as tney
solved the mechanical problems of building a bridge or laying down a
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railroad. " Just as the early pioneers of genetic biology were information
specialists from physics and mathematics, as we saw in Chapter 2, and
the pioneers of computer control came from mathematics and engi
neering, so too did the early leaders of organizational control-as typ
ified by Charles Babbage, mathematician, and David McCallum,
engineer-represent abstract and analytic rather than practical ex
perience with information processing and decision. In times of true
'

crisis, it would seem, experience with the old technologies provides
little help in devising revolutionary new ones-more theoretical and
general disciplines better fill that need.
Similar crises of control have persisted to this day in newer trans
portation and distribution systems. As recently as January 1984, for
example,

Newsweek magazine focused public debate on a control crisis

in transportation in a fashion that recalled the outcry following the
Western Railroad tragedy of 1841. "Can We Keep the Skies Safe?"
asked the bold headline on the Newsweek cover, calling atte.ntion to a
possible deterioration of the country's air traffic control (Beck 1984).

Like the directors ofthe Western, Erie, and other railroads who helped
launch the Control Revolution, the Federal Aviation Administration
planned to strengthen control of its system through improvements
in data processing and communications based not on the telegraph
and human clerks but on computers and microprocessors. Boeing's 757
and 767 jets already come equipped with 130 microprocessors and six
computer screens-two replacing the flight engineer of the older jets.
Much as the Western's conductors took control of its trains from their
enginemen, Boeing's designers now call pilots "flight managers," ac
cording to Newsweek, because "their jobs involve much less hands-on
flying and much more monitoring of sophisticated information systems"
(Beck 1984, p. 30).

Control Crisis in Production
Application of steam power to production created a crisis of control
much as it did in transportation and for much the same reason: in
creased speed. By dramatically increasing the speed and reliability
with which raw materials arrived at a factory and the speed and volume
with which finished goods could be distributed, the railroad created a
niche in the societal processing system for manufacturing at compa
rable speeds. A steadily growing array of steam-powered machinery
by the 1860s promised to fill the new niche with a processing capability
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that might match the railroad in volume and speed. Incentive came
from economic theory, which suggested that unit costs would decline
and profits rise as a direct function of the speed of throughputs to any
given amount of machinery and labor. Before producers could realize
these potential gains in output, productivity, and profits, however,
they had to confront the problem of controlling the increased speed
and volume of flows through their factories.
Crises first arose in the rail mills that attempted to adopt the Bes
semer process of mass steel production in the late 1860s. By 1890 the
weekly output of a single blast furnace had risen from seventy tons to
more than a thousand; Andrew Carnegie's furnaces, largest in the
world, each produced two thousand tons per week in the late 1890s.
By the century's end a modern rolling mill processed as much through
put in a day-three thousand tons-as a mid-century mill had in a year
(Temin 1964, pp. 159, 165). Throughout this period, according to his
torian Peter Temin, "the speed at which steel was made was continually
rising, and new innovations were constantly being introduced to speed
it further" (1964, pp. 164-165).
Maintaining control of these accelerating throughputs proved to be
a continuing struggle. Unlike the material flows in most other pro
cessing industries, each step in the production of steel involved many
different activities. Melting and converting operations had to run con
currently, their outputs synchronized with rolling and the various rail,
beam, vvire, and other finishing operations. Even though integration
of these processes in single factories had helped to improve overall
control somewhat, economies of scale resulting from shared energy,
lighting, and maintenance remained small compared with those achieved
by increasing the volume of throughputs to men or machines or, for a
given eapacity, by increasing flow velocities. Coordination and control
of production therefore became no less important than the innovations
in equipment or more intensive applications of energy that made pos
sible the continual increases in volume and speed. Producers with the
best control technologies could maintain the greatest speeds, produce
at the lowest costs, and thereby enjoy an important edge on compet
itors.
Solutions to this aspect of the control crisis, the competition among
steel producers for control of ever faster processing, centered on two
general information technologies, formal organization and preprocess
ing. The essential insight: to construct steel works as processors ex
plicitly, with structures and procedures so determinate that information
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extraneous to any particular function would be eliminated on the de
signer's table, so to speak, and hence pose no further need for control.
Because metal-making proved more difficult to control than any other
major manufacturing process, steel producers became the first to de
sign, build, and maintain-on a scale that involved thousands of indi
viduals-the concrete open processors that distinguish all living systems.
The first such system, Carnegie's Edgar Thomson Steel Works in
Pittsburgh, began operations in 1875. Unlike all previous manufac
turing establishments, including Bessemer installations in England,
the E.T. (as it came to be called) had been explicitly designed to facilitate
throughputs. Located beside the Monongahela River at the confluence
of three major railroads, the E.T. Works were, in the words of their
designer, engineer Alexander Lyman Holley, "laid out not with a view
of making buildings artistically parallel with the existing roads or with
each other, but of laying down convenient railroads with easy curves;
the buildings were made to fit the transportation" (Chandler 1977, p.
262).
Indeed, throughputs to the E.T. Works only occasionally left the
rails. Carloads of coke and pig iron passed directly to the company
stockyard and from there to blast furnaces and cast houses by means
of an internal, narrow-gauge rail network. Trains loaded at nearby
mines could dump their coal directly onto the floors of producer and
boiler houses. Wide-gauge tracks lined both sides of the finishing mill
so that the E.T.'s outputs of rails might be distributed as quickly as
its inputs had arrived. Chandler reports that the plant and its oper
ations were "designed to assure as continuous a flow as possible from
the suppliers of the raw material through the processes of production
to the shipment of the finished goods to the customers" (1977, p. 262).
Thus Carnegie and the other steel companies eventually resolved
their control crisis and managed to coordinate upwards of three thou
sand workers in the complex processing of pig iron, coal, and coke into
rails, beams, and wire with continually greater speeds of throughput
and corresponding increases in output per unit of input. Control rested
largely on the fact that material processing had been made as specific
as possible, so that men and machinery, by virtue of their concrete
and functional organization, could quite literally do little else. This
recalls John von Neumann's observation, cited in Chapter 2, that end
directedness varies directly with organization (Pittendrigh 1970, p.
392). Traditional nineteenth-century factories like the Springfield Ar
mory, with buildings well ordered with respect both to roads and to
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one another, stood in dramatic contrast to the sprawling new E.T.
Works-much as we earlier saw that a crystal differs from the amoeba.
Although both the Springfield Armory and the crystal are undeniably
better ordered, both the E.T. Works and the amoeba are better or
ganized to effect control.
Like the amoeba, the E.T. and similar steel works depended largely
on organization and preprocessing to maintain control rather than on
a centralized capability for information processing, programming, and
decision, the control structure more characteristic of higher verte
brates that would come to characterize modern factories until the de
centralization made possible by microprocessors. As late as the 1880s
only a handful of managers and a small staff kept the E.T. running:
Carnegie himself made the occasional management decision (Bridge
1903, chap. 18), three engineers maintained the plant and equipment,
and a single chemist provided all quality control (Livesay 1975, pp.
99-111).
Carnegie did pioneer one centralized decision and control technology:
the so-called voucher system for the collection and processing of quan
titive data (Wood 1895). Each subunit of a Carnegie steel works tallied
the amount of its own throughputs and the costs of all materials and
labor added to them. These data, processed by accountants in the
general manager's office, served as the basis for detailed cost state
ments that landed daily on Carnegie's desk. Soon they became his
primary means of control not only of the quality and mix of material
throughputs but of departmental operations and the performances of
managers and foremen. Obsessed with costs even more than with
profits, Carnegie continually asked his employees to account for changes
in unit inputs (Wall 1970, p. 342). ln the words of one, "The men felt
and often remarked that the eyes of the company were always on them
through the books" (Bridge 1903, p. 85). Better testimony to the im
portance of information in the control of large-scale production would
be difficult to imagine.
As Carnegie and other steel makers came to resolve the crisis of
control in their own companies by the 1880s, similar methods began
to appear in the production of other basic materials: iron, copper,
zinc, and glass. ln each of these industries, according to Alfred Chan
dler, "expansion of output came more from increasing the velocity of
throughputs within the plant than from increasing the size of the es
tablishment in terms of area covered and workers employed" (1977,
p. 269). By dramatically increasing the speed and reliability of basic
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material flows, however, the metal makers merely shifted the control
crisis to the metalworking sectors. From producers of simple castings,
moldings, nails, and screws to the manufacturers of the new repeating
rifles, typewriters, and electric motors, the metalworking industries
struggled to match the production of basic niaterials in volume and
speed. As with their suppliers, the metalworkers realized, unit costs
would decline and profits rise as a direct function of throughput speeds.
Before these industries could hope to achieve the same gains as metal
producers, however, they had to solve similar problems of controlling
flows through their factories at increasing speeds.

Toward Control of Processes as Flows
The new control crisis varied directly with the number of steps in a
production process. In the case of simpler fabricated products like
castings and cutlery, manufacturers merely lined up men and machin
ery in processing order: first stamping forges, then welding and tem
pering furnaces, grinding and polishing machines, and so on. Additional
stages for the assembly of interchangeable parts were necessary for
more complex manufacturing like that of plows, stoves, scales, and
harvesters. In all of these metalworking industries reasonable through
put speeds could be achieved simply by locating eacb stage in tbe
process as close as physically possible to the preceding stage. Such
manufacturing experienced little if any of the larger crisis of control.
Control problems did increase with the numbers and complexity of
parts to be assembled, however, especially in the manufacture of smaller
items like locks, clocks, and watches. These problems grew to crisis

proportions as parts also increased in variety, both in size and mate
rials, as they did in a rapid succession of new manufactures: sewing
machines (1850s), breechloading and repeating firearms (1860s), type
writers (1870s), electric motors (1880s), and-in the 1890s-the first
American automobiles. The manufacture of sewing machines, for ex
ample, required hundreds of different types of materials, including
pig- and malleable iron and steel in various bar, sheet, and wire forms,
as well as several kinds of woods, varnishes, and machine supplies.
Crises arose from the need to coordinate hundreds and sometimes

thousands of workers in several simultaneous processing lines assem
bling such wide varieties of materials and parts. Sewing machine
manufacturers, for example, had to control a major flow of metals from
foundry through tumbling, annealing, japaning (enameling and lac-
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quering), drilling, turning, milling, grinding, polishing, ornamenting,
varnishing, adjusting, and testing. Meanwhile, these processes had to
be coordinated with parallel work lines producing metal attachments,
needles, and tools, while woodworking and cabinet-making opera
tions-among the most complicated in the mass production of furniture
in the nineteenth century-kept pace in still other departments. Out
puts from these various production lines had to be coordinated in a
final line that completed the complex tasks of assembly, gauging, in
spection, final testing, and preparation for shipment.
Factories producing sewing machines and other complex metal goods
managed to coordinate their internal operations, at least until the late
1870s, by means of a loose system of distributed control called "inside
contracting." Especially in the metalworking operations requiring the
most careful control, like grinding and polishing, skilled foremen often
contracted to produce a minimum number ofparts in a given time using
the manufacturer's factory, tools, patterns, and materials. Such a fore
man had total control over his own department-be hired, promoted,
and fired workers and had responsibility for sustaining tbe production
levels of his contract. Although paid a minimum foreman's wage by
the manufacturer, he depended for the bulk of his earnings on the
value of his department's output; that passed inspection, minus debits
to his account fo!' wages, energy, and tools (Buttrick 1952; Williamson
1952, pp. 85-91).
Inside contracting provided greater control of a work force-even
a large one engaged in complex manufacturing-than had prevailed in
much simpler factory operations a half-century earlier. The system did
not provide control of material flows among tbe various contractors
and departments, however, nor the cost controls of Andrew Carnegie's
voucher system. By the 1880s this lack of higher-level factory control
hampered production in the metalworking industries, which were ex
panding again after the economic depression of the previous decade.
The owner and manager of a factory with fourteen hundred workers
described his own crisis of control: "The trouble is . . . in constantly
running over the back track to see that nothing ordered has been
overlooked, and in settling disputes as to whether such and such an
order was or was not actually given and received . . . I spend so much
of my time in 'shooing' along my orders like a flock of sheep that 1
have but little left for the serious duties of my position" (Chandler
1977, p. 273).
These words were recorded by Captain Henry Metcalfe, superin
tendent of several federal arsenals, and used to justify the first book
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on cost control of factories (Metcalfe 1885). Among the earliest to de
scribe management as a problem of information processing; Metcalfe
sought to control the flow of materials through a factory by means of
what he called a "shop-order system of accounts." Under Metcalfe's
system the superintendent's office assigned an identifying number and
prepared routing slips for each order it accepted. These slips, which
indicated the sequence of departments through which each order would
progress and the parts to be processed or assembled at each stage,
accompanied all movements of materials in the factory. On the same
slips foremen had to account for all use of machinery and workers in
their departments and for the time, materials, and wages expended on
·each order. By continuously tabulating this moving record, a factory's
central office could coordinate the material flows among its various
departments and thereby resolve the major control crisis of the inside
contracting system. Using the same data, a superintendent could eval
uate his departments and contractors in terms of their operating costs
and contributions to profits, monitor the performances of individual
workers and machinery, and maintain weekly and even daily factory
wide cost sheets for each order.
Similar methods had begun to appear in metalworking factories after
the mid-1870s, nearly a decade before Metcalfe's influential book (Gar
ner 1954; Litterer 1963). Frederick Winslow Taylor, who in the late
1890s would come to be known as the father of scientific management,
had by 1880 introduced a similar shop-order control system at Midvale
Steel, manufacturer of specialized heavy machinery and machine tools;
by 1884 Taylor had provided Midvale with a separate "rate-fixing de
partment" (Copley 1923; Wren 1972, chap. 6; Nelson 1974). Two years
earlier the Tenth U.S. Census described a shop-order control system
in use by the Wilson Sewing Machine Company; another factory with
twelve separate departments and foremen employed a similar system
by 1886. Because inside contractors had little incentive to fill out order
slips properly, by the 1890s factories employed timekeepers and spe
cialized clerk3 for the purpose-the first "staff'' employees in- many
metalworking companies (Chandler 1977, p. 274).
Outside of metalworking and metal making, industrialization did not
create a crisis in the control of production. In the non-heat-using and
hence less energy-intensive industries like textiles, clothing, leather,
and wood products, where steam-driven machinery simply replaced
human labor, production quickly reached natural bounds on the speed
of essential processes like cutting, shaping, tanning, and sewing; con
trol requirements therefore remained relatively simple. Even in the
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newer mechanical industries like processed flour milling, canning, and
the production of bar soap, cigarettes, matches, and photographic film,
where continuous-process machinery greatly increased both through
put speeds and the volume of outputs, the technology itself integrated
the various processes of production, so that additional control was not
required-workers did little more than watch over the machinery. At
least among the functions that it integrates, continuous-process ma
chinery is itself a control technology.
In the case of cigarette making, for example, by the late 1880s a
single machine could produce 120,000 cigarettes in a ten-hour day, the
equivalent output of forty highly skilled hand workers; thirty such
machines could have met the total U.S. demand for cigarettes in 1885.
Far from creating a crisis in the control of this unprecedented volume
and speed of factory throughputs, however, the same machinery in
tegrated the various stages of production-from sweeping and com
pressing the raw tobacco to packaging the finished cigarettes-in one
continuous process (Tennant 1950, chap. 1). Similarly with the auto
matic, all-roller, gradual reduction flour-milling machinery, which in
creased the average output of Minneapolis mills sevenfold in the fifteen
years after its introduction in 1879, the mill became quite literally an
automatic factory into which raw wheat entered on the ground floor
and quality patent and bakers' flour exited from the third (Kuhlmann
1951; Storck and Teague 1952, chap. 16).
Even in the heat-using and hence energy-intensive industries like
sugar and petroleum refining, the processing of cotton and linseed oil,
distilling of alcohol and liquor, brewing of beer and ale, and production
of sulphuric and other acids, paints, and solvents, no control crisis
developed. These and other refining and distilling industries, because
they involved chemical rather than mechanical processes and because
of the inherent ease with which flows of the liquids might be integrated
by means of pipes, hoses, and troughs, required little additional control
technology, even though throughputs increased fivefold (in petroleum)
to a hundredfold (beer) through continually more intensive applications
of energy (Cochran 1948; Williamson and Daum 1959). In Alfred Chan
dler's words,
Mass production came in much the same way in the refining and distilling
industries as in continuous-process mechanical industries, though in a less
dramatic manner . . . It appeared earlier because of the ease in inte
grating the flow of liquids through the processes of production and because
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the chemical nature of these processes permitted the application of more
intense heat to expand the volume of throughput from a set of facili
ties . . . But precisely because of the ease of controlling and coordinating
throughput, their operation had only a little more impact on the devel
opment of modern systematic or scientific management methods than did
the supervision of the processes of production in the non-heat-using me
chanical industries.

(1977, pp. 253-254)

The fact that liquids of all kinds-from acids to beer-rank among the
most easily controlled industrial outputs serves to bolster the argu
ment that maintenance of flow is the essential problem in control of
production.
Table 6.2 places the early American innovations in the control of
production in broader historical and comparative context. Ironically
enough, two technologies that would be central to much wider control
of material economies in the twentieth century-namely, Hollerith
punch cards and operations research-emerged early in the Industrial
Revolution in England and France for the control of steam-driven
mechanical production (Fig. 6.3). During the comparable stage of U.S.
industrialization control of production-the so-called American sys
tem-was achieved mostly through innovations in preprocessing to
facilitate flows: interchangeable parts, standardization of sizes and pro-

Table 6.2.
Year

Selected innovations in the control of production, 1800-1889
Innovation

1801

French industrialist Joseph-Marie Jacquard develops a loom
programmed by a continuous belt of punched paper cards
that automatically controls the patterns woven

c. 1815

Jacquard loom perfected for industrial use, becomes
foundation of the silk industry in Lyons

1832

Charles Babbage publishes On the Economy of Machinery
and Manufactures, a pioneering treatment of operations
research
United States

1838

Factory established solely to manufacture machinists' tools
Machine introduced to manufacture solid-headed pins; one
worker tending two machines produces 10,000 pins per hour

1840

Bolt factory established; 6 operators produce 500 bolts per day
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Table 6.2 (cont.)
Year

Innovation

1840s

Metalworking industries adopt steam-power, integrated
factory, American System of manufacture by processing,
assembly of interchangeable parts
General principles of machine tools developed; tools
themselves become substantially what they are today

1844

Rolling mill produces iron rails

1849

Wire gauge of HV" type introduced to standardize sizes

1850s

Outside consultants commissioned for industrial research

1853

Paper folding machine introduced; enables 3 workers to
produce 2,500 envelopes per hour

1854

Wrought iron beams rolled, used in place of cast iron beams in
New York City building

1860s

Petroleum producers adopt continuous-processing
technologies, increase output three to six times while
halving unit costs

Late 1860s

Rail mills adopt Bessemer process, increase speed of steel
production

1870s

Producers of basic materials-iron, copper, zinc, glass-adopt
continuous-processing technologies, increase speed of
throughputs

Mid-1870s

Shop-order system of accounts-based on routing slips
developed for control of material flows through factories

1875

Plant (Carnegie's Edgar Thomson Steel Works) explicitly
designed to facilitate throughputs

1882

Henry Crowell adopts continuous-processing technology to
oatmeal, produces twice national consumption from a single
mill

1884

Factory (Midvale Steel) incorporates rate-fixing department

1885

Book (Metcalfe 1885) on cost control of factories published

1887

Time recorders (uautograph type") introduced in production
Industrial accident reports required by state (Massachusetts)

1888

Employee time recorder (paper tape) introduced

Late 1880s

Producers of ft.our, soap, cigarettes, matches, canned foods,
and photographic film adopt continuous-processing
technologies
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Figure 6.8. Origin of programmable control ofproduction: Joseph-Marie Jac
quard's loom, invented in 1801, in which a continuous belt of p1tnched paper
cards automatically controlled the patterns woven. The idea may have come
from late eighteenth-century musical instruments programmed to peiform
automatically under the conlrol ofrolls ofpunched paper. (Courtesy ofCulver
Pictures.)
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cesses (as effected by machine tools), integration ofprocesses by fitting
outputs to inputs (as perfected in continuous-processing technologies),
and factory design to facilitate throughputs. Advances in actual infor
mation processing-as opposed to information reduction or prepro
cessing-included organizational specialization (as in rate-fixing
departments, expert consultants, and governmental regulation), in
traorganizational communication (shop-order systems based on routing
slips), and programmed control (automatic recording devices, cost con
trol of factories).
To summarize this section, rapid industrialization created a crisis of
control in only those industries-primarily metal making and later
metalworking-where progressively more intense applications of heat
brought corresponding increases in the volume of production. There
crisis resulted for much the same reason that it did in applications of
steam power to transportation: increases in the speed and reliability
of throughputs out-paced the development of information-processing
and communication technologies adequate to control the larger systems.
In other words, tbe wider crisis in control of societal systems, born of
the Industrial Revolution, made itself felt in all but three types of
production: where more intensive energy could not be exploited, where
continuous-processing machinery maintained control by integrating en
tire systems, and where the liquidity offlows facilitated their continued
control even at vastly increased volumes and speeds. Whether or not
a particular industry required new technology to control its throughput
processing, however, all sectors, because of the increasing speed and
volume of industrial production, experienced crisis in controlling the
distribution of outputs on a comparable scale.

Control Crisis in Distribution
Because genetic programming severely constrains the speed with which
plants can be grown, industrializing countries experience no crisis nor
even much acceleration in the movement of materials through the
various stages of agricultural production: tilling, sowing, cultivation,
harvest. Even though various technological innovations-new ma
chinery, fertilizers, strains ofcrops-may increase the speed or volume
of throughputs at any one of these stages, the relatively fixed length
of the growing season prevents integration of these improvements into
a much faster system; small family farms remained the basic unit of
agricultural production in the United States until well into the twen-
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tieth century. Once crops had been harvested, however, they increas
ingly entered a high-speed, national distribution system based on rail
transportation and telegraphic control. Even without a control crisis
in agriculture itself, therefore, America confronted-after completion
of the East-West trunk lines in the 1850s-a growing crisis in the
distribution of wheat, corn, and cotton.
In essence, the problem of distribution became one of coordinating
and controlling the movement of these commodities from several mil
lion farmers scattered throughout the South and West to thousands
of processors in northern and European cities. Central to the solution
were specialized commodity dealers and brokers who purchased di
rectly from farmers, sold directly to processors, and thereby eliminated
most problems of coordinating intermediary transactions. The mer:
cantile firm , which had served the function for half a millennium, dis
appeared from American agricultural markets in the 1850s and 1860s
and was supplanted by new distributional structures made possible by
rail transportation and telegraphic control. The key innovation in social
technology was the commodity exchange, based on the te/egraph and
later on telephone exchanges, which permitted crops to be sold in
transit and even before harvest and allowed the exploitation of even
minute-by-minute changes in prices.
Commodity exchanges accompanied diffusion of the telegraph, which
was launched in 1844 and in eight years comprised a continental tele
communications network of some twenty-three thousand miles (Fig.
6.4). The Chicago Board of Trade, established in 1848 as a merchant
exchange, had by the early 1850s become a modern commodity ex
change; the Merchants Exchange of St. Louis underwent a similar
transformation in 1854. Meanwhile, wholly new commodity exchanges
opened in other large cities: New York (1850), Philadelphia and Buffalo
(1854), Milwaukee and Kansas City (1860), Toledo, Omaha, Minne
apolis, and Duluth by the 1880s (Huebner 1911); cotton exchanges
began operations in New Yo�k in 1870 and in New Orleans the following
year (Woodman 1968, pp. 289-294).
Evidence that these exchanges functioned to control distribution can
be found in the list of agricultural products not traded there: tobacco,
meat, sugar, cacao, and other imports, the only foodstuffs processed
by mass producers, who quickly replaced commodity dealers and bro
kers to integrate even further (vertically) the distribution of farm
products. Coffee, the single import to have an exchange, was the only
one not processed domestically; it reached retailers in the same bags
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Figure 6.4. Rapid growth ofa continental telecommunications network in the
late 1840s required that cable be spun in thefield and strung across high masts
at river crossings. Submarine cables appeared after gutta percha proved to be
a good underwater insulator (Shaffner's Telegraph Manual).

packed on Brazilian plantations. Only when processing did not become
concentrated in a few companies, as with domestic grains and cotton,
did products continue to be distributed by commodity dealers and
brokers using an exchange.
Because the growing networks of railroad and telegraph greatly
increased both the potential speed and predictability with which ag
ricultural products could be delivered, an elaborate material infra
structure-including spur lines and sidings, grain elevators and
warehouses, and cotton compresses-developed to control this distri
bution. Although the first grain elevator appeared in Buffalo in 1841,
three years before the telegraph, the second did not come until 1847;
only in the 1850s did they begin to be constructed in any numbers.
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With mounting demand for storage (Chicago had at least fifteen ele
vators by 1860), it became increasingly difficult to ship grain "in sep
arate units as numerous as there were owners" (Clark 1966, p. 259).
This control crisis eased only with various innovations in preprocessing:
standardized methods of sorting, grading, weighing, and inspecting.
The people hired to preprocess grain in this way became some of the
first of a new wave of information workers created by the Control
Revolution, at a time when information still accounted for less than 5
percent of the U.S. labor force (see Table 1.2).
Along with increased preprocessing came innovations in the actual
processing of commodities through distribution. In tbe mid-1850s fast
freight and express companies-many founded a decade earlier for
local deliveries-began to make alliances with railroads for the ship
ping of goods across the lines of several companies. A congressional
committee reported that by 1874 fast-freight lines carried substantially
all of the rail shipments in the country (Taylor and Neu 1956, p. 72).
The success of these cooperative arrangements for coordinating the
movement of through freight depended on two additional innovations
in information processing and communication: the car accountant office
and the through bill of lading.
Railroads developed the first of these innovations, the car accountant
office, to monitor the location and mileage of "foreign" cars-including
those of other railroads, diners and sleepers of the Pullman Company,
and the tankers and coal cars owned by manufacturers-on the rail
company's own tracks. Because the same office also kept track of cars
owned by the company on other roads, dual control could be maintained
over .much rolling stock. By the 1890s accountant offices had largely
supplanted joint fast-freight and express companies (Stover 1961, p.
156), which placed more centralized control in the hands of the railroad
managers themselves.
The second innovation, the through bill of lading or

waybill, first

appeared in 1853 for shipments between Cincinnati and Atlantic ports
(Taylor and Neu 1956, pp. 74-75, 97). Perfected by the 1860s, the
waybill detailed goods shipped, the route covered, and charges ac
crued; tbe shipper, intermediary carriers and stationmasters, and the
receiver all retained copies. Copies also went to the carriers' auditors,
who used them to credit the sender and bill the next receiver. When
checked against the stationmasters' daily logs of bills processed, the
auditors' accounts provided ultimate control over all through freight
shipped in the country as well as over each carrier's finances. After

252

Industrialization and Processing Speed

the fast-freight lines guaranteed the accuracy of their waybill listings
by the 1870s, the bills quickly became negotiable paper, as did elevator
and storage receipts (Chandler 1977, pp. 129, 212). These are two more
examples of information-processing systems, like earlier ones based
on promissory notes and bills of exchange, where the communications
medium itself acquired the formal characteristics of specie in more
generalized commercial exchange.
Successful coordination of through freight traffic, combined with the
growing network of elevators, warehouses, and other storage facilities
increasingly accessible by telegraphic communication, meant that the
flow of agricultural commodities, despite its unprecedented velocity,
could be regulated with precision. Deliveries could be scheduled for
times when manufacturers would be ready to process or when retail
inventories would likely be depleted, and trade in agricultural com
modities could be carried on throughout the year. This more precise
control of distribution led to yet another innovation in information
processing technology: the "to arrive" or futures contract, purchased
with cash, which stated the amount, quality, and price of a commodity
to be delivered on a prespecified date. In contrast to the long-estab
lished "consignment" contracts which they quickly replaced, the fu
tures contracts' prespecified prices served to stabilize markets, reduced
risks and hence credit costs, and thus speeded financing (Odle 1964).
So successful did the new contracts become that their trading quickly
found institutionalization in the modern futures market and commodity
dealers could shift to speculators what little credit costs remained in
the distribution of agricultural outputs (Rothstein 1965, pp. 68-71).
In short, the newly specialized dealers and brokers, by exploiting
the growing railroad and telegraph systems, managed to control na
tional and even worldwide networks for the distribution of agricultural
products with little labor and even less capital (Fig. 6.5). Often a long
chain of middlemen and advances could be replaced by a few managers
operating out of a single central office. This not only lowered the credit
.
costs in moving goods; it also, through the resulting improvements in
information processing and communication, more closely integrated
agricultural supply with demand. By increasing the productivity and
efficiency of American agriculture in this way, and by increasing the
regularity and speed with which its output could be processed, the
modern commodity dealer hastened the advent of the Information So
ciety-even as he helped to ease the crisis in controlling the mass
distribution of products from millions of farms scattered throughout
the South and West.
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Figure 6.5. Completion of the Atlantic Telegraph in 1866 greatly increased
control of worldwide networks for the distribution of agricultural products
and manufactured goods. Title pagefrom a book by William Howard Russell
(1866), the only newspaper reporter aboard the cable·laying Great Eastern.
At nearly seven hundred feet and a displacement of 22,500 tons, it was five
times the size ofany other ship afloat, the world's largest ship until the launch
ing of the Lusitania in 1906. Painting by Robert Dudley, also on board.
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Much the same distributional crisis confronted the manufacturers of
consumer goods, including many-clothing and other dry goods, drugs,
hardware, groceries, candy, liquor, stationery, tobacco, furniture, jew
elry, and shoes-that still dominate shopping malls more than a cen
tury later. Maintaining control of the speed and volume of indu3trial
production of these goods was one thing; distributing the outputs on
a correspondingly mass scale was quite another. As increasing numbers
of enterprises produced in continually greater volume for even more
rapidly increasing numbers of consumers scattered ever more widely,
the distributional system based on commission merchant transactions
began to be overburdened. No longer could the southern factors and
western storekeepers on their regular trips to the northeastern sea
board fully accommodate the mounting volume of industrial production.
After East-West trunk lines made possible truly national distribution
with unprecedented speed and reliability in the 1850s, new pressure
arose to fine-tune the system-to enhance profits through inventory
reduction and turnover at more rapid rates.
Just as specialized commodity dealers appeared in the 1840s and
1850s to integrate the distribution of agricultural output, so too did
the distribution of consumer goods come to be consolidated about tbe
same time, as we saw in Chapter 4, in a new economic actor, the
wholesale jobber. Jobbers bought directly from manufacturers and sold
to specialized retailers, which eliminated many intermediate links in
the chain of middlemen. The resulting drop in distribution costs brought
lower prices and an increased volume of business for the wholesalers,
who, like the new grain and cotton dealers, did not sell on commission
but actually took title to goods, thus enabling themselves to keep more
than the usual 2 to 5 percent markup. So great an advantage did this
prove to be that by the 1880s America had about five hundred whole
salers of dry goods, almost as many in hardware, and some two hundred
for drugs alone. The commission merchant, for centuries the mainstay
of world wide distribution, had all but disappeared from the United
States by the 1870s-replaced in a single generation by a distributional
system based on rail transportation and telegraphic control.
With tlie two new technologies jobbers could drastically reduce their
inventories; now they relied both on the telegraph to order goods as
needed and on the railroads to ensure prompt delivery. This allowed
wholesalers to move goods with greater speed and regularity, which
reduced both inventories and unit costs, and at increased volume,
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which improved cash flow and reduced credit needs; it also meant that
jobbers could service much broader areas. Geographical expansion
depended, in turn, on marketing networks sufficient to reach rural
general stores as well as more specialized urban retailers. The "drum
mers" used by wholesalers to solicit trade from rural merchants during
their visits to the North gave way, in the late 1860s, to salesmen who
themselves journeyed by rail and buggy to even the most isolated
country store-and into American folklore and humor as the archetypal
traveling salesman. Quite apart from their fabled exploits with farmers'
daughters, these new information workers promoted products, re
corded orders, assisted storekeepers with inventory control, account
ing, and merchandise displays, and provided their wholesale companies
with a constant flow of feedback necessary to maintain control of dis
tribution. In addition to credit evaluations of local businessmen, this
feedback included data on economic conditions, tastes and fashions,
the relative success of the company's lines, and other factors likely to
affect future demand (Clark 1944, chap. 6).

Toward Bureaucratic Control and Vertical Integration
Extensions of marketing operations required a corresponding increase
in purchasing organization, the networks through which wholesalers
obtained goods directly from manufacturers both at home and abroad.
For example, Alexander T. Stewart, America's foremost dry goods
distributor, had by 1873 a branch purchasing office in every major
textile and apparel center in Great Britain and Western Europe (Res
seguie 1965, p. 316). A new control crisis arose as wholesalers at
tempted to integrate the movement of goods from hundreds of
manufacturers and purchasing offices to thousands of retailers with
cash flows in the opposite directions. A single hardware jobbing firm ,
for example, might need to control distribution of six thousand different
products from a thousand manufacturers to perhaps ten thousand cus
tomers.
This crisis led to innovation in bureaucratic structure, particularly
the progressive subdivision of operating units, the whole controlled by
a growing hierarchy of salaried managers. As we have seen, railroad
and telegraph companies had begun developing such multiunit business
structures in the 1850s; by the late 1860s they had been adopted by
large wholesale houses attempting to control unprecedented volumes
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of trade made possible by the new technologies.

As late as the

1840s,

the staff of one of America's largest importers consisted of the owner,
his son, two or three clerks, and a porter; together they handled per
haps a quarter-million dollars in annual sales (Tooker 1955, pp. 64-65,
225). A quarter-century later A. T. Stewart had two thousand em
ployees and annual sales of $50 million (Resseguie 1965). By 1866
Chicago alone had fifty-nine jobbers with annual sales of more than $1
million each (Twyman 1954, p. 31). Alfred Chandler reports that, more
generally, the annual sales of wholesale firms jumped from "tens and
hundreds of thousands of dollars to tens of millions of dollars" following
the spread of the railroad and telegraph (1977, p. 218).
In addition to sales and purchasing operations, large wholesale houses
normally differentiated a half-dozen or more other departments or
offices: advertising, orders, traffic and shipping, credit and collections,
accounting. Each of these divisions filled particular information
processing, communication, and control functions. Purchasing developed
the specifications for manufactured goods, determined both the pur
chase and selling prices and volume, and maintained contact with man

ufacturers

and foreign commission agents; the sales organization, as

we have seen, provided similar feedback from retailers in addition to
recording orders and drumming up new trade. The general sales de
partment included an advertising office, usually small, which prepared
the catalogs carried by traveling salesmen and mailed to regular cus
tomers; occasionally it advertised to retailers through local newspa
pers. The orders department had the responsibility for filling orders
promptly, the traffic department concentrated on scheduling larger
shipments from suppliers to warehouses or from there to retailers,
and the shipping department handled the details of moving the goods
by rail. Credit and collections sustained cash flow-and thereby min
imized the cost of credit per unit-by continuously processing credit
information supplied by salesmen and outside credit agencies and by
responding quickly to extend credit or to close delinquent accounts.
Accounting recorded the receipts and expenditures of all funds, sep
arately for each department and office as well as each supplier, retailer,
and shipper, and continuously compiled management information like
the rates of inventory turnover or stock turn.
Together these separate departments and offices, each of which
maintained some specialized functions of information processing and
control, comprised-in the great wholesale houses of the late 1870s
some of the largest and most differentiated bureaucratic structures to
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appear before the twentieth century. Often each of a house's specialized
units kept its own books and accounts, so that each could have at least
theoretically operated as a largely independent enterprise. At Chi
cago's Marshall Field and Company, for example, the head buyer of
each major product line ran his department, in the words of the com
pany's historian, as would "a merchant completely and independently
responsible for the results within his own separate department or
store," which "was run as though it were an independent business
firm" (Twyman 1954, p. 65). More of the informational functions might
also have been taken over by separate businesses, as with the Mer
cantile Agency, formed in 1841 as the first American credit reporting
firm, which by the 1870s under R. G. Dun-later to form Dun and
Bradstreet-employed ten thousand investigators in sixty-nine branch
offices to process some five thousand queries daily (Madison 1974).
Counterpoised to these tendencies toward structural differentiation
and increasing independence of specialized units is the fact that the
functionally distinct but interdependent elements of any information
processor-no less bureaucratic ones-need themselves to be con
trolled. Only by maintaining the separate operating units under a single
structure of control could the wholesale houses of the late nineteenth
century precisely monitor and coordinate the various activities oflarge
scale mass distribution, with resulting increases in productivity, de
creases in costs, and consequently higher profits. Similar arguments
for internal integration within a single firm have been developed by
Coase (1937), Arrow (1964), and Williamson (1970), among others.
The key to such bureaucratic integration proved to be another in
novation in organizational control: managerial hierarchy. Top man
agers replaced the informational mechanism of the market in allocating
resources among a firm's future business activities; middle manage
ment, in turu, its work thus coordinated from above, supervised that
of still other managers. Because middle managers had not yet appeared
anywhere in the United States as late as the 1840s, the enterprise of
multiple units coordinated by a hierarchy of salaried managers, as
pioneered by the large wholesale houses, must be considered a re
sponse to the control crisis of the 1860s and 1870s-yet another in
novation in information processing and control technology that marked
the origins of the Control Revolution.
Each of the specialized units of the large wholesale houses had its
own administrative office and full-time salaried managers. What gen
eralized control developed in middle management usually devolved to
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the general merchandising manager, who not only oversaw ware
housing-including unpacking, labeling, branding, packaging, and re
packing-and whatever manufacturing operations the firm might have
acquired, but also supervised the buyers in each product department.
In many cases, as we have seen, the senior buyers were themselves
important executives, salaried managers of large purchasing organi
zations who made careers of their specialties. The general sales manager,
perhaps next in importance in the control of wholesale jobbing oper
ations, had responsibility for directing, monitoring, and evaluating the
entire sales force, sometimes with the help of assistant sales managers
for different regions, and also for supervising the advertising office.
Managers in the other departments had more direct responsibility
for control of a concrete open processing system: the physical move
ment of goods from manufacturer to retailer and the flow of cash or
credit-the information that controlled the system within the larger
market economy-in the opposite direction. Maintaining the greatest
possible speed, volume, and regularity of these two flows at the lowest
possible operating cost directly affected a wholesale house's unit costs
and thus its profits. Traffic managers maintained their own shipping
office for this reason and bargained continuously with the various rail
roads to get the lowest possible classifications and rates for their ship
ments and the largest possible rebates for the firm and its customers.
Because credit terms arc also reflected in unit costs, as we have seen,
credit managers sought the shortest-term and most tightly controlled
credit possible, subject to competition and the longer-range ad vantages
of helping new retailers and others with temporary cash flow problems.
Alfred Chandler describes this situation at Marshall Field's:
The granting of credit was of such importance that it became

an

almost

full-time responsibility for one partner, Levi Leiter. Leiter's abilities in
this field made it possible for the enterprise to carry out most of its
business on a cash basis. "With their carefully selected customers dis

counting their bills as regularly as a group of faithful employees punching
a time clock, the two partners had little capital tied up in delinquent
accounts, knew with reasonable certainty how much money was coming
in each month, and were subsequently able to maintain an unsurpassed
reputation themselves for prompt payment." The resulting steady cash
flow reduced the cost of credit per unit of merchandise obtained to a new
low.

