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? CHAPTER ONE

Introduction: Complex Technology

Technology is messy and complex. It is difficult to define and to un-
derstand. In its variety, it is full of contradictions, laden with hurman
folly, saved by occasional benign deeds, and rich with unintended
consequences. Yet today most people in the industrialized world re-
duce technology’s complexity, ignore its contradictions, and see it as
little more than gadgets and as a handmaiden of commercial capi-
talism and the military. Too often, technology is narrowly equated
with computers and the Internet, which are mistakenly assumed to
have been invented and developed in a private-enterprise market
context. Hayang cultivated technology impressively, Americans, es-
pecially, need to understand its complex and varied character in or-
der to use it more effectively as means to a wide variety of ends.
Both the Flying Fortresses of World War II and the flying buttresses
of the Middle Ages are technological artifacts.

In the following chapters, I draw upon and surnmarize the ideas
of public intellectuals, historians, social scientists, engineers, nat-
ural scientists, artists, and architects who have helped me over five
decades to better understand the complexity of technology and
its multiple uses. Because the serics in which this book appears is
about science, technology, and culture, I also include descriptions of
the works of artists and architects who have influenced my view of
technology.
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Since most of the works considered were done decades, even
centuries, ago, they provide a historical perspective. This helps me
and I hope my readers to move out of our present mind-set and con-
sider the different ways in which technology has been envisioned as
a means to solve problems, some different, some resembling those
we face today. History does not repeat itself in detail, but drawing
analogies between past and present allows us to see similarities. For
this reason, generals study military history, diplomats the history of
foreign affairs, and politicians recall past campaigns. As creatures in
a human-built world, we should better understand its evolution.

Defining Technology

Defining technology in its complexity is as difficult as grasping the
essence of politics. Few experienced politicians and political scien-
tists attempt to define politics. Few experienced practitioners, histo-
rians, and social scientists try to inclusively define technology. Usu-
ally, technology and politics are defined by countless examples
taken from the present and past. In the case of technology, it is usu-
ally presented in a context of usage, such as communications, trans-
portation, energy, or production.

The word “technology” came into common use during the twen-
tieth century, especially after World War I1. Before then, the “prac-
tical arts,” “applied science,” and “engineering” were commonly
used to designate what today is usually called technology. The Ox-

ford English Dictionary finds the word “technology” being used as

early as the seventeenth century, but then mostly to designate a dis-
course or treatise on the industrial or practical arts. In the nine-
teenth century, it designated the practical arts collectively.

In 1831 Jacob Bigelow, a Harvard professor, used the word in the
title of his book Elements of Technology . . . on the Application of the Sciences
to the Useful Arts. He remarked that the word could be found in some
older dictionaries and was beginning to be used by practical men.
He used “technology” and the “practical arts” almost interchange-
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ably, but digtinguished them by associating technology with the ap-
plication of science to the practical, or useful, arts. For him, tech-
nology involved not only artifacts, but also the processes that bring
them into being. These processes involve invention and human in-
genuity. In contrast, for Bigelow, the sciences consisted of discov-
ered principles, ones that exist independently of humans. The sci-
ences are discovered, not invented.

I also see technology as a creative process involving human in-
genuity. Emphasis upon making, creativity, and ingenuity can be
traced back to teks, an Indo-Eurcpean root of the word “technol-
ogy.” Teks meant to fabricate or to weave. In the Greek, wkéin re-
ferred to a carpenter or builder and tekAné to an art, craft, or skill. All
of these early meanings suggest a process of making, even of cre-
ation. In the Middle Ages, the mechanical arts of weaving, weapon
making, navigation, agriculture, and hunting involved building,
fabrication, and other productive activities, not simply artifacts.

Landscape architect Anne Whiston Spirn’s definition of land-
scape in The Granite Garden: Urban Nature and Human Design (1984) sug-
gests a way of thinking about technology. For her, landscape con-
nects people and a place, and it involves the shaping of the land by
people and people by the land. The land is not simply scenery; it is
both the natural, or the given, and the human-built. It includes
buildings as well as trees, rocks, mountains, lakes, and seas. I see
technology as 2 means to shape the landscape.

As noted, “technology” was infrequently used until the late
twentieth century. When a group of about twenty American his-
torians and social scientists formed the Society for the History of
Technology in 1958, they debated whether the society should be
known by the familiar word “engineering” or the unfamiliar one
“technology.” They decided upon the latter, believing “technol-
ogy,” though the less used and less well-defined term, to be a more
inclusive term than “engineering,” an activity that it subsurmnes.

So historians of technology today are applying the word to ac-
tivities and things in the past not then known as technology, but that
are similar to activities and things in the present that are called tech-
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nology. For example, machines in the nineteenth century and mills
in the medieval period are called technology today, but they were
not so designated by contemporaries, who called them simply ma-
chines and mills. ' '

In 1959 the Society for the History of Technology began publi-
cation of a quarterly journal entitled Tecknology and Culture. The be-
wildering variety of things and systems referred to as technology in
the journal’s first two decades reveals technology’s complex char-
acter. Rockets, steam and internal combustion engines, machine
tools, textiles, computers, telegraphs, telephones, paper, telemetry,
photography, radio, metals, weapons, chemicals, land transport,
production systems, agricultural machines, water transport, tools,
and instruments all appear as technology in the journal’s pages. Yet
the various kinds of technology noted in Technology and Culture have a
common denominator—most can be associated with the creative
activities, individual and collective, of craftsmen, mechanics, inven-
tors, engineers, designers, and scientists. By limiting technology to
their creative activities, I can avoid an unbounded definition that
would include, say, the technology of cooking and coaching, as
widespread as they may be.

Having taught the history of technology for decades and having
faced the difficulties of defining it in detail, I have resorted to an
overarching definition, one that covers how I use the term in the fol-
lowing chapters. | see technology as craftsmen; mechanics, inven-
tors, engineers, designers, and scientists using tools, machines, and
knowledge to create and control a human-built world consisting -of

artifacts and systems associated mostly with the traditional fields of '

civil, mechanical, electrical, mining, materials; and chemical engi-
neering. In the twentieth and twenty-first centuries, however, the
artifacts and systems also become associated with newer fields of
engineéring, such as aeronautical, industrial, computer, and envi-
ronmental engineering, as well as bioengineering.

Besides seeing technology associated with engineering, I also
consider it being used as a tool and as a source of symbols by many
architects and artists. This view of technology allows me to stress the
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aesthetic dignensions of technology, which unfortunately have been
negiected in the training of engineers, scientists, and others engaged
with technology.

My background helps explain why I have chosen a definition
emphasizing creativity and control. Before earning a Ph.D. in mod-
ern European history, I received a degree in mechanical and elec-
trical engineering. In the 1g50s, I found engineering and related
technology . at their best to be creative endeavors. Not uncritical
of their social effects, I still considered them potentially a positive
force and expressed a tempered enthusiasm for them and their
practitioners.

Since then, I have learned about the Janus face of technology
from counterculture critics, environmentalists, and environmental
historians. Yet the traces of my enthusiasm still come through in my
publications, especially this one. Hence my defining technology as
a creative activity, hence my willingness to sympathetically portray
those who have seen technology as evidence of 2 divine spark, and
hence my interest in those who consider the machine a means to
make a better world. Yet this sympathetic view is qualified by what

- Ihave learned from critics of technology.

i

Ouverarching Theme: Creativity

Despite the varied approaches to technology taken by the authors,
artists, and architects considered in this book, I find several over-
arching and related themes emerging as my account moves from
the past toward the present. Most of my sources see technology, as
I do, offering creative means to a variety of ends. They explore the
various uses of technology. They also understand it to be especially
important as means to create and to control a human-built world,
the extent of which is steadily increasing. As a result, my sources
have given me and should give my readers a far greater apprecia-
tion of our responsibilities for the use of technology and for the
characteristics of the human-built world it creates.
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Creativity is usually associated with the fine arts and architec-
ture, yet technology throughout history has enabled humans to ex-
ercise godlike creative powers. For the Greeks, Prometheus sym-
bolized creativity in stealing fire from the gods, not with paint and
canvas. Conventionally seen as a gifted artist, Leonardo da Vinci
presented himself to the world as an architect-engineer who filled
his notebooks with inventions and engineering projects, including
canals, automated textile machines, and machine tools. Johann
Wolfgang von Goethe in his epic poem Faust had the protagonist ul-
timately finding earthly fulfillment in the creation, by the drainage
of wetlands, of new land upon which humans will thrive.