(1977, p. 222; quote from Twyman 1954, p. 36)

Much the same account might be given for the need to fine-tune the
processing of material flows in the opposite direction-from manufac-
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turers to warehouses and then on to customers. Here senior executives
of wholesale houses relied on accounting data to evaluate the perfor
mances of their operating managers. Most important of these were
monthly reports on stock turn, defined formally as the number of times
that a supply sold out and had to be replaced in a specified period, usu
ally a year (Beckman et al. 1937, chap. 19). Like cash flow, stock turn
reflected the speed with which a wholesaler processed the exchange
of goods between manufacturers and retailers. The faster a house
managed to distribute goods, for a fixed amount of capital and labor,
the lower would be its unit costs and the greater its productivity and
hence profits.
Not surprisingly, since stock turn reflects speed and efficiency in
the processing of material flows, the concept did not appear before the
railroads and the resulting crisis of control. Chandler (1977, p. 223)
finds "no example of a prerailroad merchant using the term." By 1870,
however, the exhortation to "keep one's stocks 'turning' rapidly" had
become Marshall Field's most repeated message to his managers. Be
tween 1878 and 1883 his firm's average stock turn hovered above 5, a
good rate even by modern standards (Twyman 1954, pp. 50-51, 118119, 175-176). Field urged the same goals on retailers and at least
one, Rowland Macy's New York store, achieved for six months in 1887
a stock turn of 12, at least double the rate for department stores in
this century (Hower 1943, pp. 185-188).
As suggested by the comparative stock-tum rates for Macy's and
Field's in the 1880s, this decade saw the wholesalers challenged by
new mass retailers-department and chain stores and mail-order
houses-that purchased from manufacturers directly and thereby in
tegrated still further the processes of distribution and marketing. Al
though the total number of wholesalers continued to grow into this
century, increasing six- to eightfold between the 1880s and 1925, their
market share began to decline in the early 1880s. Between 1869 and
1879 the ratio of wholesale to direct sales rose to 2.40 from 2.11, with
only $1 billion worth of goods passing directly from manufacturers to
retailers in the latter year, while some $2.4 billion worth went by way
of wholesalers. After 1889, however, when wholesaling's predominance
had already declined slightly to 2.33, the ratio began to fall ever more
sharply: to 2.15 in 1899, to 1.90 in 1909, and to 1.16 by 1929 (Barger
1955, pp. 69-71).
Table 6.3 summarizes the major developments in market and retail
control of distribution in the American economy from early industrial-
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Table 6.3. Selected events in the developmen' of market and retail control
of distribution, 1830-1889
Year

Development

1830s

Jobbers begin to purchase directly from domestic and foreign
man•1facturing agents; auctions decline
Specialized New York City jobbers adopt fixed prices,
publish catalogs, mail to customers

1840

Auctions fall to only one-eighth of U.S. import sales
Nearly three-quarters of New York merchant
establishments and almost all in New Orleans operate
on commission

1842

Credit protection group formed by importers, commission
houses

1845

Benjamin Babbitt markets waste shavings of soap in 1.5- to
2-pound boxes-an instant success with laundries, hotels

1850

New York City directory lists more jobbers than importers
in a half-dozen specialty goods

Early 1850s

Commodity exchanges opened; standardized methods adopted

for sorting, grading, weighing, inspecting
1850s

Specialized jobbing begins to spread from large coastal ports
Warehouse receipts with uniform grades serve as exchange
media
"To a1Tive'1 or futures contracts, futures markets appear

1853

Trade association (American Brass Association) organized to
regulate prices

1857

Weighing scale for use on railroad tracks introduced

1859

First store in Great American Tea Company chain-to
become A&P in ten years-opens in New York City

1862

Fixed-price policy adopted by major store (Stewart's of New
York)

1867

Macy's department store remains open until midnight
Christmas Eve, sets a one-day record of $6,000 in receipts

Late 1860s

Large wholesale houses develop organizational structures
with a half-dozen or more operating departments controlled
by a hierarchy of salaried managers.
Traveling salesmen employed
Large wholesalers and retailers like department stores begin
to monitor rate of stock turn

c. 1870

Christn:as makes December retail sales more than twice
those of any other month
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Development

1872

Mail-order house (Montgomery Ward) established

1874

Labor union labels attached to products (cigars)

1876

Great Atlantic and Pacific Tea Company (A&P) has 67-store
chain

1879

Cash register demonstrated, patented
Five-cent store (Woolworth's) opens

1880

Book (Ryan 1880) of measurements of human body for
various ages and sizes becomes guide for standardizing
ready-made clothing

1880s

Cheap paper bags speed up retail sales, especially of
groceries

1884

Montgomery Ward issues a 240-page illustrated catalog with
10,000 items representing $500,000 in stock

1885

Self-service restaurant opened

1886

F. W. Woolworth controls a chain of 7 five-and-ten-cent
stores
Richard W. Sears begins a mail-order watch company

ization to the late 1880s. As with the control of production (Table 6.2),
early control of distribution came mostly through innovations in pre
processing, in this case to faciliate market transactions, the processing
equivalent of throughputs to production. These marketing innovations
included· within a fifty-year penod-standardized methods of sort
ing, grading, weighing, and inspecting, packaging in containers of fixed
sizes and weights, fixed prices, standardized sizes, and periodic pre
sentation to consumers via catalog. New types of retailers (like the
five-and-ten) came to be specialized by price as well as by commodities
sold, with general purpose containers (like grocery bags) and self
service introduced to cut transaction processing costs while at the same
time speeding sales.
As Table 6.3 indicates, innovations also occurred in transaction pro
cessing as distinct from either information reduction or preprocessing.
Processing innovations included the use of warehouse receipts and "to
arrive" or futures contracts as generalized media of exchange, differ
entiation and specialization of bureaucratic control structures, moni
toring of transaction rates via stock turn and other quantitative
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indicators, and the introduction of cash registers to record and control
sales. Progressive development of an organizational infrastructure for
control of geographical distribution via marketing over the same early
industrial period included direct routinized contact of jobbers with
manufacturing agents (1830s), use of the postal system to distribute
catalogs (1840s), and the growth of commodity exchanges (1850s), chain
stores and traveling salesmen (1860s), and mail-order houses (1870s)
(Fig. 6. 6). As with the control of production, in short, early market
and retail control of distribution included innovations at all levels of
control: preprocessing, organization, programming, processing, and
communication.
During the three decades of the 1860s-1880s, for example, America's
great wholesale houses like A. T. Stewart's in New York and Marshall
Field's in Chicago developed all of the essential features of modern
bureaucracy: subdivision into distinct operating units, distinguished
by particular information-processing, communication, and control func
tions, which are themselves coordinated by an administrative hier
archy. This structure could not have replaced smaller, more traditional
ones, at least not in a market economy, until bureaucratic control could
yield lower costs, greater productivity, and higher profits than did
control by the market. Not until steam power had sufficiently increased
the speed and volume of material processing and the resulting increase
in outputs could be distributed widely with the precision made possible
by coevolving networks of railroad and telegraph did bureaucratic
control become more efficient and more profitable than coordination
by the market.
Such conditions first appeared in the distribution of manufactured
consumer goods by the 1850s; the multiunit firm-one of the first of
many information-processing innovations that would mark the Control
Revolution-came largely in response to the resulting control crisis in
distribution. The resulting transformation of the market by increasing
administrative control-what Alfred Chandler aptly termed a pro
gressive replacement of Adam Smith's "invisible hand" by manage
ment's visible one (1977, p. l}-gained impetus from continued increases
in the speed and regularity of production and distribution, develop
ments that for the first time in history made communication through
market mechanisms too slow and control by bureaucracy relatively
more profitable. Market control could not have been transcended, how
ever, without major innovations in information-processing and control
technology: a new processor in the form of modern bureaucratic struc-
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Figure 6.6. Innovations in market and retail control ofdistribution included
the use of the postal systeni to distribute catalogs (1840s) and the resultiug
rise oflarge mail-order houses (1870s). By the 1890s Sears, Roebuck ofChicago
ran crowded advertisements offering a "30 days' free trial," a nbinding guar·
antee," and variousfree catalogs or "an immense catalogue of everything" for
fifteen cents. (Courlesy of Sears, Roebuck & Company.)
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ture, new internalized control in the hierarchy of salaried managers,
unprecedented preprocessing through the increasing rationalization of
society, and a third level of programming-in addition to genes and
culture-in bureaucracy's formal sets of rules governing institution
alized decisions and responses. Bureaucratic control of production and
distribution would have mattered little, however, without correspond
ing control over final consumption.

Control Crisis in Consumption
Crisis in the control of consumer demand did· not arise until the early
1880s, when new continuous-process technologies began to be applied
within a short span of years to a wide range of industries: flour milling
and soap making (1879), cigarette rolling and match manufacture (1881),
food canning (1883), and photographic film processing (1884). So well
did the new continuou>rprocess technologies control production through
mechanical integration of the various stages that overnight they made
more traditional industries highly capital-intensive, often increasing
the ratio of output to workers several hundredfold. As production
became more capital-intensive, assurance of adequate return on in
vestment required large, steady, and predictable demand for products
in order to keep the new plants and machinery running at peak effi
ciency, even as it forced concentration of production in only a few
locations and companies. This sudden need of largely local and regional
firms for vastly greater demand, often available only through control
of national and even global markets, led to the late nineteenth-century
crisis in the control of consumption.
In the words of Harry Tipper, advertising manager of the Texas
Company (later Texaco), with "the continued improvement in the ma
chinery of production, transportation, communication, etc. . . . the
problem of disposing of goods became, consequently, more important"
(Tipper et al. 1915, pp. 4-6). Especially with the adoption of new
continuous-processing technologies like those of the petroleum indus
try, which increased its throughputs three- to six-fold while halving
unit costs during the 1860s alone (Williamson and Daum 1959, pp. 282285), producers had to teach consumers, Tipper argued, "to use more
than they formerly had used, and to discriminate between different
sellers or sections in order to control the market'' (Tipper 1914,
p. 13).
Tipper's view, that consumer demand had to be stimulated and con
trolled in response to sharply improved production technologies and
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corresponding increases in output, seems to belie current economic
wisdom. The so-called new economic historians find that demand led
industrial expansion in the first half of the nineteenth century (Fogel
and Engerman 1971b), as we have seen; Jacob Schmookler (1966) ar
gues that technological innovation comes in response to rising demand.
Counter arguments, however, abound in economic and business stud
ies. Alfred Chandler, for example, notes that "the precise timing of
innovations in production, like the organizational innovations in mar
keting, can be related more closely to the new speed and volume at
which materials and goods could flow through the economy than to
any change in demand resulting from an obvious shift upward in the
rate of growth of population and income" (1977, p. 253; emphasis added).
Economists following the lead of John Kenneth Galbraith (1967, esp.
chap. 18) have begun to consider mass communication and market
feedback technologies in the control by modern corporations of con
sumer demand.
Some of the earliest and perhaps clearest cases of production
generated crises in the control of consumption came with the first contin
uous processing of agrieultural commodities in the 1880s. This resulted
in nothing less than a thoroughgoing transformation-in a matter of
decades-of even the most basic eating habits of the American people
(Cummings 1941).
Three years after completion of the first automatic, all-roller, gradual
reduction flour mill in 1879, Henry P. Crowell adopted comparable
technology to the production of oatmeal. His plant literally received
raw oats at one end and shipped cartons of packaged oatmeal out of
the other: it has been described as "the first in the world to main
tain under one roof operations to grade, clean, hull, cut, package,
and ship oatmeal to interstate markets in a continuous process that in
some aspects anticipated the modern assembly line" (Marquette 1967,
p. 33). When Crowell's plant began operations in 1882, however,
most Americans scorned oats as fodder for horses and associated oat
meal with invalids and a few Scottish immigrants whose taste for the
cereal was thought to reflect their dour personalities. As a result,
Crowell soon produced twice as much oatmeal as the market could
absorb. ln Chandler's judgement, "A new market had to be found if
the great volume of output from the new machines was to be sold"
(1977, p. 294).
Crowell addressed this crisis with a revolutionary new technology
for the control of consumption: national advertising of a brand name
product directly to the mass household market. By repackaging his
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bulk meal in convenient twenty-four-ounce boxes, which he marketed
under the now-familar brand label of the black-coated Quaker, Crowell
managed to dispose of surpluses created by the control revolutions in
production and distribution by inventing not only the modern breakfast
food industry but breakfast cereal itself-a product then almost en
tirely new to American tastes.
Crowell's innovations in advertising included many of the fundamental
techniques and gimmicks still used today: scientific endorsements, tes
timonials, prizes, box-top premiums, and the like. In 1889, a year after
the country's seven largest mills had merged to form the American
Cereal Company, Crowell introduced another mass marketing inno
vation, the first prepared mix, Aunt Jemima Ready-Mix (Kelley 1954,
p. 104). Two years later, Crowell ran a fifteen-car freight train from
his Cedar Rapids, Iowa, plant to Portland, Oregon, in perhaps the
first national publicity stunt to promote commercial products. The train
included not only public exhibits of breakfast foods but a professional
actor dressed as a Quaker to attract and entertain spectators. In Port
land every household received a half-ounce sample of Quaker Oats,
probably the first use of free samples distributed door-to-door (Mar
quette 1967). Seven years later the advertising trade journal Printers'
Ink, founded in the same year as the American Cereal Company (1888),
reported that "one result of its extensive advertising of Quaker Oats
is that exceedingly few people now buy oatmeal in bulk" (Pope 1983,
p. 55), early proof that mass consumption patterns could be created,
altered, and controlled by means of national advertising to the new
mass markets.
Key to Crowell's success were the brand name label and trademark,
which themselves constituted a new technology for the control of con
sumption (Fig. 6. 7). When Abraham Lincoln tended store at Old Salem,
Illinois, in 1833, on the threshold of the railroad and the industrial age,
only one packaged, branded product graced his shelves-Walter Bak
er's Chocolate. In the words of Daniel Pope, historian of advertising,
Shopkeepers in more settled areas might carry a few more items, but only
a sprinkling of canned specialty goods, an occasional import, and some
patent medicine concoctions carried a manufacturer's brand. Manufactur
ing in pre-Civil War America did not, for the most part, produce goods
suitable for national advertising, nor, of course, was there a network to
distribute those goods throughout the nation The most important indus
tries in mid-19th century America-flour and grain milling, lumber and
saw milling, even the relatively advanced textile and footwear ind.us-
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Figure 6.7. New technologies for control of mass ilistribution, including consumer-pack017ed and brand-labeled products,
encour017ed imitators. The original Smith Brothers cough drop packG{Je (upper left), first registered in 1877, is one of the
oldest and best-known trademarks in America. Its arrangement ofgraphic elements inspired the popular misconception that
the brothers, William and Andrew, were named Trade and Mark, respectively. The label also inspired competition from
other Smith brothers (and sisters) and pack017es with bearded pairs, including Presidents Lincoln and Garfield. Some
competing labels even warned buyers to "beware of imitators." (Courtesy of Smith Brothers, F & F Laboratories, Chic0170.)
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tries-were, for the most part, processing the nation's abundant raw
materials which consumers themselves would then fashion into items of
utility-bread from flour, buildings from boards, clothing from tex
tiles . . . It would be hard to conceive of developing a consumer allegiance
to the flour of a local grist mill or the lumber of a particular saw mill.
(Pope 1983, pp. 31-32)

Although truly national advertising did not appear before Crowell
and other continuous-process manufacturers in the 1880s, a separate
advertising industry did begin to differentiate itself with the advent
of intersectional railroads in the early 1840s. The country's first ad
vertising agency emerged from the Philadelphia real estate and coal
business of Volney B. Palmer in 1841. According to his own advertis
ing, Palmer provided access to "newspapers in Pennsylvania and New
Jersey and in many of the principal cities and towns throughout the
United States" for some of the first businesses to advertise beyond
their own localities, including ''merchants, mechanics, professional men,
hotel and boardinghouse keepers, railroad, insurance and transpor
tation companies."
Palmer also offered oo assume the information-processing burdens
of advertising, "the trouble of perplexing and fruitless inquiries, the
expense and labor of letter writing, the risk of making enclosures of
money, &c., &c.," and a convenient method of payment: his receipts
provided evidence that an advertiser had paid his bill (Holland 1974,
p. 359). In exchange, he probably received about 25 percent of the
gross cost of the newspaper space, a commission method of compen
sation that survives to this day throughout the advertising industry
(Pope 1983, p. 116). So great did demand for Palmer's service prove
to be that by 1849 he had opened additional offices in Boston, New
York, and Baltimore and claimed to have exclusive rights to sell ad
vertising for some l,300 newspapers.
Despite Palmer's initial success, which came largely in response to
the expanding rail network, most advertising agencies found their
business-until the 1880s-not in national markets but in regional and
especially in local ones. Because the palatial retail houses, which ap
peared in the late 1840s, and the new department stores, a product of
the 1860s, sold directly to final consumers, they needed to allocate
more money and attention to advertising than did even the largest
wholesale houses, and they soon became the advertising agencies' major
clients. In Philadelphia, for example, John Wanamaker's store helped
to make N. W. Ayer and Son the nation's largest advertising agency
within thirty years of its founding in 1869 (Hower 1949, pp. 58, 214).
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Well into the 1870s only books, journals, and patent medicines were ad
vertised nationally; most manufacturers left advertising to the whole
salers who marketed their output in particular regions or localities.
The first federal trademark legislation, enacted in 1870, attracted
no registrants for more than three months and only 121 during the
year. When in 1880, on the advent of continuous-process manufactur
ing, the law was declared unconstitutional as a restraint on commerce
within states, Congress quickly enacted new legislation; Henry Crow
ell's Quaker became one of the first trademarks registered under the
new law (Smith 1923; Lambert 1941; Barach 1971). The power of tbe
new technology to control consumption became apparent in the same
decade when Henry L. Pierce, who had purchased the Walter Baker
Chocolate Company, agreed to pay a royalty of $10,000 a year to
Baker's widow for rights to the family name and trademark-the only
one in Lincoln's store only a half-century earlier. By 1905 Printers'
Ink estimated the value of Royal Baking Powder's trade name to be
$5 million, "a million dollars a letter'' (Pope 1983, p. 69).
Trademarks helped to ease crisis in the control of consumption of a
wide range of products: not only oatmeal, but flour, cereal, cigarettes,
matches, various canned goods, soap products, and photographic film.
All of these products could suddenly be produced far in excess of
demand during the late 1880s, owing to the vastly greater control of
manufacturing brought about by more integrated continuous-process
ing machinery. Just as almost simultaneous innovations in this tech
nology across scores of industries resolved mounting crises in the control
of production, the resulting crises of consumption could also be met
by the still newer control technology pioneered by Henry Crowell:
mass marketing of trademarked, consumer-packaged, and brand-la
beled products through national advertising. Many of today's best
known brand names-Gold Medal and Pillsbury flour, Kellogg's corn
flakes, American Tobacco, Diamond matches, Borden and Carnation
condensed milk, Campbell Soup, Heinz 57 Varieties, Procter and Gam
ble soap, Kodak film-began as trademarks for the fruits of new con
tinuous-processing machinery in the 1880s. As a result of massive
national advertising campaigns, all had become household words by
1900 (Fig. 6.8).
Rapid diffusion of the automatic all-roller, gradual reduction flour
mill, after successful completion of C. C. Washburn's experimental mill
in Minneapolis in 1879, brought overproduction not only in the milling
of oats but of wheat, barley, rye, and other grains as well (Kuhlmann
1951). Over the next decade a half-dozen pioneers of the new milling
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Figure 6.8. Mass marketing of trademarked, brand-labeled products through
national advertising made many manufacturers of continuous-process goods
household names by the turn of the century. Other businesses exploited this
new element of mass culture-for example, a sheet music publisher marketed
a popular new song, "Signs We See as We Pass Along. "

technology scrambled to control consumption by means of trademarks
and national advertising. Washburn's firm introduced Gold Medal Flour
in 1880; his leading rivals, the Pillsbury brothers, quickly countered
with a flour bearing the family name. After 1890, when Minneapolis
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flour production had almost tripled to some seven million bushels an
nually in less than a decade, advertising alone could not control demand
sufficiently and prices fell. As a result, both the Washburn and Pillsbury
firms adopted the strategy Crowell had developed for Quaker Oats
packaging rather than selling in bulk, stepped-up national advertising,
and vertical integration through networks of buyers and sellers-in
order better to control distribution and consumption (Storck and
Teague 1952; Gray 1954, chap. 4).
Other entrepreneurs copied Crowell more directly by inventing new
breakfast foods. In 1893 Henry Perky and William Ford patented a
machine that made wheat into filaments or "shreds" and thereby in
troduced shredded wheat biscuits into the morning meal. C. W. Post,
considered by many to be the father of ready-to-eat cereal, introduced
"Grape Nuts" in 1896 and "Post Toasties" in 1915; he also began pro
moting his earlier "Postum" as a hot beverage that might substitute
for coffee, which he attacked in advertising as bad for the nervous
system. W. K. Kellogg, of Battle Creek, Michigan, who began pro
ducing fifteen-cent boxes of "breakfast food" in 1896, had in ten years
established Kellogg's Corn Flakes on the American breakfast table
(Cummings 1941).
Table 6.4 summarizes the major developments in U.S. advertising
and mass communication technology from early industrialization through
the 1880s. As this list of innovations illustrates, increasing control of
consumption in response to the resolution of crisis in mass production
and distribution came through the coevolution of mass media and their
messages to attract, hold, and imprint the mass attention: short slogans
endlessly repeated (1856), secular symbols of Christmas (early 1860s)
and other "festivals of consumption" (Boorstin 1973, chap. 18), com
mercial premiums (1865), trademarks (1870), patented package labels
(1874), and the multiple elements of national advertising and publicity
campaigns (1889).
Power-driven printing distributed by rail, the major mass medium
before broadcasting, improved rapidly-parallel to the developing cri
sis in control of consumption-though a spate of innovations: the first
electric press (1839) and rotary printing (1846), wood pulp and rag
paper and the curved stereotype plate (1854), paper-folding machines
(1856), the mechanical typesetter (1857), high-speed printing and fold
ing press (1875), and linotype (1886). Utilizing these purely mechanical
inventions, mass publishers developed a wide range of new organi
zational and social innovations to improve control: the penny news
paper (1833) to expand mass readership, a press association (1848) and
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Table 6A. Selected innovations in advertising and mass communication
technology for control of consumption, 1830-1889
Year

Inno·vation

1833

Penny newspaper (New York Sun) opens way for mass press

1839

Printing press run by electricity
Photographs (daguerrotypes) produced

1841

Advertising agency (V. B. Palmer) established

1842

Design patents authorized, issued to typeface, other designs
Illustrated weekly (Brother Jonathan) published

1846

Double cylinder rotary printing press (Hoe) adopted by
Philadelphia Ledger, prOduces 8,000 sheets per hour

1848

Newspaper press association formed
Periodical index (Poole's) published

1854

Wood pulp and rag paper introduced for printing
Curved stereotype plate for Hoe rotary press cast, used

1855

Professional printing magazine (Typographic Advertiser)
published

1856

Advertiser (New York Ledger) establishes "iteration copy" by
purchasing full-page newspaper ad, repeating same line 600
times
Machine to fold paper for books, newspapers installed

1857

Typesetting machine demonstrated

Early 1860s

Display type introduced, ending requirements of agate t;pe
and single columns in newspaper advertising
Christmas begins to be promoted commercially

1865

Advertising monthly (Advertising Agency Circular)
published
Premiums (lithographed pictures) given for coupons on
manufactured product (Babbitt Soap)

1869

Book (Rowell 1869) published for advertisers listing all U.S.
newspapers with accurate estimates of circulation

1870

First federal trademark law passed, 121 registered
Human-interest illustrations appear in newspaper advertising

1873

Successful illustrated daily (New York Daily Graphic) begun

1874

Label patents authorized, first issued to breakfast hominy
label
Macy's offers window display devoted exclusively to
Christmas
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1875
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Advertising weekly (Advertiser's Gazette) issued
"Open contract" makes advertising firm sole agent for
advertiser
High-speed newspaper printing and folding machine
producing 400 four page sheets per minute-installed at
Philadelphia Times
-

1878

Full-page newspaper advertising introduced

1879

N. W. Ayer & Son surveys grain market for an advertising
client

1881

Second federal trademark law passed

1883

Joseph Pulitzer takes over the New York World, makes it
America's first modern mass-circulation daily

1884

Newspaper syndicate (McClure) organized

1885

Daily railroad delivery of newspapers begun

1886

Linotype machine used commercially (New York Tribune)
American Newspaper Publishers Association organized

1888

Trade journal (Printers' Ink) established for advertising
industry

1889

National publicity stunt used to promote commercial product
(Quaker Oats)

professional printing magazine (1855), mass-circulation dailies (1883),
newspaper syndicates (1884), daily railroad deliveries (1885), and a
publishers association (1886).
Parallel to the combined mechanical and organizational infrastruc
ture of mass publishing, a new infrastructure developed for mass con
trol of consumption via national advertising and market feedback. An
increasingly specialized advertising sector met the control crisis in
consumption, following the spread of industrialization through the ma
terial economy, with an array of innovations no less impressive than
the better-known ones in communications technology, including ad-.
vertising agencies (1841), indexes of periodicals (1848), a monthly trade
journal (1865), book of newspaper circulation (1869), weekly trade paper
and sole-agent contracts (1875), market surveys for clients (1879), and
an industry-wide journal (1888). Almost a century before the advent
of television, which John Kenneth Galbraith (1967, p. 342) declared
"essential for effective management of demand," nineteenth-century
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advertisers pioneered the use of visual media and techniques of com
munication to stimulate and control consumption: daguerrotypes (1839),
patented typefaces and illustrated magazines (1842), iteration copy
(1856), display type (early 1860s), national consumption symbols like
Thomas Nast's cartoon Santa Claus (1863), human-interest illustrations
(1870), illustrated daily newspapers (1873), thematic store window dis
plays (1874), and full-page advertisements set-off by "white space"
(1878) (Fig. 6.9).
So important did such mass advertising innovations become for con
trolling consumption of the output of the new continuous-process mills
that as late as 1913 (the earliest year for which statistics are available),
despite new consumer products like the automobile, phonograph, and
electrical appliances, foodstuffs from the mills still dominated national
magazines, the most important advertising medium of the age. Of the
top thirty-five advertisers in that year, six marketed processed grain
products, including two of the three leading accounts: Quaker Oats
(ranked second behind Proctor and Gamble), Postum (third), Kellogg
(eleventh), Cream of Wheat (seventeenth), National Biscuit (twenty
second), and Washburn-Crosby, producer of Gold Medal flour (thirty
third). None of these companies ranked among even the top seventy
five industrials in assets, however, and only two-National Biscuit (at
seventy-sixth) and Quaker Oats (one hundred and thirty-fourth)
ranked in the top two hundred and fifty (Pope 1983, pp. 41-45). Among
all consumer packaged foodstuffs produced by continuous-process tech
nology in 1917, the leading manufacturers of each type had begun
operations before 1900--many before 1890; all had made early use of
national advertising to establish their trademarks as household names:
Borden's Condensed Milk, Fleischmann's yeast, Royal Baking Powder,
Coca Cola, Heinz, Wrigley's gum (all firms that ranked among the top
two hundred and fifty U.S. industrials in 1917 assets) (Navin 1970).

Apart from the producers of breakfast foods and packaged flour,

who prospered from the application of integrated continuous-process
ing machinery to milling, the only other crisis in the consumption of

Fi"gure 6.9. Increased control of co'ltsumption came through the coevolulion
of mass media and messages to attract, hold, and imprint the mass attentinn,
including the secularization of Christmas and otherfestivals of consumption
in the 1860s. By 1873 the illustrated periodical press promoted Easter as an
occasion to display the latestfashions in men's and women's clothing (Harper's
Weekly, April 26, 1873).

Industrial Revolution and Crisis of Control

easter cSi1ndaJ1, 1873

275

276

Industrialization and Processing Speed

foodstuffs resulted from use of this same new technology-and the
similar threat of overproduction-in canning. Although the tin can had
been patented in England in 1810, a good tinsmith could cut, mold,
and solder only about sixty cans per day. Even after tbe introduction
of machine-stamped cans in 1847, canned items sold only in specialty
shops in small quantities and at bigb prices. Indeed, cans could only
be opened through intensive work with hammer and chisel until 1865,
when the introduction of tins of thinner steel brought the first can
opener; the so-called key opener followed in 1866 (Collins 1924; \Vood
cock and Lewis 1938). Crisis in the control of consumption did not come
until after 1883, however, when the brothers Edwin and 0. W. Norton
put into operation the first "automatic line" canning factory, with ma
chinery so arranged that cans could be soldered at the rate of fifty per
minute and tops and bottoms at the rates of forty

to seventy per

minute-the output of roughly five hundred skilled tinsmiths only forty
years earlier (May 1938, pp. 350-351).
So important did this continuous-process technology become that
the first firms to adopt it on a year-round basis-Campbell Soup, Heinz
vegetable products, Borden, Carnation, and Pet condensed milk, Libby
canned meats-still rank among the largest and best-known canners
in the country. Where canning remained seasonal, however, as with
most vegetables, fruits, and fish, large canners did not appear. Instead,
local and regional canneries bought cans and canning equipment from
two large can makers: American Can, a 1901 merger that had Edwin
Norton as its first president, and Continental Can, formed in 1906
(Bitting 1916; McKie 1959, pp. 103-107). By 1917 both companies ranked
(thirty-first and two hundred twenty-second, respectively) among the
largest U.S. industrials (Navin 1970), as did Borden's (103), Libby

(220), Heinz (226), and Campbell (442). These latter food-processing
giants all emerged from older family firms that bad controlled tbe
distribution and consumption of outputs from tbe new line technologies
with their already familiar brand labels, national advertising, and back
ward and forward integration into purchasing and sales.
Gail Borden bad received both American and English patents for
his process of evaporating milk in a vacuum in 1856; two years later
he launched the New York Condensed Milk Company with a large
scale plant about a hundred miles north of the city. During tbe Civil
War tbe Union Army commandeered Borden's entire output of canned
milk for field rations. Even at sixteen thousand quarts a day the New
York plant could not keep up with government orders, and Borden
had to license several new operations. Tbe war gave tbe first taste of
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canned foods to many soldiers who carried the experience back to
homes throughout the country in the early 1860s. Over that decade
alone, demand for cans of food rose from five to thirty million per year.
During the 1880s, as European milk processors like the Anglo-Swiss
Condensed Milk Company (precursor of Nestle) and Helvetia (later to
split into two American firms, Carnation and Pet) set up U.S. plants
and sales organizations, the Borden Company-now directed by Bor
den's oldest son-adopted continuous-process technology and ex
panded its purchasing and marketing organizations (Frantz 1951). By
1914 Borden ranked among the top fifty advertisers in national mag
azines (Pope 1983, p. 43).
Henry John Heinz of Pittsburgh, a small processor of pickles and
relishes for local consumption, had gone bankrupt in 1876. In the early
1880s Heinz adopted continuous-process methods of canning and bot
tling and quickly built a national network of offices to advertise and
distribute the massive outputs (Alberts 1973). When Heinz died in
1919, the company employed 6,323-including 952 salesmen-in twenty
five branch factories, including one each in Canada and Spain, plus
eighty-seven raw product stations, eighty-five pickle salting stations,
and fifty-five branch offices and warehouses. The company also owned
and operated its own can, bottle, and box factory, its own seed farm,
and 258 railroad cars, which in that year hauled 17,011 carloads of
goods (McCafferty 1923, pp. 106-107).
Although much less information survives on the Joseph Campbell
Soup Company of Camden, New Jersey, it seems to have appeared at
about the same time as H. J. Heinz and to have adopted continuous
process canning technology in much the same way (May 1938, pp. 341346). Because of its considerable reputation in the Philadelphia area,
Campbell did not advertise on a large scale until 1899, when the com
pany's secretary is said to have remarked to its treasurer, "Well, we've
kissed that money goodbye!" The money must have bought something
useful for Campbell Soup, however, because five years later the com
pany launched its now-famous Pork and Beans with a massive ad cam
paign, and by 1915 it ranked ninth in the country in national advertising
(Pope 1983, pp. 43, 61).
The modern canned meat industry began in the 1870s when a Chi
cagoan, J. A. Wilson, designed a can with the familiar "truncated
pyramid" shape. When the can was opened at the larger end and tapped
on the smaller, as the instructions explained, the contents woulsl "slide
out in one piece so as to be readily sliced." By 1878 a Chicago factory
turned out such cans by the thousands. Four years later Wilson and
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another small Chicago meatpacker, Libby, McNeil and Libby, began
the line canning of meats (Bitting 1916; Collins 1924; May 1938; Wood
cock and Lewis 1938; McKie 1959); within decades both ranked among
the top industrials in the country (Navin 1970).
In short, all successful continuous-line food processors in the 1880s
and 1890s resorted to consumer packaging, brand labeling, and mass
advertising to control consumption. National advertising proved par
ticularly important to these processors, not only because breakfast
food, packaged crackers, and canned milk, soup, and meat remained
unfamiliar products to many consumers at the turn of the century,
despite the popularity of canned rations following the Civil War, but
also because low unit prices-usually five or ten cents-made demand
inelastie; producers had little room to control consumption by manip
ulating prices (Chandler 1977, p. 298). Small wonder that by 1900
processed foods accounted for the largest part of N. W. Ayer's volume
(Boorstin 1973, p. 147) or that as late as 1913 twelve of the top forty
advertisers in national magazines produced foodstuffs-double the
number in any other industry (soaps and chemicals followed with six,
automobiles with five, tires and rubber products with four; Pope 1983,
pp. 43-45).
From Industrial to Control Revolution
The nineteenth-century revolution in information technology was pred
icated on if not directly caused by social changes associated with earlier
innovations. Just as the Industrial Revolution presupposed a com
mercial system for capital allocations and the distribution of goods, as
we saw in Chapters 4 and 5, the Control Revolution developed in re
sponse to problems arising out of advanced industrialization: a mounting
crisis of control at the most aggregate level of national and international
systems, levels that had had little practical relevance before the mass
production, distribution, and consumption of factory goods.
Resolution of the crisis demanded new means of information pro
cessing and communication to control an economy shifting from local
segmented markets to increasingly higher levels of organization-what
might be seen as the growing "systemness" of society. This capacity
to communicate and process information is one component of the prob
lem of integration, the need for coordination of functions that accom
panies differentiation and specialization in any system.
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Increasingly confounding the need for integration of the structural
division of labor were the corresponding increases in commodity flows
through the system-flows driven by steam-powered factory produc
tion and mass distribution via national rail networks. Never before
had the processing of material flows threatened to exceed-in both
volume and speed-the capacity of technology to contain them. Sud
denly, owing to the harnessing of steam power, goods could be moved
at the full speed of industrial production, night and day and under
virtually any conditions, not only from town to town but across entire
continents and around the world.
To do this, however, required a system of manufacturers and dis
tributors, central and branch offices, transportation lines and termi
nals, containers and cars, that grew increasingly staggering in its
complexity. Even the logistics of nineteenth-century armies, then the
most difficult problem in processing and control, came to be dwarfed
in complexity by the material economy. Just as the problem of control
reached crisis proportions, however, a series of new technological and
social solutions began to contain the problem. This was the beginning
of the Control Revolution.
Foremost among all the technological solutions to the crisis of con
trol-in that it served to control most other technologies-was the
rapid growth of formal bureaucracy. As we saw in Chapter 3, bu
reaucratic organization serves as the generalized means to control any
large social system; it tends to appear wherever a collective activity
needs to be coordinated by several people toward explicit and imper
sonal goals, that is, to be controlled. Because of the venerable history
and pervasiveness of bureaucracy, historians have tended to overlook
its role in the late nineteenth century as a major new control tech
nology. Nevertheless, bureaucratic administration did not begin to
achieve anything approximating its modern form until the Control
Revolution.
Evidence for the magnitude of this change can be found in the rapid
development of office technology during early industrialization. In 1780
a modern American office might contain printed business forms and
file cabinets, communicate via mail, parcel post al)d courier, subscribe
to various types of news publications, and hire financial and other
professional information services. In general, informational goods and
services-as well as media and content-were still sharply separated.
Bureaucracy, where it could be said to exist at all, lacked structural
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differentiation and specialization of function. As John McLaughlin (1980,
p. 10) notes of the "information business" in 1780: "Some individuals
or companies engaged in both vertical and horizontal integration of
economic enterprises during this period. Thus Berrjamin Franklin worked
as a writer, produced books, newspapers and magazines, developed
printing equipment and sold printing services while serving as post
master general of the colonies" (and, we might add, while conducting
primary research on electricity).
A century later, in the midst of the revolution in generalized infor
mation processing and control, the modern American office had added
a dozen major information technologies and services: telegraph and
telephone, international record carriers and other local delivery ser
vices, newsletter, loose-leaf and directory subscriptions, news and ad
vertising services, and differentiated security systems (including district
telegraphs that could summon police or the fire brigade with the turn
of a crank). By the 1890s typewriters, phonographs, and cash registers
had also come into common use in American business (Fig. 6.10). The
new office technologies and services, added since the advent of indus
trialization and the resulting need for increased control, reflected a
trend toward integration of informational goods and services, media
and content, that has continued unabated to this day. Loose-leaf sub
scriptions provided more of a service than a product compared to bound
volumes, for example; news services constituted more conduit than
content compared to books (McLaughlin 1980, chap. 2).
Table 6.5 summarizes the major developments in office technology
and bureaucracy from early industrialization to the late 1880s. Notable
in this list are the parallel developments of the various components of
a generalized information processor, innovations not only in the pro
cessor itself (bureaucratic structure), but also to improve its infor
mation creation or inputs, recording (storage), programming, pro
cessing, communication, and control.
Innovations in bureaucratic structure included its first careful def
inition (1842), a hierarchical information-processing system to cen
tralize control of rail movements (1853), the line-and-staff concept (1857),
and by the late 1860s the emergence of bureaucracy in its modern
form, complete with a half-dozen or more operating departments con
trolled by a hierarchy of salaried managers. Within forty years, as we
shall see in the next chapter, one of the world's largest bureaucracies
rural free delivery or RFD-had been successfully incorporated within
the U.S. postal system.
ConcUITent with the development of formal bureaucratic structure

Industrial Revolution and Crisis of Control

281

Figure 6.10. Typewriters, phonographs, a1id cash registers came into corrtnion
use in Ame,.ican business by the 1890s. The Adventures of Tom Sawyer (1876)
is 1·ep1tted to be the first typewritten manuscript to be set irdo a book. Its
aitthor, Mark Twain, wrote a hu1norous testimoriialfor the new machine. By
1930 union printers refused to set manuscripts that had not been typed (Il
lustrated Phonographic World).

282

Industrialization and Processing Speed

Table 6.5. Selected events in the development of office technology and
bureaucracy for generalized control, 1830-1889
Year

Development

1839

Mass-produced envelopes introduced

1842

Internal organizational structure in business (Western
Railroad) carefully defined
Business school (Eastman Commercial College) founded

1848

Shorthand magazine (American Phonographic Journal)
published

1850s

Railroads come to employ more accountants and auditors than
any government, federal or state

1853

Hierarchical system of information gathering, processing, and
telegraphic communication instituted to control a trunk-line
railroad (Erie) from the superintendent's office

1856

Domestic blotting paper-manufactured on Fourdrinier
machlne-introduced, replaces sand-boxes

1857

Business (Pennsylvania Railroad) enunciates line-and-staff
concept: line managers direct workers in basic functions of
organization, others (staff executives) set standards

1858

Pencil introduced with eraser attached
Commercial manufacture of steel pens (Esterbrook) begun

1867

Telegraph ticker installed inside brokerage house

1868

"Type-Writer" patented, word er.ters the language as
Americanism

1869

Earliest patent issued for carbon paper

Late 1860s

Modern bureaucracies, organizational structures with a ha:f
dozen or more operating departments controlled by a
hierarchy of salaried managers, emerge in large wholesale
housea

1870

Stock ticker invented

1872

"Carbon Paper" designed for use in a typewriter patented,
term enters the language as Americanism

1873

Typewriter with modern "QWERTY" keyboard marketed

1874

Record-keeping system introduced into hospital (Bellevue)

c. 1880

Modern offices contain paper business forms, file cabinets,
directories and a telephone, subscribe to newspapers and
loose-leaf services, use international record carriers

1880s

Information required to run a large business-including
billing, sales analysis, inventory-grows rapidly in scope
and complexity
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Development

Year

1881

University business school (Wharton) founded

1882

Messenger news service (Dow Jones) begun on Wall Street

1883

Accounting firm (Barrow, Wade, Guthrie, & Co., New York
City) founded

1884

Bonding company (American Surety) begins business
Press clipping bureau (Romeike's) opens

1885

Dictating machine demonstrated, patented

1886

American Association of Public Accountants formed
Desk telephone introduced

1887

Modern office calculating machine (Comptometer) with keys,
multiple rows marketed

1889

Punch-card tabulating machine (Hollerith) introduced

c. 1889

Typewriters come into common use in U.S. offices

came a spate of basic inventions to improve the generation of infor
mation within bureaucracy. These innovations included blotting paper
(1856), the pencil with eraser and steel (Esterbrook) pen (1858), carbon
paper (1872), and modern keyboard typewriter (1873); all can be found
in many offices to this day. The new tools for creating information
could also be applied-by the 1870s-to the preprocessing of new
informational inputs to the modern office: not only the loose-leaf and
directory services already mentioned but also the stock ticker (1870),
messenger news service (1882), and press clipping service (1884). Pro
cessing of numerical data came to be facilitated by two inventions
the keyboard calculator (1887) and punch-card tabulator (1889)-whose
social implications would be felt well into the twentieth century (as we
shall see in Chapter 8).
Other major components of the generalized information processor
that the modern office and-by aggregation-emerging bureaucratic
structure would become also appeared in the early decades of indus
trialization. Recording or information storage capabilities increased
with the systematization of shorthand, including the first professional
shorthand journal (1848), the systematization of office record keeping
(early 1870s), and the dictating machine (1885). The programming of
management with generalized bureaucratic practices improved with
the organization of separate business schools after 1840, culminating
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in Wharton-the first university school-in 1881. Office communica
tion improved with a continuous stream of innovations, from manu
factured envelopes (1839) to the desk telephone (1886) (Fig. 6.11).
As we might predict, internal bureaucratic control-in the form of
the comptroller or auditor-also developed rapidly during early in
dustrialization and the resulting crises of control. By the 1850s U.S.
railroads already employed more accountants and auditors than the
federal government or any state. America's first independent account
ing firm, Barrow, Wade, Guthrie of New York City, began operations
in 1883; three years later the public accountants organized a national
professional association.
With this rapid development of rationalization and bureaucracy came
the succession of dramatic new information-processing and communi
cation technologies that contained the continuing control crisis of in-

Figure 6.11. The telephone had become a standard item in modern offices by
1880, inspiring the introduction ofa desk model in 1886. This sketch was used
to promote the telephone to New York City businesses for both local and out
of-town calls. (Courtesy of New York Telephone Company.)
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dustrial society in production, distribution, and consumption of goods
and services. Control of production was achieved by the continuing
organization and preprocessing of industrial operations. The resulting
flood of mass-produced goods demanded comparable innovation in con
trol of distribution. Growing infrastructures of transportation, includ
ing rail networks and steamship lines, depended for control on a
corresponding infrastructure of information processing and telecom
munications. Controlled by means of this infrastructure, an organi
zational system rapidly emerged for the distribution of mass production
to nati<,mal and world markets.

·

Mass production and distribution could not be completely controlled,
however, without control of demand and consumption. Such control
required a means to communicate information about goods and ser
vices to national audiences in order to stimulate or reinforce demand
for these products, as well as a means to gather information on the
preferences and behavior of this audience-reciprocal feedback to the
controller from the controlled (a nascent consumers movement, in
spired by the first muckraking journalists, demonstrated that infor
mation might also serve to control the controllers). Communication to
a national audience of consumers developed with the first truly mass.
medium: power-driven, multiple-rotary printing and mass mailing by
rail.
At the outset of the Industrial Revolution, most printing was still
done on wooden handpresses that differed little from the one Guten
berg had used three centuries earlier. Steam power was first success
fully applied to printing in 1810; by 1893, with an octuple rotary power
press, 96,000 eight-page copies of Joseph Pulitzer's New York World
were printed every hour (Fig. 6. 12). The postal system also served as
a new medium of mass communication through bulk mailings of mass
produced publications. By 1887, for example, Montgomery Ward mailed
throughout the continent a 540-page catalog.

As we

saw in the first chapter, many other communication technol

ogies that we do not today associate with advertising were tried out
early in the Control Revolution-as means to influence the consump
tion of mass audiences. Popular books like the novels of Charles Dick
ens contained special advertising sections. Mass telephone systems in
Britain and Hungary carried advertisements interspersed among music

and news, although application of telephony to mass communication
was undoubtedly stifled by the rapid development of broadcast media

beginning with Guglielmo Marconi's demonstration of long-wave te-
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Figure 6.12. Printing spud
increased three-hundred
fol.d during the period 18271893. Top: The Columbian
press, manufactured in
Philadelphia in 1816, in
cluded an ornate eagle and
serpents; otherwise it dif
fered little from the hand
press used by Gutenberg
three centuries earlier.
Bottom: The Hoe Web
Printing Machine of 1875
was the result of a thirty
year searchfor a high-Jpeed
cylindrical press; it printed
25,000 sheets per hour, a
tenfold increase in speed
over other power presses.
By 1893 octuple rotary
power presses could print
up to 96,000 eight-page cop
ies per hour. (Courtesy of
Picture and Print Depart
ment, The Free Library of
Philadelphia.)