Today in a secular age dedicated to a consumer culture, we do
not see technology in the grand perspective suggested by Leonardo
and Goethe. We are content to let inventors and entrepreneurs, en-
ergized by market forces, lay claim to the laurels of creativity. Dur-
ing the past century, American inventors became heroic figures
symbolizing the country’s aptitude for innovation. Thomas Edison
remains the foremost independent inventor-entrepreneur remeim-
bered for his electric light, phonograph, telegraph, and numerous
other inventions. He was the proverbial small-town, plainspoken,
self-made American whose untutored genius brought him fame and
wealth. How unlike the highly complex Leonardo, who was both
artist and engineer.

We should not be surpnsed that a century later Americans cager
to recapture and refresh their image as a nation of inventors relish
stories about a new wave of youthfu! inventor-entreprencurs pre-
paring business plans to finance Silicon Valley start-up companies
that are intended to stimulate a computer revolution. Goethe’s Faust
would hardly have asked the moment of creation to linger, if the re-
sult was simply one more consumer good.

Along with inventors, engineers are also seen today as the cre-
ators of the human-built world. During the last century, Americans
and Germans pictured engineers as robust, commonsensical, prac-
tical, self-made, rather dull men. With the late-nineteenth-century
rise of engineering schools, an engineering education became the
means for young men of humble origins to move up into the ranks
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of industrialymanagers and preside over a market-driven industrial
scene. Only within the past few decades have women in substantial
numbers been encouraged to enroll in engineering schools and to
enter the profession. Perhaps they will introduce more complexity
into a profession inclined toward reductionism.

Ouverarching Theme: Human-Built World

According to the myth of creation found in the book of Genesis, hu-
mans have been engaged in creating a living and working place, a
human-built world, ever since their ouster from the Garden of
Eden. There, Eve and Adam did not have to provide food, clothing,
or shelter for themselves. Subsequently humans used technology to
transforoa an uncultivated physical environment into a cultivated
and human-built one with all of its artifacts and systems.

The transformation has been especially rapid and obvious dur-
ing industrial revolutions beginning in England in the eighteenth
century, extending to the United States and Germany in the nine-
teenth, and into Japan and other regions of the developing world in
the twentieth. In order to define the concept of the human-built, T
could focus ypon history in countless times and places, but a brief
survey of the American experience should suffice. By 1900 even Eu-
ropeans acknowledged that the United States had become technol-
ogy’s nation.

In the traditional account, Americans transformed an vnculti-
vated wilderness into a living and work place—the human-built
world. In recent years, however, historians have revealed that at
least a million Native Americans inhabited the so-called wilderness
of the seventeenth century and they had changed the landscape by
controlled burning of grasslands, clearing of forests, and the plant-
ing of crops.

There are no better defining examples of the human-built than
the industrial metropolises that mushroomed in the United States
during the late nineteenth century. Young men and women who
knew exhausting labor of the farms flocked into expanding indus-
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trial cities like Boston, New York, Philadelphia, Baltimore, Cleve-
land, and Chicago with their diversions and promise of blue- and
white-collar work.

Living in a human-built urban world shaped American charac-
ter, as my sources will testify. Unlike Frederick Jackson Turner, an
eminent historian, who in his essay “The Significance of the Fron-
tier in American History” (1893) wrote persuasively of the influence
of the natural frontier on American character, I am more interested
in the ways in which the human-built environment has shaped
character. Early in the nineteenth century, Turner asked his read-
ers to stand at Kentucky’s Cumberland Gap and watch successive
waves of Indians, fur traders, hunters, cattle raisers, and pioneer
farmers flowing westward. He believed that frontier experiences
brought them and later Americans to favor political democracy,
cross-pollination of ethnic groups, inquisitiveness, materialism, and
individualism.

Instead of natural frontier images, I seek, through my sources,
images capturing the essence of the human-built world. It can be
observed on the streets of industrial Chicago in 1910 populated by
skilled blue-collar workmen, eager young inventors, aspiring white-
collared managers, and upwardly mobile, clean-shaven farm boys
become mechanical engineers. There were also young women born
and bred in small towns finding employment as clerks in the newly
established department stores, as stenographers in places of busi-
ness, and as laborers in manufacturing shops. The tumultuous pace
and the callous demands of a commercial culture overwhelmed
some young men and women who drifted into the urban slums or
into prostitution or petty crime.

Many of them flourished, however, as their country—once de-
spised by industrial Britain as rural and uncouth—became the
world’s preeminent industrial and technological power. A construc-
tion site for centuries, America spawned a nation of builders. The
business of Ameérica was building. The spirit of the people was not
only free enterprise, but also demiurge—the spirit of the Greek god
who created the material world.
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1. Not a tree or @ blade of grass in human-built Chicago, ca. 1910. Courtesy of the Chicago
Historical Society. '

Seeing ghuman-built world around them, engineers, scientists,
and managers believed that they had the creative technological
power to make a world according to their own blueprints. They
considered the natural world as expendable and exploitable or sim-
ply as scenery. Railroads, highways, telegraphs, and telephones al-
lowed transportation and communication $ystems to reach the re-
mote hinterland. Electric power energized factories far from the rail
networks serving industry dependent upon coal. Artificial fertilizers
and agricultural machinery increased the yield of lands once ex-
hausted. Cheraists transformed matter and provided abundance
where pature had denied resources, even though the side effects
were hidden for decades. The creative spirit, the desire to create a
human-built world, was reaching its apogee.

My sources develop not only upon the overarching themes of
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creativity and the human-built, but also subthemes dealing with the
varied ends that technology can serve. I develop these subthemes in
individual chapters that are arranged chronologically. Before dis-
cussing the subtheme explored in a chapter, I provide context by
surveying technological developments taking place during the peri-
ods in which the subtheme most obviously emerged.

Second Greation

Chapter 2, for instance, focuses upon the nineteenth-century trans-
formation of the America landscape into a human-built world by
Furopean settlers and African slaves. The chapter examines the ex-
pressed motivations, many of European origin, of the settlers. Eco-
nomic and political forces drove them, but many also saw them-
selves motivated by a divine mission.

Seeing technology within a religious context and as serving
religious ends, the American settlers provide a starkly differing per-
spective on technology than the one prevailing today in the in-
dustrialized world. For them, the transformation of a howling wil-
derness into 2 living and work place was more than a utilitarian
venture. They believed that technology, a gift of God, could help
them transform the New World into a Garden of Eden. They called
this marvelous transformation a “second creation.”

Living in times when religion provided for many a defining per-
spective on the world, settlers believed that the creative act de-
pended upon a divine spark that God, the author of the first cre-
ation, had placed in his creatures. Many early Americans eagerly
accepted the injunction in the book of Genesis to subdue the earth
and have dominion over all creatures. Believing themselves so em-
powered, they often fell into the habit of exploiting nature for their
immediate material gain and failed to accept other biblical injunc-
tions demanding that they act as nurturing stewards of God’s and
their own creations.

" On the other hand, some influential Americans cared deeply
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about the ngoral and environmental character of the second cre-
ation. They wished to retain and maintain a natural environment
that they found sustaining, an environment that the aggressively ex-
ploitative called a wilderness. Other contemplative Americans nur-
tured a vision of a middle landscape, a garden, that mediated be-
tween unimproved nature and the human-built. Still others of a
philosophical cast of mind asked that positive benign values be em-
bedded in the human-built world.

Machine for Production

1 show in chapter g that the effort to bring about a second creation
did not culminate in a new Eden, but, instead, in an industrial rev-
olution that brought a human-built world consisting of steel, elec-
tric power, internal comhbustion engines, chemically transformed
materials, and a plethora of consumer goods. By the early twentieth
century, American technology had become the most prolific ma-
chine for production that the world had ever known. It partially
fulfilled the material needs of millions of Americans escaping from
poverty, but it also imposed demanding working and living condi-
tions upon ghem.

American commentators reacted positively to this industrial rev-
olution and its outpouring of consurner goods. Their reactions be-
came embedded in American culture and their values continue to
sustain consumerism today, even among those satiated with goods.
Some American spokespersons became so infatuated with machines
that they spoke metaphorically and approvingly of the machinery
of government and machinery of the body. Believing machines not
only to be fruitful and efficient, contemporaries also took them to be
easily controllable. _

Because a similar revolution occurred in Germany about the
same time, [ have taken this as an opportunity to consider Germans
whose reactions to technology as a machine for production have
substantially influenced my concept of technology. German intel-
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lectuals reacted to mechanization more critically than did Ameri-
cans, however. For instance, Oswald Spengler, a popular early-
twentieth-century German historian, had ideas about technology
that are virtually unthinkable in twenty-first-century America. He
blamed technology for the decline of the West and for stimulating
among Westerners the sin- of human pride, or hubris. 'They saw
themselves as the great creators, not God, and the human-built
world as evidence of their masterful creative powers.