Industrial Revolution and Crisis of Control

287

legraphy in 1895. With the development by Edison of the "motion
picture" after 1891, advertisers had yet another mass medium to ex
ploit.
Mass media were not sufficient to effect true control, however, with
out a means of feedback from potential consumers to advertisers, a
mechanism that would restore to the emerging national and world
markets an essential relationship of the earlier segmental markets:
communication from consumer to producer. As we shall see in the next
chapter, the development of mass communication led to mass feedback
technologies: market research (the idea first appeared as "commercial
research" in 1911), including questionnaire surveys of magazine read
ership, the Audit Bureau of Circulation (1914), and house-to-house
interviewing (1916).
Although most of the new information technologies originated in the
private sector, their potential for controlling systems at the national
and world level was not overlooked by government. Control is control,
it would seem, and technologies originally developed to control pro
duction, distribution, and consumption of goods and services would
i11creasingly be adopted by states encompassing the entire range of
political ideologies to control their citizens. As corporate bureaucracy
came to control increasingly wider markets by the turn of this century,
its power came increasingly to be checked by a parallel growth in state
bureaucracy.
Because the activities of information processing, programming, de
cision, and communication are illSeparable components of the control
function, a society's ability to maintain co11trol at all levels-from in
terpersonal to international relations-will be directly proportional to
the development of its information technologies. Because technology
defi11es the limits on what a society

can

do, tech11ological innovatio11

might be expected to be a major impetus to social change, as indeed
it proved to be i11 the Co11trol Revolution. The I11dustrial Revolutio11,
which brought about the 11inetee11th-century crisis of control, began
with greatly increased use of coal a11d steam power; the Co11trol Rev
olutio11 that eve11tually resulted was achieved by innovation at a most
fu11dame11tal level of tech11ology-that of informatio11 processi11g and
communication.
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Toward an Information Society:
From Control Crisis
to Control Revolution

7
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Revolution in Control of Mass Production
and Distribution
Are we not ourselves creating our successors . . . daily giving them
greater skill and supplying more and more of that self-regulating, self
acting power which will be better than any intellect?
-Samuel Butler, Erewlwn (187'2)

IN ONLY recent years have the industrial economies of the United
States and perhaps a dozen other advanced industrial nations appeared
to give way to information societies. If this great societal transfor
mation owes its origin to the Industrial Revolution and resulting crisis
of control, as argued in the last chapter, why has the resolution of the
crisis-the Control Revolution in information-processing and �om
munication technology-continued unabated to this day, almost a cen
tury later?
The smooth transition from control crisis to Control Revolution in
the 1880s and 1890s can be attributed to three primary dynamics, each
of which has sustained the steady development of information societies
through the twentieth century. First, control technologies have co-.
evolved with energy utilization and processing speeds in a positive spi
ral, advances in any one factor causing or at least enabling improvements
in the others. The mighty dynamos of the Trocadero Exposition of
1900 that rounded out the nineteenth-century education of Henry Adams
(1918), for example, led directly-as means to control the utilization
of their power-to the development of analog computers ("network
analyzers") by the 1920s (Hughes 1983, chap. 13). Further development
of computers, themselves dependent on electrical power, made possible
the control of systems of increasing speed and complexity-for ex�
ample, air traffic control of jet transportation through major airports.
Second, increased control brought increased reliability and hence
predictalYility of processes and flows, which in turn meant increasing
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economic returns on the application of information-processing tech
nology. When ships depended on wind power, Atlantic crossings took
from three weeks to three months; hence little could be gained from
attempts to coordinate transatlantic shipping with production, distri
bution, or consumption flows. Steam power not only reduced the trip
to ten days, the improvement most often noticed by scholars, but also
made possible the prediction of arrivals to the day and even hour and
hence increased profits through planning, scheduling, and coordination
of material flows.
Increasing reliability and predictability of flows, in turn, sustained
a continuing succession of planning technologies: centralized economic
planning by national government (Soviet Union after 1920), state fiscal
control (following Lord Keynes), national income accounting (after 1933),
econometric forecasting (mid-1930s), input-output analysis (after 1936),
linear programming and statistical decision theory (late 1930s), oper
ations research and systems analysis (World War II), economic sim
ulations via computer (late 1940s), cost-benefit analysis and planned
programming and budgeting (1950s). Increasing reliance of both the
modern state and the modern corporation on forecasting and planning
technologies has been a central theme of recent books by Galbraith
(1967), Bell (1973), and Chandler (1977).
Third, information processing and flows, increasing in response to
the crisis in material control, needed themselves to be controlled, so
that new control crises have appeared and been resolved throughout
the twentieth century at levels of control increasingly removed from
the processing of matter and energy. The shop-order system of ac
counts based on routing slips developed in the mid-1870s to control
material flows through factories, but by the 1890s a growing hierarchy
of timekeepers and specialized clerks had become necessary to control
not these throughputs themselves but their controlling flows of infor
mation. By the 1960s the hierarchies began themselves to fall under
computer control requiring still newer information workers.
This progressive layering of control levels, with resulting increases
in the total amount of information processing and communication, has
been described by James Grier Miller (1978, pp. 1-4) as "shred-out,"
a phenomenon he finds throughout the evolution of living systems.
Such layering of control may also account for what Bell noted as the
increasing importance of the quaternary and quinary sectors of ad
vanced industrial economies: although the quaternary sector (finance,
insurance, real estate) develops to control the extraction (primary
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sector), processing (secondary), and distribution (tertiary) of matter
and energy, the quinary sector (law and government) develops to con
trol the quaternary-that is, to control control itself at a still higher
level.
In summary, three primary dynamics-the coevolution of energy
utilization, processing speed, and control, the gains from control tech
nologies that accrue through increasing reliability and predictability,
and the increasing control required of control technologies them
selves-account for the Control Revolution that has continued un
abated from the 1880s to the present. The third part of this book,
Chapters 7-9, traces the transition from crisis to sustained revolution
in the control of material and energy flows in production, transpor
tation, distribution, and consumption. This analysis for the transitional
period of the 1890s through the 1930s completes the corresponding
sections on the crises of control in Chapter 6. Contrary to prevailing
views, which locate the origins of the lnformation Society in World
War I1 (Wiener 1948, 1950) or in the commercial development of tele
vision (McLuhan 1964) or computers (Berkeley 1962; Martin and Nor
man 1970; Tomeski 1970; Hawkes 1971) during the 1950s, or computer
based telecommunications in the 1960s and early 1970s (Brzezinski
1970; Oettinger 1971; Hiltz and Turoff 1978; Martin 1978, 1981; Nora
and Mine 1978), or microprocessing technology in the late 1970s (Evans
1979; Forester 1980; Laurie 1981), we shall see from this analysis that
the basic societal transformation from lndustrial to Information So
ciety had been essentially completed by the late 1930s.
Control Revolution in Mass Production
Chapter 6 traced the crisis of control of production through various
industries, from rail mills adopting the Bessemer process (late 1860s)
to the producers of basic metals who struggled to maintain competitively
fast throughputs within their plants (1870s) to the metalworking in
dustries that scrambled to keep pace with the metal producers (1880s).
These crises eased before a succession of innovations in preprocessing
designed to facilitate flows: interchangeable parts, standardization of
sizes and processes, integration of outputs and inputs (continuous
processing technology), and factories explicitly designed for through
put processing. Only in the late 1870s and 1880s did advances in actual
information processing-as opposed to information reduction or pre
processing-come to industrial production. These innovations gave the
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late nineteenth-century factory the components basic to all information
processors: internal communication and process control, as in the shop
order systems based on routing slips (mid-1870s); hierarchical differ
entiation and specialization for control, as in the rate-fixing depart
ments (early 1880s); programmed control, as in the cost control of
factories (1885); and data collection and storage, as with the new au
tomatic recording devices (late 1880s).
By the early 1890s a sustained revolution in control technology had
largely ended the crisis of control in production. Frederick Winslow
Taylor, who had given Midvale Steel an effective shop-order control
system by 1880 and a separate rate-fixing department in 1884, in the
following decade introduced timekeepers and specialized clerks-the
first "staff" employees at Midvale and many other metalworking com
panies-to ensure that shop-order slips would be filled out properly
(inside contractors, as we have seen, had little incentive to do this).
In 1895 Taylor delivered his first paper-before the American Society
of Mechanical Engineers-on what by 1910 he would call "scientific
management." By the turn of the century Taylor had begun his famous
"time studies" that would provide the quantitative empirical basis for
a more rationalized control of industrial production.
In essence, scientific management aimed to preprocess the activities
of individual workers qua processors, much as earlier efforts at pre
processing in industrial production-interchangeable parts, standard
ization of sizes, integration of flows-had focused on the entire factory
as a continuous processor. Scientific management sought to preprocess
out of industrial operations the personal idiosyncrasies that distin
guished workers as individuals. "In the past, the man has been first,"
Taylor declared in his Principles of Scientific Management (1911); "in
the future the system must be first."
Taylor's carefully refined methods for subordinating the human proc
essor to the industrial process can be found in his six-step prescription
for a proper time study: (1) "Find, say 10 to 15 different men . . .
especially skillful in doing the particular work"; (2) "study the exact
series of elementary operations or motions which each of these men
uses"; (3) "study with a stop watch the time required to make each of
these elementary movements"; (4) "eliminate all false movements, slow
movements, and useless movements"; (5) "collect into one series the
quickest and best movements"; and (6) substitute "this new method
[for the] inferior series which were formerly in use."
Steps 4 and 5, in effect the preprocessing of individual and idiosyn-
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cratic movements into the most rationalized or "efficient" method of
processing, became the first steps toward elimination of human work
ers altogether. Here Taylor anticipated the idea of automation, a term
introduced in 1936 by General Motors executive Delmar S. Harder for
what he called "the automatic handling of parts between progressive
production processes." By 1948 the term had found its way into popular
print as a synonym for "automatic control" in general (Burchfield 1972,
p. 159). More recently it was defined by a computer scientist (Dertouzos

1979, p. 38) as "the process of replacing human tasks by machine
functions."
Taylor's Step 6 meant, in practice, the reprogramming of even the
most basic human movements to conform to system-level rationality.
After three-and-a-half years of work to improve the efficiency of shov
eling at Bethlehem Steel, for example, Taylor had cut the cost of
handling materials in half, reducing the number of shovelers from 600
to 140. Where shovel loads had once ranged from 3.5 pounds (for rice
coal) to 38 pounds (for iron ore), Taylor brought all loads to what his
studies had found to be an optimal 21.5 pounds using fifteen standard
types of shovel (huge scoops for rice coal, small fiat shovels for iron
ore) (Fig. 7.1). Workers who might well have thought that they shov
eled in their own "natural" styles found themselves lectured by Taylor's
team of experts on "the science of shoveling" (this became a term of
derision when adopted by his opponents). Although the shovelers who
remained earned 60 percent more in wages, scientific management had
detrimental effects on them. According to historian Daniel Boorstin,

those rule-of-thumb ways of doing things which were anathema to Taylor
had at least given a man on the job the feeling that he was doing what
he should. To abolish the rule of thumb in factory work would excise a
part of every worker's emotional investment and personal satisfaction.
Could a worker now fail to feel that he was doing somebody else's job, or
a job dictated by the machine? Rule of thumb was personal rule. Scientific
management, which made the worker into a labor unit and judged his
effectiveness by his ability to keep the technology flowing, had made the
worker himself into an interchangeable part. (1973, p. 369)
From today's perspective of quality control circles and distributed
control, Taylor's time study approach, despite its contribution to the
rationalization of production, might seem to represent the worst of
both extremes: centralized and yet highly fragmented control. Indeed,
Taylor himself argued that, because no man could efficiently sustain
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Figure 7.1. In a three-and-a-luilf year study of shoveling at Bethlehem Steel,
Frederick Winslow Taylor found tluit shovel loads ranged from 8.5 to 88
pminds and tluit 21.5 pounds was the optimal load. As a result Taylor intro
duced fifteen different types of shovel, including large scoops for relatively
light rice coal and small shovels for much denser iron ore. The Wyoming
Shovel Works of Wyoming, Pennsylvania, brov{/ht out a camprehensive new
line of products in accordance with Taylws "science of shoveling" (Engi
neering and Mining Journal, courtesy of McGraw-Hill).
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the versatility required of a shop foreman, workers ought to report to

no fewer than eight bosses: route, instruction card, and cost-and-time

clerks, gang, speed, and repair bosses, an inspector, and a shop dis
ciplinarian. Despite such fragmented and specialized control at the
lowest levels, however, Taylor had all shop bosses report to a planning

department, a centralized controller responsible for the entire range
of information-collection, processing, programming, and decision func
tions: review of orders received; establishment of the daily work plan,

the schedule of flows, and the standards of output; monitoring of costs
and expenses; analysis of jobs; hiring and laying off of workers; and
the maintenance of a planning room, an information bureau, a rush
order department, and the factory's messenger and post office delivery

systems (Taylor 1911b, pp. 95-120).

Because Taylor seemed to emphasize specialization at the expense

of integration, no factory owner-even the many who hired him and
his disciples as consultants-adopted his system without modification.
A study of twenty-nine factories (Nelson 1975) that explicitly adopted

Taylor's principles found that only six kept his functional foremen, and
all of these had fewer than eight. Instead, many factories adopted the
line-and-staff structure pione,ered by the Pennsylvania Railroad in the
late 1850s, first adapted to production by Yale and Towne Lock Com
pany in 1905, and promoted by Harrington Emerson-a former rail

road manager himself-in a series of articles in

Engineering News

(1908-1909) and in two maj,or books (Emerson 1911, 1913). Under the

new system shop foremen remained generalists on a line of authority
running from the company president through a factory manager or

superintendent who had responsibility for overall planning, coordi
nation, and control. Even factories, adopting the line-and-staff struc

ture often realized partial benefits of Taylor's differentiation, however,

in the manager'� staff, a group of experts in the various specialties
that Taylor disting\iished in his planning department or among his

functional foremen.
In no industry did the new ideas for control have greater initial
impact than in the production of automobiles, to this day the most
complex product of metalworking in great volume. Automobiles might
have remained a luxury of the rich (as Princeton University President
Woodrow Wilson among many other turn-of-the-century observers had
predicted) had not the essential product, the internal-combustion ve
hicle developed by German engineers Karl Benz and Gottlieb Daimler,
appeared just about the time (1885) the control crisis of energy-inten-
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sive mass production had finally been resolved. U.S. factory sales of
passenger cars totaled four thousand in 1900, 3.6 million in 1923 (U.S.
Bureau of the Census 1975, p. 716), a phenomenal growth that wrought
major social and cultural changes as well as economic ones (Rae 1965).
It resulted from, above

all

else, the moving assembly line, early em

bodiment of the Control Revolution and best-known symbol of modern
mass production.

Preprocessing by Moving Assembly
Introduced in 1913 in Ford's Highland Park plant to produce the Model
T (15 million by 1927, when 11.3 million could still be found on the
road), the moving assembly line inspired Aldous Huxley to reckon time
as "B.F." and "A.F . " (before and after Ford) in his twenty-fifth-century

Brave New World (1932).

With the moving line system, according to

Alfred Chandler, "the process of production in the metal mass pro
duction industries had become almost as continuous as those in petro
leum and other refining industries" (1977, p. 280), an astounding feat
when the complex operation of building even the simple Model T is
compared to the relative ease with which liquids and gases can be
processed through pipes.
Essential to the assembly line is the standardization and inter
changeability of parts, ideas "in the air" almost from the beginnings
of industrialization in the late eighteenth century (Giedion 1948, pp.

47-50) and the basis of the American System of manufacturing by the
1840s. Henry Leland, an American machinist who created both the
Cadillac and Lincoln, elaborated the system of interchangeable parts
for the country's automotive industry (Leland and Millbrook 1966). In
a public demonstration in 1908, workers disassembled three Cadillacs,
mixed the parts, then reassembled the vehicles and drove them away
a level of standardization in mass production that made moving as
sembly possible. By the following year Ford had decided to carry
standardization to what may be its modern extreme: he would build

only

Model T's on his line and would use the same chassis for his

runabouts, touring, town, and delivery cars. "Any customer can have
a car painted any color he wants," Ford added, "so long as it's black"
(Nevins and Hill 1954).
Thus did the imperatives of standardization, interchangeability, and
the moving assembly line, reinforced by the logic of scientific man
agement, bring increased control of production by preprocessing away
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much of the information contained in the final products themselves.
Henceforth, industrial control would have its effect "not only on how
anything was produced but also on what," as Boorstin (1973, p. 369)
puts it. "Items to be manufactured were designed and selected for
production according to how quickly and economically they could be
produced. In place of the naive consumer, the 'scientific' system now
made its own demands."
Because of the number and complexity of parts on even the simplest
models, automobile production via moving assembly line also aggra
vated scientific management's inherent tendency toward increased spe
cialization of function: the Model T required 7,882 distinct tasks of
workers, of which-as Ford noted in his autobiographical My Life and
Work (1923)-only 949 (barely 12 percent) required "strong, able
bodied, and practically physically perfect men"; of the rest, he disclosed
with obvious pride, "we found that 670 could be filled by legless men,
2,637 by one-legged men, two by armless men, 715 by one-armed men
and ten by blind men" (1923, pp. 108-109).
Ironically, Ford's idea for the assembly line owes its origin (in Sieg
fried Giedion's phrase) to the "disassembly line," the overhead trolley,
introduced by Gustavus Swift in his Chicago meat-packing houses in
the early 1880s, which Giedion (1948, p. 89) traces back to Cincinnati
in the late 1860s (Fig. 7.2). Ford first realized the larger control im
plications of moving disassembly from Upton Sinclair's best-selling
expose

The Jungle (1906, p. 42), which describes the system in brutally

graphic detail. Much as Swift, Philip Armour, and other meatpackers
sought to integrate the flow of meat from range to consumer using the
railroads, disassembly lines, refrigerated cars, and warehouses, so too
did Henry Ford dream of a nonstop flow-never quite achieved-from
raw materials to finished product. "If Ford had succeeded perfectly,"
according to Boorstin (1973, p. 549), "a piece of iron would never have
stopped moving, from the moment it was mined until it appeared in
the dealer's showroom as part of a completed car," surely the ultimate
dream in control of production.
As a result of Ford's dream, control of production flows extended
well beyond his moving assembly lines by the 1920s. Much credit be
longs to Albert Kahn, an architect who specialized in concrete con
struction, who served Henry Ford much as Alexander Holley-designer
of the Edgar Thomson Steel Works-had served Andrew Carnegie a
quarter-century earlier. In 1903 Kahn designed a new Packard Com
pany works so that, like the E.T., throughputs could be moved with
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Figure 7.2. Top: the overhead trolley and disassembly line, introduced by
Gustavus Swift in his Chicago meat-packing houses in the early 1880s (Har·
per's Weekly, Sepf£mber 6, 1873). Bottom: the disassembly line inspired Henry
Ford's moving assembly line, introduced at his High/,and Park automobile
factory in 1913 (courtesy of the Motor Vehicles l>fanufacturers' Association).
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a minimum of carrying and hauling. Six years later Kahn helped Ford
overcome burdensome rail-freight charges by designing a branch as
sembly (or ''reassembly") plant beside the rail yards in Kansas City,
Missouri, to which the manufacturer sent knocked-down Model T's
introduced the previous year-on regular freight cars and with great
economy of space.
In the same year Kahn also began construction of the Highland Park
plant to accommodate the world's first "line production system" based
on a well-planned sequence of processes and machinery to be used for
automobile manufacturing. After the moving assembly line had been
perfected by 1917, Ford himself supervised construction of the much
more ambitious River Rouge plant in which each building had been
carefully designed to accommodate streams of production (Arnold and
Faurote 1915; Nevins and Hill 1954). In both grandeur and pretension,
River Rouge might be seen as the ultimate building qua processor
the rational culmination of a half-century's effort to preprocess away
tbe informational burdens of complex production at the draftsman's
table.
Automatic Control
Even as Ford completed River Rouge, physical control of industrial
processes had begun to shift away from architecture to greater use of
automatic control devices (Fig. 7.3). When continuous processing began
to replace batch stills in the oil industry about 1910, for example,
workers controlled most of the processes manually-aided by off-on
controllers and pneumatic valve actuators-based on readings from
local thermometers and pressure gauges. By the late 1920s pneumatic
controllers had been developed with proportional, integral, and reset
modes that could be tuned on the plant floor according to recorders
mounted nearby. Such instrumentation of factory processes flourished
in the early 1930s after pneumatic devices gained a derivative mode
to become the so-called "PID" (proportional-integral-derivative) three
term controller. This innovation, developed in factories without benefit
of supporting theory, brought automatic control to many industrial
processes previously difficult to regulate at all, even manually. De
velopment of pneumatic transmitters in the mid-1930s brought the still
familiar centralized control rooms with their heavily instrumented con
trol panels by the end of the decade (Evans 1977).
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Figure 7.3. Origin of the centralized control room with large control panel:
the electrical load-dispatching center with systems operator's board, intro
duced by Consolidated Edison of New York in 1898. The board's diagram,
photographed in 1902, shows lines among generators and stations; tags hung
on pegs indicate the st,atus of system components. (Courtesy of Consolidated
Edison Company.)
Table 7.1 places the development of automatic control of industrial
processes in its intellectual and historical context. The idea of feedback
control dates at least from the waterclock of the third century B.C.,
as we saw in Chapter 5. No fewer than nineteen innovations in au
tomatic control, listed in Table 5.1, appeared in the early industrial
period, 1740-1830, culminating in Andrew Ure's generalization of the
principle of negative feedback in the thermostat. Practical use of elec
tricity in the 1830s made possible industrial applications of electro
magnets, inspiring thousands of new feedback controllers, many to

feed and adjust arc light carbons or to regulate the voltage and current

of generators.
In 1852 French physicist Leon Foucault established a new self-reg
ulating device and its modern name, gyrosc<Ype, meaning literally "to
view the turning." Although Foucault predicted its use as a compass,
its first notable application proved to be his own pendulum, which was
used to demonstrate the earth's rotation (Hughes 1971, p. 131). A
decade later, Foucault patented another controlling device, a governor
incorporating a centrifugal pendulum but relying on an air brake in-

Mass Production and Distribution
Table 7.1.
Year

303

Selected innovations in automatic control, 1830-1939
Innovation

1830

Andrew Ure generalizes the idea of tbe thermostat, an
application of negative feedback to control

1852

Physicist Leon Foucault introduces the modern gyroscope; its
first notable use is in a pendulum

1862

Foucault patents centrifugal weight-driven governor with
pendulum and air brake, the first of. his several new
governors

1866

Charles Siemens invents a liquid governor with speed-sensor
like the impeller of a centrifugal pump, alternative to
pendulum

1868

William Thomson (Lord Kelvin) describes a new centrifugal
weight-driven friction governor
United States

1883

Elmer Sperry files for patent on dynamo-electric machine
regulator, first of 11 patents in automatic control in next
five years

1902

Air-conditioned factory (Brooklyn printing company)
established with automatic temperature and humidity
control

1905

New factory built that changes air five times per hour, automatically filtering and washing it and controlling humidity

1907

Sperry begins investigating gyroscopic control

1910

Automatic bread plant opens in Chicago; dough and loaves are
untouched by humans except when placed on wrapping machine

1914

Electric substation with a rotary converter goes into service
completely unattended in Detroit

1926

Photomaton Studios, based on fully automatic film developing
machinery, launched on Broadway, New York City

Late 1920s

Pneumatic proportional controller is developed for industrial
processes; integral reset mode can be tuned in the plant

1930

Colorscope, a photoelectric cell which reacts to colors more
precisely than the human eye, is publicly demonstrated; it
gives off electric currents capable of controlling machinery
Windowless factory erected, has ultraviolet lighting, sound
proofed cork walls, temperature and humidity control

Early 1930s

Adjustable controllers gain the derivative mode to become
the three-term or PID (proportional-integral-derivative)
controller, a major turning point in process instru
mentation
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Table 7.1 (cont.)
Year

Innovation

1931

Photoelectric cell ("magic eye") installed commercially,
provides automatic control of swinging doors in restaurant

1933

H. L. Hazen develops a light-sensitive servomechanism that
follows plotted line to alter signal controlling a machine
Wolverine-Empire Refining Company completes a new oil
distilling plant run automatically by process control
equipment

Mid-1930s

Pneumatic transmitters are developed for industrial process
control, bringing within a decade centralized control rooms
with large control panels

1936

Term automation introduced in automotive industry for the
replacement of human tasks by machine functions

stead of mechanical friction for control. An alternative to the centrif
ugal pendulum, a "liquid governor" whose control depended on the
depth of immersion of an impeller attached to its drive shaft, was
described in an 1866 paper by British industrialist Charles William
Siemens. Two years later Lord Kelvin introduced an extremely simple
centrifugal governor that used the friction of its two weights pressing
outward against a stationary ring to maintain control. All of these
innovations, as Mayr (1976) has shown, influenced James Clerk Max
well to write his famous paper "On Governors" (1868), generally con
sidered the first theoretical analysis of control (Evans 1977).
Despite considerable initial publicity, Maxwell's paper had limited
influence before Norbert Wiener resurrected it in his widely read Cy

bernetics

(1948, pp. 11-12); Mayr (1976, p. 187) finds only a few

references to "On Governors" up to World War 1. Certainly American
contributions to automatic control came independently and brought
increasing numbers of patents by the 1880s, when Elmer Sperry began
work on a regulator for dynamo-electric machines that exploited au
tomatic control. Of Sperry's nineteen patent applications between 1883
and 1887, eleven included some form of automatic control, more than
halfinvolving closed-loop feedback (Hughes 1971, pp. 45-46). Although
Sperry's inventions were hardly unique (the U.S. Patent Office granted
protection to twenty-two generator regulators in 1884 alone), his early
career does provide further evidence that information engineering,
cybernetics, and even computer science trace their origins to the 1880s
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Figure 7.4. Elmer Sperry's early aualog computers. Top: his 1911 gyrocom
pass included a complex coniputer to make latitude, coitrse, and speed cor
rectious accordiug to a trigonmnetric function, which it embodied mechanically
(Diagram, U.S. Patent No. 1,255,480). Bottom: By 1916 Sperry had developed
a system ofgunfire control for battleships that included a "battle-tracer" that
combined inputs from four electrical motors to plot both the ship's and its
target's courses and speeds (Sperry Gyroscope Company, The Sperry Fire
Control System, Bulletin 301 [1916]).
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and 1890s-the beginning of the Control Revolution-and not to World
War II or to subsequent developments.
By 1896 Sperry had begun thinking about Foucault's gyroscope as
a means of control (Eames and Eames 1973, p. 61); his notebook records
his first professional interest early in 1907 and cites an 1874 article in
a Smithsonian journal (Hughes 1971, p. 105). Soon Sperry had devel
oped two new control devices, the gyrocompass and the gyrostabilizer,
both successfully tested on U.S. Navy ships by 1911 (Fig. 7.4). Sperry's
gyrocompass included a complex analog computer to make latitude,
course, and speed corrections; by 1916 his target-bearing and turret
control system included the "battle tracer," another analog computer
that combined inputs from four electric motors to plot both the ship's
and its target's course and speed.
Nor did Sperry work in isolation from the development of modern
computers. The young man whom he had helped to establish in the
gyroscope field, Hannibal Ford, went on to develop range-elevation
instruments for fire control by ships. Ford Instrument Company merged

with Sperry Gyroscope in 1933, five years after the latter's sale by its

founder (Hughes 1971, pp. 232-233). In 1955 the Sperry Corporation,
as a natural complement to its specialties in instrumentation and con
trol, merged with Remington Rand, owner since 1950 of the Univac
line, the first comn:ercial successor to the original ENIAC machine
(1946) developed by its inventors, John Mauchly and J. Presper Eckert
(Sperry Corporation kept the machine's memory alive in the name of
its computer division, Sperry Univac, until 1982). In 1984 Sperry ranked
as the world's second largest manufacturer of mainframe computers
in revenues behind IBM (which also traces its origins to an 1880s idea:
Herman Hollerith's punch-card sorter); Sperry also ranked fifth in
microcomputers and seventh in data processing more generally (Arch
bold and Verity 1985).
Historian of technology Thomas Parke Hughes, recent biographer
of Elmer Sperry, argues for his subject's place among the founders of
control theory:
Sperry never described himself, nor was called by his contemporaries, a

control engineer or a pioneer in cybernetics, but his stress on control
devices in the eighties and his great work in gyro controls several decades
later justify his being so characterized. His consistent stress upon control

devices as he shifted from one field of technology to another-from electric
light, to electric streetcars, and to gyro applications-suggests that con
cern with control was his prime characteristic

as

inventor . . . His first
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two important inventions, the generator and arc light, featured automatic
controls; their success may have caught his interest and imagination. Or
he may have been hoping to increase the sale of his lighting system by
lowering its cost of operation; his automatic devices performed some of
the complex tasks of the station attendant. Perhaps the idea of controlling
large forces with delicate devices attracted him, for often in his lifetime
he referred to getting control ofthe "brute," meaning a ponderous machine
or vehicle. (1971, p. 45)
As Table 7 . 1 suggests, countless other American inventors-in
cluding many industrial engineers whose names have gone unre
corded-shared with Sperry the task of developing automatic control
in the early decades of this century. Their innovations included air
conditioned and humidity-controlled factories (1902), photoelectric im
provements of hand-eye control (1930), and light-sensitive servomech
anisms to program control of machinery by means of plotted graphs
(1933). Increasingly the Control Revolution meant that industrial proc
esses could be run with little or no human intervention: a bread plant
(1910), an electric substation (1914), a photographic film-developing
studio (1926), the doors of commercial establishments (1931), an entire
oil refinery (1933). By 1936, as we have seen, the automotive industry
had adopted the term automation for the replacement of human func
tions by machine control. Within a decade it would be in popular print
as a synonym for automatic control.

Quality Control via Statistics
In taking control of material processing by the 1920s, American in
dustries confronted a new, higher-order control problem: that the qual

ity of goods might exceed the economically optimal level and thereby
waste capital. As with the struggle to push throughputs past fixed
capital as quickly as possible, the desire to control the qual't.y of outputs
arose not from technology itself but from the benefits of maximizing
returns on investment. This goal of capitalist production-to minimize
capital inputs per unit value of output-could be achieved not only by
increasing throughput speed but also by decreasing output quality,
ordinarily a direct function ofnonfixed inputs per unit. For this reason,
at least, the idea of "quality control" could hardly be called new to the
1920s, the decade in which developing technologies of the Control
Revolution first made possible mass production of parts no stronger
or more precise than they needed to be.
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This new sense of quality control first appeared in 1922 in a pioneer
ing treatise, The Control of Quality in Manufacturing by George S.
Radford, an American factory engineer. Radford argued that mass
production methoda (what he called "Repetition Manufacturing") could
never make parts truly identical but merely interchangeable within a
certain allowable variation or "tolerance" (the word had acquired this
technical meaning by 1909). "When we generalize that it is best to
make things uniform," Radford wrote, "what we really mean is like
ness, uniformity, or standardization of quality within limits; this, in
a word, is why quality requires control" (Radford 1922).
Because factory engineers had to keep quality within tolerance limits
to effect mass production in any case, Radford further reasoned, they
might as well use this control of quality to minimize costs by striving
to attain only minimal standards, possibly by minimizing the cost of
quality control itself. Parts unlikely ever to be replaced need not even
be interchangeable, Radford argued, but should approximate this ideal
only as an economy of mass production, not as an end in itself. "We
make things alike because it is cheaper rather than for the sake of
having them alike," he concluded, and it would contradict this same
economic logic to squander resources on precision for its own sake or
to make a fetish of uniformity-especially when the same quality con
trol techniques could be used to exploit maximum allowable variation
or to approximate minimum standards.
To establish this last point, Radford proposed a system to sample
statistically and to inspect "the flow of work in process." For his analy
sis, he drew on work in mathematical and applied statistics begun in
England by Francis Galton, Karl Pearson, and their students around
the turn of the century. To enforce his quality control, Radford pro
posed a new information worker: the quality control inspector, equipped
with precision calipers, limit gauges, and other measuring devices,
working continually to keep throughputs within tolerance. Through
his quality control inspector, Radford hoped to transform factory sta
tistics from a historical tool, used to keep inspection records and to
evaluate finished products, into an active tool for control of ongoing
industrial production.
Credit for effecting this transformation belongs to another American
factory engineer, 'Nalter A. Shewhart, who spent decades elaborating
and testing what by World War II would be widely known as statistical
quality control or SQC (Littauer 1950). Working at Western Electric
in the early 1920s and later at Bell Laboratories, Shewhart established
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specific, quantitative, mathematically derived tolerances for each part
of each manufactured product, then used mathematical and statistical
techniques to derive quality control goals that would minimize pro
duction costs. Shewhart also introduced the concept of maximum ac
ceptable defects, to be fixed in advance for each part as well as for
larger components and for final products.
Eager to promote his ideas beyond his own company, Shewhart in
1930 taught the world's first college course on statistical quality control
at Stevens Institute of Technology. The following year he published
his definitive treatment,

tured Product.

Economic Control of Quality of Manufac

His 1938 address, "The Future of Statistics in Mass

Production," published in the Annals

of Mathematical St,atistics (Shew

hart 1939), drew citations for decades as engineers applied his ideas
to statistical controls ranging from Hollerith card-punching verification
to prediction of epidemics to consumer protection policy. Some ten
thousand specialists in statistical quality control would be formally
trained during World War II alone; they helped to form the American
Society for Quality Control in 1946. Thirty years later, when U.S.
manufacturing lost market share to other countries in many industries
and widespread analysis of Japanese techniques revealed comparative
inadequacies of American management, the response would be "back
to basics," in the words of Harvard business historian Wickham Skin
ner (1984, pp. 47-48), "with the old tools of statistical quality control,
process and control charts and quality assurance dusted off and newly
reinvigorated."

Statistical Control via Market Feedback
In the same years that Radford and Shewhart pioneered statistical
quality control, General Motors-then the fifth largest U.S. industrial
enterprise-adopted and refined a new organizational control structure
also based largely on statistical analysis. Here change came in response
to the sharp recession following World War I, a sudden and continuing
drop in demand from the summer of 1920 until the spring of 1922. The
first downturn in the economy since the depression of the 1890s, the
postwar recession left most American companies with inventories vastly
overstocked; General Motors' write-downs in 1921 and 1922 exceeded
$83 million. Even the meatpackers, who constantly coordinated supply
with demand using telephone and telegraph, failed to adjust inventory
fast enough-with disastrous results. The Armours, for example, lost
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control of their family firm to a managerial enterprise (Gras and Larson
1939, pp. 630-640). Suddenly and dramatically, the recession placed
the goal of controlling production flows relative to demand at the top
of most management agenda.
Within three months of the September 1920 crash in automobile
sales, which left General Motors close to bankruptcy, its Board of
Directors adopted a new reorganizational plan. Worked out by Alfred
Sloan, then manager for parts and accessories, the plan remains to
this day the corporation's basic structure. In sharp contrast to the
centralized, functionally departmentalized organization pioneered by
General Electric in the 1890s and perfected by DuPont in the early
1900s, Sloan chose a multidivisional decentralized structure-then also
evolving at DuPont-with a general office and autonomous but inte
grated operating units. Because of the success of this structure, Gen
eral Motors became, more than any other organization, the model for
other large industrial enterprises in the 1920s and 1930s. According
to Chandler (1977, p. 463), the structure remains today the basic or
ganizational type for companies "manufacturing several lines for a num
ber of product and regional markets."
Central to Sloan's plan was the idea that production flows and re
source allocation be controlled by market feedback. His general office
required each division to submit for each coming month and the fol
lowing three a forecast of all inputs required for the anticipated output.
These forecasts soon came to be tied to annual forecasts of demand
provided by the new financial staff. Not until the general office bad
approved the monthly estimates could the separate divisions purchase
their materials and equipment. In short, feedback from the market
current and future-served to integrate formerly independent divi
sions into a coordinated enterprise that optimized its response to chang
ing consumer demand-thereby solving the most pressing industrial
problem of the post--World War I economy.
Despite the early success of Sloan's structure, unanticipated demand
for automobiles in the first half of 1923 resulted in what the General
Motors Annual Report described as "the loss of sales and some dis
satisfaction on the part of the Corporation's dealer organization on
account of failure to make adequate delivery" (Chandler 1962, p. 149).
As a consequence, the company kept production at capacity through
the second half of 1923-to achieve its greatest annual sales ever
and into 1924. As the second quarter passed, however, Sloan began
to suspect---contrary to the reports of his own organizational feedback
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system-that demand had fallen below supply. He decided to inves
tigate by taking a trip west. Finding crowded dealer lots in St. Louis
and Kansas City, Sloan immediately slashed production and began to
institute a still more refined structure for controlling factory flows
based on statistical feedback from dealers themselves (Dale 1956, p.
45).
Albert Bradley, a trained economist in the company's Statistical
Department, later described Sloan's new plan to the American Man
agement Association:
The first and controlling principle in the establishment of General Motors
production schedules is that they shall be based absolutely upon the ability
of its distributors and dealers to sell cars to the public. Each car division
now receives from

its dealers every ten days the actual number of cars

delivered to consumers, the number of new orders taken, the total orders
on hand, and the number of new and used cars on hand. Each ten-day
period the actual results are compared with the month's forecast, and
each month, as these figures are received, the entire situation is carefully
analyzed to see whether the original estimate was too high or too low . . .
In other words, instead of attempting to lay down a hard and fast pro
duction program a

year ahead and stick to it regardless of the retail

demand, the Corporation now follows the policy of keeping production at
all times under control and in correct alignment with the indicated annual
retail demand.

(Chandler 1962, pp. 150-151)

Bradley's statement that "the actual results are compared with the
month's forecast" recalls the original meaning of control as comparison
"against the rolls." His use of the word program approximates the
more recent computer science definition, and his desire to transcend
"a hard and fast production program" can be seen as an appreciation
of iteration with feedback to control a dynamic process with external
contingencies toward the goal of "keeping production at all times under
control," that is, "in correct alignment" with the prior programmed
but modifiable goal, "the indicated annual retail demand." This goal,
in turn, he maintained subject to four inputs about the most recent
and current states of the processing system: deliveries, new orders,
orders on hand, and inventory. In short, Sloan's new system extended
control of production from the factory through his distributors and
dealers to the consumer himself-toward the ideal that literally no
automobile would be built unless a customer had already agreed to
buy it.
Sloan obtained additional market feedback by commissioning regular
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reports from R. L. Polk and Company on new motor vehicle registra
tions. These provided the market share of each General Motors divi
sion-from Cadillac to Chevrolet to trucks-and how that share might
be changing relative to those of competitors in the same market. Con
tinual comparison of registration data, dealer reports, and market
projections further served to control inventory, to calibrate internal
flows, and to refine forecasting techniques. Because of General Motors'
relatively heavy investment in fixed capital like factory equipment, its
scheduling and related decisions coordinating product flow at higher
organizational levels continued to be based on anticipated long-term
trends rather than on current conditions, even though actual flows
were adjusted every ten days according to consumer demand. Long
range market forecasting, increasingly used to control allocation of
resources among divisions as well as daily use, had by 1925 proved
essential to strategic planning at General Motors and had begun to be
adopted by other large business enterprises (Chandler 1977, pp 456463).
Sloan's new industrial control structure served General Motors well.
In the three years following his 1924 reforms, the company's share of
the motor vehicle market rose from 18.8 to 43.3 percent, a leading
position which it has never relinquished. Henry Ford, by contrast, had
concentrated on controlling output without feedback from demand.
Relying on a single model of automobile (first T, then A) built largely
in one plant (River Rouge), he saw his market share drop rapidly,
especially during the Great Depression, from 55.5 percent in 1921 to
18.9 (behind GM's 47.5 and Chrysler's 23. 7) in 1940; Ford's profits also
faltered after 1926. Alfred Chandler summarizes the comparative eco
nomic advantages of Sloan's new industrial control structure:
.

By keeping its varied activities tied together closely and related directly
to day-to-day changes in market demand, the corporation was able to
make a real reduction in eests. Manufacturing, plant, and sales facilities
could be utilized at a fairly even and regular capacity. Both the manu
facturing and sales force were assured of steadier employment. Outside
suppliers, too, could keep their plants operating more evenly. By reducing
the amount of inventory needed, this careful coordination cut down the
cost of working capital, lowered expenses of storing, carrying charges,

and so forth. It is hard to see how expenses could not have been reduced

by such rational control.

(1962, p. 153)

Despite the savings and increased profits, however, Sloan's success
at General Motors belonged less to economics than to control systems
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engineering. An MIT graduate in electrical engineering, Sloan appre
ciated the value of communication and feedback for control. By ex
ploiting the widest possible range of demand information, he managed
to coordinate and sustain smooth flows of materials and products into
and through his factories and onward to distributors, retailers, and
consumers. At the same time, he managed to maintain reasonably
steady use of plants, equipment, and personnel in an industry plagued
by wild market fluctuations.
Perhaps the greatest triumph of Sloan's system of industrial control
came during World War II, when his techniques-refined by proteges
on the War Production Board-provided the basis for the Controlled
Materials Plan or CMP (:-<ovick et aL 1949; Smith 1959; Chandler 1967).
Board economist Charles Hitch described CMP as "the basic mecha
nism for integrating strategy, production, and the flow of materials,"
declaring that "it attempts to organize all war plants in the United
States (more than 100,000) in much the same way that a large, indus
trial corporation organizes its operating plants." Compared to the Board's
previous organizational plans, auto executive Ernest Kanzler con
cluded enthusiastically in December 1942, the CMP was "the closest
approach by far to automotive shop materials scheduling" (Cuff 1984,
pp. 39-41).
CMP used vertical allocations for administrative coordination of pro
duction programming-effected by the Army, Navy, and other pro
curement

agencies-with

actual

material flows.

Control

itself

concentrated on three critical materials-steel, aluminum, and cop
per-which not only provided generalized media of exchange for trade
offs among production programs but also greatly facilitated accounting
control. In the assessment of historian Robert Cuff (1984, p. 37), "CMP
was, indeed still is, the most ambitious attempt ever mounted in the
United States to allocate, coordinate and monitor the flow of scarce
materials for the entire industrial economy." What more convincing
evidence could we have that the late nineteenth-century crisis in the
control of industrial production had become-a half-century later
truly a revolution in industrial control?

Industrial Control via a Science of Human Relations
The 1930s brought a final ironic twist to the effort initiated by Fred
erick Winslow Taylor nearly a half century earlier to preprocess the
personal idiosyncrasies of workers out of industrial operations. The
result, a new approach to industrial control via the worker, would
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come to be called a science of human relations. Its repercussions,
including a host of new control techniques usually included under the
general rubrics of industrial relations (Moore 1951) and personnel man
agement (the latter term, tellingly, from Taylor's original lexicon),
continue to be felt in American industry.
Interest in the human relations approach to industrial control stemmed
from a series of experiments involving some twenty thousand workers
conducted between 1924 and 1932 by Elton Mayo and his Harvard
University research team at Western Electric's Hawthorne plant near
Chicago. Originally intending to test the relationship between working
conditions and employee productivity, Mayo manipulated factors like
temperature, humidity, and lighting to assess their relationship to
worker efficiency and fatigue. To his initial amazement, he discovered
that, regardless of how his experiments altered the environment in a
switchboard assembly room, productivity usually rose and continued
to rise. Mayo's eventual conclusion, what would come to be known as
the

Hawtlwrne effect, was that the productivity of a work group in
creases as a direct result of any concern shown by outsiders in the

group's activities, including concern communicated by researchers
changing experimental conditions.
Industrial researchers have since concluded that, contrary to Mayo's
initial results, negative Hawthorne effects occur more often than pos
itive ones. More generally, however, the Hawthorne studies estab
lished that human factors may be more important than environmental
ones in determining worker productivity. Even though each Haw
thorne worker's pay would be determined by the number of compo
nents he or she assembled (following Taylor), for example, most work
teams established informal norms about the range of socially acceptable
productivity. Workers who exceeded ("rate busters") or fell below
("chiselers") the normative range would be harassed by other team
members, either through good-natured but pointed kidding or by
"binging," a series of punches to the upper arm (Roethlisberger and
Dickson 1939).
Mayo's discovery of the informal work group and its interactions,
which might be expected to undermine most control based on Taylor's
scientific management approach, began a trend away from authority
toward manipulation as the means of exerting control over workers.
Industrial control quickly came to be reformulated as a science of
human relations, in the phrase of Mayo (1945) "a new method of human
control." The book ,lfanagement and the Worker (1939), an influential
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report on the Hawthorne studies, gave further impetus to the human
relations movement. By 1947 professionals in the field had established
the Industrial Relations Research Association. In the decade that fol
lowed, industrial relations institutes and departments appeared on
many campuses: Harvard, Yale, Cornell, and the University of Cali
fornia at Berkeley, among others. Today most major U.S. corporations
have specialized departments of industrial relations as permanent parts
of their management structures. Harvard Business School historian
Wickham Skinner summarizes the lasting legacy of Elton Mayo and
his colleagues in management theory:
The famous Hawthorne experiments demonstrated that working condi
tions may be important but social expectations and personal feelings are

even more so. Worker counseling, foremen training, human relations training
for managers, sensitivit�y training, worker participation plans, profit shar
ing, gain-sharing plans (such as the Scanlon Plan) were given time, money
and hope. Experiments of many types were tried in the late 1950's, often
featuring such heresy as nonsupervised work groups and off-plant s�
sions with third parties to surface feelings and promote better under

standing. Whether or not this wave of new human resource management
concepts experiments worked is Jess the question than the fact that for
the fust time Jong-smoldering serious labor problems were seen in terms
other than adversarial or paternal. Corporate managers and academics
had finally begun to invest in experimentation in radically new solu
tions. (1984, p. 32)

Consolidating Control of Mass Production

Table 7.2 summarizes major developments in the control of industrial
production between the 1890s, roughly the decade of transition be
tween control crisis and revolution and the consolidation· of industrial
control by the late 1930s. As the brief chronology illustrates, a sus
tained Control Revolution, centered on new flow technologies, organ
izational differentiation and specialization, and scientific management,
was well under way in industrial production by the time Henry Ford
introduced the moving assembly line in 1913.
That the period 1890-1920 marked something approximating the
Control Revolution in industrial production has not been lost on busi
ness historians. Much the same revolutionary flavor has been captured,
for example, by Wickham Skinner, who notes: "Swiftly in the 30-year
period from 1890 to 1920 a new management function . . . led to de-
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Table 7.2.