Systems, Controls, and Information

In chapter 4, I discuss Americans’ reactions to the large technolog-
ical systems spreading through the human-built world. During
World War I, engineers, scientists, and managers in the belligerent
countries invented and developed horrific technological systems of
destruction. In the United States, military technology showed its
most awesome power culminating in the atomic mushroom cloud
that has come to symbolize the deadly forces that technology un-

leashes. Having once thought. of technology as relatively simple,
controllable machines, Americans acknowledged and confronted
the omnipresence of enormous, complex technological systems de-
fying control. They also realized that they had become the unchal-
lenged world master of technological forces.

The Manhattan Project that produced the atom bombs became
the prototype for large postwar technological systems generated by
a military-industrial-university complex. I discuss the nature of sev-
eral of these weapons systems and then turn to the negative reac-

“tions of American commentators to this complex.

A search for controls that could harness technology seemingly
expanding out of control led engineers and scientists to investigate
and write about the interaction of information, communication,
and controls, especially feedback controls. In his 1948 book Cyber-
netics; or, Control and Communication in the Animal and the Machine, MIT
mathematician Norbert Wiener declares that the seventeenth and
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early eightegnth centuries were the age of clocks; the later eigh-
teenth and the nineteenth centuries, the age of the steam engines;
and the twentieth century, the age of communication and control.

1 also consider the reactions of various American commentators
to the information revolution, which arose in part because of the
search for the means to control large technological systems. Amer-
icans’ reactions to the information revolution have been as enthusi-
astic as their early responses to mechanization. George Gilder, an
autodidact and public intellectual, has been the most enthusiastic
and influential of the celebrants of the computer-driven informa-
tion age. He declared that the industrial age has passed. Creative
human minds are displacing machines and material things as the
measure and source of wealth.

Technology and Culture

Chapter 5 examines the works of artists and architects who have
helped me understand technological creativity and the human-built
world. Experiencing a second industrial revolution in Germany and
the United States during the late nineteenth and early twentieth
centuries, many of them believed that technology was making a
modern technology-based culture that would extend into a limitless
future. Their architecture and works of art filled the human-built
world.

As a means of construction and as a source of symbols, tech-
nology shaped an International Style of architecture that expressed
the technological values of rationality, order, and efficiency. Artists
turned to technological symbols and metaphors to represent a mod-
ern world and human characteristics. Technological values associ-
ated with machines infused art and architecture to such an extent
that the modern Western culture flourishing between the world
wars can be characterized as a technological, or technology-based,
culture.

Artists’ and architects’ reactions to technology changed during
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the twentieth century. Early in the century, machines fascinated
many German and American artists and architects. Some even cel-
ebrated the machine. After World War 11, during the era of systems
and controls, leading American artists and some architects reacted
strongly against technology, seeing its order and control as oppres-
sively confining the human spirit. As the century closed and an in-
formation revolution spread, some American artists and architects
began to view technology positively again, seeing computers as a
creative tool.

Ecotechnological Environment

In chapter 6, we turn from my sources to reflect upon the acceler-
ating spread of the human-built world, an overarching theme in the
preceding chapters. 1 will consider our moral responsibilities as cre-
ators who have embodied our values in the technological systems
constituting this world. These values react back upon us and shape
our hehavior. Because of their physicality and durability, techno-
logical systerns pass on the virtues and sins of fathers and mothers to
sons and daughters.

While environmentalists are deeply and rightly concerned about
the natural world, we should also seek ways in which we can make
the human-built world more sustainable and supportive of the qual-
ity of human life. Yet we should not focus simply on the human-
built, but direct attention to the ecotechnological environment in
which we mostly live, systems in which the natural and human-built
overlap and interact.

I also reflect upon the ways in which Americans’ infatuation with
technology had led them to favor technological fixes, which are ef-
forts to solve complex problems with relatively simple technology.
Consequentially, the problems are usually not solved, but often
made more intractable. For instance, the American government in
recent years has been inclined to use overwhelming military tech-
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nology to so}ve long-standing and complex political, economic, and
social problems throughout the globe. ,

Finally, I ask if increasing the technological literacy of Americans
and their participation in decision making involving a large mea-
sure of technology will improve the ecotechnological environment
and reduce dependency on technological fixes.