Selected developments in the control of production, 1890-1939

Year

Development

1890s

Timekeepers and special clerks, first "staff" employees in
many factories, introduced to fill out shop orders, routing
slips

1898

Frederick W. Taylor, apostle of what comes to be known as
scientific management, begins his time studies

1903

Automotive works (Packard Detroit) arranged so that
materials flow from one end to the other with minimum of
hauling, carrying
Taylor publishes "Shop Management" in journal

Mid-1900s

Railroad's line-and-staff structure adopted for factory
production, promoted in engineering journals

1908

ln a public demonstration, three Cadillacs are disassembled,
the parts mixed but quickly reassembled and the cars
driven away-standardization that makes possible the
moving assembly line

1909

Ford branch assembly factory built adjacent to Kansas City
rail yards, receives knocked-down automobiles on regular
freight cars

1911

Taylor publishes The Principles of Scientific Management

1913

Ford introduces moving assembly line at its Highland Park
factory, reduces time required to make a magneto from 20
to 13 minutes

Mid-1910s

Most industrial processes are still controlled manually using
local temperature and pressure gauges, pneumatic valve
actuators and off-on switches

1917

Ford River Rouge plant is designed to accommodate
production flows, establishes new industrial architecture

Late 1910s

Line-and-staff structure becomes standard for control of mass
production in factories

1922

Electric power line commercial carrier placed in operation by
Utica (N. Y.) Gas and Electric; transmission lines carry both
voices and power, enable distant supervisory control
Engineer George S. Radford publishes The Control ofQuality
in Manufacturing, introducing term quality control

1924

Continuous sheet steel plant-passing sheets through a series
of mills in a tandem train at high speed-begins operations
Walter Shewhart, engineer at Western Electric, transforms
factory statistics from historical data into production tools
useful for replanning and controlling ongoing production
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Development

1925

Photoelectric cell, used to count passing objects, publicly
demonstrated by Westinghouse

Mid-1920s

General Motors extends control of automobile production to
consumer orders, feedback from dealers and demand
forecasting

Late 1920s

Control of temperature, pressure, and flow in industrial
process plants is still maintained by human operators
watching gauges

1930

Shewhart offers the first college course on quality control

1930s

Laboratory analysis develops for quality control in industry

1931

Shewhart publishes Economic Control of Quality of
Manufactured Products

1939

Elton Mayo's experiments at Western Electric, publicized in
book, begin move toward science of human relations in
worker control

velopment of the production department and a production man
ager . . . This was a whole new idea and it was in place by 1920. It
added the functions of planning, analysis, operation, improvements,
coordination, control, and personnel management . . . This was the
first major drastic change in the prior smooth revolution of manufac
turing management. It shattered a century-old pattern of technological
innovation and investment decisions" (1984, pp. 21-22).
As we might expect, however, this Control Revolution, coming in
response to the American Industrial Revolution and the resulting crisis
of control, did not occur only, as Skinner would have it, between top
corporate management and the factory floor. Control crises followed
applications of steam power throughout the material economy, as we
saw in Chapter 6, from the crises in rail transportation in the early
1840s to distribution (commission trading and wholesaling) in the 1850s,
to production (first in rail mills, then other metal-making and metal
working industries) in the late 1860s, and finally to marketing (first in
the continuous-processing industries) in the early 1880s. Similarly, the
resolution of these various crises, accumulating in a technological base
for the Control R evolution beginning most noticeably in the 1880s and
1890s, might be expected to affect not only industrial production but
transportation, distribution, and marketing as well.
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Control Revolution in Transportation
Chapter 6 traced the crisis of control in transportation through various
phases: concern for safety (after the Great Western crash of 1841),
control of freight cars on the interregional trunk lines (early 1850s),
monitoring the "foreign" cars of fast-freight and express companies
(1860s), and control of vast continental rail networks (1870s). These
crises eased before a succession of innovations, from basic organiza
tional technologies like scheduling, multisystem coordination, and cen
tralization of bureaucracy in the 1840s and early 1850s, to Boorstin's
"leveling of times and places" through, for example, introduction of
refrigerated rail cars and uniform standard time. Control of the speed
and volume of rail movements, at first largely a matter of bureaucratic
coordination, increasingly came to be built into the railroad infra
structure itself via automatic signals and switches and the standard
ization of cars and track, all introduced or completed between the late
1860s and early 1880s.
By the adoption of the Interstate Commerce Act of 1887, which
established uniform accounting procedures for railroads and imposed
control by an Interstate Commerce Commission, the control crisis in
the nation's rail system had largely been resolved. Within two decades,
however, the rapid development of long-distance military and indus
trial sea and air transportation would confront communications and
control systems engineers with complex new problems. Rather than
precipitating anything like the nineteenth-century crisis of control in
rail transportation, however, the new problems proved readily tract
able, largely as a result of the half-century tradition of work that we
have already reviewed on gyroscopes, governors, and related auto
matic control devices.
Also crucial to control of rapid and long-distance transportation was
radio, a wholly new medium of telecommunications that developed
almost parallel to the Control Revolution following publication of Max
well's theory of electromagnetic radiation in 1873. Within the decade
and for the remainder of the century, the problem of exploiting radio
waves for telecommunications occupied leading scientists throughout
the world: Heinrich Hertz and Adolphus Slaby in Germany, Oliver
Lodge in England, Edouard Branley in France, Alexander Popov in
Russia. Practical results came quickly amid a flurry of innovations:
Hertz's apparatus for generating and detecting waves (1886-1889),
Branley's coherer receiver (early 1890s), Guglielmo Marconi's wireless
telegraphy (1895), John Fleming's vacuum electron tube (1904), Lee
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de Forest's triode amplifier tube (1906), and Edwin Armstrong's feed
back receiver circuit (1913). By 1909, when Marconi received the No
bel Prize in physics (jointly with C. F. Braun) for work in wireless
telegraphy, voice broadcasting had become commonplace, with experi
ments already underway on image transmission (Scientific Ameri

can introduced the term television for such transmission in 1907).
Broadcast media would prove useful for control not only of transpor
tation but also of consumption, a subject to be taken up in the next
chapter.
With the rapid development of radio telephony and automatic control
technology by the late 1880s, the fundamental problems of controlling
long-distance sea and air transportation had largely been resolved by
the mid-1910s, in time for the even more rapid development of mili
tary applications during World War I. Thus a revolution begun in
nineteenth-century transportation continued unabated into twentieth
century systems. It was grounded in a wide range of generalized infor
mation-processing, communication, and control technologies that were
used as well for industrial production, distribution, and marketing.
Table 7.3 summarizes the more specific innovations that sustained
the Control Revolution in military and industrial transportation through
transition to the truly complex systems achieved during World War
II. As can be seen from this chronology, the transition involved co-

Table 7.3.
Year

Selected innovations in the control of transportation, 1890--1939
Innovation

1905

Robert Whitehead develops a torpedo with gyroscope which resists
deviations in direction through rudder control

1908

Herman Anschutz-Kaempfe patents the Anschutz Gyroscope, the
first practical solution to the problem of guiding steel battleships
against compass deflections due to turning turrets

1909

Elmer Sperry, Hannibal Ford install gyro-stabilizer in airplane

1911

Master gyrocompass installed on navy ship, successfully tested
Sperry gyrocompass includes a complex analog computer to make
latitude, course, and speed corrections

1913

Gyroscopic automatic stabilization for aircraft demonstrated
Gyro stabilizer installed on a U.S. naval vessel by Sperry

1914

Sperry's son Lawrence wins international competition for a safe
plane with biplane fitted with gyroscopic stabilizer
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Table 7.3 (cont.)
Year
1916

Innovation
Battleship at sea reports and receives orders from Washington,
D.C., via radio telephone and regular telephone network in
demonstration of possible wartime mobilization
Sperry target-bearing and turret-control system includes "battle
tracer," analog computer that combines inputs from four electric
motors to plot both ship's and target's course and speed

1917

Two-way radio ground control of airplane demonstrated

1918

Hannibal Ford develops a combined bombsight and electrical
mechanical computer to determine aircraft's groundspeed and
drift, calculate automatically time to release a bomb

1921

Radio beacons for navigation placed in regular service by U.S.
Lighthouse Service

1922

Automatic steering Gyro-Pilot installed on Standard Oil ship
Radar observations made by the Naval Aircraft Radio Laboratory,
which discovers radio equipment can be used to detect ships

1923

A gyropilot designed according to the principles of Nicholas
Minorsky's 1922 paper is installed in the battleship New Mexico

1929

Automatic pilot, developed by William Green, used successfully on a
commercial airliner
All-blind airplane flight-guided solely by radio beacon-achieved
by Lt. Jimmy Doolittle

1930

Radar detection of airplanes achieved by Naval Aircraft Radio Lab

1931

Automatic pilot enables Wiley Post and Harold Gatty to
circumnavigate northern part of earth in eight days, sixteen hours
Commercial airliner built with automatic navigation

1932

Gyro-stabilized ship (Conte di Savoia, Italian Line) crosses Atlantic
All-blind solo flight using standard Air Corps instruments

1933

All-blind cross-country flight completed between College Park, Md.,
and Newark, N.J., using instrument landing system

1938

Passenger ship equipped with radar (New York, Hamburg-American
Line) placed in service

1939

U.S. battleship (New York) equipped with radar built by the Naval
Research Laboratory; RCA awarded contract for six more sets

evolution of technologies of three basic types: information processing
(analog computers), communication (radio and radar), and automatic
control (gyroscopic compass, stabilizer, and automatic pilot). Also ev
ident in the chronology is the continuing interdep endence of innova-
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tions for sea and air, .and of military and commercial applications. For
example, Elmer Sperry designed and installed the first gyrostabilizer
for an airplane in 1909 (less than six years after the Wright brothers'
first flight), successfully tested another stabilizer in sea trials aboard
the USS Worden, a 433-ton torpedo-boat destroyer, in 1913, then cap
tured a prize of 50,000 francs offered by the Aero Club of France for
a safe plane the following summer. As his son Laurence flew a stabi
lizer-equipped Curtiss flying boat past the judges' stand, he stood up
and waved both arms while his 170-pound mechanic walked six feet
out onto the wing {Hughes 1971, pp. 193-200). Sperry developed his
gyrocompass in parallel with his gyrostabilizer, according to Hughes
(1971, p. 129), "not only in time but also in the way he analyzed prior
work, identified inadequacies, and improved upon these in designing
a practical device fulfilling an imperative need."
Similar interdependencies can be found throughout the development
of sea and air transportation and the technology for its control. Two
way radio control was first demonstrated for a battleship at sea in
1916, between an airplane and ground control-and between two planes
the following year. Radio beacons adopted by the U . S. Lighthouse
Service in 1921 were used to guide an all-blind flight eight years later.
Gyropilots were first installed on a commercial oil tanker in 1922, a
military ship in 1923, a commercial airliner in 1929, and a transatlantic
cruise ship in 1932 {Fig. 7.5). The Naval Aircraft Radio Laboratory
discovered in 1922 that radio could be used to detect ships at sea; in
1930 it achieved similar "radar" detection of planes in flight. Com
mercial oceanliners got radar in 1938, U . S. battleships the following
year.
Although histories that include precursors to the modern computer
largely ignore applications to transportation (Goldstine 1972; Metrop
olis et al. 1980; Randell 1982; Moreau 1984), our recurrent finding that
physical movement, processes, and speed present the most pressing
problems of control-and hence information processing-suggests that
transportation control technology ought to provide a fertile field for
historians of early computing. We have already seen this to be the
case for Elmer Sperry.
In 1911, for example, Elmer Sperry invented a mechanical analog
computer that embodied a complex mathematical equation-involving
a ship's linear speed, the cosine of the angle of its course from true
north, and the tangent of latitude-to make automatic corrections to
his gyrocompass. Output could either be read from a pointer or me-
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Figure 7.5. Automativ control technology made possible commercial aviation
in its modemform. On May 15, 1930, less than a year after thefirst succeJsful
use of automatic pilots on commercial airliners, Boei:ng Air Transport, em
ployed on its San Francisco-Chicago route thefirst airline stewardesses; radar
detection of aircraft was first achieved the same year. (Courtesy of Boeirl{J
Aircraft.)

chanically coupled directly to the compass (Hughes 1971, pp. 146-147).
Five years later Sperry introduced another analog computer, the "bat
tle tracer," in his target-bearing and turret-control system. This com
puter performed logical operations on inputs from four electric motors
to plot both a ship's and its target's course and speed, the tracer moving
across a nautical chart to simulate the ship on the sea, a small car
riage making pencil marks representing the movements of the target
(Hughes 1971, pp. 232-233). Two years later, Hannibal Ford, a Sperry
protege, invented a combined bombsight and electrical mechanical
computer which determined the ground speed and drift of an airplane
with respect to its target, then automatically calculated and indicated
the time to release the bomb (Eames and Eames 1973, p. 63).
To keep these three computers of Sperry and Ford in historical

Mass Production and Distribution

323

perspective, compare them to what are often heralded as the most
important computing innovations of the same period, 1911-1918: Van
nevar Bush, considered by some the ''father of computing" (laciofano
1984, p. 22), patented a device that-pushed over a tract of land
drew a vertical profile showing the elevation of points. Spaniard Leo
nardo Torres built an end-game chess machine that played to checkmate
a rook and king against a human opponent's king. E. G. Fischer and
R. A. Harris completed a brass ·tide predictor, fifteen years in the
making, which added thirty-seven components to produce a predic
tion curve which it also displayed directly on dials (Eames and
Eames 1973).
Computer scientists whom I have asked informally to compare these
six information-processing problems rate the achievements of Sperry
and Ford above those of Bush, Torres, and Fischer and Harris, ten
tative evidence that the control of transportation-which necessarily
involves control of complex movements, processes, and speed-pre
sents a greater challenge for computing than number-crunching per
se. Whatever the case, it is likely that other computing devices re
main to be unearthed in the history of transportation during the early
Control Revolution. Transportation has always been a field with
countless and continuing problems of control and hence information
processing-a field which historians of computing have not yet begun
to explore.

Control Revolution in Mass Distribution
Problems in controlling transportation become, in any material econ
omy, problems of controlling distribution as well. Chapter 6 traced the
nineteenth-century crisis of control in distribution through a half-dozen
different phases: the nine transshipments of freight between Phila
delphia and Chicago (late 1840s) that impeded the new distributional
system, the difficulties in keeping track of individual shipments of grain
and cotton amid the growing network of warehouses and elevators
(early 1850s), the difficulties of traditional mercantile firms in con
trolling commerce in wheat and corn (late 1850s), similar difficulties
among commission merchants (early 1860s) in distributing the first
mass-produced consumer goods, the struggle of wholesalers to inte
grate movements of goods and cash among hundreds of manufacturers
and thousands of retailers (1860s), the similar struggle by department
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stores (late 1860s) to maintain high rates of stock turn, tbe problems
of the new wholesale houses-among the most differentiated organi
zational structures in the nineteenth century-in integrating a growing
number of highly specialized operating units (1870s).
This proliferating chain of crises in the control of distribution pro
gressively eased, as we have seen, before a succession of innovations
in information processing and communication. Basic new communica
tion technologies included the telegraph (1840s), a successful trans
atlantic cable (1866), and the telephone (late 1870s). Both telegraph
and telephone as well as a third common carrier-the federal postal
system-developed increasingly apart from the great railroad sys
tems. The post office and other transportation systems helped to move
a growing number of generalized media of exchange: warehouse re
ceipts and "to arrive" or futures contracts (1850s), postage stamps
(1852), through bills of lading (1853), federal paper money (1862), and
postal money orders (1864), among others. Distribution of goods, in
creasingly interregional, national and, by the 1890s, global, came to
be controlled by a growing number of new services: regularly scheduled
freight services (1830s), express delivery between New York and Bos
ton (1839), freight forwarding (1840s), registered mail (1855), free home
delivery (1863), and special delivery (1885).
By the early 1890s, with the Interstate Commerce Commission es
tablished in control of the national rail networks and with the railroads
themselves establishing car accountant offices to monitor the location
and mileage of freight cars on their lines (thereby supplanting the fast
freight and express companies), the crisis in control of America's new
continental distribution system had largely been resolved. The next
half-century brought consolidation of this Control Revolution in na
tional and increasingly global distribution. The transition from control
crisis to Control Revolution in the distributional sectors of the U.S.
economy continued smoothly in the 1870s and 1880s with the succession
of new information-processing and communication technologies pre
sented in Table 7.4. As this chronology reveals, the innovations in
cluded extensions ofall of the basic means ofcontrol used in the nineteenth
century: new communications technologies and common carriers, gen
eralized media of exchange, and distributional services.
Basic new communication technologies that increased control of the
international distribution system between the 1890s and World War
II included radio (late 1890s), a Pacific cable (1903), transatlantic wire-
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Table 7.4. Selected developments in information processing and
communication for control of distribution, 1890-1939
Year

Development

Early 1890s

Car accountant offices-to monitor the location and mileage
of cars on railroads-supplant fast-freight and expreas
companies

1891

Coin pay telephones installed widely
Travelers' checks devised by American Express Company

1898

Rural free delivery of mail (RFD) systematized by Post
Office

1903

Nonexperimental transatlantic radio conversation effected
Pacific cable completed from San Francisco to Manila via
Honolulu

Mid-1900s

Use of wristwatches, awareness of mechanical time becomes
widespread, used to synchronize movement and process

1907

Transatlantic radio measage sent on the regular Marconi
service

1910

Two-way radio installed in automobile, successfully
demonstrated

1913

Post Office inaugurates parcel post service, ending the
previous weight limit of four pounds
AT&T agrees to allow interconnection to its long-distance
network

1914

Post Office begins collections, deliveries in its own
automobiles
Electric traffic signals, automobile road map introduced

1915

Transcontinental telephone communication demonstrated,
commercial service inaugurated
Department of Agriculture begins telegraphic "Market News
Service" for farm prices and shipments, creates more
responsive market

1916

Federal Aid Road Act provides aid for national highway
network under constitutional power to establish "post roads"
Preeancelled stamps issued

1917
1918

1920

Post Office establishes regular air mail with service between
New York City and Washington, D.C.; air mail stamps
issued
Electric funds transfer system, today known as Fedwire,
begins moving money between Federal Reserve and
member banks
Pitney Bowes wins first Post Office approval of postage
meter
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Table 7.4 (cont.)
Year

Development

1924

Regular transcontinental air mail established with daily
flights (14 stops en route) between New York and San
Francisco

1925

Radio facsimile service for transcontinental transmission of
photographs begun commercially

1926

Transatlantic radio facsimile service begun commercially;
bank check sent across Atlantic by this means

1927

Transatlantic telephone service begun commercially

1929

Air mail service inaugurated to South America from Miami
Ship-to-shore radio telephone service begun commercially
High-speed telegraph ticker (500 characters per minute)
installed

1931

Teletype service begun commercially

1932

Computer pump-indicating quantity of liquid dispensed,
price, total amount delivered, cash received-introduced

1936

Amplifiers using electronic negative feedback to eliminate
distortion installed as repeaters in coaxial cables

1937

Graduate course in traffic engineering, control and
administration established by university (Harvard)

1939

Transatlantic air mail service inaugurated

less telegraph (1907), transcontinental telephone (1915), radio facsim
ile (early 1920s), transatlantic telephone (1927), high-speed telegraph
(1929) and teletype (1931). The Interstate Commerce Act was itself
revised in 1910 to cover not only railroads but long-distance telephone
service as well. Three years later, in an effort to forestall national
ization, American Telephone and Telegraph reached an agreement
with the Attorney General to allow other companies to interconnect
to its long-distance network.
In 1908, 2,280 independent telephone companies were not connected
to the Bell System, and many homes had to have several instruments
to call through different exchanges. By 1921, eight years after the
AT&T agreement, the number of companies still unconnected to the
Bell System had fallen to 495 (U.S. Bureau of the Census 1975, p.
783). Meanwhile, long-distance calls began to move underground in
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1914; by 1936 conversation sped between New York and Philadelphia
in a "concentric conducting system," coaxial cable with a conducting·
outer metal tube encasing but insulated from a central conducting core.
This new cable, devised by Lloyd Espenschied and Herman Affel in

1929, proved virtually immune to external electromagnetic noise.
The same New York-Philadelphia line employed as "repeaters" the
first application of the Black feedback amplifier. Harold Black of Bell
Laboratories, after laboring for years to produce distortion-free am
plification in telephone transmissions, finally hit upon the idea of feed
ing back a small amount of an amplifier's output to input. This method
of removing distortion by means of negative electronic feedback, along
with Black's mathematical formulation of the new idea (Black 1934),
proved to be seminal to the modern theory of automatic control (Mayr

1970, pp. 131-132). Black's feedback amplifier made it possible to carry
hundreds of telephone messages simultaneously with great clarity.
The New York-Philadelphia line would in the same year play a
pioneering role in yet a third major communication technology. On
October 5, 1936, the first intercity television transmission passed from
Radio City, New York City, to Philadelphia over the new coaxial cable
with Black's new amplifier. In combination, these innovations permit
ted a large number of telegraph and telephone messages and television
images to be sent simultaneously over the same line.
Meanwhile, telephones themselves had become increasingly visible
and available to anyone with pocket change. Public telephones, a key
tool of commercial travel, appeared after William Gray's 1889 patent
for a "coin-controlled apparatus"; the Gray Telephone Pay Station
Company began renting them to business establishments in 1891 for

25 percent of the take (Walsh 1950, chap. 9). ln that year only 3. 7
telephones existed for every thousand Americans; by 1929 it would be
163. 1 telephones (U.S. Bureau of the Census 1975, p. 783).
Other technologies that helped to synchronize commercial travel also
became commonplace in the first decades of the twentieth century. As
a word, wristwatch did not appear in English until about 1900. As
popular fashion, the devices diffused rapidly through Europe and America
after the British army used them to synchronize troop movements in
the Boer War, 1899-1902 (Boorstin 1973, p. 362). This development
generated the first widespread awareness of clock time (Fig. 7.6). Such
rationalization of time helped win public acceptance of Daylight Saving
Time-in the name of America's own war effort-in 1917. Radio co
ordination of motor vehicles also became possible after 1910, when
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Chalmers-Detroit successfully tested a two-way system in its auto
mobiles at distances up to three miles. American Telephone and Tele
graph began commercial ship-to-shore radio telephone service on De
cember 8, 1929, when William Rankin, an advertising executive in
New York City, called Sir Thomas Lipton, the tea magnate, aboard
the liner SS Leviathan at sea.
The coevolving networks of transportation and communication served
to move still more generalized media of exchange, including travelers'
checks (1891), precanceled stamps (1917), and facsimile bank checks
(1926). In 1918 the first electric funds transfer system, known today
as "Fedwire," eliminated the medium of paper in moving money be
tween the Federal Reserve and member banks; two years later Pitney
Bowes eliminated the need for postage stamps when it secured federal
approval of metered mail. Even distribution of liquid flows became
generalized: in 1932 the Wayne Company of Fort Wayne, Indiana,
marketed the first computer pump that automatically calculated, dis
played, and recorded the amount dispensed, its cost, total amount
pumped, and payment Teceived or due.
Distribution of all goods became progressively easier during the
same period as a result of several new federal postal services: rural
free delivery (1898), parcel post (1913), regular air mail (1918), and air
service to South America (1929) and to Europe (1939). The telegraphic
"Market News Service," inaugurated by the U.S. Department of Ag
riculture in 1915, helped to integrate the distribution of American farm
products into a single national system of prices. Here the telegraph
and mass media came at last to be applied directly to the problem of
the "imperfect" market, the persistent regional variations in prices
that had kept the colonial merchants-as we saw in Chapter 5-in
"continuous exchange of information about market conditions, prices,
and expectations" (Shepherd and Walton 1972, p. 54).
Within a year after Ford introduced the moving assembly line, the
U.S. Postal Service began to rely on tbe mass-produced automobile
for collections and deliveries, first in Washington, D.C., but soon on
the newer, more sparsely settled RFD routes as well. Two years later
Figure 7.6. Wristwatches became popular in Europe and America after the
British army used them to synchronize troop movements in the Boer War,
1899-1902. This widespread rationalization of time helped to win public ac·
ceptonce of Daylight Savi'fl{I Time to aid the American war effort in 1917.
(Caurtesy of the New Jersey Historical Society.)
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the federal government began its continuing support of the highway
infrastructure with the Federal Aid Road Act, passed by Congress
under its constitutional authority to establish "post roads." Growing
numbers of vehicles and increasing speed of traffic brought no dramatic
crisis but certainly a steadily mounting problem of control: highway
fatalities rose from forty-two hundred in 1913 to nearly forty thousand
in 1937, an annual total passed only once (1941) until 1962; the average
death rate for the period 1933-1937 remains the highest ever recorded
in U.S. history. Between 1906 and 1923 the rate for motor vehicles passed
that of eight other leading causes of death, including diphtheria, typhoid,
and scarlet fever (U.S. Bureau of the Census 1975, pp. 58, 719-720).
As we might expect, the growing problem of highway accidents
brought new information and communication technologies for control
of traffic: white lines to designate lanes (1911), electric traffic signals
and road maps (1914), a national highway route numbering system

(1925), police radio control (1933), and permanent state license plates
(1937), among many others. In 1936 Pennsylvania State College began
the first teacher training course in traffic safety, including both class

room and highway instruction. The following year Harvard University

established the first of the nation's many graduate courses in traffic
engineering, control, and administration. Even before control of traffic
began to assume this highly rationalized modern form, however, the
automobile itself would greatly alter control of economic distribution
at the retail level.

Market and Retail Control of Distribution
Department stores and mail-order houses began to dominate American

retailing by the 1870s, as we have seen, but the early 1920s brought
signs of change: large decentralized shopping centers and supermar
kets with parking for thousands of automobiles. These new retail in
stitutions reflected an even more fundamental shift in market and retail
control of distribution: from continued use of centralized processing
and postal communication for mass marketing into the 1910s toward
increasing decentralization of outlets and reliance on retailing built
around the private automobile after the 1920s. Based on several twen
tieth-century extensions ofsolutions first implemented during the nine
teenth-century crisis of control in distribution, the revolution in control
of marketing and retailing included innovations at all levels of infor
mational activity: preprocessing, organization, programming, process
ing, and communication.
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As in the nineteenth-century struggle to control distribution, many
innovations involved preprocessing to facilitate market transactions.
Earlier successes at reducing the amount of information necessary to
process about commodities-including such innovations as packaging
in containers of fixed sizes and weights (1840s), standardized methods
of sorting, grading, weighing, and inspecting (early 1850s), fixed prices
(1860s), standardized clothing sizes (early 1880s), and periodic presen
tations via catalog (1880s)-could be extended logically in new types
of preprocessing: fully automatic vending machines (Fig. 7. 7) that ex
ploited both fixed prices and standardized packages (1897), perfection
of the four-color, mail-order catalog (early 1900s), standardization through
franchising (c. 1911), preselection like that of the Book-of-the-Month
Club (1926), packaging-as opposed to packing-that "sold itself' (late
1920s), and price uniformity enforced through "fair trade" laws (1931).
The functions of retail credit and installment buying, adopted from
the neighborhood shopkeeper by large department stores in the late
nineteenth century, became increasingly specialized after 1904, when
the Fidelity Contract Company formed in Rochester, New York, to
purchase installment contracts from retailers. With the spread of the
family automobile, installment buying became a major American in
stitution. The Guaranty Securities Company, organized in 19Hi in To
ledo, Ohio, to finance the installment purchase ofWillys-Overland cars,
proved so successful that it soon moved to New York to handle twenty
one listed makes. By 1917 forty sizable automobile-sales-finance com
panies had begun operations; the number exceeded seventeen hundred
by 1925. General Motors, noting this success, entered the field in 1919;
Ford followed in 1928 with a "Universal Credit Corporation'' to help
dealers as well as customers (Boorstin 1973, p. 424). Installment credit
outstanding for automobiles totaled $304 million in 1919, nearly 43
percent of all consumer goods paper and almost 12 percent of the total
U.S. consumer debt. Four years later almost 80 percent of 3.5 million
new passenger cars sold on time-payment; by 1929 credit outstanding
had reached $1.4 billion, nearly 20 percent of the total consumer debt
(U.S. Bureau of the Census 1975, p. 1009).
As indicated by Table 7.5, which summarizes selected developments
during the transitional period 1890-1939, the revolution in market and
retail control of distribution continued not only in information reduction
or preprocessing but al3o in transaction processing itself. In the nine
teenth century such innovations had included differentiation and spe
cialization of bureaucratic control structures (1860s), monitoring of
transaction rates via stock turn and other quantitative indicators (late
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Figure 7. 7. Late nineteenth-century innovations to reduce the amount of in
fmmation that had to be processed in order to control the distribution ofgoods
included the vending machine. The mechani.cs of a fully automatic version,
introduced in 1897, were extensively explained in Scientific American. (Coitr
tesy of Scientific American.}
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1860s), and the introduction of cash registers to record and control
sales (1880s). These innovations in information processing, like the
early ones in preprocessing, could be developed logically into new
means to control retail distribution. Major innovators included John
Hartford, the son of A&P's founder, Charles Walgreen, a Chicago
druggist, and Clarence Saunders, a grocer from Memphis, Tennessee.
Saunders's essential idea was to process neither transactions nor
commodities as his primary retail function but rather customers them-

Table 7.5. Selected events in the development of.market and retail control
of distribution, 1890-1939
Year

Development

1895

Sears Roebuck offers wide range of mail-order merchandise in
catalog exceeding 500 pages, up from 196 pages previous year
,
"Cafeteria' restaurant with serving line opens in Chicago

1897

Fully automatic vending machines introduced to dispense gum

1899

Woolworth's Christmas sales approach $500,000; it introduces
Christmas bonuses to avert a strike during the crucial period

1900

"Penny'' restaurant opens in New York, soon becomes chain of 30

1901

Sears charges fifty cents for its mail-order catalog; preferred
customers continue to receive it free

1902

Horn & Hardart opens "Automat" vending restaurant in
Philadelphia

1903

Sears establishes its own plant to print its catalog, pioneers use of
linotype, four-color printing

1904

Installment finance company organized to purchase installment
contracts from retailers

1911

Franchising becomes standard for automotive distribution

1912

U.S. Chamber of Commerce founded in Washington, D.C., by 500
representatives of commercial organizations, trade associations
John Hartford, A&P, introduces one�person cash�and-carry
economy stores, opens one every three days, doubles chain to a
thousand

1913

Drive-through automobile service station appears
With inauguration of parcel post service by Post Office, Sears
receives five times as many mail orders as in previous year

1894
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Table 7. 5 (cont.)
Development

Year
1916

Charles Walgreen has seven drugstores like general stores with
wide range of nonpharmaceutical goods and services, including
soda founta5ns, lunch counters, his own brands of candy, ice
cream
Clarence Saunders opens his first Piggly Wiggly grocery, a new
self-service store in which a maze with turnstiles and a checkout
require that customers pass by all goods on display

1920s

Drive-in stores, restaurants open in California

1922

Decentralized shopping center (Country Club Plaza) opens,
eventually covers 6,000 acres, one-tenth of Kansas City

1923

One of the first supermarkets (Crystal Palace, San Francisco) opens
with 68,000 square feet of space, parking for 4,350 cars

1926

Book-of-the-Month Club established with 4,750 members

1928

Richard Franken and Carroll Larrabee publish Packages That Sell,
pioneering work on the art of packaging and self-service

1931

State (California) passes fair trade law prohibiting resale of trademarked articles except at price set by producer

1934

Walgreen's opens super-drugstore in Tampa, Fla., presenting
merchandise on open display counters rather than in showcases

1936

Robinson-Patman Act, New Deal measure amended to earlier
antitrust legislation, culminates most extensive effort to control
chain-store price discrimination

1937

A&P begins converting its small economy stores into supermarkets,
a word that becomes common during the decade

1939

Drive-in Dalry Queen opens in Moline, Ill.

selves. His first Piggly Wiggly store, opened in 1916, was explicitly
designed to process people past merchandise. Turnstiles channeled
entering customers into a single aisle, where they could do little else
but advance back and forth through a maze of shelves, past all items
in stock (packaged, of course, to "sell themselves"), until they reached
the exit turnstile, complete with a check-out counter and cash regis
ter-and the only employee then at work in the store (Fig. 7.8). Saun
ders's scheme, what he called a "self-serving'' store, can be found to
this day in retail establishments throughout the world. It owed its
essential processing idea to the buffet-style restaurant (1885), the caf-
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eteria with serving line (1895), and the drive-through auto service
station (1913). This latter idea, that retail establishments could be
designed to process automobiles, brought drive-in stores and restau
rants to California in the 1920s, the drive-in motion picture theater in
Camden, New Jersey, in 1933, and the first drive-in Dairy Queen in
Moline, Illinois, by 1939.
So successful did Saunders's first grocery become, because its low
overhead yielded cheap prices as well as generous profits, that within
six years he owned or had franchised more than twelve hundred Piggly
Wiggly stores. Unsuccessful stock trading eventually bankrupted him,
however, and forced him to forfeit his company to creditors. He soon
launched a second successful grocery chain with the unlikely name of
"Clarence Saunders, Sole Owner of My Name, Stores, Inc.," only to
be ruined by the Great Depression (Boorstin 1975, p. 50). Saunders
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Figure 7.8. The first patent for a means of processing customers and their
purchases thraugh a store. Clarence Saunders'sfioor plan admitled cnstomers
thraugh a turnstile (bottom left) and channeled them thraugh a maze ofshelves
past all goods in stock; the checkout counter (right) was the store's only exit.
(Diagrams 2 and 8, U.S. Patent No. 1,242,872 [1917].)
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then attempted to mechanize and electrify the transaction processing
of the Piggly Wiggly in his "Keedoozle," a word he coined from "Key
Does-All."
In the first Keedoozle store, opened in Memphis in 1937, customers
selected goods by inserting a notched rod into keyholes beside sample
items displayed behind rows of glass windows, an idea borrowed from
the Horn & Hardart Automat Restaurants, established by a Phila
delphia baker after 1902 with machinery invented in Sweden, imported
from Germany, and materially refined by the American company in
the 1930s. To the basic automat idea Saunders added an electric mech
anism that automatically recorded customer selections, collected the
correspondng items from stock, wrapped them, and released the lot
to a conveyor for final bagging upon insertion of the key in a slot
following payment. The idea did not prove successful, however, despite
Saunders's nearly two decades of efforts to perfect it before his death
in 1953.
Charles Walgreen's essential idea, which complemented Saunders's
concept of self-service, was to reestablish the small-town general store
in the corner drugstore, a place to which local residents might be
attracted daily by a wide range of goods and services. Not only drugs
but a continually growing variety of personal care and home products
were combined with the services provided by newsstand, tobacconist
shop, lunch counter, and soda fountain. Walgreen had opened seven
such stores in the Chicago area by the time Saunders's first Piggly
Wiggly systematized the idea of exposing customers to the widest
possible range of goods. Over the next twenty years Walgreen shifted
the appeal to his customers from packaging to self-inspection, gradually
moving goods from showcases and shelves to open display counters
where they could be more readily seen, handled, and even sampled.
By 1927 Walgreen had established more than a hundred such stores
more than five hundred in two hundred cities in thirty-seven states at
the time of his death in 1939. Most notable was his "super-drugstore,"
opened in Tampa, Florida, in 1928, a forerunner of the modern shop
ping mall franchise.
Success for Walgreen's drugstores depended on another informa
tional innovation that developed rapidly in the late 1920s, the packaging
that "sold itself. " The expression comes from the seminal book, Pack
<Lges That Sell, published by marketing specialists Richard Franken
and Carroll Larrabee in 1928. As late as 1920 few household goods
came in packages, and unpackaged goods rarely sold under brand names.
With the continued rise of trademarks and national brand labels, how-
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ever, packaged goods increasingly competed-as carefully crafted
messages-for shoppers' attention. In 1900, Franken and Larrabee
found only 7 percent of advertisements for packaged goods pictured
the product; by 1925, 35 percent did.
Their new approach attempted to rationalize the packaging of prod
ucts, much as Taylor's scientific management had done for their pro
duction two decades earlier. Scientific marketing sought to determine,
prior to production, which of a wide range of systematically different
packages would maximize sales. Subjective reactions to size, shape,
material, and color all could be measured, Franken and Larrabee ar
gued, by quantitative techniques adopted from academic psychology.
The fiat ten-ounce can had proved best for codfish cakes, for example,
"because it looked larger than the tall can . . . although both cans had
the same cubic capacity."
If goods were to be sold via self-service, transaction processing could
be speeded up and yet controlled through the preprocessing of pack
aging: standardized sizes and weights for standardized prices. If
brand-labeled goods were to compete for a shopper's attention from
open shelves in the absence of a salesperson, as Saunders and Walgreen
intended, then the packages themselves would have to sell-and would
need to be scientifically designed toward that end. ''The primary func
tion of advertising is to create a desire in the customer's mind to buy
a product," Franken and Larrabee wrote of packaging's place in re
tailing. ''This desire, once created, must be carried to the point of
sale . . . Even if only a favorable impression has been created, without
the desire to buy, the sight of the actual package may turn this impres
sion into active desire on the part of the consumer."
Packaging assumes-in control of ·consumption-an explicit com
munication function: to carry the desire to buy, created by advertising,
to the point of sale (to rearrange the words of Franken and Larrabee).
As Boorstin (1973, pp. 445-446) concludes: "In stores, then, it was
more important to display the distinctive brand-named carton than the
usable object itself. The 'dummy carton' began to play a leading role
in store windows and on counters."
The Movement to Control Retailing

Such radical changes in the control of retail distribution did not go
unchecked by higher-level controls. Throughout the period from the
1890s to World War H business and government contrived new or
ganizational structures in attempts to impose bureaucratic control on
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the nation's commerce. As early as 1870 some forty local chambers of
commerce had already formed throughout the United States. In 1903
Congress established the Commerce and Labor Department with its
Secretary as the eighth member of President Theodore Roosevelt's
cabinet; ten years later Commerce and Labor became separate de
partments, both with cabinet rank. Congress established the U.S.
Commerce Court with six judges in 1910 and the Foreign and Domestic
Commerce Bureau, which combined the duties of the Bureau of Man
ufactures and the Bureau of Statistics, in 1912.
That same year, President William Howard Taft and Secretary of
Commerce and Labor Charles Nagel invited about five hundred rep
resentatives of trade and commercial associations and individual com
panies to Washington to found a Chamber of Commerce of the United
States. Its headquarters, one of the most imposing buildings in the
nation's capital, was completed in 1925. The International Chamber of
Commerce, formed in 1920, opened its own headquarters in Paris.
Meanwhile, the first Junior Chamber of Commerce had organized in
St. Louis by 1915; delegates from twenty-four cities met six years later
to organize a national body.
Community groups also organized to oppose the growing systema
tization of retail distribution and the concentration of its control in a
few national companies at the expense of local businesses. Small town
and rural retailers had fought the "monopolistic" department stores in
the 1860s and 1870s; by the 1880s they mounted a similar effort against
the mail-order houses. "What's the use of sending money east when
we can buy just as cheap at The Popular Store?" a flyer from that local
clothier asked its customers; some merchants publicized the cause by
collecting and burning stacks ofMontgomery Ward and Sears, Roebuck
catalogs in the town square (Boorstin 1975, p. 55) (Fig. 7.9). Because
of mail-order competition, small town retailers continually organized
to fight the growth of a national distribution system, including rural
free delivery in the 1890s and parcel post in the early 1900s. The best
organized and most successful opposition arose in the 1920s and 1930s
against the most systematic and complete control of market and retail

Figure 7.9. Local resistance to the systematizati<m of retail distribution and
the concentmtion of its control in a few mail-order companies. This flier,
printed by a small-town clothing store, helped to promote a public l>urni"4} of
Montgomery Ward and Sears, Roebuck catalogs. (Courtesy of Montgomery
Ward & Co.)
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distribution: the chain store, a concept (and Americanism) firmly es
tablished by the turn of the century.
The first such chain, which proclaimed its ambitions by its name,
The Great Atlantic and Pacific Tea Company, included sixty-seven
general grocery stores in 1876 and nearly five hundred by 1912. F. W.
Woolworth's chain of five-and-tens, begun in 1879, included seven stores
in 1886, some sixty by 1901. Walgreen's chain included seven drug
stores in 1916, more than a hundred by 1927. For twenty-six different
lines of merchandise, the U.S. Federal Trade Commission reported
ten chains of two or more stores in 1890, more than a hundred by 1903,
more than a thousand by 1922; most sold groceries, clothing, shoes,
or drugs (U.S. Bureau of the Census 1975, p. 847). Most rapid expan
sion ofa chain came after 1912, when John Hartford, son of the founder
of A&P, introduced the "cash-and-carry" economy store, opening an
average of one every three days until 1915, when the chain exceeded
a thousand stores. A&P had some fifteen thousand stores by the Great
Depression, when it accounted for more than 1 1 percent of America's
food business (Boorstin 1973, p. 1 10).
Hartford intended his term

cash-and-carry to communicate its own

negation: no credit and no deliveries. As with the installment contract
company almost a decade earlier, retailing would continue to differ
entiate itself from the credit function. Increasingly until the 1930s
Hartford applied his idea to small, no-frills, one-person operations
much like modern "convenience" stores. Through them, A&P could
apply a wide range of controls over distribution: centralized manage
ment, regular bulk purchasing, reduction of middlemen, standardiza
tion of business practices, product quality and prices, and minimal
personal service and credit costs. In all but the last two ways, chain
stores duplicated the processing and controlling achievements of an
institution from which they otherwise differed radically: the depart
ment store, a luxurious palace staffed by hundreds and offering its
customers many incidental services, liberal credit, and free deliveries.
Like the department store, chain stores could distribute goods at much
lower cost than smaller independent operations-at prices that quickly
undercut competition.
Not surprisingly, therefore, retailers' opposition to chain stores
mounted steadily after 1922, when the National Association of Retail
Grocers voted support at its annual convention for special sales taxes
on chain store merchandise, zoning laws to limit the number of chain
outlets in any neighborhood, and escalating taxes on every store be-
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yond the first established by a small owner. Most states eventually
enacted some type of anti-chain-store legislation. In 1931 California
adopted the first "fair trade" law to permit manufacturers to specify
minimum retail prices in order to protect independent stores from
price-cutting competition by chains. After the courts nullified such
laws, Congress passed the Miller-Tydings Act (1937), which exempted
fair trade from antitrust legislation. The previous year Congress had
passed the Robinson-Patman Act, New Deal legislation giving the
Federal Trade Commission new control over chain-store merchandis
ing.

The Rise of Supermarkets and Shopping Centers
Despite such efforts to impose government control on the chain store,
that form of retail distribution continued to flourish. Ironically, Hart
ford's cash-and-carry, one-person economy stores did not. In 1923 one
of the first supermarkets, San Francisco's Crystal Palace, opened on
a former circus ground in a 68,000-square-foot steel-frame building
with parking for 4,350 cars. Such stores combined the advantages of
both department store and economy chain outlet: like the former, they
offered one-stop shopping and the widest possible selection of goods;
like the latter, they relied on the economies of self-service and cash
and-carry. They also exploited the same controls over distribution
developed by both older institutions: centralized management, regular
bulk purchasing, reduction of middlemen, standardization of quality
and prices. By 1937, recognizing the advantages of the new form, A&P
had begun systematically to consolidate its four or five one-person
stores in each neighborhood into a single supermarket, thereby re
ducing the number of its outlets from a high of 15,709 in 1930 to four
thousand after World >Var II.
The new supermarket buildings qua material processors combined
the contributions of Saunders, Walgreen, and Hartford with several
original innovations. Adaptations included Saunders's turnstiles, maze
like aisles, and check-out counters with cash registers, Walgreen's wide
selection of competing brands displayed on open shelves, and Hart
ford's cash-and-carry policy and adjacent parking. The most important
new idea proved to be the shopping cart, developed simultaneously
with the supermarket itself in the early 1920s and mass produced in
modern form by the late 1930s. Shopping carts allowed stores to proc
ess people rather than transactions-even at high volume and in-
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creased speed. At the same time, shopping carts also enabled customers
to reduce the number of shopping trips as well as stops, which extended
the essential idea of one-stop shopping to time as well as to space but
also forced consumers to provide a larger portion of total food storage
costs. This processing innovation, combined with the earlier ones of
Saunders, Walgreen, and Hartford, enabled supermarkets to sustain
unprecedented stock-turn speeds and throughput volumes.
As early as 1937 the Crystal Palace had set sales records of twenty
five tons of sugar in an hour, five freightcar-loads of eggs in a month,
and an average of nearly a ton of apples per day for an entire year.
By the end of World War II various marketing specialists had pegged
the lowest limit for a food store's classification as supermarket at an
annual volume ranging from one-half to one million dollars. Routinely
stocked goods included at least groceries, meat and dairy products,
produce, and familiar household items; by the mid-1930s the Crystal
Palace also offered liquor, tobacco, jewelry, and drugstores, barber
and beauty parlors, and a dry cleaner. . Despite this growing variety
of goods and services, however, America's independent and chain gro
cers managed to maintain roughly the same retail trade margins be
tween 1869 and 1947 (Barger 1955).
In the supermarket, well established by the late 1920s, retail dis
tribution approached the ideal of an open processing system dependent
on organizational, preprocessing, and related control technologies to
sustain rapid throughputs of both products and purchasers for healthy
profit at low margin but high volume. This can be clearly seen in the
institution's most modern form: check-out cashiers now slide each pack
aged good past a laser scanner which reads a bar code printed on the
label, searches its computer memory for the current price, displays it
to the customer, adds it to the total bill, and reduces inventory records
by one unit. This processing system, in which a package not only sells
itself to the customer but also serves as its own price sticker and
inventory check, constitutes one of the most elaborate applications of
computer and laser technology to retail distribution. This technology,
in the context of the supermarket as processor of people and products,
can be seen as an extension of the principle of Clarence Saunders's
electrical Keedoozle.
Supermarkets could not have evolved, no more than shopping cen
ters and other modern retail institutions, without the stimulation and
control of consumption by national advertisers. As Franken and Lar
rabee saw in 1928, national advertising created the demand for brand-
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name products and packaging reinforced it; all that remained for re
tailers to do was to attract customers to their stores. Because the new
mass retailers could offer lower prices, they advertised these regularly
against local competition. Local and national advertising, keyed to
modern packaging, promotional, and retailing techniques, would pro
vide the foundation for the Control Revolution's final phrase: bureau
cratic control of mass consumption.

8

��������-

Revolution in Control of Mass
Consumption
Every advertising man knows how the functions of advertising have
expanded during the last twenty years . . . That expansion, we are
convinced, has only begun-we have taken only the first steps in learn
ing to use and control the power we are working with. The man who
would set any limits to the influence of advertising would be pre
sumptuous indeed.
-Printers' Ink (1915)

IN 1899 the National Biscuit Company launched the first million-dollar
advertising campaign intended to establish a new brand-labeled con
sumer product, the Uneeda Biscuit. By 1913 National Biscuit ranked
seventy-sixth in assets among U.S. industrials. That a baker of aoda
crackers managed to achieve this lofty position only fourteen years
after introducing new advertising for an entirely unprecedented prod
uct provides convincing evidence that the crisis in control of con
sumption had begun to be resolved. It also provided an early model
for other companies of how trademarks, consumer packaging, and na
tional advertising could be used to attain bureaucratic control of a
market, even for an industry in crisis.
Economic depression in the mid-1890s had demonstrated the short
comings of the holding company, so named because it had no operating
facilities of its own but merely "held" stock in a number of single-unit
firms not centrally controlled. If a holding company maintained prices
high enough to earn even a reasonable return on investment, it would
attract to its market competitors not encumbered by tbe need for second
order earnings. Price wars often brought ruinous loss of profits; buying
out the competition could lead to equally disastrous over-capitalization.
Faced with this dilemma, many loose-knit holding companies failed in
the mid-1890s, whicb underscored the need for administrative cen-
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tralization in horizontal integration. The scramble by business for cen
tralized control generated the American merger movement of 1898-

1902, a period that saw 2,643 firms swallowed up by 212 legal consol
idations, roughly ten times the rate during the depression years 18941897 (Thorelli 1954, pp. 294-303; Nelson 1959, pp. 33-34).
As with many of the other mergers, the National Biscuit Company
formed in 1898 as a legal consolidation of three older regional holding
companies: American Biscuit (one of the financial failures of the depres'
sion), New York Biscuit, and U.S. Baking. By its own admission the
company began as "an aggregation ofplants" and "thought it necessary,
for success, to control or limit competition"; it quickly learned, how
ever, that "either of these courses, if persevered in, must bring di
saster" (Chandler 1959, pp. 11-13). Instead, the president of National
Biscuit, Adolphus Green, decided to imitate the strategy of Henry
Crowell's Quaker Oats: to shift from production in bulk to consumer
packaging, with control of consumption by means of trademarks, brand
labeling, and national mass advertising, vertical integration backward
into purchasing and forward into marketing, and economies of scale
resulting from the centralization of production in a small number of
mammoth plants (Cahn 1969).

.

At the time, soda crackers and cookies-like many other foodstuffs
intended for household consumption-were sold by retailers loose and
in bulk, without hrand identification, from often grimy cracker barrels.
Green decided to distinguish his own crackers by cutting off their
corners, thus making them octagonal-possibly the earliest use of
arbitrary physical differentiation to distinguish otherwise ordinary
products. Differentiation remains a major alternative to price com
petition as a marketing strategy (Porter 1980, p. 37); it explains, for
example, the recent appearance of toothpaste with stripes. To bypass
the cracker barrel, Green's law partner, after some months of exper
imentation, devised a method of wrapping crackers in a waxpaper
lined cardboard box, watertight packaging that would be promoted in
ads featuring a little boy in a raincoat carrying a box of Uneeda biscuits
though a storm. The success of this "In-er-Seal" box Jed

Printers' Ink

to proclaim as early as 1900 that "the package is the very keynote of
modern advertising" (Pope 1983, p. 50), and indeed by that year nearly
a thousand patents had been issued for folding boxes and related ma
chinery (Franken and Larrabee 1928; Davis 1967).
To advertise his new crackers, Green turned to N. W. Ayer and
Son, by then the nation's largest advertising agency with successful

346

Toward an Information Society

campaigns for Montgomery Ward, Procter and Gamble soaps, Hires
Root Beer, and Burpee Seeds, among other mass marketing firms
(Hower 1949, pp. 115-116). By some accounts Henry N. McKinney,
Ayer's leading agent, chose the trade name Uneeda Biscuit (supposedly
a more dignified synonym for "cracker'') from a list that included Wanta
Cracker, Taka Cracker, Hava Cracker, and Usa Cracker (Hower 1949;
Cahn 1969); other accounts hold that the name "Uneeda" came from
the son of Robert Gair, inventor a decade earlier of the first folding
box machine (Boorstin 1973, p. 439).
In any case, Ayer's introduced the product market-by-market in a
nationally coordinated campaign that relied heavily on innovative "teaser''
ads containing only the word "Uneeda"; billboard, streetcar, and news
paper advertising in each area generated anticipation of the new bis
cuit's arrival. As a result of what may have been the first advertising
budget to reach $1 million for a single year, Uneeda became a household
word virtually overnight. Within a year ofits introduction the packaged
soda cracker, despite being a totally new consumer product, sold at
the rate of ten million boxes

per month (Cahn 1969).

Thus did National Biscuit establish that a trademark, brand labeling,
and a massive advertising campaign could be used to generate and
control consumer demand and even to restructure an entire industry.
In doing so, National Biscuit also saved the institution of the holding
company-already evolving into the integrated, multifunctional, and
often multinational enterprise that we know today as the modern cor
poration-from the \icious dilemma of price warring and loss of profits,
on the one hand, or buying out competitors and stagnating in over
capitalization on the other.

From Creation of Demand to Its Bureaucratic Control
If advertising can be used to induce brand loyalty in consumers and
thereby reduce the elasticity of demand for branded products, then
their producers could charge higher prices relative to costs. Although
economists do not agree on whether or not advertising has this effect
(pro: Comanor and Wilson 1967, 1974; con: Demsetz 1974; Nelson 1975;
Galbraith 1967, chap. 18), turn-of-the-century marketing experts did
continually urge businessmen to use advertising as a means to control
price competition (Pope 1983, p. 72). As brand-name, nationally ad
vertised goods gained in prominence around 1900, retailers themselves
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began to deemphasize prices in their advertisements (Hower 1943, pp.

269, 274).
Trademark and comp'!ny reputations, sustained through national
advertising, may also enable producers to control entry into a market
by competing firms. Although economists do not agree on this possi

bility either (pro: Bain 1956; con: Schmalensee 1974; Demsetz 1979),

turn-of-the-century marketing experts did believe that a national ad

vertising campaign, to the extent that it maintained product differ
entiation, could constitute a formidable barrier to market entry by

competitors. Certainly �ational Biscuit used the Uneeda campaign as
such a barrier to its many regional and private brand competitors,

most of whom sought to subvert the strategy through trademark in

fringement. Even the mighty H. J. Heinz, among the nation's 250

!p fifty-seven separate product lines,

largest industrial companies wi

could capture only a fraction of the soup market from the much smaller
Campbell Company, which enjoyed an established reputation in that

product and, because of the resulting volume, sold its products at one
third the price of less-promoted brands. By 1908

Printers' Ink

esti

mated that "at least

50 percent of the advertising being done today is
for the purpose of creating property in trademarks," a barrier to entry
that economist Dorothea Braithwaite (1928) would call a "reputation
monopoly" (Pope 1983, pp. 68-69, 88).
The technologies of trademarks, consumer packaging, and mass ad

vertising also provided means by which manufacturers might better
control the giant wholesalers and new mass retailers-urban depart
ment stores, mail-order houses, and chain stores-rapidly monopoliz
ing the distribution channels for their products. For most manufacturers
in the late nineteenth century distribution involved a continual struggle
with wholesalers and mass retailers over issues like terms of payment,
quantity discounts, advertising allowances, shelf display, and treat

ment of competitors' products. As long as products remained generic
and in bulk, unbranded and unadvertised, wholesalers could control
which manufactures reached retailers' shelves; retailers, in turn, could

control consumer purchases-usually by concentrating on goods with

the highest margins of profit. As one manufacturer who turned to
national advertising for increased control described the earlier era:

''The manufacturer stood on the merchant's doorstep begging him to

buy his product. The merchant then was the King of Commerce, with
the manufacturer groveling at his feet" (Pope 1983, p. 78).
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Using trademarks and consumer packaging, manufacturers could
alter this relationship-the political economy of distribution-in their
own favor. Because of the enormous volume of sales generated by
national advertising, National Biscuit could integrate forward (Porter
and Livesay 1971), buying up the bakery wagons of salesmen who
worked on commission, retaining them as salaried employees, and
using the fleet to deliver Uneeda crackers directly to grocers. Directed
by a network of marketing offices, the salesmen kept to appointed
rounds to ensure that crackers reached consumers fresh and unbroken
and that grocers worked to sell the product despite its low profit margin
(the company held prices down to build volume). In order to use this
sales force to maximum efficiency and to meet retailers' demands for
a wider product line, National Biscuit expanded within a decade to
forty-four items, including the Fig Newton (named for the Boston
suburb) and the ZuZu molasses cookie. Its sales fleet also contributed
additional free advertising, and not only that which the company painted
on the sides of its wagons-several manufacturers offered miniatures
of the familiar vehicles, a favorite toy among urban youth in the early
twentieth century (Cabn 1969).
Such advertising also served as a substitute for further vertical
integration into retailing. Consumer demand alone could force a store
to stock an item; continuous monitoring by the manufacturer's sales
men could control its sale. This strategy had been widely discussed
before Uneeda: "Once you create a demand by advertising," the journal
Advertising proclaimed in 1897, "you can compel the trade to handle
it on your own terms." After the success of the Uneeda campaign had
given National Biscuit control over consumption and hence distribution
in precisely this way, Printers' Ink restated the strategy even more
emphatically: "The manufacturer selling an advertised trademarked
article is absolutely independent. The only class to whom he is re
sponsible is the consumer" (Pope 1983, pp. 80, 90).
So potent a weapon was the advertising campaign (the word itself
connoted battle) that even the relationship of the agency to its client
became transformed by Uneeda's success into one of alliance and con
spiracy. Throughout the nineteenth century, when advertising had
been viewed as a purely informational service and consisted largely of
selling space in publications, agencies routinely served competing clients.
Around 1900, however, when Ayer informed National Biscuit that he
had accepted the advertising of a rival baker, his prize client-still the
agency's largest account-protested strongly on the grounds of conflict
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ofinterest. Ayer then quickly adopted the principle-today an industry
standard-that an agency ought not to handle competing accounts
(Hower 1949, p. 340). Within a decade this principle had become gen
erally accepted (Brown 1912; Pope 1983, p. 163). Thus it might be said
that advertising afforded a company greater control not only of com
petitors, wholesalers, retailers, and consumers, but even-ironically
enough-of the agencies that helped them to wage their campaigns.

The Rise of Modern Advertising
As advertising agencies came to be incorporated in the bureaucratic
control of mass consumption, the field of advertising began to emerge
as a legitimate profession. As we saw in Chapter 6 , an increasingly
specialized advertising sector had met the crisis in control of consumer
demand that followed industrialization through the material economy.
The nascent infrastructure for control of consumption included not only
the advertising agency itself, after 1841 , but a succession of infor
mational innovations for advertisers: indexes of periodicals (1848), a
monthly trade journal (1865), book of newspaper circulation (1869),
weekly trade paper and sole-agent contract (1875), market surveys for
clients (1879), and an industry-wide journal (1888).
As the work of preparing ads moved away from the advertiser and
became specialized in the new agencies in the 1890s, formerly free
lance copyv1riters increasingly joined these staffs. More visibly re
sponsible for the content and truthfulness of ads, agencies raised some
what their ethical standards. At the same time, advertising executives
began to found clubs and associations, which not only indicated growing
self-awareness as a profession but also represented a modest gesture
at self-policing. "It was thought that if they were to sit around the
same table once a month there would he a little less throat-cutting and
general misbehavior," an early club member later recalled. "It worked
out just that way" (Fox 1984, p. 38).
Copywriting became a full-time specialty in the mid-1890s; by the
early 1900s the advertising agency in its modern form-with an ex
panded role for the account executive and specialists in writing, art,
and design-had begun to emerge, first at N. W. Ayer and J. Walter
Thompson. Increasingly the account executive came to integrate the
other specialized functions, often mediating beween the business needs
of clients and the egos of the creative staff. Annual advertising ex
penditures, which had quadrupled to $200 million between 1867 (the
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earliest year available) and 1880, quadrupled again (to $821 million)
by 1904. In 1917, when more than 95 percent of national advertising
was handled by agencies, annual expenditures stood at $1.6 billion
(U.S. Bureau of the Census 1975, p. 856).
Testimony of advertising's new status came when President Wood
row Wilson created the Creel Committee (named for journalist George
Creel) to disseminate information and attempt to shape public opinion
during World War I. One division of the committee made posters,
another produced motion pictures, another organized professors, nov
elists, and seventy-five thousand public speakers to explain the war.
The Advertising Division, directed by five prominent ad agency ex
ecutives, placed $1.5 million worth of donated newspaper and magazine
space and copy. Most successful of these ads may have been Courtland
Smith's "The Greatest Mother in the World," which used a beatific
nurse to embody the Red Cross and greatly enhanced the prestige of
the organization (chartered by Congress twelve years earlier) then
under consideration for a Nobel Peace Prize, which it won later the
same year. Artist James Montgomery Flagg's poster of a pointing Uncle
Sam declaring "I want YOU for the U.S. Army" proved more en
during-it remains in use today (Fig. 8.1).
If any doubt had remained after the Uneeda campaign about the
possibility that advertising might be used to control public opinion or
aggregate behavior, the Creel Committee's work served to reaffirm
the point. Creel had promised President Wilson "a plain publicity prop
osition, a vast enterprise in salesmanship, the world's greatest adven
ture in advertising" (Sullivan 1933, p. 425). After the war Creel conclud
ed, "The work, as a whole, was nothing more than an advertising
campaign, and I freely admit that success was won by close imitation
of American advertising methods and through the generous and in
spirational cooperation of the advertising profession." In 1919 he
told advertisers at a national convention: "Before the war, your status
was anomalous. Today, by virtue of government recognition as a vital
force in American life, you stand recognized as a profession" (Fox
1984, p. 76).
The Creel Committee also served to cement a perceived relationship
between advertising and the control through bureaucracy of mass be
havior. "In the dim and distant days before the war, reformers were
wont to say, 'Oh, if the people would only do so and so!'," Printers'
Ink editorialized late in 1917. "Under the rigorous prod of Mars, they
have learned to say, 'The people must do this and that-go out and
advertise and make them come through" (Pope 1983, p. 12). Needless
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N EAREST RECRUITING STATION

Figure 8.1. An enduri'fl!J product ofthe Creel Committee created by President
Woodrow Wilson to help shape public opinion duri'fl!J World War I. By dis·
tributi'fl!J millions of copies of this poster, U.S. Army recruiters established
the popular symbol of the nation as Uncle Sam (virtually a self-portrait of
the artist, James Montgomery Flagg), a testimony to the power mass adver·
tisi'fl!J had achieved by the 1910s. (Courtesy of the United States Army.)
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to say, advertising boomed immediately following the war, with ex
penditures more than doubling to $2.9 billion between 1918 and 1920
(U.S. Bureau of the Census 1975, p. 856).
Table 8.1 summarizes the development of modern advertising
throughout the transition period, 1890-1939, between the crisis of
control in consumption and the advent of commercial television. As
can be seen in the chronology of events in this table, the half-century
brought no end to imaginative new ways to stimulate and control tbe
consumption of mass-produced goods. Engineering and advertising,
both coming to enjoy new status as professions, produced a continuing
stream of innovations in marketing and mass communications still in
wide use: billboards standardized to bring interchangeability to out
door display (1891), trading stamps redeemable for premiums (1891),
Table 8.1. Selected events in the development of advertising and control of
consumption, 1890-1939
Year

Development

1890s

Advertising men found clubs, begin modest self-policing

1891

Trading stamps redeemable for premiums introduced
Billboards standardized by outdoor advertising agencies

1893

Print patent introduced, first goes to "Heinz" in shape of
pickle

Mid-1890s

Copywriting becomes a full-time specialty in advertising
agencies; free-lancers flourish

1897

Company (General Electric) creates bureau to publicize itself

1898

Advertising law passed by state (New York) "to prevent
misleading and dishonest representations"

1899

Product differentiation, packaging, million-dollar campaign
used to establish new consumer product (Uneeda Biscuit)
nationally

Early 1900s

Modern advertising agencies emerge with expanded role for
account executive, full-time specialists in copywriting, art,
design

1902

Mandel Brothers Department Store contracts with Chicago
Tribune to run full-page ad six days a week throughout
the year

1903

Walter Dill Scott, Northwestern University psychologist,
publishes The Theory of Advertising, first U.S. advertising
text
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Development

1912

Associated Advertising Clubs of America fonns a national
committee to promote fair practices

1914

Newspaper rotogravure sections introduced

Mid-1910s

Scientific advertising expands from psychology to other social
sciences; economic, business considerations appear in texts

1915

Association of National Advertisers fonned

1917

American Association of Advertising Agencies fonned
President Wilson creates Creel Committee to disseminate
war information; produces posters, speeches, motion
pictures; Advertising Division places $1.5 million worth of
donated copy, space

1919

Illustrated tabloid newspaper (New York Daily News)
published

1922

Queensboro Realty purchases first advertising time (ten
minutes for $100) on radio station (WEAF, New York)
Skywriting introduced commercially in America from
England

1923

Neon tube advertising signs introduced
Daniel Starch publishes textbook for the case method
approach to advertising which he introduced at Harvard
Business School
Edward Bok of Ladies' Home Journal establishes set of nine
advertising prizes to be awarded by Harvard Business
School

1925

Composite photographic layout or "composograph" introduced

1928

Electric sign flasher ("Motogram") installed on four sides of
the New York Times Building, flashes presidential election
returns

1930

Radio advertising course introduced in college (School of
Business and Civic Administration, City College of New
York)

1932

Advertisers get NBC, CBS networks to allow prices on radio

1937

Animated electric sign-a four-minute cartoon presented
using 2,000 light bulbs-displayed on Broadway, New
York City

1939

Advertising expenditures for radio exceed those for
magazines
Commercial television begins on limited basis
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patented print forms (1893), newspaper rotogravure sections (1914),
commercial radio and skywriting (1922), and neon (1923), electric flash
ing (1928), and animated (1937) signs (Fig. 8.2).
As Table 8. 1 also reveals, advertising became increasingly ration
alized during this transitional period of the Control Revolution. In 1897
General Electric became the first U.S. corporation to create its own
bureaucratic apparatus to publicize itself and the broader develop
ments in its industry. The following year New York became the first
state to enact legislation to "prevent misleading and dishonest rep
resentations" in the sale of merchandise; those whose advertising "in
tended to have the appearance of an advantageous offer, which is
untrue or calculated to mislead" would thereafter be guilty of a mis
demeanor. In 1903 the first American textbook, The Theory of Ad-

Figure 8.2. Electrical engineering and advertising, both enjoying new status
as professi"ons by the turn of the century, combi'ned to produce several inno�
vations in outdoor advertising. In 1910 New York Edison installed this chariot
race in colored bulbs atop the Hotel Normandie in Herald Square, New York
City; neon tube advertising followed in 1923, electric flashing signs in 1928,
animated signs in 1937. (Courtesy of Consolidated Edison Company.)
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appeared under the name of Walter Dill Scott, director of

the Psychology Laboratory at Northwestern University (Bartels 1962,
pp. 46-48). The following year local ad groups joined in a loose national
federation, the Associated Advertising Clubs of America; large ad
vertisers formed the Association of National Advertisers in 1915; and
advertising agencies established the American Association of Adver
tising Agencies two years later (Fox 1984, pp. 68-69).
By this time so-called scientific advertising-the equivalent for mass
communication of Taylor's scientific management and the scientific
marketing of Franken and Larrabee-had spread from experimental
psychology to the other social sciences and to the academic speciali
zation of marketing; economic and other business considerations began

to appear in texts (Bartels 1962, pp. 48-49). A well-known text that
actually took the title

Scientific Advertising (1923),

written by Lord

& Thomas's Claude Hopkins, would be republished in 1952 hy psy
chologist Alfred Politz, who argued in an introduction that "present
day advertising research has a long way to go before it reaches the
level of Claude Hopkins's contributions" (Politz 1952); a subsequent
edition included an introduction by advertising magnate David Ogilvy,
who claims the book had "changed the course of my life" (Ogilvy 1980,
1983, pp. 202-204).
Although Hopkins held that the college-educated ought not to be
allowed in his profession, he adhered to experimental methods and
played an important role in rationalizing advertising, introducing copy
research, test marketing, and sampling hy coupon. "Almost any ques
tion can be answered, cheaply, quickly and finally, by a test campaign,"
he wrote (Hopkins 1923). "And that's the way to answer them-not
by arguments around the table." This more scientific approach ad
vanced by means of another important book published in 1923, psy
chologist David Starch's text on the ease method approach to teaching
advertising principles, which he had introduced at the Harvard Busi
ness School (Bartels 1962, p. 54).
In the same year Edward Bok of the Ladies' Home

Journal estab

lished a set of nine annual advertising awards to be administered by
the Harvard Business School and selected by a jury of experts. These
"Harvard-Bok" awards, as they came to be called, served for seven
years to publicize advertising as a profession before their discontin
uation in the Great Depression (Fox 1984, p. 106). By that time ra
tionalization of advertising had begun for a new medium: in 1930 the
business school at the City College of New York introduced the first
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graduate course on radio advertising under Frank Arnold, director of
development at the National Broadcasting Company.
Ail this brief chronology suggests, the establishment of advertising
as a means to stimulate and control consumption had largely been
accomplished by the 1920s. The other half of the strict control loop,
the feedback from demand that came to be known as market research,
also had developed extensively by the 1920s, as we shall see in a later
section of this chapter. Because such control depended on mass com
munication via mass media, however, advertising-what copywriter
John E. Kennedy defined in 1905 as ·"salesmanship on paper"-would
not be fully consolidated in the Control Revolution until the pitchman
could himself enter every home in word and image. This began to occur
in the 1880s with the daily mass-circulation newspaper and the 1890s
with the mass-circulation magazine, both well illustrated with half
tone photographs by the turn of the century. After 1922 the pitchman's
voice came into homes as well with the development of yet another
new form of mass communication: broadcasting.

The Rise of Modern Mass Media
From early industrialization through the 1880s, as we found in Chapter
6, increasing control of consumption had come through the coevolution
of mass media and their messages to attract, hold, and imprint the
mass attention. Power-driven printing, the major mass medium before
broadcasting, developed rapidly throughout the period of control crisis
with a steady progression of innovations: the electric press (1839) and
rotary printing (1846), wood pulp and rag paper and the curved stere
otype plate (1854), paper-folding machines (1856), the mechanical type
setter (1857), high-speed printing and folding press (1875), half-tone
engraving (1880), and linotype (1886). These new technologies reduced
costs even as they speeded printing, enabling daily newspaper circu
lations to stay ahead of population growth in even the largest and
fastest growing urban areas.
Stereotyping, the casting of metal in pulp-paper molds to produce
printing plates, allowed for print advertisements of more than a single
column's width without distracting vertical rules. Despite the great
expense of stereotyping machinery, forty-five such systems operated
in the United States by 1880. During the 1880s stereotyping itself
began to give way to electrotyping, the production of plates by elec-
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trically coating with copper or nickel a type mold or an engraving,
then pouring molten type metal over this coating (the copper or pickel
remains the printing surface). Although stereotyping survived for the
print part of newspaper production, electrotyping reduced costs and
improved the quality of most other printing, particularly of illustra
tions. Consequently, photoengraved line illustrations soon competed
with half-tone cuts produced by photographing the subject through a
wire or glass screen so that the copper printing plate becomes sensi
tized-and later acid-etched-in a dotted pattern, the larger dots cre
ating darker areas. By the turn of the century various half-tone processes
were used by most large U.S. dailies' to print photographs regularly
(Lee 1937, pp. 97-132).
Half-tone illustrated mass printing brought a new medium of mass
advertising: the mass-circulation magazine. Pulp "mail-order maga
zines," so called because mail-order advertisements engulfed what lit
tle popular fiction they contained, had reached circulations of five hundred
thousand by the early 1870s, with several million subscribers-mostly
rural and poorly educated-in the late 1880s. Polite magazines like
Scribner's (later Century), Harper's, and the Atlantic, underwritten
by large publishing houses and dependent on a highly literate and
therefore small readership, could not easily imitate the mail-order
success, which depended on a high percentage of advertising pages,
low subscription rates (fifty cents a year or less), and staggering pro
motional budgets (mostly for newspaper advertising) to assure a mass
audience. As late as 1887 only four such general circulation magazines
claimed as many as 100,000 readers; these four-led by Century with
220,000 and Harper's with 180,000-had a combined readership of only
600,000 (Mott 1957, p. 8).
In 1891 Frank Munsey, among the first American publishers to ap
preciate the implications of half-tone reproduction for advertising and
mass circulation, launched Munsey's Magazine, a middle-brow publi
cation that featured, in the words of Fox (1984, p. 34), "light, topical
pieces and many pictures of women in discreet stages of undress."
Content alone, however, even pictorial content, could not substitute
for low prices and heavy promotion. After two modestly successful
years Munsey startled competitors by cutting his magazine's newsstand
price to ten cents and reducing annual subscriptions from three dollars
to one. When the magazine monopoly refused to handle the new pub
lication, claiming distribution would not be profitable on the percentage
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of only ten cents, Munsey resorted to newspaper and direct-mail ad
vertising and created his own distribution company to deal directly
with news dealers (Britt 1935).
As Munsey's Magazine's circulation climbed steadily, other pub
lishers adopted the same formula of half-tone illustration combined
with the low prices, high ad volume, and large promotion budgets
pioneered earlier by the mail-order magazines. Cyrus Curtis, who had
to double the subscription cost of his eight-page Ladies' Home Journal
to match Munsey's dollar a year, began an expansion campaign-based
on $300,000 in credit and notes from N. W. Ayer-that soon included

$200,000 a year for advertising. The Journal's circulation, 50,000 in
1884, had by 1895 reached 750,000, almost double that of any other
magazine (Bok 1923). In that year two sensationalist muckraking mag
azines, Cosmopolitan (established 1886) and McClure's (1893), also
dropped their newsstand prices to a dime. The readership of McClure's
expanded so fast that it actually lost money as press runs out-paced
funds to be collected on advertising contracted at rates based on ear
lier, much smaller circulations. Within a decade twenty general mag
azines would claim circulations of 100,000 or more and a combined
readership of 5.5 million (Mott 1957, p. 8).
With the rise of the mass-circulation magazine, a refinement of the
essential idea ofthe mail-order magazine, printing had at last become
some four centuries after Gutenberg-not merely a means of mass
production but also a mass medium, a new channel for advertising and
hence the stimulation and control of mass production itself. Just such
a transformation describes the success of E. C. Allen, a book peddler
from Augusta, Maine, who in 1869 at age nineteen decided to launch
a pulp magazine, the People's Literary Companion, solely for the
purpose of selling his formula for soap powder by mail order. This
single-minded goal encouraged Allen to keep the subscription price
low and his own promotional budget high, the double feedback loop
by which advertising fosters its own means of mass delivery. By his
death in 1891 Allen had become America's leading magazine publisher,
a millionaire presiding over a dozen titles with several million readers,
a six-story publishing plant, and five hundred employees (Rowell 1906;
Pope 1983).
The one element ofthe modern mass-circulation magazine that Allen
did not develop-graphic illustration-awaited further innovation in
printing technology. The first half-tone engraving, entitled "Scene in
Shantytown, N. Y.," appeared in an American newspaper, the New
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Graphic, on March 4, 1880. The following year Scribner's

M<mthly signaled the imminent transformation of Ameriean mass media
when it adopted a new name: Century Illustmted Magazine.
By 1886 the British manufacturer of Pear's Soap had paid twenty
three hundred pounds sterling to artist Sir John Millais for a single
painting to use in its advertisements (Presbrey 1929, pp. 98-101).
Works of many well-known American artists and illustrators appeared
in U.S. periodicals by the 1890s, especially following importation of
the color rotogravure press from England after 1904. As late as 1894,
only 30 percent of advertisements in four selected publications con
tained illustrations; the proportion increased steadily to nearly 90 per
cent by 1919 (Kitson 1921, p. 12). In the same year at least one New
York advertising agency could boast an art department of ten people
(Pope 1983, p. 140). Thus did the power of visual communication to
stimulate and control consumer demand come to be realized-nearly
a half-century before commercial television-in the mass-circulation
magazine.
New technologies made possible the modem mass-circulation daily
newspaper at about the same time. Except for the linotype, developed
after 1886, the technological revolution in power mass printing had
been·essentially completed in 1883, when Joseph Pulitzer took over
the New York World and transformed it into what most newspaper
historians consider America's first modem newspaper. The following
half-century, the transitional period of the Control Revolution, brought
several printing innovations: the sextuple press (1891), which could
print and fold 90,000 four-page newspapers in an hour; the web-fed
four-color rotary (1892) and color rotogravure (1904) presses; the au
tomatic plate-casting and finishing machine (1900), which greatly in
creased the speed of stereotype printing; and the teletypesetter (1932),
a paper tape punch and drive for linotype. Innovation also continued
outside of the printing plant, including the first journalism school (1908)
at the University of Missouri, Columbia, the use of airplanes to cover
stories (1920), more portable photography using flashbulbs (1930), radio
facsimile transmission of syndicate news photographs direct to news
rooms (1935), microfilming of daily issues (1936), and transmission of
a daily newspaper (the St. Louis

Post-Dispatch) via radio facsimile

(1938).
With these technical inventions mass publishers could extend the
imagination displayed in the human interest illustration (1870) and
illustrated daily newspaper (1873) to other new forms of audience-
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grabbing content: the comic book (1904), originally compilations of
colored cartoons previously published in newspapers; the crossword
puzzle (1913), special rotogravure section (1914), illustrated daily tab
loid (1919), and composite photographic layout or "composograph" (1925).
With the systematization of rural free delivery by the U.S. Post Office
in 1898, the local medium of the big city newspaper increasingly in
tegrated entire regions with daily communication (Fig. 8.3). More than

a billion periodicals traveled rural mail routes in 1911, nearly two

billion by 1929. Danlel Boorstin describes the social impact:
When a weekly trip to the village post office was the farmer's only way
of receiving mail, it was pointless for him to subscribe to a daily newspaper
and periodically receive an armful ofstale news. Then his needs were best
served by the country weeklies. As early as 1902, Editor aml Publisher
noted that "the daily newspapers have never had such a boom in circula
tion as they have since the free rural delivery was established." Areas
with RFD were quickest to subscribe to dailies. Some farmers who never
before had a chance to receive a daily ration of fresh news from the city,

Figure 8.8. Rural free delivery in Lafayette, Imliana, c. 1898. With the U.S.
Post Office's systematization Qf RFD in this year, big-city newspapers began
to travel rural mail routes (more than a billion copies annually by 1911). By
lrringing more current news aml advertising to isolated farmers, daily news
papers quickly supplanted country weeklies in areas with RFD. (Courtesy of
the Smithsonian Institution.)
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gorged themselves with two or even three daily papers . . . For the most
part, the city dailies which mw reached the farmer for the first time
brought him the news and advertisements of a wider world. (1973, pp.
135-136)
The growth and decline of the daily newspaper as a means of mass
communication in the United States perfectly parallels the transition
to the Control Revolution in mass consumption. On the basis of daily
circulation per household, the largest decade increase (83 percent)
came in 1880-1890, the period when Henry Crowell and most other
adopters of continuous-processing technologies first confronted the cri
sis in control of consumption-the need to create new markets and to
stimulate demand. The peak of the newspaper's importance as a mass
medium came in the two decades 1910-1930, the transitional period
to a sustained Control Revolution, when circulation held steady at an
all-time high of 1.3 daily papers per household, up from 0.2 papers in
1850 and 0.9 in 1900 (De Fleur and Ball-Rokeach 1982, pp. 40-41).
Extrapolation from the earliest time series data available suggests
that, at the advent of broadcasting in America, total advertising ex
penditures went 48 percent to newspapers, 18 percent to direct mail,
9 percent to magazines, 3 percent to special business papers, and 2
percent to outdoor display, the remaining 20 percent going to hundreds
of other more specialized media like the country weeklies described
by Boorstin (U.S. Bureau of the Census 1975, pp. 855-856). Just as
advertisers depended primarily on daily newspapers, these same pub
lications depended increasingly on advertising: nearly two-thirds of
their revenue came from advertising by 1919, up from about 40 percent
in 1879 (Pope 1983, pp. 136-137). In 1902 Mandel Brothers, a Chicago
department store, made big news when it contracted with the Tribune
to run its full-page advertisements six days a week throughout the
entire year for a fiat annual fee of $100,000 (Boorstin 1973, p. 106). By
1940, however, radio had drawn away 10.3 percent of total U.S. ad
vertising dollars; of these ten percentage points, eight or nine appeared
to come at the expense of newspapers (U.S. Bureau of the Census
1975, p. 856).
No better symbol of both the newspaper's peak and decline might
be found than the 1920 Presidential election, which pitted Warren G.
Harding against James M. Cox, both Ohio newspaper publishers. A
few of their readers might well have learned via radio station KDKA
in Pittsburgh of Harding's victory, the first news event to be covered
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by the new broadcast medium (Barnouw 1975, pp. 32-33). Despite
continuing innovations in mass publishing, and even though newspa
pers have always attracted a greater share of advertising than have
radio and television combined, after the 1920s bureaucratic control of
consumption based on national advertising came increasingly to depend
on radio and television broadcasting.

The Rise of Broadcasting
Table 8.2 presents selected events in the development of broadcasting
through 1939, the transitional period to a sustained Control Revolution.
As the chronology shows, commercial radio broadcasting began in the
United States in 1922, commercial television broadcasting in 1939 (on
a '1imited" basis-meaning stations could invite sponsors to experi
ment for defrayed costs but could not sell time-until 1941). Radio
advertising grew sharply after, 1931, as the Great Depression set in
and people spent more time at home, but commercials came increas
ingly to include contests, offers of premiums, and merchandising
schemes-shades of Henry Crowell and the 1890s.

As Erik Barnouw,

a leading historian of broadcasting, describes radio advertising in the
early 1930s, "Commercials, which had been brief and diffident in NBC's
first days (1926), were becoming long and unrelenting-but successful
instruments of merchandising" (1975, p. 73).

Table 8.2. Selected events in the development of broadcast mass media,
1900-1939
Year

Development

1899

Guglielmo Marconi visits America, forms American Marconi,
demonstrates radio for U.S. military, precipitates wireless craze

1906

Reginald Fessenden broadcasts Christmas Eve program of song,
verse, violin solo, and a speech from Brant Rock, Mass.

1907

De Forest Radio Telephone Company begins broadcasts in New
York

1912

News of Titanic reaches U.S. via Marconi operator David Sarnoff

1919

General Electric forms Radio Corporation of America (RCA) to take
over assets of American Marconi

1920

Sarnoff urges RCA to market a simple "Radio Music Box" for $75
Radio station (KDKA, Pittsburgh) licensed, begins broadcasting

1922

Commercial radio begun, first ten minutes purchased for $100
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Development

Year

1924

Network broadcasting extends to Pacific Coast when President
Coolidge speech is carried by 23 stations
Network sponsored radio program ("The Eveready Hour") carried
by stations in three cities

1925

Telecast of an object in motion-a model windmill with turning
blades-demonstrated from radio station NOP, Washington, D.C.

1926

National Broadcasting (NBC) organized by GE, RCA,
Westinghouse

1927

U.S. Radio Commission created to license broadcasting stations, fix
wavelengths and hours of operation
·

Columbia Phonograph Broadcasting System (later CBS) formed
· Television demonstrated by Commerce Secretary Herbert Hoover
in Washington addressing Bell Laboratories group in New York
City

1928

Television receivers installed in three homes in Schenectady by
General Electric and RCA, regular programs begun
Federal Radio Commission issues television license

1929

Color television demonstrated publicly by Bell Laboratories

1930

Mass production of automobile radios begins
Home reception of television demonstrated in New York City with
half-hour program broadcast 6 miles

1931

Increase in radio advertising, contests, merchandising schemes

1932

"Radio Priest" Co·lghlin program processes 80,000 fan letters
weekly, receives 1.2 million following radio attack on President
Hoover
Telecast by Democratic National Committee from CBS, New York

1933

Politician (Senator Huey Long) purchases national radio time

1934

Pederal Communications Commission (PCC) established to
centralize regulation of interstate and foreign commerce by wire
and radio

1936

Republicans adapt soap operas to dramatize New Deal horrors, help
establish radio as a major tool of national political campaigns

1937

Prerecorded program (description of Hindenburg crash) broadcast
coast to coast by NBC's Red and Blue radio networks
Mobile television unit-motor van with control apparatus and
microwave transmitter-introduced by NBC for outdoor coverage

1938

Radio program broadcast from a tape recording (Millertape)
Orson Welles's broadcast '1War of the Worlds" causes national panic

1939

Television begins on limited commercial basis, soon on 23 stations
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This change might he explained hy the rapid diffusion of radio sets.
As early as 1916 David Sarnoff-famous as the American Marconi key
operator who relayed news of the

Titanic disaster four years earlier

had urged his company to mass market cheap "Radio Music Boxes,"
an idea the general manager dismissed as "harebrained" (Barnouw

1975, p. 36). Four years later, after the company had become RCA,
Sarnoff presented a merchandising plan predicting sales of 100,000
sets, each priced at $75, the first year. After the immediate success
of the first licensed station, KDKA of Pittsburgh (Fig. 8.4), in the
same year, even RCA could not keep up with the demand for receivers.
Some 60,000 households had them in 1922, 400,000 (1.5 percent) in

1923, 1.25 million (4. 7 percent)-compared to Sarnoff's original esti
mate of one million-in 1924 (U.S. Bureau of the Census 1975, p. 796;
Sterling 1984, p. 222).
Economist John Kenneth Galbraith has frequently traced the rise
of modern mass media to a new American mass affluence (Galbraith
1956, chap. 8; 1967, chap. 18; 1976, chap. 11). His chain of causation,

Figure 8.4. In 1920 the U.S. Department ofCommerce licensed the first radio
station, KDKA of Pittsburgh. Broadcasting began wifh the returns of the
presidential election involving Warren G. Harding and James M. Cox, two
newspaper editors. Eighteen months later 220 stations crowded America's
airwaves. Shown here is a 1921 broadcast of KDKA's pioneering farm pro
gram, "The Farmers' Pioneer." (Courtesy of the Westinghouse Broadcasting
Company, Inc.)
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although not following from the Industrial Revolution with its increases

in material processing speed and volume and the resulting need to
stimulate and control consumption, might nevertheless he reconciled
with such an explanation. According to Galbraith,
a means of mass communication was not necessary when the wants of the
masses were anchored primarily in physical need. The masses could not
then be persuaded as to their spending-this went for basic foods and
shelter. The wants of a well-to-do minority could be managed. But since
this minority was generally literate or sought to seem so, it could be
reached selectively by newspapers and magazines, the circulation of which
was confined to the literate community. With mass affluence, and there
with the possibility of mass management of demand, these media no longer
served. Technology, once again, solved the problem that it created. Co
incidentally with rising mass incomes came first radio and then television.
These, in their capacity to hold effortless interest, their accessibility over
the entire cultural spectrum and their independence of any educational
qualification, were admirably suited to mass persuasion. Radio and more
especially television have, in consequence, become the prime instruments
for the management of consumer demand.

(1967, p. 190)

But the early history of broadcasting suggests little justification for
Galbraith's emphasis on growing affluence. Even the Great Depres
sion, coming in the first decade of commercial radio, did not much slow
the growth of the new mass medium. At the time of the Great Crash
of 1929, 10.25 million households (34.6 percent) had radio; 15 million
receivers had been produced. Although production continued to fall
off for the next three years, distribution of overstock continued: 13. 75
million households (45.8 percent) had radio sets in 1930, 16. 7 million

(55.2 percent) in 1931, 27.5 million (79.9 percent) hy the end of the
1930s.
Clearly the Depression did not much dampen the diffusion of radio

receivers. The number of U.S. stations-exploding to 556 from 30 in

1923 alone-had already peaked at 681 by 1927 and remained fairly

stable near 600 throughout the period 1929-1936, then rose quickly to

851 hy 1941. As the regularly scheduled network programming quad
rupled from four to sixteen hours per week between 1930 and 1935,
average listening time rose nearly forty-five minutes to four hours,
forty-eight minutes per day (Sterling 1984, pp. 5, 172, 212, 220, 222).
Barnouw assesses the impact of the Depression on radio:
The broadcasting industry, though momentarily jolted by the Depression,
had in the long run been helped by it. As theater and film audiences
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shrank, home audiences grew. Broadcasting had won an almost irrational
loyalty among listeners. According to social workers, destitute families
that had to give up an icebox or furniture or bedding still clung to radio
as to a last link with humanity. Many factors contributed to this. Radio
brought into homes President Roosevelt's "Fireside Chats"-an impor
tant cohesive force during darkest Depressio� days. At the same time,
trouhles over-taking theater and vaudeville were bringing a new surge
oftalents to radio audiences . . . Meanwhile daytime serials had developed

an extraordinary hold over home audiences . . . Many expressed a dire
dependence on serials. Thanks to this devotion, many businesses were
making a financial comeback through radio sponsorship. If radio was in
creasingly successful, its tone was also increasingly-and aggressively
commercial.

(1975, pp. 72-73)

Annual advertising expenditures for all media-both broadcast and
print-had quadrupled (to $3.43 billion) between 1904 and the Great
Crash; they then plummeted four straight years, to the 1933 low of
$1.3 billion, and did not regain their 1929 level until 1947 (U.S. Bureau
of the Census 1975, p. 856). By sharp contrast, radio advertising-7
percent of all advertising (roughly today's level) by 1935-rose an
nually thereafter, increasing from $113 million in 1935 (the earliest
year available) to $247 million (11 percent) in 1941 and the medium's
all-time relative high of 15 percent ($424 million) in 1945. Rapid dif
fusion of commercial television, introduced in 1939, cut radio's per
centage of the total expenditures for advertising in half between 1945

and 1954, although the share for both broadcast media combined stands
today relatively steady at 30 percent (Sterling 1984, pp. 83-85).

Broadcasting in Control of Mass Consumption
With the development after 1924 of coast-to-coast broadcasting net
works, both radio and television extended the control of consumption
pioneered by the mass-circulation publications or at least certain of its
essential features: low cost, large audience, ubiquitous advertising. As
Sarnoff had envisioned, radios could be mass-produced cheaply: re
ceivers had an average factory value of fifty dollars in 1922, less than

thirty-three dollars in 1939-only twenty-seven dollars discounting
inflation (Sterling 1984, pp. 212, 214). Like nineteenth-century pub
lishers Allen, Munsey, and Curtis, the radio industry believed in heavy
promotion: ''The merchandising attention being given to this new means
of communication," Prinwrs' Ink noted in 1922, "is perfectly astonish-
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ing." In contrast to the twenty magazines that had attained circulations
of 100,000 by 1905 when two million read Pulitzer's World, radio broad
casts in the mid-1920s reached fifty million listeners; by the late 1930s
the programming of a single advertising agency received one million
fan letters per week (Fox 1984, pp. 152, 160).
Unlike newspapers and magazines, broadcasting could reach people
engaged in virtually any kind of waking activity and hence quickly
diffused not only through the population but over the hours of the day.
Housewives, advertisers originally supposed, had little time for radio;
soap operas, introduced in 1929, had become firmly established-along
with daytime programming-by 1933. After mass production of car
radios began in 1930, a new niche in Americans' daily routines could
be filled by broadcasting. One-quarter of all U.S. automobiles had
receivers by 1939, one-half by 1951 (when saturation of households
exceeded 95 percent). So pervasive did the medium become that lis
tening time for radio did not suffer much even from television: the
1935-1943 peak of four hours, forty-eight minutes for radio has today
declined less than one-third, and it has been supplemented by nearly
seven hours of television for a total average exposure to broadcasting
exceeding ten hours per day (Sterling 1984, pp. 211-223).
As a medium for those who hoped to control mass behavior, radio
offered numerous advantages over print media. Like graphics but un
like the printed word, radio could influence illiterates (6 percent of
U.S. adults in 1920) and preliterate children, so that Ipana toothpaste,
for example, could make its radio pitch for "the one in the red and
yellow tube." Unlike newspaper and magazine ads, radio commercials
could not be skipped over-they interrupted desired programming and
could follow listeners from room to room. Even the penniless and
disinterested did not escape as radio gained acceptance in public places
and increasingly spilled out of homes and automobiles onto public streets

(with the mass marketing of transistor radios after 1954, virtually no
escape would be assured). Not only could one listen to radio while
engaged in other activities, including reading, one could continue to
listen Jong after becoming too tired to do anything else-so that broad
casting promised (or threatened) to fill every waking moment of the
day.
Unlike communication via print, broadcasting could be received by
groups-a family in its living room, friends driving to a shopping
center, barroom patrons discussing politics. Because it carried the
human voice, broadcasting could seem more interpersonal, more in-
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titnate, more persuasive than other forms of mass communication.
Because it flowed continually, broadcast content could not be scruti
nized or saved, a disadvantage compared to print for some advertisers,
an advantage for others-and a feature that advertising specialists
would learn to exploit. Much as crowds once lined the New York docks,
awaiting a ship's arrival from England with the next installment of a
Dickens novel, radio audiences now anticipated each new broadcast of
their favorite programs, scheduled their lives around them, and re
membered these and other unscheduled "media events" throughout
their lifetimes. Broadcasting is "the only form of advertising that runs
like a train," as one radio specialist put it, "that people wait for, that
becomes an event or institution in their lives" (Kendrick 1969, p. 115;
Fox 1984, p. 150).
During the reign of the mass print media, as we have seen, adver
tisers paid rates based on a publication's circulation, well measured
after 1914 by the Audit Bureau of Circulations. For radio, by contrast,
audience size-measured by A. C. Nielsen after 1935-depended much
more on the program (and its time of airing) than on the particular
station or network that broadcast it. In other words, the content sur
rounding a commercial and not its means of delivery proved to be more
salient to successful advertising in radio, a fact that led sponsors and
their advertising agencies to struggle for greater control over pro
gramming. Increasingly they produced the highest-rated shows them
selves, leaving the networks to fill less attractive titne slots with more
educational and cultural-but less popular-programming.
Networks, however, clung to the older print system of charging
advertisers according to audience size. While magazine and newspaper
editors and publishers might justify higher fees for increased circu
lation through their efforts to improve their products, radio networks
in effect punished a sponsor who produced programming by pegging
rates directly according to his degree of success. Advertisers, for their
money, enjoyed increased control over communication with prospec
tive customers, derived from largely bypassing the outside editorial
control still maintained by the print media. John Kenneth Galbraith
makes much the same point about the corporate planning system more
generally:
The planning system has little direct power over channels of written
communication . . . The dissenter to the needed beliefs of the planning
system has little problem or risk in expressing his dissent. If nothing else,
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the fact that most instruments of literary communication-newspapers,
magazines, book publishers-must be manned by intellectuals ensures
that the goals of the intellectuals will be respected . . . In one area the
planning system is uniquely powerful, although less in the propagation of
ideas than in general mental conditioning. This is radio and especially
television broadcasting . . . These are essential for effective management
of demand and thus for industrial planning. The process by which this
management is accomplished, the iterated and reiterated emphasis on the
real and assumed virtues of goods, is powerful propaganda for the values
and goals of the system. It reaches to all cultural levels. In the United

States there is no satisfactory noncommercial alternative.

(1967, p. 342)

As radio audiences grew in the 1920s and networks charged higher
and higher rates for advertising, sponsors increasingly cut their print
budgets to stay on the air. Some newspapers retaliated by refusing to
publish radio schedules or advertising. After the Scripps-Howard
newspaper chain broke ranks, however, publishers quickly adopted
the opposite strategy, increasingly buying into radio and television and
actively promoting the new broadcast media. Newspapers owned only

34 stations (5.6 percent) as late as 1929, but 122 (32. 7 percent) in 1940.
Their percentage of AM stations-although not the number-declined
thereafter as publishers' attention shifted to the new �'M radio and
then to television. Meanwhile, radio passed magazines in advertising
revenue in 1939, when newspapers' share fell to 40 percent of the total.
Today, magazines and newspapers combined receive only about one
third of advertising expenditures but own about 30 percent of U.S.
television stations and about 8 percent of FM and 6 percent of AM
radio stations (Sterling 1984, pp. 50-52).
Control over the broadcast mass media became increasingly con
centrated via network and group ownership and network affiliation
during the same period. In 1929 twelve group owners (those with
holdings in more than one market) controlled twenty radio stations
(3.3 percent); by 1939 thirty-nine group owners had 109 stations (14.3
percent). Today group ownership stands at about 70 percent for tele
vision and 30 percent for radio; the three commercial television net
works-ABC, CBS, and NBC-rank among those group owners
with the largest combined audiences. In 1929 network affiliation united
forty-four stations (6 percent) into two networks (NBC and CBS); the
percentage of stations in one of four networks (Mutual appeared in
1934, ABC in 1942) increased through World War II, reaching 50
percent by 1938 and an all-time high of97 percent in 1947. Today about
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70 percent of radio stations are affiliated with one of the same four
networks, about 80 percent of television stations with one of three
commercial networks (Sterling 1984).
Radio stations did not take long to discover the advantages of net

working. On October 7, 1922, hardly a month after the first commercial
broadcast, stations WJZ, Newark, New Jersey, and WGY, Schenec
tady, New York, effected a chain broadcast when they connected to
a single field microphone for the World Series baseball game at the
Polo Grounds, New York City, with ordinary telegraph lines, which
unfortunately did not transmit the highest and lowest frequencies.
Less than three months later, stations WEAF, New York, andWNAC,

Boston, linked with amplifiers and repeater points for more faithful
sound reproduction. On June 21, 1923, the first interregional presi

dential address, President Harding's World Court speech in St. Louis,
was broadcast by station KSD of that city and WEAF in New York.

Control of Public Opinion and Political Behavior
Ironically, it was Calvin Coolidge, inaugurated as President following
Harding's sudden death on August 3, 1923, who first used the national
radio network to consolidate political control. Despite his nickname of
"Silent Cal," Coolidge made numerous radio broadcasts to the nation.

The first, his December 6 address to a joint session of Congress, went
to radio stations via telephone for simultaneous broadcast in six cities,
including Dallas, Kansas City, and Providence.
Two months later, facing nomination and election campaigns, Cool
idge made the first overtly "political" broadcast by a President, a
Lincoln Day dinner speech to the National Republican Club at the

Waldorf Astoria, New York, carried by five stations between Provi

dence and Washington, D.C., and received by an estimated five million
listeners. On February 22, 1924, only two weeks after the first coast

to-coast experimental broadcast had been heard by an estimated fifty
million people, Coolidge addressed the entire continent from his pres
idential study using a forty-two-station hookup, the first radio broad
cast from the White House. That June fifteen affiliates of the NBC
network covered Coolidge's nomination by the Republican Party meet

ing in Cleveland, the first radio broadcasts from a national political

convention (the NBC anchor, Graham McNamee, had announced the

two-station World Series hookup in 1922). On October 23, twelve days
before the presidential election, Coolidge made the first network broad-
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cast to the West Coast, a forty-five-minute speech dedicating the
Chamber of Commerce building in Washington, D.C., which was car
ried by twenty-three stations, including those in Los Angeles, Port
land, and Seattle. The following March 4 twenty-four stations broadcast
Coolidge's inauguraton.
President Coolidge emphasized the importance of the new mass media
by agreeing to address the annual meeting of the American Association
of Advertising Agencies the following year, an occasion that, according
to Pope (1983, p. 112), "exemplified the respectability which advertis
ing men had achieved by the 1920s." The President acknowledged
before the convention delegates the power of the forces he had used
to rally the nation following Harding's death and to assure his own
nomination and election. Mass advertiSing through mass media, Cool
idge said, "is the most potent influence in adapting and changing the
habits and modes of life, affecting what we eat, what we wear, and
the work and play of the whole nation." This new capacity to control
mass behavior, the President told the assembled advertisers, "is great
power that has been entrusted to your keeping" (Presbrey 1929, p.
625).
Others learned of this power ahnost by accident. In Detroit Father
Charles E. Coughlin, at the Shrine of the Little Flower, had begun
radio broadcasts of his sermons (Fig. 8.5). By 1927 this "Radio Priest,"
as he was called, received four thousand fan letters per week. Five
years later he processed eighty thousand letters weekly with the help
of ninety-six clerks. After his 1932 radio speech attacking President
Herbert Hoover as "the Holy Ghost of the rich, the protective angel
of Wall Street," Coughlin received more than 1.2 million letters from
listeners. He attempted to build this radio audience into his own po
litical organization, the National Union for Social Justice, and devel
oped it into an American voice for Adolf Hitler before his support
faded. As Boorstin (1973, p. 476) describes the new power of broad
casting to mobilize mass behavior, "the privacy of radio reception was
an aid to petty would-be dictators, merchants of hate, and demagogues
who secured living-room audiences of Americans who might have hes
itated to attend one of their public rallies."
Louisiana Senator Huey Long became the first American politician
actually to buy radio time to reach a national audience (Williams 1969).
In March 1933, after he had introduced his Long Plan for the Redis
tribution of Wealth, a system to tax the capital of those worth more
than $1 million, Long hoped to bypass the press in presenting his plan
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directly to the American public via the NBC radio network, then eighty
eight stations, about 15 percent of those in the country (Sterling 1984,

p. 12). In his address Long introduced an innovative use of the radio
network to build an audience by tapping into the nation's interpersonal
and social networks via its telecommunications network: "Hello friends,
this is Huey Long speaking," he began. "And I have some important
things to tell you. Before I begin I want you to do me a favor. I am
going to talk along for four or five minutes, just to keep things going.
While I'm doing it I want you to go to the telephone and call up five
of your friends, and tell them Huey is on the air." Such skilled use of
the new medium came easily to Long, a celebrity of late-night radio
who had dubbed himself "the Kingfish" after a protagonist in the Amos

'n' Andy radio series, thereby associating himself with a commercial
broadcast image much as presidential aspirants in the 1984 campaign
would use the fast-food slogan "Where's the beef?"
By tbe 1936 presidential campaign broadcasting had established it
self as crucial to any national effort to influence public opinion and
voting. In a prototype of more recent presidential debates, Michigan
Senator Arthur Vandenberg, a leading Republican spokesman, rebut
ted recorded excerpts of President Roosevelt's speeches. The Repub
licans also attempted to counter the popular appeal of the president's
Fireside Chats by adapting soap operas-called "Liberty at the Cross
roads"-to dramatize what they considered horrors of the New Deal.
The Democrats, meanwhile, had already moved on to experiment with
television: their National Committee made the first political campaign
telecast from CBS studios, New York City, on October 11, 1932, three
weeks before Roosevelt's first election to the White House, when only
a few hundred households had television. Clearly, by the early 1930s
politicians had grasped the importance of broadcasting to influence
public opinion and to affect mass behavior.
If any conclusive demonstration of this influence had been necessary,
it came in 1938. On Halloween eve, Orson Welles's Mercury Theater,
a CBS showcase for serious dramatic productions, broadcast an adFigure 8.5. Father Charles E. Coughlin broadcasting live from the Shriue of
the Little Flower in Detroit, Michigan. By 1927 this "Radw Priest" received
four thousand fan letters per week. In 1932 his mail peaked at 1.2 million
letters following a single ln'oadcast, an attack on President Herbert Hoover.
Coughlin's popularity faded after he attempted to make his political organi
zation, the National Union for Justice, into an American voice for Adolf
Hitler.
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aptation of H. G. Wells's novel War of the Worlds that described a
Martian invasion of the United States as reported live by announcers
on the scene. More than six million people heard some part of the
program and, despire disclaimers of authenticity throughout the broad
cast, an estimated one million listeners believed the conquest of earth
by Mars to be actually in progress. Before the hour-long program had
ended, many telephone exchanges had jammed and hundreds of thou
sands of people crowded evacuation routes recommended in the dram
atization (Koch 1970). Hadley Cantril, a Princeton University social
psychologist who conducted 135 postbroadcast interviews to catalog
reactions to the program, found general panic across all geographical,
educational, and economic groupings (Cantril 1940). "A tidal wave of
terror swept the nation," one newspaper reported the following morn
ing.

Government Control of Broadcasting
Radio's growing power to influence public opinion and mass behavior
did not go unnoticed by the federal government. Its efforts to control
broadcasting began as early as 1912, when a new law required that
each transmitter be federally licensed. The requirement went un
heeded by many amateur broadcasters, then numbering in the thou
sands, who delighted-much like today's computer "hackers"-in long
distance mischief, to the extent of allegedly sending fake orders to
U.S. Navy ships at sea, purportedly from admirals (Lessing 1956).
After the United States declared war on Germany, the navy sealed
all amateur radio equipment and seized all commercial shore instal
lations, most of which were American Marconi stations. These served
for control of shipping, naval intelligence, and eventually for propa
ganda, including President Wilson's Fourteen Points, broadcast
throughout the world from transoceanic transmitters (Schubert 1928).
The official U.S. history of naval communications (U.S. Navy De
partment 1963) calls this period the "Golden Age."

After the armistice in the fall of 1918 the navy proposed to Congress,
in a bill enthusiastically endorsed by the State Department, a naval

monopoly of all U.S. broadcasting. Opposition from the amateurs, many

of whom had served in war communication, helped to table the bill
(Lessing 1956). The navy then pushed for its second choice, a private
monopoly. This was established in October 1919 with the Radio Cor
poration of America (RCA), to which American Marconi, its stations
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still held by the U.S. government, agreed to transfer all assets. In
corporation papers stipulated that only American citizens could serve
as directors or officers and that foreigners could not hold more than
20 percent of the stock; the board included a seat for a federal
representative. General Electric replaced British Marconi as parent
company; navy admiral W. H. G. Bullard became its government
representative. RCA soon ·had three additional corporate partners,
Westinghouse, AT&T, and United Fruit, together representing some
two thousand electronics and communieation_s patents (Archer 1938).
Because of this patent monopoly, which seemed to defy the Sherman
and Clayton antitrust acts, the federal government-despite its in
volvement in forming RCA-began to take antimonopoly action. The
Federal Trade Commission launched an investigation of radio monop
oly in 1923 and the following year issued a formal charge that the
partners in RCA had "combined and conspired" to restrain trade and
to create a monopoly in the manufacture and sale of radio devices and
in domestic and transoceanic broadcasting and telecommunications.
After secret negotiations the corporations in 1926 agreed on a response:
their stations would be pooled in a new company, National Broad
casting (NBC), to be owned jointly by RCA, GE, and Westinghouse
(the latter two still owning large shares of RCA); AT&T would with- ·
draw from active broadcasting by selling its stations or merging them
with others, but it would lease under long-term contract the lines to
form the NBC network (Archer 1939).
In the same year a U.S. district court ruled, in United States v.
Zenith, that the Secretary of Commerce had exceeded the licensing
authority of the 1912 law, a decision that soon brought anarchy to the
airwaves. Congress responded by passing the Radio Act of 1927, which
established the Federal Radio Commission to handle licensing. Anti
monopoly sentiment found its way into several clauses of the new law,
including one repudiating the idea that wavelengths could be owned
as permanent property, another specifically barring licenses to parties
found guilty of "unfair methods of competition." Within the month
RCA voluntarily loosened its patent policy and agreed to license several
of its competitors in return for royalties based on sales (Barnouw 1966).
The following year, satisfied with this voluntary action, the FTC dropped
its monopoly investigation of broadcasting.
The 1929 stock market crash, which exposed many business scandals,
brought renewed antitrust zeal throughout the country. In May 1930
the Justice Department filed suit against RCA and its patent partners
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and demanded termination of the 1919-1921 patent agreements and
an end to interlocking ownership and directorates. Late the following
year AT&T announced its withdrawal from the earlier cross-licensing
agreements, many of which were to expire soon anyway. The following
year, wary of the prospect of Franklin Roosevelt gaining the Vl-'hite
House and fearing the automatic Joss of multimillion-dollar licenses if
convicted in the antitrust suit, GE and Westinghouse reluctantly de
cided to withdraw from RCA. They retained ownership of stations to
he managed by NBC, which became a wholly owned subsidiary of RCA
(Archer 1939). The signing of the consent decree, Jess than two weeks
after Roosevelt's election, effectively terminated all antitrust actions.
President Roosevelt, who quickly perfected radio broadcasts as a
means to control public opinion, especially through his Fireside Chats
during the banking crisis of 1933, proposed stronger government con
trol of media: a new Federal Communication Commission (FCC) would
consolidate control of broadcasting, replacing the FRC, and control of
the telephone system, taken from the Interstate Commerce Commis
sion. After passage of the Communications Act of 1934, the newly
formed FCC prepared for intensive study of an emerging medium:
television. Scarcely a dozen years after the advent of commercial radio,
the nation's infrastructure of electronic mass communication and its
control stood largely complete: competing national networks of broad
cast stations, linked by cables of the telephone system and financed
through advertising, would operate on temporary licenses subject to
federal government control (Barnouw 1968) (Fig. 8.6).

The Rise of Market Feedback Technology
As attested by the newspaper photographs of citizens brandishing
shotguns and rifles against an impending attack by Martians on Hal
loween eve in 1938, the broadcast media can serve as an effective means
to influence mass behavior. For this influence to constitute control in
the strong sense discussed in Chapter 1 , however, mass communication
must be supplemented by a reciprocal flow of information from the
mass audience back to the media writers and programmers who seek
to attract and bold its attention, to the advertisers who seek to stim
ulate and control its consumption behavior, and to the politicians wbo
seek to influence its opinions and its vote. Consolidation of the Control
Revolution after 1900 brought the steady development of just such
market feedback technologies.
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infrastructure ofelectronic 1nass communication had become essentially what
it remains today: a few competing national networks of broadcast stations
financed through advertising and operating on temporary licenses subject to
federal government control. (Courtesy of the Radio Corporotion ofAmerica.)
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Market feedback, the flow of information from retailers and con
sumers back to advertisers and others seeking to control mass behav
ior, can take several major forms: information on sales of advertised
products or of an industry in general; other characteristics of industries
or retail establishments; surveys of mass media audiences or of con
sumers generally. Technologies for collecting and processing all of
these types of information had appeared by the late 1910s and contin
ued to develop steadily through the 1930s, the period of transition for
the Control Revolution. Most historians of market research (Hower
1949; Bartels 1962; Pope 1983) trace its origins to the "commercial
research" or "trade investigation" that appeared about 1910, roughly
a twenty-year lag behind the rise of mass-circulation media and mass
advertising.
As early as 1879, as we saw in Chapter 6, the N. W. Ayer & Son
advertising agency had a prospective client asking for market research.
A manufacturer of grain threshers, the Nichols-Shepard Company,
insisted that Ayer find out where threshers sold and then compile a
list of newspapers with subscribers in the same areas. In three days,
based on telegrams to state government officials and publishers
throughout the grain belt, Ayer compiled a survey of the thresher
market, which it gave to Nichols-Shepard free in exchange for the
advertising account. Although such market information seems ob
viously useful to us today, manufacturers and distributors had little
need for it before crisis in the control of consumption made it necessary
and the rise of mass media and mass advertising enabled it to be
exploited. Ralph Hower, Ayer's historian, finds only sporadic and in
frequent use of market analysis before 1900, when the agency assigned
the task to an undifferentiated "Business-Getting Department" (Hower
1949, pp. 72-77). After studying early advertising more generally,
Pope (1983, p. 141) concludes: "However elementary, Ayer's work
appears more advanced than what other agencies offered at the time.
Market research was slow in getting started."
As can be seen in Table 8.3, however, which summarizes the major
innovations in mass feedback technologies before World War II, mar
ket research developed rapidly after 1900, especially in the 1910s and
steadily thereafter, adapting smoothly to the shift in mass communi
cation from print to broadcasting. By 1935 separate professions of
market and survey research had differentiated around a specialized
arsenal of feedback technologies: ad testing (1906), systematic retail
statistics (1910s), questionnaire surveys (1911), coded mailings (1912),

Mass Consumption

379

Table 8.3. Selected innovations in market feedback technologies for control
of consumption, 1900-1940
Year

Innovation

1900

Lord & Thomas agency establishes "record of results1'
department

1906

Lord & Thomas invites clients to test copy in different cities

c. 1910

Market research begins to be widely adopted, formalized

1910s

Statistics on retail operations collected by the Harvard
Bureau of Business Research, National Retail Dry Goods
Association

1911

Fifty national advertisers support a postcard-questionnaire
survey of magazine readership, use it to estimate duplicate
circulation
Charles Parlin, Curtis Publishing, studies agricultural
implement industry, calls 460-page report "commercial
research"

1912

Parlin visits all cities of 50,000 population to estimate the
business of department stores and dry goods wholesalers
J. Walter Thompson agency commissions study of stores by
category and state, to be updated every five or six years
William Shryer uses concealed code to test mail order ads

1914

Association of American Advertisers organized to verify
newspaper circulation figures, establishes Audit Bureau of
Circulations

1916

House-to-house market interviewing introduced by Chicago
Tribune
Ad agency (Thompson), corporation (U.S. Rubber) establish
their own market research departments
Business text published with chapter on qualitative market
analysis

1919

Textbook devoted exclusively to market research published

1920

New edition of Thompson retail survey used by 2,300 firms
Curtis Publishing conducts saturation survey of Sabetha,
Kansas

1921

Percival White develops concept of "measurability of markets"

1923

Radio offer of free autographed photo draws hundreds of
letters, convinces advertisers of medium's large potential
audience

1926

Curtis Publishing conducts a "Dry Waste Survey" by
collecting and analyzing trash of 56 Philadelphia families for
four wee!;;:s
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Table 8.3 (cont.)
Year

Innovation

1928

American Tobacco tests appeal of its "Lucky Strike Dance
Orchestra" radio show by halting other media ads, finds
sharp sales rise

Late 1920s

George Gallup, advertising and journalism professor, begins
surveys of newspaper reading habits

1929

U.S. Department of Commerce launches the Census of
Distribution
Archibald Crossley devises a radio audience measurement
system based on surveys; results come to be called
'1Crossley Ratings"
Survey research textbook published for market researchers

c. 1930

Morris Hansen, U.S. Census Bureau, begins to develop large
scale statistical sampling theory for survey research

1931

Manual published for field work in market research

1933

A. C. Nielsen begins retail-sales index based on druggists'
records

1935

Gallup, Elmo Roper begin national surveys using scientific
samples
Nielsen adopts the audimeter to monitor radio audiences

1937

American Marketing Association Committee on Marketing Re
search Techniques publishes summary of best techniques

1940

R. P. Eastwood publishes Sales Control by Quantitative
Methods on control of production and sales based on market
forecasting

audits of publishers' circulations (1914), specialized market research
departments and house-to-house interviewing (1916), research text
books (1919), saturation (1920) and dry waste (1926) surveys, a census
of distribution (1929), sampling theory for large-scale surveys (c. 1930),
field manuals (1931), retail sales indices (1933), national opinion sur
veys, and audimeter monitoring of broadcast audiences (1935).
Compilations of statistics on industries and retailers, like the spo
radic efforts of N. W. Ayer in the late nineteenth century, began to
be systematized after 1910. Both the Harvard University Bureau of
Business Research and the National Retail Dry Goods Association, for
example, began to collect and publish data on retail store operations
in the 1910s (Bartels 1962, p. 117). Pioneering compilations of industry
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statistics came from both the Curtis Publishing Company and the
J. Walter Thompson advertising agency, both of which established
specialized research departments in the 1910s.
When Cyrus Curtis, publisher of the Ladies' Hwne Journal and the

Saturday Evening Post, purchased the Country Gentleman, he hired
Charles Parlin, a young Wisconsin schoolteacher, to collect data on the
agricultural implement industry, then responsible for most of his new
acquisition's advertising. After six months spent interviewing manu
facturers, retailers, and farmers themselves, Parlin had compiled a
460-page statistical report on farm implements-who made them, who
sold them, who bought them, when, where, how, and why.
Encouraged by advertisers' reception of this report, which revealed
many unsuspected facts, Curtis in 1912 sent Parlin on a tour of tbe
hundred largest U.S. cities (those of more than fifty thousand popu
lation) to estimate the business of department stores, dry goods whole
salers, and merchant tailors. After traveling thirty-seven thousand
miles and conducting 1,121 interviews, Parlin issued a four-volume
report,

Department Store Lines, which distinguished "convenience"

purchases (daily, inexpensive, impulsive) from "shopping" purchases
(irregular, more expensive, premeditated, postponable). Two years
later Parlin completed the five-volume Autwnobiles (1914), a study of
the manufacturing and distribution of about a hundred widely sold
makes, which he correctly foresaw would decrease in number, and of
the components of consumer purchasing decisions. This report in
creased automotive advertising not only in Curtis publications but in
national magazines more generally (Bok 1923; Bartels 1962, pp. 108109).
In the same year Stanley Resor, head of the J. Walter Thompson
agency's branch office in Cincinnati, commissioned a national survey
of retail establishments. His immediate motivation came from Red
Cross Shoes, a client that Fox (1984, p. 84) describes as "hobbled by
a haphazard distribution pattern, in part because no one knew where
the appropriate retail outlets were located." Resor, a Yale graduate
and student of the Darwinian sociologist William Graham Sumner,
drew inspiration for the Thompson agency's solution-the secondary
analysis of census statistics-from his favorite text, Henry Thomas
Buckle's History of Civilization in England (1857), which used this
technique to make inferences about the distribution of population and
wealth. Resor's study, Papulation and Its Distribution (1912), de
scribed consumer populations surrounding all major cities and listed
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retailers by state and type: hardware, drug, grocery, dry goods, and
clothing. Revised and expanded every five or six years, the 1920 edition
had 218 pages, sold for $2.50, and found use in 2,300 companies (Fox
1984, pp. 79-94).
By 1929 the U.S. Department of Commerce had launched its own
Census of Distribution and thereafter began to collect an increasing
number of statistics on wholesale and retail establishments and the
goods and services they distribute (U.S. Bureau of the Census 1975,
pp. 834-838). In 1933 Arthur C. Nielsen, who would eventually devise
the audience ratings for radio and television that still bear his name,
devised a novel retail-sales index for druggists based on data from
their own records. Buoyed by the demand for his index from drug
advertisers, Nielsen developed a "Food Drug Index" and several other
retail-sales indices. By 1937, despite the Depression, Nielsen grossed
more than $1 million annually by providing feedback on retail sales
(Boorstin 1973, p. 154).
Feedback from the Mass Audience
Just as Red Cross Shoes needed market information to control distri
bution among the rapidly diffusing retail outlets of the 1910s, busi
nesses about this time realized a similar need for information on audiences
of the proliferating mass media outlets for their advertising. In 1911,
suspecting that advertising dollars might be wasted on overlapping or
misdirected mass communication, R. 0. Eastman, advertisingmanager
for Kellogg breakfast foods, persuaded fifty other national advertisers
to join him in a postcard-questionnaire survey of magazine readership.
Results confirmed his suspicions: the rapidly growing number of mass
distribution magazines had unexpectedly complex and overlapping dis
tributions of readers.
Bolstered by the usefulness of such information for targeting ad
vertising and thereby maximizing the audience per dollar spent, East
man easily persuaded the other companies to support further research.
By 1917 he had established his own market research firm. His first
client, General Electric, wanted to know what the trademark "Mazda"
meant to American consumers. Meanwhile, the publishers themselves,
prompted by the knowledge that advertisers had developed independ
ent means to verify precisely circulation claims, began in 1914 to sub
sidize a new Audit Bureau of Circulation, which they gave authority
to examine their own records. Within two decades more than 90 per-
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cent of daily U.S. cireulation would come under the bureau's audit
(Presbrey 1929; Boorstin 1973, p. 150).
By this time, however, advertisers conld reach consumers via radio.
As we might expect, the idea to nse broadcasting in the bureaucratic
control of consumption did not come immediately bnt only after the
new medium of mass communication had been sufficiently rationalized.
As historian Daniel Boorstin describes the problem, "When David
Sarnoff urged his associates to invest in the new wireless 'mnsic box,'
they objected that it had no imaginable commercial future, becanse it
depended on 'broadcasting.' That meant, of course, sending ont mes
sages 'broadcast' to persons who could not be identified, connted, or
located. Since no visible connection was required between broadcaster
and receiver, who could tell who was receiving the message? And who
would pay for a message sent to nobody in particular?" (1973, p. 154).
The latter question had a quick answer as a result of early and
inadvertent market feedback. In January 1923, less than five months
after the advent of commercial radio, the cosmetic Mineralava spon
sored a broadcast over WEAF, New York, titled "How I Make Up
for the Movies," which offered an autographed photo of actress Marion
Davies free to listeners. Requests poured in by the hundreds, a sur
prising response when only sixty thousand households in the entire
country had receivers (Sterling 1984, p. 222). The response convinced
several advertising agencies to begin advertising products-B. F.
Goodrich tires, Eveready batteries, Happiness Candy, Lucky Strike
cigarettes-over the same station, which was then charging $10 per
minute (Banning 1946; Barnouw 1966).
As the numbers of both advertisers and listeners continued to grow
through the 1920s, the cost of commercial radio time also rose. Ad
vertisers, educated by their experience with print media circulations
and goaded by newly specialized market research departments (Bartels
1962, p. 109; Pope 1983 , p. 142), increasingly demanded to know whom
their broadcast messages might reach and the cost relative to other
media. But how to know? "Advertising on the airwaves offered the
market researcher a puzzling new problem,'' according to Boorstin
(1973, p. 154). "While a publisher could identify his subscribers and
could locate his newsstand sales, the radio broadcaster could only guess
who might be listening.''
More precise measurement of radio audiences came in 1929, when
a market researcher, Archibald Crossley, devised a system based on
random telephone calls. Introduced publicly the following year, the
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resulting statistics soon came to be known as the "Crossley Ratings,"
the equivalent for broadcasting of the print media's Audit Bureau of
Circulations. A few years later, sales-index pioneer Arthur C. Nielsen,
an engineering graduate of the University of Wisconsin, learned of a
device developed at MIT to record the times that a radio receiver had
been in operation and the frequencies received. Nielsen decided to
install these "audimeters" in a random sample of radio households to
record listening times and stations, data that his Chicago office cor
related with programs broadcast to determine the relative popularity
of shows. Introduced in 1935, these audimeter"Neilsen Ratings" would
require seventeen years and $15 million before turning a profit for the
company; they became particularly prestigious in television after the
early 1950s (Barnouw 1966, 1968). Responding to the challenge of the
audimeter, Crossley studies by 1939 had begun to report the number
of radio sets-up to 25 percent-left on in empty rooms (Boorstin
1973, p. 155).

Feedback on Mass Consumption
In addition to the sizes of media audiences, advertisers increasingly
wanted to measure the effectiveness of the messages that reached
them. As early as 1900 Lord & Thomas, a Chicago advertising agency,
had established a "Record of Results" department to which it required
clients to submit weekly reports of sales of advertised products and
of responses to coupon and mail-order solicitations. The agency collated
reports from all clients, comparing the results for all advertisements
in each publication. By 1906 Lord & Thomas emplayed eight clerks to
process information from six hundred clients in estimating the relative
effectiveness of four thousand magazines and newspapers. Thus the
agency rationalized control by means of increasingly sophisticated in
formation collection, storage, and processing procedures over the highly
ambiguous areas of media reach and ad effectiveness. In the summary
of Stephen Fox, who quotes from Printers' Ink of April 18, 1906,
The results were occasionally surprising, showing good returns from small,
obscure media and poor yields from large, famous ones. Ad placement,
traditionally dependent on a medium's reputation and a sixth sense of the
agent's, thus acquired a more rigorous procedure. "We have a positive
gauge on mediums and copy," [Morris] Lasker [partner in Lord & Thomas)
declared in 1906, "such as is probably to be found nowhere else." When
an ad failed, the advertiser normally did not know whether to blame the
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copy or the medium. But at L & T, the question was simplified if a dozen

one medium. "We know copy can't be
wrong with all,11 Lasker explained, "so the paper comes under suspicion.

different campaigns all bombed in

If it is really weak, all our advertisers are out within a month, and there
is a big aggregate saving." Once under way, the recOrd-of-results de
partment churned out its findings routinely, providing a steady fl.ow of
hard data with which to pick media and impress clients.

(1984, p. 61)

The same techniques could be used to test the relative effectiveness
of different ads, ad campaigns, and approaches to mass communication
more generally. Supported by quantitative evidence, Lord & Thomas
'
after 1906 circulated more than seven thousand copies of a pamphlet,
The Book of Advertising Tests, which invited new clients to test their
former advertisements in one city against the agency's in another
probably the earliest use of comparative market experiments for ad
testing. The idea brought in hundreds of letters per week from ad
vertisers (Fox 1984, p. 50).
With the advent of commercial radio in the 1920s, advertisers adopted
experimental designs to test the power of the new medium to stimulate
consumption. When The Lucky Strike Dance Orchestra, produced by
Lord & Thomas for American Tobacco, debuted on thirty-nine NBC
stations in September 1928, the company stopped advertising Lucky
Strike cigarettes in other media. After sales rose 47 percent in No
vember and December, both the show-which would become Your Hit
Parade and eventually move to television-and the medium became
firmly established vehicles for cigarette advertising (Fox 1984, p. 154).
During radio's era, 1922-1954 (the latter year being the one in which
television first eclipsed the older medium in advertising dollars), cig
arette production rose 750 percent while cigars fell 11 percent and pipe
tobacco fell 50 percent (U.S. Bureau of the Census 1975, p. 690).
Whatever role broadcast advertising might have played in these trends,
its widely perceived influence eventually prompted Congress in March
1970 to remove cigarette ads from both radio and television effective
the following January.
Just as advertisers sought to measure media audiences and the ef
fectiveness of media messages by the 1910s, they also began to seek
feedback from the intended recipients of their messages: individual
consumers themselves. William A. Shryer, a Detroit publisher and
mail-order advertiser, provided pioneering work on actual consumer
behavior. ln 1912, eager to maximize returns from his mail-order busi
ness, Shryer began to code ("key") his mailings to provide information
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on which appeals brought which responsea from which groups of po
tential customers (Shryer 1912). Unlike Eastman's postcard-question
naire survey the previous year, which sought merely to specify audiences
for mass-circulation magazines, Shryer sought information on the pref
erences and behavior of the audience itself.
Contrary to the prevailing but untested theory that advertising had
a cumulative effect (Scott 1903, 1908), Shryer found the analog of
biological habituation. This major result he called "the law of dimin
ishing returns . . . the real Jaw of advertising'' (Shryer 1912, p. 47).
The model of cumulative effect, Shryer argued on behalf of his newer
theory, presupposed that an advertiser could gradually add to his
argument with each potential customer until the balance finally tipped
in favor of purchase. This, in turn, presupposed that consumers acted
out of reason, while Shryer's experiments with coded mailings sug
gested that "it would be unprofitable for the advertiser to center his
appeals around . . . the exercise of a function so slightly developed"
(Shryer 1912, pp. 79, 110).
According to Shryer's analysis, information and reasoning alone did
not move people to act. Consumers did not weigh benefits against costs;
they responded to stimuli, including veiled suggestions and even mere
images. Therefore, Shryer concluded, expressing a view that would
characterize advertising practice throughout the 1910s and 1920s (Pope
1983, chap. 6; Fox 1984, chaps. 2, 3): "It is a favorite superstition that
because reason is peculiar to the human being it is his prevailing guide
to action. Nothing could be much farther from the truth. Man . . .
actually . . . is a creature of habits" (Shryer 1912, p. 45).
This view did not imply that market feedback and its scientific analy
sis would not be useful to control consumption. On the contrary, to
the extent that consumers did not act according to reason, their be
havior could not be predicted by any advertising "theory" and would
require continuous monitoring to detect habituation to messages and
other changes in preferences and habit. Just such monitoring of mass
populations had begun to develop by the turn of the century in what
would become the most widely used of all market feedback technolo
gies: survey research.

The Rise of Survey Research Techology
By the 1890s widespread concern for social reform had created a gen
eral interest in social investigation and the collection of social statistical
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data. As early as 1895 G. Stanley Hall, educational psychologist and
founder-president of Clark University, used eight hundred workers to
administer sixteen different questionnaires to some eighty thousand
schoolchildren (Ross 1972). America's first social science survey of a
general population, the Pittsburgh Survey, was completed in 1908 with
support from the Russell Sage Foundation; the word questirmnaire
entered popular American discourse from educational psychology about
the same time. By 1928 a bibliography of social surveys in the United
States listed nearly three thousand titles (Boorstin 1973, pp. 155, 231).
Advertisers and marketers did not take long to adopt similar tech
niques. By the mid-1910s Stanley Resor of J. Walter Thompson's Cin
cinnati office, himself a college graduate, had decided that his employees
suffered from too much book learning and too little practical experi
ence. Consequently, Resor sent all of his copywriters and artists into
the field to ring doorbells, interview housewives, and develop a prac
tical feel for consumer tastes (Fox 1984, p. 84). In 1916 the Chicago
Tribune began more systematic house-to-house interviewing through
out its metropolitan area to gather consumer information for its ad
vertisers (Boorstin 1973, p. 152).
During the next decade Curtis Publishing greatly advanced con
sumer research with a series of innovative surveys. In 1920 the com
pany's Research Department conducted a saturation survey of 144
square miles surrounding Sabetha, Kansas, interviewing all but twenty
families on brand preferences and buying behavior. Curtis also un
dertook a "National Pantry Survey," an inventory of cupboard shelves
in 3, 123 households in eighty-five neighborhoods in sixteen states. In
Watertown, New York, Curtis staged an "Every-House-and-Every
Outlet Survey," obtaining detailed information on all but 727 of the
city's 28,930 households (97.5 percent). During four weeks in July and
August 1926 the company conducted its "Dry Waste Survey": it col
lected the trash from fifty-six Philadelphia families, fourteen from each
income quartile, and quantitatively analyzed the resulting six thousand
discarded packages and containers. The findings of such studies not
only attracted advertisers to Curtis publications like the Saturday
Evenirl{} Post and Ladies' Home Journal but also presumably in
creased the efficiency and effectiveness of their advertising and dis
tribution-and hence control of.consumption (Bok 1923; Bartels 1962;
Boorstin 1973, chap. 17):
At the same time George Gallup, a professor of advertising and
journalism at Northwestern University, had begun to conduct surveys

388

Toward an Information Society

of newspaper readers to find out what attracted their attention (the
picture page led with 85 percent, followed by tbe most popular comic
strip with 70 percent and editorial cartoons with 40-50 percent, a
power of graphic images that would be confirmed by television). By
1931 Gallup's interviewers bad rung fifteen thousand doorbells to find
out which magazine ads people most remembered seeing. They dis
covered that the appeals advertisers used least frequently actually
drew the most attention: sex and vanity, tied for ninth and last place
in usage, placed first and second with women; sex scored second with
men after quality.
When Gallup published these findings, they quickly became what
tbe journal Advertising and Selling described in March 1932 as "prob
ably the most discussed topic of the day" (Fox 1984, p. 138). The
following month Raymond Rubicam hired Gallup away from academia
to the Young & Rubicam advertising agency, a position he held for
sixteen years. Annual billings of the agency, the first to use modern
survey techniques to collect and analyze market feedback on a large
scale, continued to rise despite the Depression, doubling to $12 million
between 1927 and 1935 and rising to $22 million by 1937 and $53 million
in 1945, when Young & Rubicam ranked behind only J. Walter Thomp
son among U.S. agencies (Fox 1984, pp. 139, 332).
Gallup's quantitative and systematized feedback from the mass au
dience helped to rationalize the stimulation and control of consumption
far beyond his own agency. According to Stephen Fox, Gallup "showed
that readers preferred short paragraphs, type 'widows' to leave white
space at the end of paragraphs, and other type devices-italics, bold
face, subheads-to break up the copy and maintain attention. Further,
tbe audience preferred rectangular pictures, not odd shapes, and un
cropped photos. Gallup's influence extended outside Y&R, as reflected
in the trade's greater use of nudity and sex appeal, a general adoption
of comic-strip formats, and the appearance of other readership ser
vices" (1984, p. 139).
While Gallup pioneered a more scientific market research, MoITis
Hansen, a mathematical statistician at the U.S. Census Bureau, worked
to extend formal sampling theory to large-scale survey research de
signs. One implication of Hansen's theory, developed around 1930, was
that surveys like the Curtis studies of Sabetha and Watertown and
Gallup's magazine study wasted resources-their samples could have
been much smaller to yield roughly the same accuracy of results. Dif
fusion of Hansen's sampling theory and methods in the early 1930s
made economically feasible the first national public opinion surveys by
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Gallup and Elmo Roper in 1935. Such surveys remain the major mass
feedback technology-for politicians as well as other advertisers-in
use to this day. In 1971 an article in Science magazine ranked the
contributions of Hansen and Gallup as two of the forty-two "major
advances in social science" between 1900 and 1936 (Deutsch, Platt, and
Senghaas 1971).

Professionalization of Market Research
As we might expect, the business of providing market feedback for
control of consumption became increasingly specialized and profes
sionalized throughout the transition to the Control Revolution. As we
have already seen, market research, the study and application of meth
odology as distinct from actual marketing, became increasingly spe
cialized and formalized beginning about 1910 (Bartels 1962, p. 106).
By 1916 both an advertising agency (J. Walter Thompson) and a major
industrial corporation (U.S. Rubber) had specialized market research
departments (Bartels 1962, p. 109; Pope 1983, p. 142).
The same year brought a new business text (Shaw 1916) with a
chapter devoted exclusively to market research; the field had its own
text (Duncan 1919) three years later (Bartels 1962, pp. 111-112). In
the early 1920s Percival White, a pioneering theorist in the develop
ment of what Robert Bartels (1962) calls "marketing thought," began
to develop the concept of "measurability of markets" and its use for
prediction and market control; he eventually published the first sys
tematic manual for field workers in market research (White 1931). The
first comprehensive survey research text (Reilly 1929) intended for
market researchers appeared in 1929; by 1937 a Committee on Mar
keting Research Techniques, appointed by the American Marketing
Association, had published a summary of what it considered to be the
best research techniques (Bartels 1962, pp. 114-118).
Three years later the first study of production control based on sales
forecasting and methods for controlling sales appeared in print (East
wood 1940). The title, Sales Control by Quantitative Methods, reflects
the extension of Alfred Sloan's idea that industrial production and
resource allocations can be controlled by market feedback. As the title
suggests, a highly rationalized mass market feedback had become firmly
established in control of consumption by World War II. As with the
control of production and distribution, however, increasingly ration
alized control of consumpton would depend on the continued growth
of bureaucracy and other more generalized control technologies.

9
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Revolution in Generalized Control:
Data Processing and Bureaucracy
As every man goes through life, he fills in a number of forms for the
records, each containing a number of questions . . . There are thus
hundreds of little threads radiating from every man, millions of threads
in all. If these threads were suddenly to become visible, the whole sky
would look like a spider's web . . . They are not visible, they are not
material, but every man is constantly aware of their existence.
-Alexander Solzhenitsyn, Cancer Ward

CONTROL of any purposive processing system can be no better than
its most generalized and distributed processor of information. As we
saw in Chapter 3, bureaucratic organization has served as the gen
eralized means to control all large social systems, tending to develop
whenever collective activities need to be coordinated toward some
explicit and impersonal goal, that is, to be controlled. Chapter 6 de
scribed a crisis of control in office technology and bureaucracy in the
1880s, as the growing scope, complexity, and speed of information
processing-including inventory, billing, and sales analysis-began to
strain the manual handling systems of large business enterprises. This
crisis had begun to ease by the 1890s, owing to innovations not only
in the processor itself (formal bureaucratic structure) but also in its
information creation or gathering (inputs), in its recording or storage
(memory), in its formal rules and procedures (programming), and in
its processing and communication (both internal and as outputs to its
environment).
Innovation in structure developed after the emergence of bureauc
racy itself in its modern form by the late 1860s, complete with a dozen
or more operating units (in the large wholesale houses) controlled by
a hierarchy of salaried managers. Generation of information greatly
improved with the modern keyboard typewriter (1873); new inputs
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came from the stock-ticker (1870), messenger news service (1882), and
press clipping service (1884). Information recording and storage ca
pabilities increased with the systematization of office record keeping
(early 1870s) and the dictating machine (1885). Programming of man
agement with generalized bureaucratic practices became more exten
sive after the founding of Wharton (1881) and other university business
schools. Information processing improved with the keyboard calculator
(1887) and punch-card tabulator (1889); interoffice communication be
came easier with the desk telephone (1886). Internal bureaucratic con
trol, in the sense of the comptroller or auditor, also developed with
the independent accounting firm (1883) and national professional or
ganization of accountants (1886).
Rapid innovation in all of the various components of the bureaucratic
controller continued to gather momentum throughout the transitional
period of the Control Revolution. As in the earlier response to crisis
in control, developments came not only in bureaucratic structure itself
but also in the various components of its capability to process infor
mation and to control environments· both internal and external. To
gether these developments continued a revolution in the most generalized
and distributed control of the material economy, which advanced in
only a half-century from the first modern bureaucracies to the advent
of computers, a new level of generalized information processing and
hence control.
Innovation and Growth in Bureaucracy
Continuing innovation in bureaucratic structure has already been re
viewed, up to the War Production Board of World War II, in Chapter
7. As we saw there, the General Electric Company pioneered the
centralized, functionally departmentalized organizational structure in
the mid-1890s. Within a decade this new information processor, built
of the collective cognitive power of hundreds of individual human beings,
had been adopted and perfected by several large industrial enterprises,
most notably DuPont. By the mid-1920s old and new forms of bureauc
racy had been synthesized by General Motors in an organizational
structure that had both multiple branches and decentralized control:
a general office overseeing autonomous, functionally integrated divi
sions.
Outside of manufacturing, the modern, functionally departmental
ized bureaucratic structure developed first among life insurance com-
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panies, in response to marketing control requirements similar to those
of General Electric and other mass producers of machinery. For ac
tuarial reasons life insurance companies could not become viable busi

y and

nesses until they had enough customers to spread risks widel

thereby control the rate of return on investments. As with mass pro
duction, large volume in life insurance-stimulated and controlled
through advertising, direct canvassing by salesmen, and local customer
relations offices-also meant lower and hence more competitive unit
costs. By the 1890s, confronting these needs and the advantages of
generating volume, insurance firms began to open branch offices op
erated by salaried employees and centrally managed through func
tionally specialized divisions like sales, operations, and investments
(Keller 1963; Buley 1967).
Innovation in bureaucratic structure as an information processor and
controller had essentially ended by the mid-1920s. The multidivisional
decentralized structure adopted by General Motors, DuPont, and later
by U.S. Rubber, General Electric, Standard Oil, and other technolog
ically advanced industries that integrated production with distribution,
had emerged by this time. As technological advances permitted control
of throughputs and stock turns of increasing volume and speed after
World War I, the integrated enterprises adopted new products that
exploited by-products of their manufacturing and brought more effec
tive use of their purchasing and marketing organizations. Pioneered
by DuPont, which in the 1920s scrambled to sustain managerial struc
ture and facilities greatly expanded during wartime mobilization, di
versification of products and markets had by the late 1920s become an
explicit strategy of growth for several business enterprises. Alfred
Chandler describes the contribution of the new bureaucratic form:

The multidivisional structure . . . institutionalized the strategy of di
versification. In so doing, it helped to systematize the processes of tech
nological innovation in the American economy. The research department
in such enterprises tested the commercial viability of new prod
ucts . . . The executives in the general office, freed from day-to..day op
erational decisions1 determined whether the company's managers could
profitably process and distribute these new products . . . If the market
was quite different, a new division was formed. By the outbreak of World
War II, the diversified industrial enterprises using the divisional orga
nization structure were still few, but they had become the most dynamic
form of American business enterprise. (1977, pp. 475-476)
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Such distributed control throughout the material economy depended
on a rapid increase in the aggregate bulk of bureaucracy, a fact re
flected in labor force statistics for the transitional period leading into
the Control Revolution. Compared to the total civilian labor force,
which grew 28 percent during 1900-1910 (the earliest decade for which
statistics are available), managers increased 45 percent and clerical
workers 127 percent. During the 1910s, when the labor force grew 13
percent, managers increased 14 percent and c\erical workers 70 per
cent. Over the 1920s, when the labor force grew 15 percent, managers
increased 29 percent and clerical workers 28 percent. Even in the
1930s, decade of the Great Depression, when the labor force grew 6
percent and managers only 4 percent, clerical workers increased 15
percent. In 1900 managers and clerks together constituted 8. 9 percent
of the civilian labor force; by 1940 their portion had nearly doubled to
16.9 percent (U.S. Bureau of the Census 1975, p. 139).
Bureaucratic growth during the period appears even more striking
when occupational categories are refined to include only the most gen
eralized office workers (the managers category cited above includes
public officials and proprietors; "clerical" includes a wide range of kindred
workers). The number of stenographers, typists, and secretaries in
creased 189 percent during 1900-1910, 103 percent in the 1910s, 40
percent in the 1920s, and 11 percent in the 1930s. Bookkeepers and
cashiers increased 93 percent during 1900-1910, 38 percent in the
1910s, 20 percent in the 1920s (they decreased 2 percent over the
1930s). Office machine operators and related clerical workers increased
178 percent during 1900-1910, 102 percent in the 1910s, 30 percent in
the 1920s, 31 percent in the 1930s. Accountants and auditors increased
70 percent during 1900-1910, 203 percent in the 1910s, 63 percent in
the 1920s, 24 percent in the 1930s. Together, these four categories of
office workers more than quadrupled their proportion of the total ci
vilian labor force-from 2.1 to 8.6 percent-between 1900 and 1940
(U.S. Bureau of the Census 1975, pp. 140-141).

Innovation in Office Technology
Growth of bureaucratic control does not depend solely on innovation
and growth in the processing structure itself, of course, but also on a
spate of innovations in its technology for creating, recording, storing,
and processing information, programming its personnel, and commu-
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nicating with and possibly controlling its internal and external envi
ronments. Table 9.1 places selected innovations in these various
components of office processing and control during the half-century
transition to the sustained Control Revolution in both chronological
order and larger bureaucratic context. Innovations that facilitated the
production and distribution of information by offices included the mim
eograph (1890), multigraph duplicator (1902), and compotype (1925),
the portable (1892) and electric (1935) typewriter, and the electric
keypunch machine (1923). In addition to these innovations, two new
recording and copying devices also improved information storage and
retrieval: the Photostat (1910), a photographic machine that copied
directly onto sensitized paper, and the Recordak (1927), a check
photographing device that used 16mm motion picture film.
Characteristic of the transition to the Control Revolution in bu
reaucracy is the history of the Library Bureau of Boston. Founded in
1876 as an offshoot of the American Library Association, the Bureau
had discovered an increasingly good business in providing specialized
library supplies and equipment not available elsewhere. By 1894, ac
cording to the Bureau's

Classified Illustrated Catalog of that year, it

had made an even more startling discovery: "There is hardly a library
article on our list that is not also used in offices."
Bolstered by the growing generalization and convergence of infor
mation-processing technology across all offices, the Library Bureau
began a separate department of Improved Business Methods, joining
the ranks of a growing number of "systematizers," what today would
be called management consultants, an early application of scientific
management to bureaucracy. What bad less than twenty years earlier
been a professional association for librarians, the first information sci
entists, now boasted that "among life and fire insurance companies,

banks, railways, large manufacturing establishments, and to repre
sentative houses in ahnost every line, it has not only suggested and
installed better methods and improved machinery, but it has also ef
fected great savings in expense." Two years later, in March 1896, the
Library Bureau became the exclusive agent for Hollerith data
processing equipment in England, France, Germany, and Italy and
soon contracted with Travelers' Insurance to compile a year's records
using the new system (Austrian 1982, pp. 133-134).
As we might guess, such data-processing technologies flourished in
offices during the Control Revolution. Small-scale arithmetic process
ing continued to increase in speed as a result of the printing adder-
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Table 9.1. Selected events in the development of office technology and
bureaucracy for generalized control, 1890-1939
Year

Development

1890

A. B. Dick markets successful "mimeograph," a word he coins

1892

Portable typewriter patented
Adding-subtracting machine with printer (Burroughs)
introduced

1893

Addressograph machine marketed
Four-function calculator introduced

1894

Card punch, sorter adopted by commercial office (Prudential
Life)

Mid-1890s

Centralized, functionally departmentalized organizational
structure developed by General Electric

1897

Publicity bureau established by corporation (General Electric)

1900

Automatic punch card sorter introduced commercially

1900s

Keyboard calculators replace arithmometers, gain
widespread use

1901

United States Steel incorporated with capitalization of $1.4
billion, first corporation to exceed billion dollars in assets

1902

Multigraph duplicator introduced for printing from ribbon or
type
Plug-board control enhances punch-card tabulation

Mid-1900s

Centralized, functionally departmentalized organizational
structure perfected by Du Pont

1906

One of the world's largest bureaucracies, rural free delivery
(RFD), largely incorporated within the U.S. postal system

1910

The Photostat, a photographic machine that copies directly
onto sensitized paper, introduced by Eastman Kodak

1910s

Printing tabulator of punched cards introduced

1920

Pitney Bowes postage meter approved by U.S. Post Office

1920s

Electric printing calculators marketed

1923

Electric keypunch machine introduced

1925

Compotype, which embosses letters onto aluminum strips for
printing, designed and patented (American Multigraph)

Mid-1920s

Multidivisional, decentralized organizational structure with
general office and autonomous� integrated divisions adopted
by General Motors, other large industrial enterprises

1927

Check photographing machine ("Recordak") using 16mm
motion picture film manufactured by Eastman Kodak
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Table 9. 1 (cont.)
Year

Development

1928

Recordak machine installed in bank (Empire Trust, New York
City)
Multiple-register accumulating calculators introduced
Modern 80-column punch card adopted by IBM

1929

Automatic electric stock quotation board-capable of
recording one hundred quotations per minute-installed in
brokerage firm

Late 1920s

Multiple-register accumulating calculators linked
engines to produce data tables

c. 1930

Modern offices contain typewriters, copiers, calculators,
dictation equipment, and tapes, communicate with each
other using telephone switchboards and multiplexers

1935

Electric typewriter introduced

1939

Book Management and the Worker popularizes science of
human relations approach to organizational control
Ph.D. in accounting conferred (University of lllinois, Urbana)

as

difference

subtractor (1892), four-function calculator (1893), electric printing cal
culator (1920s), and multiple-register accumulating calculator (1928).
Large-scale data processing, following Herman Hollerith's patenting
of the electric punch-card tabulator (1889), greatly increased in speed
and volume with the automatic card sorter (1900), switchboard-type
card sorter(1902), automatic printing card tabulators (1910s), multiµle
register accumulating calculators linked as difference engines to pro
duce data tables (late 1920s), and the modern 80-column punch card
(1928).
Necessity at least occasionally proved to be the mother of invention:
Prudential Life Insurance, a relatively small company squeezed by the
lower unit costs of its larger competitors and in 1891 the first com
mercial firm to use Hollerith equipment, three years later switched to
a mechanical card-perforating machine and sorter devised by one of
its actuaries, John Gore, who had previously taught clerks to count
cards by listening to the sound they made when riffled under the
thumb. By contrast, one of Gore's motorized machines could process
fifteen thousand cards per hour, a data-processing system that re
mained in use at Prudential well into the 1930s-nearly four decades.
Because Gore had designed his machines with Prudential's special needs
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in mind, however, no other company adopted them (Eames and Eames
1973, p. 31; Augarten 1984, p. 78). Prudential apparently grew to
appreciate the value of information processing, however. When the
Eckert-Mauchly Computer Corporation announced production of the
UNIVAC in 1948, it had five contracts: two from the U.S. government,
two from market researcher A. C. Nielsen, and one from Prudential
(Augarten 1984, p. 161).
Programming of administrators with generalized bureaucratic prac
tices also became more elaborate and widespread after the turn of the
century, when university training quickly expanded from the Wharton
School's offerings in commercial accounting and law. Both the Uni
versity of Chicago and the University of California established under
graduate schools of commerce in 1899, New York University and
Dartmouth, with its Amos Tuck School of Administration and Finance,
in 1900. By the time Harvard opened its Graduate School of Business
Administration in 1908, business education had become part of the
curriculum on many of the nation's most prestigious campuses.
From the beginning, Harvard's business curriculum included offer
ings for managers oflarge multidivisional enterprises, with initial elec
tives on the management of marketing and life insurance firms. By
1914 a mandatory marketing course concentrated not on any specific
trade or commodity but on management more generally, including
"demand activation, merchandising, pricing" (Copeland 1958, p. 43;
Chandler 1977, pp. 466-468), thereby reflecting both the generalization
of control and its application to consumption.
Innovation in office communication also flourished during the revo
lution in generalized bureaucratic control. As can be seen in the chro
nology in Table 9.1, new developments in communication technology
for bureaucracy included the addressograph machine (1893), a postage
meter authorized for use by the U.S. Post Office (1920), an automatic
electric stock quotation board (1929), and interoffice telephone via pri
vate switchboards and multiplexing (c. 1930). Beginning with General
Electric in 1897, large businesses increasingly established specialized
publicity bureaus to exploit the new technology of communication
mass as well as interoffice-to promote both their industries and them
selves.
Meanwhile, internal bureaucratic control continued to develop in the
form of the comptroller: twenty thousand accountants and auditors
served U.S. business by 1900 (Boorstin 1973, p. 211), although as late
as 1929 only 2 percent of the country's accountants calculated by ma-
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chine (Eames and Eames I973, p. 91). Such accounting control had
attained the status of doctoral work by I939, when the University of
Illinois, Urbana, conferred the nation's first Ph.D. in the subject.
What meager statistics exist for the development of office equipment
during 1890-I940 also suggest a rapid growth in generalized infor
mation-processing and control technology throughout this transition
to a sustained Control Revolution. Although the capital invested in all
U.S. manufacturing increased most sharply (I3I percent) in constant
dollars during the I880s, capital in the office equipment industry rose
most rapidly in the I890s (I94 percent, compared to 67 percent for all
manufacturing) and during I900-I9IO (I82 percent, versus 8I percent
overall); these are more than quadruple the growth rates for office
equipment in the decades immediately before or after I890-I9IO
(Creamer et al. I960, table A-8). Similarly, the value of output from
all manufacturing increased most sharply (73 percent) duringthe I880s,
again in constant dollars; output from the office equipment sector rose
most rapidly in that decade (I9I percent) and during I900-I9IO (I7I
percent, compared to 49 percent for all manufacturing). These are more
than five times the growth rates for office equipment in the decade
after I880-I9IO (Creamer et al. I960, table A-IO).
Much the same conclusion about the timing of the Control Revolution
in generalized technology can he drawn from the two major types of
office equipment, typewriters and office telephones, on which early
data are available. Annual output of typewriters more than tripled to
nearly one-half million between 1900 and 1921 (the two earliest years
for which information is available) and more than doubled again to I . 1
million by I937. B y 1922 more than I 3 percent of the nation's public
secondary school students had been enrolled in typing classes-almost
17 percent by 1934 and nearly 23 percent in I949 (the only statistical
information available). Between 1920 (the earliest year for which data
are available) and 1940 the number of business telephones rose 80
percent to 7. 7 million-compared to only a 58 percent increase in
residential telephones (U.S. Bureau of the Census 1975, pp. 377, 695,
783).
With the continuing spread of new office technologies, part of the
third level of control (as outlined in Chapter 3), in the transition to
the Control Revolution, we might expect to find parallel development
in the hardware of Level Four: generalized information processing and
computing technologies mechanical, electrical, and electronic. Indeed,
four separate hut interrelated technologies-calculators, punch-card
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processors, digital and analog computers-all flourished during the
critical period 1880-1939, well before the popularly heralded birth of
the so-called Computer Age.
Beyond Bureaucracy: Toward a Generalized Hardware
of Control
Of the four interrelated lines of generalized information-processing
technologies coevolving with bureaucracy in the nineteenth century,
all had been well established by 1890. Desk-top calculators, which owe
their intellectual origins to the seventeenth-century machinery of Wil
helm Schickard, Blaise Pascal, and Gottfried Leibniz, among others
(Flad 1963), had been commercially mass-produced in Europe since
about 1820 (Turck 1921; Baxandall 1926). The 1833 design for Charles
Babbage's steam-powered Analytical Engine contained the essential
components of a digital computer: punch-card input and programming,
internal memory ("store"), a central processing unit ("mill"), and out
put to be printed or set into type (Morrison and Morrison 1961; Hyman
1982). Babbage's son Henry had constructed a working section of the
Analytical Engine by 1889 (Babbage 1889).
Essential ideas for the analog computer developed from John Na
pier's logarithms (1614) and rods (1617), William Oughtred's rectilinear
and circular slide rules (c. 1630) and the modern sliding rule (1654),
and the calculus of Leibniz (1684) and Sir Isaac Newton (1687). In the
1860s James Thomson, brother of Lord Kelvin, devised the planime
ter-an instrument for measuring the area of a plane figure-based
on a disc, globe, and cylinder integrator, vital component of analog
computers well into the twentieth century. By 1873 Lord Kelvin had
adopted his brother's invention to build a tide predictor, probably the
first analog computer (Eames and Eames 1973, p. 15). Punched paper
cards, developed by Joseph-Marie Jacquard in 1801 to program the
patterns woven in power looms (Fig. 6.3) and adopted by Babbage in
1833 for data inputs and programming for his Analytical Engine, had
by 1884 been perfected by Herman Hollerith as a medium for electro
mechanical information processing and tabulation. In 1889 Hollerith
received U.S. patent 395,781, entitled "Art of Compiling Statistics,"
for his electric punch-card tabulator (Austrian 1982, chaps. 2-5).
Thus in 1890, on the threshold of transition from crisis in bureau
cratic control to a sustained Control Revolution, four distinct and well
developed types of information-processing and computing hardware
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could already be used to supplement the third level (bureaucracy) of
generalized control. These included mass-produced keyboard adder
subtracters with built-in printers, direet multiplication machines, sev
eral large Difference Engines and a part of Babbage's Analytical En
gine, several different types of analog computers and Hollerith's electric
tabulator, capable of processing an average of ten thousand punch cards
per month during normal working hours (Austrian 1982, p. 67). By the
turn of the century new additions to this list included mass-produced
four-function calculators, a mechanical equation solver capable of find
ing roots of polynomials up to the ninth degree, and an automatic
punch-card sorter (Goldstine 1972; Margerison 1978; Randell 1982).
Table 9.2 illustrates the parallel development of tbe four technolo
gies-desk-top calculating, digital and analog computing, and punch
card processing-through the transitional period 1880-1939. As the
chronologies suggest, innovation in the four fields increased after 1910,
especially after widespread applications of electricity in the 1920s. By

Table 9.2.

Selected innovations in more generalized information-processing

and computing technologies, 1880�1939

Year

Desk-top
calculating

Digital
computing

Analog
computing

Punch-card
processing

1880
82
84

86
88
1890
92
94
96
98
1900
02
04
06
08
1910
11
12

Electric

Keyboard

add-subtract

calculator
Multiplier

tabulator
Part of
Analytical
Engine
Equation
solver
BO-element
harmonic
analyzer

Fourfunction
calculator

Gyrocompass
computer
Profile

tracer

13

14
15

End game
-

chess machine

80-input tide
predictor

Automatic
bin sorter
Plug-board
tabulator
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Year

16
17
18
19
1920
21
22
23
24
25
26
27
28

29
1930
31
32
33

Desk-top
calculating

Digital
computing

Printing
tabulator

Electromechanical
calculator
Product
integraph

Electric
printing
calculator
Multipleregister
cumulating
calculator

Calculators
linked as
difference
engines

Electric
network
analyzer
Differential
analyzer

Mechanical
programmer

35

36

37

38

Punch-card
processing

Battle
tracer

34

39

Analog
computing
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Electronic
calculator

Bell Labs
Model I

Electrical
analog
computer
Electronic
analog
computer

Electric
keypunch

80-column
punch
card

Punch card
accounting
machines
linked for
computing

World War II, the period often cited as the origin of modern computing,
the American pioneers of generalized information-processing hardware
had already built a half-dozen impressive computing machines: the
differential analyzer of MIT engineering professor Vannevar Bush (1930),
the first automatic computer general enough to solve a wide variety
of problems (Fig. 9.1); the "mechanical programmer" of Columbia Uni
versity astronomer Wallace Eckert (1933), which linked various IBM
punch-card accounting machines to permit generalized and complex
computation; Bush's electrical analog computer (1935), more general
than his differential analyzer with punched-tape programming; an elec
tronic analog computer (1938) devised at the Foxboro Company; a
working prototype of an electronic calculator (1939), under develop
ment by John Atanasoff at Iowa State University; and the Bell Lab
oratories Model I (1939), built by George Stibitz, which AT&T has
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Figure 9.1. Analog computers had found a place in both commercial and
scientijic computing by 1930. Top: an A. C. network analyzer designed in
1929, insf.alled at Westinghouse in 1930, and used to detrmniw electrical load
requirements (courtesy of Edwin L. Harder, Pittsburgh). Bottom: Vannevar
Bush with his first differential analyzer, built at MIT in 1930 to solve differ
ential equations associated with power surges, failures and blackouts, and a
wide range of more general problems (courtesy of the Smithsonian Institu
tion).

Data Processing and Bureaucracy

403

claimed to be the first digital computer (an honor that obviously de
pends largely on the definition of "computer").
Also well developed before World War II were the essential plans
for computers that would dominate information-processing hardware
into the 1950s. Much as the Control Revolution had fostered radical
new conclusions about information processing and decidability from
Kurt Godel, Alonzo Church, Alan Turing, and Emil Post during the
1930s, as discussed in Chapter 2, the same decade brought plans for
the embodiment of much the same ideas in mechanical, electrical, and
electronic devices. The concepts of information processing, program
ming, decision, and control and the intellectual stimulation of the re
lationships among them seemed "in the air'' among European and
American engineers, mathematicians, and philosophers by the mid1930s.

Culmination of the Pre-World War II Computer
Revolution
In 1934 an engineering student in Berlin, Konrad Zuse, began to design
a universal calculating device that anticipated modern computers in
several ways, including binary rather than decimal numbers and float
ing decimal point calculation (the first such applications to a machine),
the programming rules of Boolean logic (unknown to Zuse), and the
distinctive structure of a concrete open processor of information: punched
tape (discarded 35mm movie film) input, a central processing unit,
memory, programming, an internal controller, and an output device
to display results (the similar structure of Babbage's Analytical Engine
was also unknown to Zuse).
Beginning work on a concrete machine in 1936, Zuse had a mechan
ical prototype in 1938, an electromechanical relay machine in 1939, and
by December 1941 the world's first general-purpose, program-con
trolled calculator in regular operation. Soon two specialized versions
that analyzed the wing flutter of Nazi flying bombs displaced a com
putational office of thirty women at the Henschel Aircraft Company
in Berlin. Zuse's fourth general-purpose machine, the Z4, smuggled
out of Germany and installed at a technical institute in Zurich in 1950,
proved to be what Augarten (1984, p. 97) has called "the only math
ematical calculator of any consequence in Continental Europe for sev
eral years" (Zuse 1936, 1962, 1980; Schreyer 1939; Speiser 1980).
Meanwhile, the thinking of engineers in the United States had

ar-
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rived through almost parallel stages at many of the same ideas de
veloped by Zuse. By 1937 an Iowa State University physicist trained
in electrical engineering, John Atanasoff, had worked out the idea of
a digital calculator quite similar in principle to Zuse's machine. Like
Zuse, of whose work he knew nothing, Atanasoffdecided to use binary
numbers, Boolean logic, and punched paper input and output (cards
rather than tape}; he, too, separated processing from memory. Unlike
Zuse's calculator, and inferior to its design, Atanasoff's machine lacked
a central processor and was neither programmable nor automatic-a
human operator served almost continuously as its controller. It incor
porated several forward-looking advances over Zuse's machine, how
ever: Atanasoff designed his calculator to be electronic, using vacuum
tubes rather than electromechanical relays for processing, a bank of
capacitors for memory, and an internal electronic timer to synchronize
the various operations.
By the end of 1939, supported by a $650 grant from Iowa State,
Atanasoff had built the world's first machine to use vacuum tubes to
perform arithmetical calculations. Three years later he had operational
two rotating drum memories, a major storage device for computers
well into the 1950s. As early as 1940, through his personal acquaint
ance with John Mauchly, Atanasoff had contributed ideas that five
years later would be incorporated into the ENIAC, often considered
the first modern computer but actually less modern than Atanasoff's
calculator in several ways: ENIAC used decimal rather than binary
numbers and hence could not exploit Boolean logic; it lacked a general
purpose central-processing unit and only partially distinguished be
tween processing and memory (Atanasoff 1940, 1984; Brainerd 1976;
Augarten 1984, pp. 109-131).
In the same year that Atanasoff worked out the design for his elec
tronic calculator, Howard Aiken, a former Westinghouse engineer
working as an instructor in applied mathematics at Harvard Univer
sity, drafted a proposal for an electromechanical calculator, the Mark
I, that would quickly become one of the world's most famous machines.
Aiken's original proposal argued that a half-Oozen scientific fields needed
more powerful computing, including purposive monitoring and control
of the material economy, what he termed the "science of mathematical
economy" (his Harvard colleague, economist Wassily Leontief, had
published a formal theory of input-output analysis toward that goal in
the same year}.
Unlike Zuse and Atanasoff, Aiken not only knew of Babbage's An-
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alytical Engine but included a gloss of the 1833 design in his 1937
proposal, evidence of the .intellectual continuity of the Control Revo
lution over the century past. In many ways Aiken's proposal could
even be considered inferior to Babbage's proposed machine: the newer
design lacked a differentiated processing structure and any general
purpose central-processing unit (Aiken 1937). After rejection by the
Monroe Calculating Machine Company, Aiken's proposal finally won
approval in 1939 from IBM, the first entry of what thirty years earlier
had been Herman Hollerith's tabulating machine company into a mar
ket that thirty years later would make it one of the world's largest
corporations, with revenues from information processing as great as
the next dozen companies combined (Archbold and Verity 1985, p. 50).
IBM's Mark I, completed in January 1943 at its accounting machine
plant in Endicott, New York, at a cost of a half-n)illion dollars, served
Harvard University until 1959. Driven by an electric-powered drive
shaft that ran throughout machinery fifty-one feet long but only two
feet wide, the "Automatic Sequence Controlled Calculator" contained
760,000 electrical components and five hundred miles of wire. Little
more than a giant electromechanical decimal calculator, the Mark I
could nevertheless take two 23-digit numbers from paper tape input
and within three seconds output their product onto punched cards.
Although it could not execute conditional jumps, an essential feature
of programming (as we saw in the algorithm for Maxwell's demon in
Chapter 2), the Mark I must be considered America's first program
controlled, general-purpose digital calculator (Oettinger 1962; Bern
stein 1963; Ceruzzi 1983). One of its first programmers at Harvard,
naval lieutenant Grace Hopper, would within eight years write the
first compiler, software to translate a high-level programmer's lan
guage directly into binary machine code-an indirect but important
legacy of Aiken's 1937 proposal for modern computing (Aiken and Hop
per 1946; Augarten 1984, pp. 103-107, 214).
Even before Aiken had received IBM's backing for his proposal,
Claude Shannon, then an MIT graduate student employed part-time
to tend Vannevar Bush's differential analyzer, had published his mas
ter's thesis, "Symbolic Analysis of Relay and Switching Circuits"
(Shannon 1938), which applied the propositional calculus of Whitehead
and Russell's Principia Mathematica (1910-1913) to the design of elec
trical circuitry. Perhaps the most influential master's thesis ever writ
ten, in the words of Augarten (1984, pp. 100-101) it "not only helped
transform circuit design from an art into a science, but its underlying

406

Toward an Information Society

message-that information can be treated like any other quantity and
be subjected to the manipulation of a machine-had a profound effect
on the first generation of computer pioneers."
Shannon's paper also established that programming an electronic
digital computer would be a problem not of arithmetic but of logic
(Eames and Eames 1973, p. 121; Swartzlander 1976). This same idea,
although with implications drawn in the opposite direction, had ap
peared two years earlier in papers by Alan Turing and Emil Post.
Starting not with a machine but with problems of logic, Post (1936)
had reduced them to machinelike "primitive acts," Turing (1936) to a
computing machine itself.
One of Shannon's examples, published in the

American Institute

of Electrical

Engineers,

Transactions

of

the

showed how to simplify

an "Electric Adder to the Base Two" (Shannon 1938). Working inde
pendently, with no knowledge of Shannon's work, Bell Laboratories
physicist George Stibitz bad already built such an adder on his kitchen
table using discarded telephone relays. Encouraged by his boss to
develop this "play project" into an aid for solving the complex equations
of amplifier and filter design, Stibitz had by October 1939 built, at a
cost of $20,000, the Model I calculator using about 460 relays.
Not as sophisticated as Zuse's relay machine, the Model I was per
manently wired to solve equations with complex numbers and could
not be further programmed. It lacked a general-purpose central-proc
essing unit, a memory, and any clearly defined control unit. Because
it input and output via teletype, however, it could be used from any
where in the telephone system. At the annual meeting of the American
Mathematical Society at Dartmouth College in Hanover, New Hamp
shire, in September 1940, Stibitz installed

a

few teletypes to demon

strate the Model I in Manhattan-the first use of remote computing
via telephone that would come to characterize the "telematic society"
(Nora and Mine 1978) thirty years later. By 1946 Stibitz had helped
to develop four programmable relay calculators, including the Mark
V-a half-million-dollar machine comparable to Zuse's Z4-that in
troduced the critical feature of conditional jumps in its programming
(Stibitz 1940, 1980; Loveday 1977; Ceruzzi 1983).
Judging from this cumulative effort of the late 1930s, then, we might
conclude that World War II interrupted work on generalized infor
mation-processing and computing technology as much as stimulated
it. Consider the momentum of the transition to the Control Revolution
in its final years. In 1936 Church, Post, and Turing publish their papers

Data Processing and Bureaucracy

407

equating decision and computability procedures; Zuse begins building
his first universal calculator. In 1937 Shannon publishes his paper
equating logic and circuitry; Aiken and Atanasoff work out the designs
for their machines; Stibitz builds a binary relay adder. In 1938 the
Foxboro Company devises an electronic analog computer; Zuse com
pletes a mechanical prototype of his hardware. In 1939 three seminal
calculating machines-Atanasoff's electronic calculator, Zuse's binary
relay computer, and the AT&T Model I-are completed; IBM agrees
to build Aiken's Mark 1.
Even cybernetics, often considered to be a postwar development
(Wiener 1948, 1950), was largely anticipated in a paper published in
1940 by a British scientist, W. Ross Ashby. Ashby's paper, according

to Miller (1978, p. 487), "stated the fundamental ideas of cybernetics,"
introducing the termfunctional circuit for negative feedback (Ashby
1940). By the end of 1940 Stibitz had successfully demonstrated tele

computing and Atanasoff had begun conversations with John Mauchly
that would help to shape the ENlAC-first postwar forerunner of
today's computers.

Information-Processing Hardware and Bureaucratic
Control
Not all of the information processors listed in Table 9.2 can be consid
ered general enough to supplement, compete with, or replace bureau
cratic structures directly, of course. The harmonic analyzer used to
study light waves, Elmer Sperry's gyrocompass computer and battle
tracer, Vannevar Bush's profile tracer, Leonardo Torres's end-game
chess machine, the tide predictor of E. G. Fischer and R. A. Harris,
and the network analyzers used by electric companies to model their
power grids were all specialized devices that contributed only indi
rectly to the development of general-purpose analog and digital com
puting. Even for innovations like these, however, it is difficult not to
conclude that at least a small part of some specialized bureaucratic
structures had been supplanted in control. Without Sperry's target
bearing and turret-control system (Hughes 1971, pp. 230-233) would
a battleship's plotting room have contained more officers and staff or
would it have merely exercised far less gunfire control? Without net
work analyzers (Hughes 1983, p. 376) would electric companies have
employed more engineers and staff or would they have merely exer
cised less centralized power system control?
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In either case, the idea that information-processing and computing
hardware might be used to enhance bureaucratic control appears to
have emerged only gradually during the transition phase of the Control
Revolution. Initial impetus came largely from government bureaucra
cies. First applications were to statistical compilation and aggregate
analysis during the 1870s and 1880s and to larger-scale data processing
beginning in the 1890s. Only in the late 1910s and 1920s did bureau
cracies begin to realize that the same hardware that processed numerical
data might be used to process information more generally and thereby
strengthen the control maintained by the entire bureaucratic struc

y realization of Claude Shannon's

ture. This might be seen as an earl

more formal demonstration, expressed in his 1938 paper, that infor
mation is a commodity that can be processed by machine.
By the turn of this century American government bureaucracies had
begun to process information not only for the passive compilation of
statistics but also for the active control of individuals: fingerprinting
of federal prisoners (1904), collecting tax on personal income (1913),
psychologically screening draft inductees (1919), running a national
employment service (1933). Innovation in information-processing hard
ware did not itself cause these changes but it did make them possible.
In 1935, for example, passage of the Social Security Act required
the U.S. government to maintain employment records on twenty-six
million people, which in turn required the processing of a half-million
punch cards per day (Fig. 9.2). The Social Security Administration
sustained this level of processing after 1936 by means of 415 card
punches, verifiers, sorters, and collators; the last machine was devel
oped by IBM especially for the task. When the first Social Security
benefits came due in 1937, the government's checks passed through
the mails in the form of punched cards (Eames and Eames 1973, pp.
108-109), a powerful wedding of the generalized exchange media for
data and money.
Such developing use of infurmation-processing technology by gov
ernment in America and other industrializing countries drew contin
uing impetus from national censuses. The turning point for the United
States occurred in 1879 near the height of the crisis in control of the
material economy, when General Francis Amasa Walker, then pro
fessor of political economy at Yale University, agreed to direct the
1880 census. Following the recommendations of a special commission,
Congress had already removed much of the census work from the hands
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Figure 9.2. The Social Security Act of1935 required that the U.S. government
maintain employment records on twenty-six million people, a task that re
quired the processing of a half-million punch cards per day. Left: conservative
editorial opinion maintained that the system "depersonalized" individuals by
treating them as numbers. Right: wlwn Mrs. Ida Fuller qfLudlow, Vermant,
received the nation's first Social Security benefit check in 1937, it arrived in
the form of a punched card. (Courtesy of tlw U.S. Social Security Adminis
tration.)

of politically appointed enumerators (Fig. 9.3). Additional statistics
would be needed in areas of developing business and social interest,
the son of Amasa Walker, a leading economist, argued to Interior
Secretary Carl Schurz (Walker 1879). The new superintendent prom
ised to collect such information, far beyond that required by the U.S.
Constitution, in 215 different subject areas (compared to five in the
previous census), including the first comprehensive census of manu
facturers (Munroe 1923; Newton 1968).
Walker's encouragement of inv<>ntion produced two innovations in
data-processing hardware: the Seaton tabulator and the Lanston add
ing machine. The former, a product of chief clerk of the census Charles
Seaton, consisted of a wooden box containing rollers over which a spool
of blank paper could be hand-cranked. A slot in the box presented the
clerk with a single row of a table in which he might record seven or
eight adjacent columns of data before advancing the paper to the next
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Figure 9.3. Facing a crisis in control oftlw U.S. census in tlw 1870s, Congress
remmJed much oftlw work from the politically appointed enumerator, depicted
as a nosy incompetent in this Saturday Evening Post cartoon for August 18,
1860. "l ji.st want to kntYW htYW many of yez is deaf, dumb, blind, insane, and
idiotic," he's shown to be asking, "and how many dollars the old gentleman
is worth." (Courtesy of Curtis Publi.shing Company.)

row. When a roll had been filled, another clerk would remove it and
cut it into regular-sized sheets for counting and consolidation. This was
facilitated by the adding machine, developed by a lawyer friend of
Seaton, Tolbert Lanston, who would patent a successful monotype
machine for casting type in 1887. Lanston's adder allowed entry of
numbers as they had been written-left to right-on the Seaton tab
ulator (Austrian 1982, pp. 9-10).
Along with encouraging these inventions in data-processing hard-
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ware, Walker may have made a more important contribution to the
Control Revolution by undertaking a census operation that generated
so much information that it threatened to overwhelm the processing
capabilities of even the most innovative technologies. As described by
Eames and Eames (1973, p. 22), "the Eleventh U.S. Census posed a
crisis in data processing. Figures from the 1880 census were still being
interpreted in 1887. At that rate, especially in view of population
increase, the 1890 figures would be obsolete before they could be com
pletely analyzed." Walker, who resigned from the Census Bureau late
in 1881 to become president of MIT, returned to Washington every
third week to supervise without charge what remained of the tabula
tion, already well over its appropriated budget (Austrian 1982, p. 11).
From Crisis to Revolution: Hollerith's Contribution
In 1889, facing the prospect of a census that might be superseded by
the next one before it could be completely tabulated, the Secretary of
the Interior organized a committee of foremost statisticians to inves
tigate faster means of processing data. The committee decided to test
three new systems: (1) band transcription of data, using a different
color ink for each characteristic, onto slips of paper that could be sorted
by color and counted by hand; (2) transcription onto color-coded cards
or "chips," also sorted and counted by band; and (3) Herman Hollerith's
method, which used a keyboard or "pantograph" punch to make holes
in predetermined positions in standardized cards, counted individually
by means ofhand insertion into an electrical circuit-closing press, which
had a pin contact for each possible hole location (Hollerith 1889).
Hollerith, a Columbia-trained engineer and veteran of Walker's 1880
census, had first attempted to punch holes in the paper rolls of the
Seaton tabulator (the automatic telegraph, developed a decade earlier,
also used a paper tape punched with dots and dashes moving over
electrical contacts against a metal cylinder). Hollerith eventually aban
doned the paper roll for the same reason computer scientists in the
1950s would abandon magnetic tape: serial as opposed to random ac
cess. "The trouble was that if, for example, you wanted any statistics
regarding Chinamen," Hollerith later wrote, "you would have to run
miles of paper to count a few Chinamen" (Austrian 1982, p. 14).
Once again, the railroads had provided bureaucracy its model for
information processing and control. During the same period that Hol
lerith worked to perfect his electrical tabulating system, 1880-1884,
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he also invented an electropneumatic braking system for railroads, the
first patents (1886) to bear his name. As a patent examiner himself at
the time, he would have learned a great deal about railroads, since
more than half the claims for new inventions that came across his desk
were for improved couplers, signaling devices, and other railroad
equipment. During field tests of competing braking systems in 1887
Hollerith spent months on the scene and sent notes "taken in the field"
to the

Quarterly

of his alma mater, the Columbia School of Mines

(Austrian 1982, chap. 4). As his biographer, Geoffrey Austrian, con
cludes of Hollerith, "his schooling in the pervasive railroad technology
of the day had a far greater influence on his development of tabulating
machines than the more obvious example of other calculating and add
ing mechanisms" (1982; p. 36).
Hollerith himself named the railroad as the inspiration for his re
cording of information about people on punch cards: "I was traveling
in the West and I had a ticket with what I think was called a punch
photograph . . . The conductor . . . punched out a description of the
individual, as light hair, dark eyes, large nose, etc. So you see, I only
made a punch photograph of each person" (the punched photograph
discouraged vagrants from stealing passengers' tickets and using them
as their own [Augarten 1984, p. 73]). Hollerith's first cards, three-and
a-quarter by eight-and-five-eighths inches, closely resembled the rail
way ticket he claimed as his inspiration; he used a small conductor's
punch that fit easily inside his hand to record Baltimore's health data
in the first public test of his system. A British journal,

Engineering,

saw in that system the influence of another: "The idea is similar to
that exemplified in railway practice in the 'electric slot.' Sometimes a
signal is under the control of several signalmen and can only be pulled
off by the combined action of them all. Each may pull over his lever,
but nothing occurs until all the levers are over when the signal falls.''
Austrian finds Hollerith's data-tabulating system-probably the
world's first machinery to process information as a material flow-as
an even more extensive elaboration of a railroad system:
The railroad itself was a complex system in which many elements had to
work together, rather than a single invention. The same may be said of
Hollerith's tabulating machines, in which punches, tabulators, and sorters

all had to be designed to work in combination with each other as a system,
rather than as separate units. Still more important, the concepts of precise
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timing, automatic control, and safeguarding against error-important to
the development of railway braking and signaling systems coming into
use-became equally cri;;ical considerations in Hollerith's later machines,
in which feeding, sensing, and sorting all had to occur at precise intervals.

Instead of a speeding train of closely coupled cars, imagine a carefully
controlled procession of punched cards speeding through a machine, and
the analogy becomes clearer. Hollerith's automatic control feature-in
which a machine shuts down at the end of one run of cards, records the
totals, and then starts up automatically when another batch comes along
closely parallels the railroad block signaling system, which prevents a
second train from entering a section of track until it is cleared by the train
ahead of it. Look under the covers of his automatic sorter. It's a railway
freight yard. Only instead of railway cars being switched from a single
track onto separate spurs to make up new trains for further destinations,
you have cards with common designations being sorted into separate
pockets of the machine, arranged for further processing. (1982, p. 37)

In other words, the concrete open system for processing railroad
cars and trains served Hollerith as the model for processing the in
formation-also as discrete material objects-that would soon serve
in the control of such systems. This fact alone, quite apart from con
siderations of living systems more generally, suggests that information
processing and communication cannot be understood independently of
the matter, energy, and material processing systems that they control.
By the 1889 census test, Hollerith had already leased his new punch
card system to health departments in Baltimore, New York City, and
New Jersey and to the Surgeon General's Office in the U.S. War
Department, which after only six months possessed fifty thousand
punched Hollerith cards and found itself largely dependent on the
equipment. The test used 1880 census schedules from 10,491 people in
four districts in St. Louis (there were about forty thousand districts
in the 1890 census). Hollerith recorded the information in less than 73
hours, compared to nearly 111 hours for the chip system and almost
145 hours for the slip system. To tabulate the data took Hollerith less
than six hours, compared to nearly. forty-five hours for the chips and
more than fifty-five hours for the slips. Overall, the punch system had
taken only thirteen minutes longer than half the time of the next fastest
method of data processing then available. Even at this unprecedented
rate, however, extrapolations from the amount of test data (with no
increase in the number of machines or operators) indicate that Ho!-
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lerith's system running continuously would have taken nearly fifty-five
years to process the entire 1890 census.
The Census Bureau employed ninety-six of Hollerith's tabulating
machines, however, and its operators raised average punching rates
from five hundred to seven hundred cards per day and daily tabulating
rates from ten to eighty thousand persons per day (the one-day record
for cards stood at 19,071) (Fig. 9.4). By August 1890 census director
Robert Porter had already rebounded nicely from the threatened crisis
in the processing of his data, boasting: ''With the work force that left
this afternoon . . . we could, with these electrical machines, count the
entire population of the United States in ten days of seven working
hours each . . . could run through the entire population of the
earth . . . in less than 200 days, providing places could be found to
store the schedules." Hollerith himself alluded to the latter problem:
"Consider a stack of schedules of thin paper higher than the Wash
ington Monument . . . Imagine the work required in turning over such
a pile of schedules page by page, and recording the number of persons
reported on each schedule. This is what was done in one day by the
population division of the Census Office" (Austrian 1982, pp. 68-69;
emphasis in original).
What information-processing systems like Hollerith's would mean
for government bureaucracy more generally less than a century later
would be spelled out in a 1976 report of the National Commission of
Federal Paper Work: "Federal agencies are today churning out forms,
reports, and assorted paper work at the rate of over 10 billion sheets
per year. That's 4.5 million cubic feet of paper. All of this paper costs
the American economy $40 billion per year." In the same year the
U.S. Department of Agriculture alone had stored nearly one million
cubic feet of records and spent $150 million annually just to print new
forms that had helped increase its paper store by 64,000 cubic feet36.5 thousand file drawers-or nearly forty four-drawer cabinets per
working day (Porat 1977, pp. 144-145). This government bureaucracy
alone, not to mention the parallel development of corporate bureauc
racy, lends irony to a newspaper article about the punch-card tabulator
Figure 9.4. Herman Hollerith's datoAabulating rrw.chinery, probably the wori,d's
first mechanical systemforprocessing informatwn as a materialfl<YW, reduced
the time needed to analyze the U.S. census from nine years in 1880 to less
than seven years in 1890. Hollerith's punch-card system also captured the
imagination of the new mass public, as evidenced by this cover story in Sci
entific American for August 80, 1890.
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used in the 1890 census, which Hollerith clipped and saved: "The ma
chine is patented," the reporter noted, "but as no one will ever use it
but governments, the inventor will not likely get very rich" (Austrian
1982, p. 73).
After the 1889 competition the committee of statisticians had pre
dicted that Hollerith's machines would save some $597,000 over the
previous census system that used the Seaton tabulator and Lanston
adder. In fact, the new machines saved $5 million and two years time.
Unlike the 1880 count, the 1890 census, even though it contained twenty
more items (a total of 235), could be analyzed in every possible com
bination of variables, the most complicated tables produced at no more
expense than the simplest ones. Boorstin (1973, p. 172) summarizes
the impact of Hollerith's system: "Now it was as easy to tabulate the
number of married carpenters 40 to 45 years of age as to tabulate the
total number of persons 40 to 45 years of age. "
The Census Bureau also concluded that Hollerith's system gave a
far better check against error than did hand tabulation (Austrian 1982,
pp. 69-70). Compared to the 1880 census, which took nine years and
cost $5.8 million, the much more extensive and thorough 1890 count
took fewer than seven years. It cost nearly twice as much, however,
some $11.5 million (Truesdell 1965). As Augarten (1984, p. 78) sur
mises, "Hollerith's system apparently possessed hidden costs-the great
temptation to use the equipment to the hilt. All those millions of cards,
those thousands of watts of electricity, those scores of statisticians,
had run up a big bill."
Bureaucracies Worldwide Adopt the Hollerith. System

Much the same temptation might have induced bureaucracies contin
ually to seek out new applications for the information-processing tech
nology. As the New York Post wrote of census superintendent Porter
late in 1890, "Like Alexander, who wept because he had no more worlds
to conquer, Porter is said to be sad and tearful because he has no more
nation to count" (Austrian 1982, p. 69). For whatever reasons, public
and private bureaucracies throughout the world quickly adopted Hol
lerith's system. They apparently recognized in its processing of infor
mation as material flows something akin to their function of organizing
their employees into processing, decision, and control structures. Within
a year Hollerith machines would be used to tabulate the national cen
suses of Austria, Canada, and Norway.

Data Processing and Bureaucracy

417

Although Hollerith would later assert that he had no interest in
selling to businesses until he lost the U.S. census as a customer in

1905, he had attracted a commercial firm-Prudential Life Insurance
even before the first large-scale test of his equipment in 1890. By March
1891 Prudential had two of the systems running in its Newark office
(they were replaced in three years by John Gore's more specialized
mechanical system). Three years later Hollerith could boast that one
hundred million cards bad passed through his machines-thirty-five
million outside of the U.S. Census Bureau and more than five million
in other countries (Austrian
In

1894

1982,

pp.

82-85).

a Russian-language book promoting the Hollerith system

appeared in St. Petersburg. The following year Hollerith journeyed
to Russia-the first of three trips-to persuade the Czar to use Hol
lerith equipment for the country's first general census, scheduled for

1896.

Hollerith eventually sold the Russians five hundred keyboard

punches and thirty-five new tabulating machines and loaned them thirty
five used tabulators, which they were to return for use in the
U.S. census. By

1903,

1900

laboring under the burden of processing more

than three hundred tons of punched cards, a task that would take nine
years, the Russians ordered additional Hollerith equipment.
as the

1930s,

As

late

after American recognition of the Soviet government,

the IBM marketing representative to Russia found the name of Hol
lerith still revered there, his early tabulators with clock dials preserved
as museum pieces (Eames and Eames 1973, p. 27; Austrian 1982, chaps.

10-12)

(Fig.

9.5).

Despite Lenin's concern in The State and Revolution (1917) to com
bat the "revisionist" notion that government bureaucracy might be
reformed and not "smashed," which reaffirmed Marx's argument in

The Eighteenth Brumaire (1852,

pt.

7),

the new Soviet state quickly

became a pioneer in the technologies of information processing and
control in both bureaucracy and hardware. Soon after the Bolshevik
revolution Soviet economists Q. Krassin and G. Grinko, working at a
government institute in Moscow, began to develop a theory of central
economic planning and control based on continuing data collection,
processing, and analysis-a theory that Deutsch et al.

(1971,

p.

452)

rank among the world's nineteen "major advances in social science"
during

1900-1920.

With the accession of Joseph Stalin after

1924,

So

viet thought insisted on the paramount and enduring importance of
government bureaucracy. Far from "withering away" under socialism,
as Engels had argued in Anti-DUhring (1878), the state, according to
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Figure 9.5. The two machines essential to Herman Hollerith's data-processing
system. Top: the card puncher, which included an interchangeable template
and dual punch (courtesy of the U.S. Department of the Census). Bottom: the
electric tabulator with rows of dials, each of which kept a running count of a
single category ofpunched-card inputs (courtesy of the Library of Congress).
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Stalinists, must be reinforced as the controlling influence in the con
struction of socialism (Miliband 1983).
By the time Stalin had fully consolidated his leadership of the Soviet
party and state in 1929, Russia was reported to be the third largest
user of data-processing equipment in the world, following only the
United States and Germany. The "Gosplan" or Five-Year Plans, an
effort to achieve total state regulation of the _Soviet economy begun in

1927, "implied a level of control that could hardly have been attempted
without machines for the rapid assessment of statistics," according to
Eames and Eames (1973, p. 97). "When Russia started renting tabu
lating equipment, one of the first installations was at the Central Sta
tistical Bureau. Other early users were the Soviet Commissariats of
Finance, of Inspection and of Foreign Trade, the Grain Trust, the
Soviet Railways, Russian Ford, Russian Buick, the Karkov Tractor
plant, and the Tula Armament Works." By 1938 Soviet mathematician
L. V. Kantorovich bad begun to develop linear programming theory,
the solutions of minima-maxima problems that would quickly become
central to military and industrial planning and control and remain so
today (Bell 1973, pp. 29-30).
Even with its highly centralized state control of the economy, how
ever, Russia continued to lag behind the United States and Germany
where Max Weber (1922) continued to analyze the growth of bu
reaucratic control-in information-processing technology. As a result
of the rapid development of such technology, outlined in the two
previous sections, U.S. government bureaucracies also pioneered ex-·
tensions of control: state (1890) and municipal (1894) employment ser
vices, a federal bureau of standards and Union catalog of holdings in
som� six hundred libraries (1901), state automobile registration (1901),
a federal income tax and bureau of labor statistics (1913), a national
reserve banking system enacted "to furnish an elastic currency" (1914),
and a federal trade commission to regulate commerce (1915).
During World War I the Wilson administration enjoyed unprece
dented control of the nation's transportation and communication sys
tems. The War Industries Board, headed by financier Bernard M.
Baruch, controlled the production and distribution ofvirtually all goods
and services. Hundreds of subordinate departments, boards, and com
mittees-on everything from seeds, foundry supplies, and automobiles
to baby buggies, pocket knives, and candy-collected and processed
data for Baruch's board. To sustain such extensive control of the ma
terial economy, the government required large amounts of information-
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processing equipment, so much that Hollerith's former company, then
part of the Computing-Tabulating-Recording (C-T-R) that in 1924 would
become IBM, suspended all other orders. "The war was doing what
the company's salesmen could not hope to do for many years," Hol
lerith's biographer notes (Austrian 1982, p. 341). "It was making the
punched card a daily fact of life for thousands of clerks marshaling the
nation's food supply and other resources. And unknown to Hollerith,
in faraway Germany some of his machines were being used to chart
the journeys of U-boats foraging for Allied shipping."
Meanwhile, the U.S. War Department, one of Hollerith's original
customers in 1888, used his equipment to conduct the first large-scale
application of psychological testing to control manpower utilization.
According to Eames and Eames (1973), ''The tests were designed to
identify recruits likely to be useless, or even dangerous, in battle . . .
The results, coded on cards, were used to fill such specialized personnel
needs as 105 scene painters for camouflage work, or 600 chauffeurs
who spoke French." At the end of hostilities the Medical Department
of the Army turned its Hollerith equipment to a new data set: twenty
three body measurements on each of one hundred thousand enlisted
men, which were analyzed to provide the first statistically reliable
information for making uniforms for American men (true to stereotype,
Texans proved to be the tallest) (Fig. 9.6).
Although C-T-R and other manufacturers of data-processing equip

ment turned back to their corporate customers after fighting had ended,

much of their wartime production found continued use in the federal
bureaucracy in new extensions of state control: federal operation of
the railroads for twenty-six months (1918-1920), a regular census of
distribution and photographing of bank checks (1929), a veterans'
administration to centralize federal records on insurance, public health
and vocational education (1930), a national income division to monHor
the economic depression (1932), a central U.S. statistical office and
employment service (1933), a national commission to control security
exchanges and over-the-counter markets (1934), a national highway
survey and federal punch-card index of fingerprints (1934), the federal
administration of social security taxes and benefit payments (1936), a
national board to control the "form, style, arrangement and indexing
of codifications" of executive agencies (1937) and, by the decade's end,
punch-card operations for codebreaking in Washington, D.C., Correg
idor, and Pearl Harbor-work that would stimulate the further de
velopment of computers during World War II (Goldstine 1972).
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(U.S. War Department, 1921,
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Parallel growth in bureaucratic and electromechanical data process
ing and control could also be found in the private sector of the American
economy. As we have already seen in the major beneficiaries of the
Library Bureau's "systematizing" and the Soviet Union's Gosplan, the
first applications of the new information-processing technologies came
in financial institutions, public utilities, railroads, and large manufac
turing operations. Life insurance companies ranked among the first
companies to see profit in data processing: New York Life, which by
the turn of the century had contracted to have its data punched onto
Hollerith cards (Austrian 1982, p. 134), adopted about 1903 the nation's
first numerical insurance rating system, with values assigned to var
ious factors affecting the insurability of applicants. Telephone com
panies and other utilities shared a common data-processing problem:
the continual recording and billing oflarge numbers of small amounts.

Data-Processing Equipment in Continuous Control
Aside from the obvious applications to speed up data processing and
tabulation, the new hardware soon came to be used-as we might now
expect-to control material processing and flows. After Hollerith con
nected electric adding machines to punch-card fields through his tab
ulators in 1896, his machinery could be used by railroads for their
waybill statistics: weight plus freight, advance and prepaid charges
together with codes for what was shipped, who sent and received it,
and by what routes (the ultimate extension of the railroads' own punched
photographs). This new technology, which in effect enabled the Hol
lerith system to add as well as to count, greatly reduced the "veritable
army of clerks" required in railroad freight departments while at the
same time speeding shipping (Eames and Eames 1973, pp. 46-47).
After Hollerith devised a tabletop card sorter for the U.S. Agricultural
Census in 1901, he rearranged the bins vertically to enable automatic
sorting in small railroad offices, even though the new design drew
complaints from most other customers as a "backbreaker." Twenty
years later, when the railroads no longer dictated commercial design,
lBM would make news by "inventing" a horizontal sorter much like
Hollerith's 1901 tabletop model (Austrian 1982, pp. 243-244).
Perhaps the most useful applications of the new information-proc
essing hardware for the control of material processing and flows came
in the offices of large manufacturing operations and retail establish
ments. At first punch-card tabulators in these offices merely replaced
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hand methods of accounting. Within only a few years, however, the
new equipment had been applied to two processing tasks too rapid and
complex to be performed by bureaucracy alone: the immediate and
continuous analysis of sales and costs.
In the nineteenth century, as we saw in Chapter 6, cost accounting
had been largely a matter of guesswork at best. After 1900, however,
modern factory accounting developed rapidly, pioneered by the same
industrial engineers who attempted to make management more "sci
entific" (Chatfield 1977, chap. 12). Methods to relate overhead costs
to the fluctuating flow of materials through a factory proved particu
larly important. Because the internal statistical data needed to control
these flows had already been well defined, their application to cost
accounting-given the necessary data-processing capability-proved
to be relatively straightforward (Garner 1954, chap. 5).
When Pennsylvania Steel of Philadelphia adopted Hollerith equip
ment in 1904, for example, most of the information required for cost
accounting could already be found-thanks to the work of Frederick
Winslow Taylor in the steel industry of the same city-on the time
tickets filled out by each worker. By punching data directly from these
tickets onto Hollerith cards, various sorting and tabulating operations
could supply a running account of the company's business.
Gershom Smith, the newly appointed auditor of Pennsylvania Steel,
soon became an outspoken promoter of the new data-processing equip
ment for control of manufacturing. "Accounting departments," he wrote,
"must present the records to management sufficiently promptly to
enable those in charge to check excess costs, stimulate production and
use the facts before they have become ancient history" (Austrian 1982,
p. 201). As a result of such "real-time" control, cost accounting quickly
became rationalized enough to merit university study. The first profes
sional organization to include cost accountants as members, in 1915,
was a national association of university instructors (Chatfield 1977, p.
153; Chandler 1977, p. 465). When Hollerith stepped down as general
manager of his Tabulating Machine Company in 1911, Gershom Smith
became his hand-picked successor.
For sales analysis, especially in the offices of the largest retailers,
the new information-processing equipment proved similarly invalu
able. As early as 1902, Marshall Field, the Chicago dry goods merchant
then building one of the world's largest department stores (Twyman
1954), placed an unsolicited order for Hollerith equipment. By the
following year the Tabulating Machine Company boasted to other pro-
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spective customers about the giant retailer's application of an infor
mation-processing system to sales analysis:
For each invoice a carbon is made and on this is added the class and item
numbers of the goods sold. This information and all related informa
tion . . . is transferred to punched cards . . . There are now on hand cards
for every item sold during the month. In addition to articles by class and
item numbers and value, the card also carries such other facts as . . . date,
customer, state, route, branch, etc. With a month's sales thus carded, it
is clear that to make the business actually done tell its story, it is only
necessary to group by any one fact or combination of facts.

(Austrian

1982, pp. 204-205)
In similar ways the new technologies of information processing and
control came to be applied to a wide range of bureaucratic functions:
purchasing records, inventory, overhead allocations, payroll analysis,
shipping costs, sales projections, market forecasting. The larger the
enterprise and the more diversified the throughputs it controlled, the
more crucial the new technologies would become.
At first these technologies appeared to "de-skill" the office work
force. Manual bookkeeping "would need the personal attention of some
one of marked ability," the British journal

Engineering observed in

1902. "But when the data are punched on cards, the job can be put in
the hands of a girl (sic)." By 1920, however, because of the increasingly
complex tasks to which the new machinery had been applied along
with the coevolution of continually more complex equipment, IBM had
established a school to train its own executives in the use of its prod
ucts. After General Electric enrolled five of its administrators in the
school in 1934, IBM officially began a Customer Executive School of
fering short intensive courses in how to operate IBM equipment (Eames
and Eames 1973, pp. 48, 90).
By 1928 the five largest manufacturers of information-processing
equipment-Remington Rand, National Cash Register, Burroughs,
IBM, and Underwood Elliott Fisher-had profits exceeding $32 million
on revenues of almost $180 million. In 1939, despite the Depression,
their profits totaled $18.6 million on nearly $177 million in revenues.
By 1984 the top five companies-IBM, Digital Equipment, Burroughs,
Control Data, and NCR (three of the five from the 1928 and 1939
lists)-had a combined income of nearly $7. 7 billion on revenues ex
ceeding $66 billion, part of total worldwide information-processing rev-
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enues exceeding $130 billion (Augarten 1984, pp. 183-184; Archbold
and Verity 1985, pp. 37, 50-51).
At least in rough outline, then, the shape ofthe modern information
processing industry appears to have been well established-in cor
porate leadership, grov;th rate, and profit margins-before World War
II. Just as the relative size of the information work force doubled
between 1880 and 1900 and again by 1940, it would double yet a third
time and become one-half of the total labor force by the 1980s (Table
1.2). An increasing number of those information workers serve the
data- and word-processing and computing technology of modern bu
reaucracies, the most recent development along with microprocessors
and genetic reprogramming of the continuing revolution in generalized
control technology.

10

������

Conclusions: Control as Engine of the
Information Society
The great scientific revolution is still to come. It will ensue when men
systematically use scientific procedures for the control of human re
lationships and the direction of the social effects of our vast techno
logical machinery . . . The story of the achievement of science in physical
control is evidence of the possibility of control in social affairs.
�ohn Dewey, Philosophy and Civilization (1931)

ONLY SINCE World War II have the industrial economies of the United
States, Canada, Western Europe, and Japan appeared to give way to
information societies, so named because the bulk of their labor force
engages in informational activities and the wealth thus generated comes
increasingly from informational goods and services. Although all human
societies have depended on hunting and gathering, agriculture, or the
processing of matter and energy to sustain themselves, such material
processing, it would seem, has begun to be eclipsed in relative impor
tance by the processing of information.
How did this come to be-and why? Despite scores of technical and
popular books and articles documenting the advent of the Information
Society no one seems to have even raised, much less answered, these
crucial questions. Among the many things that human beings value,
how did information, embracing both goods and services, come to dom
inate the world's largest and most advanced economies? Material cul
ture has also been crucial throughout human history, and yet capital
did not begin to displace land as an economic base until the Industrial
Revolution. To what comparable technological and economic "revolu
tion" might we attribute the similar displacement of the industrial capi
tal base by information and information-processing goods and services,
or the overshadowing of the Industrial by the Information Society?
The answer, as we have seen, is the Control Revolution, a complex
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of rapid changes in the technological and economic arrangements by
which information is collected, stored, processed, and communicated
and through which formal or programmed decisions can effect societal
control. From its origins in the last decades of the nineteenth century
the Control Revolution has continued unabated to this day and in fact
has accelerated recently with the development of microprocessing tech
nologies. In terms of the magnitude l)nd pervasiveness of its impact
upon society, intellectual and cultural no less than material, the Con
trol Revolution appears to be as important to the history of this century
as the Industrial Revolution was to the last. Just as the Industrial
Revolution marked an historical discontinuity in the ability to harness
energy, the Control Revolution marks a similarly dramatic leap in our
ability to exploit information.
Why did the Control Revolution begin in America at mid-nineteenth
century, closely following the Industrial Revolution? Such questions
of timing become easier to answer if we consider, as we did in Chapter

5, that national economies constitute concrete open processing systems
engaged in the continuous extraction, reorganization, and distribution
of environmental inputs to final consumption. Until the last century
these functions, even in the largest and most developed national econ
omies, still were carried on at a human pace, with processing speeds
enhanced only slightly by draft animals and wind and water power and
with system control increased correspondingly by modest bureaucratic
strnctures. So long as the energy used to process and move material
throughputs did not much exceed that of human labor, individual work
ers in the system could provide the information processing required
for its control.
Once energy consumption, processing and transportation speeds,
and the information requirements for control are seen to be interre
lated, the Industrial Revolution takes on new meaning. By far its
greatest impact from this perspective was to speed up society's entire
material processing system, thereby precipitating a crisis of control,
a period in which innovations in information-processing and commu
nication technologies lagged behind those of energy and its application
to manufacturing and transportation.

Crisis and Revolution
Table 10.1 summarizes the crisis·in control that moved progressively
through the American economy of the nineteenth century, from trans-
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Table 10.1. Selected crises in the control of transportation, production,
distribution, and consumption, 1840-1889
Crisis

Year

1841

Western Railroad collision kills two, injures seventeen;
Massachusetts Legislature investigation

1849

Freight must be processed through nine transshipments
between Philadelphia and Chicago, impeding distributional
networks

1851-54

Erie Railroad, first trunk line connecting East and West,
begins operations in "utmost confusion," misplaces cars for
months

1850s

With the growing network of grain elevators and warehouses,
and the mounting demand for mass storage and shipment,
transporters have increasing difficulty keeping track of
individual shipments of grain and cotton

1850s &
1860s

Mercantile firms are increasingly unable to control the
growing commerce in wheat, corn, and cotton
Commission merchants are increasingly unable to handle the
distribution of mass-produced consumer goods

1860s

With the advent of fast-freight and express companies,
railroads experience difficulty monitoring the location and
mileage of Hfor:eign1' cars on their lines
Wholesalers scramble to integrate movement of goods and cash
among hundreds of manufacturers and thousands of
retailers
Petroleum producers adopting continuous-processing
technologies increase output three to six times while halving
unit costs, confront need to stimulate consumption,
differentiate products, build brand loyalty

Late 1860s

Rail mills adopting Bessemer process struggle to control
increased speeds of steel production
Large wholesalers and retailers like department stores
confront need to maintain high rates of stock turn

1870s

Railroad companies (except the Pennsylvania) delay building
large S)''Stems because they lack means to control them
Producers of basic materials-iron, copper, zinc, glass
struggle to maintain competitively fast throughputs within
their plants
Large wholesale houses, among the most differentiated
organizational structures in the nineteenth century,
find need to integrate a growing number of highly special
ized operating units
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Crisis

Year

1882

Henry Crowell, adopting continuous-processing technology to
oatmeal, produces twice national consumption, confronts
need to create new markets

1880s

Metalworking industries-from castings and screws to sewing
machines, typewriters, and electric motors-struggle to
process materials at the volume and speed of the metal
p�oducers
Producers of flour, soap, cigarettes, matches, canned foods,
and film adopt continuous-processing technologies, confront
needs to create new markets and to stimulate and control
conswnption
Growing scope, complexity and speed of information
processing-inventory, billing, sales analysis-needed to
run large business begins to strain capacity of manual
handling systems

portation (railroads) to distribution (commission trading and whole
saling),

then to production (rail mills, other metal-making and

metalworking industries),

and finally to marketing (continuous

processing industries). As we have seen, what began as a crisis of
safety on the railroads in the early 1840s hit distribution in the 1850s,
production in the late 1860s, and marketing and the control of con'
sumption in the early 1880s.
As the crisis of control spread through the material economy, it
inspired a continuing stream of innovations in control technology. These
innovations, effected by transporters, producers, distributors, and
marketers alike, reached something of a climax by the 1880s. With the
rapid increase in bureaucratic control and a spate of innovations in
industrial organization, telecommunications, and the mass media, the
'

.

technological and economic response to the crisis-the Control Revolution-had begun to remake societies throughout the world by the
beginning of this century.
Table 10.2 presents a selective summary of the more important
innovations in information technology that constituted the nineteenth
century Control Revolution, at least in the United States, and its
growth through the 1930s toward an Information Society. This list
of innovations reveals a steady development of organizational, infor
mation-processing, and communication technology over at least the
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Table 10.2. Selected innovations in the control of production, distribution, and
consumption and in more generalized control, 1830-1939
Year
1830
32
34
36
38
1840
42
44
46
48
1850
52
54
56
58
1860
61
62
63
64
65
66
67
68
69
1870
71
72
73
74
75
76
77
78
79
1880
81
82
83
84
85

86

Production

Distribution

Consumption

Generalized

Scheduled
freight line
Penny press
Machine-tool
Telegraph
factory
Through-freight
American System
forwarding
of manufacture
Packaging
Standardized
Commodity
wire gauge
exchanges
Commissioned
Postage stamp
industrial
Through bill
consultants
Registered mail
Railroad scale
ContinuousFutures
processing
technology
Paper money
Fixed prices
Postal money
order
Transatlantic
cable
Bessemer
Traveling
processing
salesmen
Continuous
processing
of materials
Mail-order
Shop-order
accounting
Large chain
Plant design
of stores
to speed
Telephone
processing
Telephone
switchboard,
exchanges

Rate-fixing
department,
cost control

Uniform stan<lard time
Special delivery mail

Daguerreotype
Advertising
agency
Hoe press
Newspaper
association
Wood pulp, rag
paper
Iteration copy
Typesetter
Display type
Advertising
of Christmas

Premiums
for coupons
Newspaper circula:ion book
Trademark law
Human-interest
advertising
Illustrated
daily paper
Advertising
weekly

Large-scale
formal
organization

Hierarchical
process control system
Formal lineand-staff
control

Modern bureaucracies with
multiple departments

Typewriter
with QWERTY
keyboard

Full-page
advertising
New trademark
law
Mass daily
Newspaper
syndicate
Linotype

Business school
Dow Jones news
Accounting firm
Bonding company
Desktop
telephone
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87
88
89
1890
91
92
93
94
95
96
97
98
99
1900
01
02
03
04
05
06
07
08
09
1910
11
12
13
14
15
16
17
18
19
1920
21
22

23
24
25
26

27
28
29

Production

Distribution

Consumption
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Generalized

Time recording

Staff timekeepers for
routing

Car accountant
offices
Pay telephone,
travelers'
checks
Cafeteria

Time studies

Auto plant
designed for
processing
Factory control
by line-andstaff
Auto branch
assembly
Scientific
management
Moving auto
assembly
Unattended
substations
River Rouge
processing
architecture

Distant control
of electrical
transmission
Demand feedback control
Pneumatic
proportional
controller

Vending machine
Rural free
delivery

Automat
Pacific cable

Ad journal
National publicity stunt
Standardized
billboards
Print patent
Full-time
copywriters
Corporate publicity bureau
Million-dollar
ad campaign
Modern advertising agency
Advertising
textbook

Punch-card
tabulator
Mimeograph
Multiplier
Addressograph
Four-function
calculator
Centralized,
departmental
corporate
organization
Automatic card
sorter
Plug-board
tabulator

Wristwatches
Transatlantic
radio
G)-Tocompass
Two-way auto
radio
Franchising
Parcel post
Aircraft gyrostabilizer
Self-service
store
Air mail,
Fedwire
Metered mail
Drive-ins
Shopping center
Supermarket
Transcontinental air mail,
facsimile
Transatlantic
telephone
Aircraft automatic pilot

Advertising
copy testing

Formal market
research
Mail-order ad
testing
Circulation
audit bureau
Household
market interviewing
Market
research
textbook
Commercial
radio
National network radio
Dry waste
survey
Flasher sign
Radio ratings

Photostat

Printing
tabulator
Postage meter
Electric keypunch
Decentralized
corporate
organization
Multipleregister
cumulating
calculator
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Table 10.2. (cont.)
Year
1930
31
32
33
34
35
36
37
38
39

Production

Distribution

Quality control

course, text

Teletype

Consumption

Generalized

Automobile
radio

service
PID controller
Pneumatic
transmitter
Lab analysis
for quality
control
Human relations
textbook

Modern coaxial
cable
Radar
Transatlantic
air mail

Retail-sales
index
National polls
Audimeter
ratings
Animated sign
Commercial
television

Machines linked
for computing
Electric

typewriter

Electronic
calculator

decades of the 1850s through 1880s, a period that lags industrialization
by perhaps ten to twenty years. Remarkable, in light of the Clark
Bell sequence discussed in Chapter 5, is the sharp periodization of the
listing. Among the three economic sectors, virtually all of the major
innovation in control through the 1860s can be found in distribution;
much of that in the 1870s and later comes in production or consumption.
Similarly, most of the important listings for distribution come before
1870, nearly all of those for production and consumption come after
this date (major innovations in generalized control appear more spo
radically throughout the period).
No less remarkable is the similar periodization in the development
of information-processing, communication, and control technologies.
Each of the major sectors of the economy tended to exploit a particular
area of information technology: transportation concentrated on the
development of bureaucratic organization, production on the organi
zation of material processing, including preprocessing, division of labor,
and functional specialization; distribution concentrated on telecom
munications, marketing on mass media. These relationships, combined
with those for the three economic sectors discussed above, account for
the patterns in nineteenth-century control technology evident in Table
10.2.
Most bureaucratic innovation arose in response to the crisis of control
in the railroads; by the late 1860s the large wholesale houses had fully
exploited this form of control. Innovation in telecommunications (the
telegraph, postal reforms, and the telephone) followed the movement
of the crisis of control to distribution. Innovation in organizational
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technology and preprocessing (the shop-order system of accounts, rout
ing slips, rate-fixing departments, cost control, uniform accounting
procedures, factory timekeepers, and specialized factory clerks) fol
lowed the movement of the control crisis into the production sector in
the 1870s. Most innovations in mass control (full-page newspaper ad
vertising, a trademark law, print patents, corporate publicity depart
ments, consumer packaging, and million-dollar advertising campaigns)
came after the late 1870s with the advent of continuous-processing
machinery and the resulting crisis in control of consumption. Along
with these innovations came virtually all of the basic mass communi
cations technologies still in use a century later: photography, rotary
power printing, motion pictures, the wireless, magnetic tape record
ing, and radio.
Despite such rapid changes in mass media and telecommunications
technologies, the Control Revolution also represented a restoration
although with increasing centralization-of the· economic and political
control lost at more local levels during the Industrial Revolution. Be
fore this time, control of government and markets had depended on
personal relationships and face-to-face interactions; by the 1890s, as
we saw in Part III, control began to be reestablished by means of
bureaucratic organization, the new infrastructures of transportation
and telecommunications, and system-wide communication via the new
mass media.
If the Control Revolution was essentially a response to the Industrial
Revolution, however, why does it show no sign of abating more than
a century later? As we saw in Chapter 7, three forces seem to sustain
its development. First, energy utilization, processing speeds, and con
trol technologies have continued to coevolve in a positive spiral, ad
vances in any one factor causing-or at least enabling-improvementa
in the other two. Second, additional energy has increased not only the
speed of material processing and transportation but their volume and
predictability as well. This, in turn, has further increased both the
demand for control and the returns on new applications of information
technology. Increases in the volume of production, for example, have
brought additional advantages to increased consumption, which man
ufacturers have sought to control using the information technologies
of market research and mass advertising. Similarly, the increased re
liability of production and distribution flows has increased the economic
returns on informational activities like planning, scheduling, and fore
casting. Third, information processing and flows need themselves to
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be controlled, so that informational technologies must continue to be
applied at higher and higher layers of control-certainly an ironic twist
to the Control Revolution.
Information in Control
Given that a revolution in control did begin in response to a crisis
generated by the Industrial Revolution, why have the technologies of
information processing, preprocessing, programming, and communi
cation played such a major part in the Control Revolution? In short,
why the new centrality of information?
No study of technological innovation or economic history alone can
possibly hope to answer this question, I argued in Part I , no more
than the history of organic evolution can explain the importance of
information to all living things. In both cases the reasons why infor
mation plays a crucial role will not be found in historical particulars
but rather in the nature of all living systems-ultimately in the re
lationship between information and control. Life itself implies purpo
sive activity and hence control, as we found in Chapter 2, in national
economies no less than in individual organisms. Control, in turn, de
pends on information and activities involving information: information
processing, programming, decision, and communication.
Inseparable from control are the twin activities of information pro
cessing and reciprocal communication. Information processing is es
sential to all purposive activity, which is by definition goal directed
and must therefore involve the continual comparison of current states
to future goals. Two-way interaction between controller and controlled
must also occur to communicate influence from the former to the latter
and to communicate back (as feedback) the results of this action.
Each new technological innovation extends the processes that sus
tain human social life, thereby increasing the need for control and for
improved control technology. Thus, technology appears autonomously
to beget technology and, as argued in Part II, innovations in matter
and energy processing create the need for further innovation in infor
mation processing and communication. Because technological innova
tion is increasingly a collective, cumulative effort whose results must
be taught and diffused, it also generates an increased need for tech
nologies of information storage and retrieval.
Foremost among the technological solutions to the crisis of control
in that it served most other control technologies-was the rapid growth
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in the late nineteenth century of formal bureaucracy and rationaliza
tion. The latter includes what computer scientists now call prepro
cessing, a complement to the control exercised by bureaucracy through
information processing, increasingly using computers and micropro
cessors. Perhaps most pervasive of all rationalization is the increasing
tendency to regulate interpersonal relationships in terms of a formal
set of impersonal, quantifiable, and objective criteria, changes that
greatly facilitate control by both government and business. The com
plex social systems that arose with the growth of capitalism and im
proved transportation and communication would have overwhelmed
any information-processing system that operated on a case-by-case
basis or by the particularistic considerations of family and kin that
characterized preindustrial societies.
Another explanation for the increasing importance of information in
modern economies is suggested by the purposive nature of living sys
tems. All economic activity is by definition purposive, after all, and
requires control to maintain its various processes to achieve its goals.
Because control depends on information and informational activities,
these will enter the market, as both goods and services, in direct
relationship to an economy's demand for control. But if control is in
fact crucial to all living systems, why has the economic demand for
control-in the form of informational goods and services-increased
so sharply, thereby precipitating the rise of the Information Society?
Economic activity might indeed depend on control, and control on
information, but why do these relationships seem relatively so much
more important now than a century ago?
The Information Society

The Information Society has not resulted from recent changes, as we
have seen, but rather from increases in the speed of material processing
and of flows through the material economy that began more than a
century ago. Similarly, microprocessing and computing technology,
contrary to currently fashionable opinion, do not represent a new force
only recently unleashed on an unprepared society but merely the most
recent installment in the continuing development of the Control Rev
olution. This explains why so many of the components of eomputer
control have been anticipated, both by visionaries like Charles Babbage
and by practical innovators like Daniel McCallum, since the first signs
of a control crisis in the early nineteenth century.
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The progress of industrialization into the nineteenth century, with
the resulting crisis of control, the technological and economic response
that constituted the Control Revolution, and the continuing develop
ment of the Information Society, including the telematic stage just
now emerging-together these factors account for virtually all of the
societal changes noted by contemporary observers as listed in Table
1.1. These include the rise of a new information class (Djilas 1957;
Gouldner 1979), a meritocracy of information workers (Young 1958),
postcapitalist society (Dahrendorf 1959), a global village based on new
mass media and telecommunications (McLuhan 1964), the new indus
trial state of increasing corporate control (Galbraith 1967), a scientific
technological revolution (Richta 1967; Daglish 1972; Prague Academy
1973), a technetronic era (Brzezinski 1970), postindustrial society
(Touraine 1971; Bell 1973), an information economy (Porat 1977), and
the micro millennium (Evans 1979).
The various transformations these observers identify may now be
seen to be subsumed by major implications of the Control Revolution:
the growing importance of information technology; the parallel growth
of an information economy and its control by business and the state;
the organizational basis of this control and its implications for social
structure, whether Young's meritocracy or Djilas's new social class;
the centrality of information processing and communication, as in
McLuhan's global village; the information basis of Bell's postindustrial
society; and indeed the growing importance of information and knowl
edge throughout modern culture. In short, particular attention to the
material aspects of information processing, communication, and con
trol promises to make possible a synthesis of a large proportion of this
literature on contemporary social change.
Despite the Control Revolution's importance for understanding con
temporary society, however, especially the continuing impact of com
puters and microprocessors, the most useful lesson relates to our
understanding of social life mo.re generally. The rise of the Information
Society itself, more than even the parallel development of formal in
formation theory, has exposed the centrality of information processing,
communication, and control to all aspects o[ human society and social
behavior. It is to these fundamental informational concepts, I believe,
that we social scientists may hope to reduce our proliferating but still
largely unsystematic knowledge of social structure and process.
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