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Preface: Technology and Change in Human Affairs
by Daniel S. Papp and David Alberts

With the fall of communism in Eastern Europe and the dissolution of the Soviet Union,
the Cold War ended, and the half-century-old bipolar international system disappeared.
These were earthshaking events that rightly received and are receiving extensive study
and analysis. They occurred for a host of reasons, many of which were related to the
internal political, economic, social, and cultural dynamics of communist states. Several of
the more important reasons were the resentment of citizens of communist states toward
the institutions and individuals that governed them; a resurgence of nationalism within
multinational states; the inability of communist states to transition successfully from
centralized political, economic, and administrative structures to more decentralized
structures; inadequate economic growth rates and declining standards of living; the
inability of communist states to diffuse technical advances throughout productive sectors
of society; and over-emphasis on defense spending.1

Even as communist states disintegrated from within, another revolution was accelerating.
This quieter revolution, still in its infancy, is a scientific and technological one. It’s
impact has already been felt, and it promises to change human affairs and the
international system as extensively as, perhaps even more extensively than, the collapse
of the bipolar international system. The revolution in scientific and technological affairs
has many dimensions and has led to a debate about whether scientific-technical advances
are changing only the conduct of human affairs and the relationships between present-day
international actors, or also the very form and structure of humankind’s institutions and
international actors themselves.2

Throughout history, advances in information and communication technologies, energy
and transportation technologies, biotechnology and life sciences, agriculture and industry,
weapons technologies, and other scientific-technical fields have played important roles in
driving changes in the ways that men and women conduct their affairs. This has been true
in virtually every realm of human endeavor including business and banking, industry and
manufacturing, government policy and military affairs, international relations, education
and research, social and cultural relations, political affairs, entertainment and news, and
elsewhere.3 Given the magnitude of change that the revolution in science and technology
has potential to induce, it is vitally important that we understand how this revolution, has
changed, is changing and will continue to change our world.

Developing such an understanding is a difficult task. It requires an appreciation and
comprehension of the past and present impacts of science and technology on various
aspects of the human condition, human endeavors, group and organizational dynamics,
and on different types of international actors. It also requires an ability to extrapolate
from this foundation with a willingness to engage in informed speculation about the
impacts that future advances may have and to develop scenarios of how changes in
human activities and international actors may interact to form a new international system.
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This book undertakes this task for one major category of scientific and technical
advances, information and communication technologies. It is based on historical fact,
reasoned speculation about future trends in information and communication technologies,
and informed analysis about the impacts that those trends might have on human affairs
and the international system as we move into the Information Age. This is the first
volume in a two volume set that will lay the foundation for understanding the ways that
the Information Age is changing our environment and the institutions upon which we
depend for our liberty, health, and happiness.

In this first volume, we will examine some of the broader issues of the Information Age:
what the Information Age is; how it affects commerce, business, and service; what it
means for the government and the military; and how it affects international actors and the
international system. Not everyone will agree with the viewpoints presented here, but that
is as it should be; the purpose of this volume—and its successor—is more to generate
thoughtful debate and discussion than to provide definitive answers. In the second
volume, we will examine in more detailed terms the meaning of the Information Age for
the U.S. military. It must be stressed, however, that the two volumes go hand-in-hand; the
U.S. military is an imbedded system, imbedded in the environment in which it must
operate.

Challenges of the Information Age

Complexity and change are the two defining characteristics of the Information Age. Our
successes as individuals, families, organizations, communities, and societies will depend
more than ever upon our abilities to adapt, in near real time, to deal with increasingly
complex and dynamic situations which will be characteristic of the Information Age.

Each of us, individually and institutionally, has developed mechanisms to either shield us
from or deal with complexity and change. Sometimes these mechanisms work too well.
That is, they prevent us from sensing how much our worlds are changing, thus robbing us
of an opportunity to understand our environment and appropriately modify old responses
or develop new responses. The results are often catastrophic; we break rather than bend.
History is replete with examples of changed environments that were recognized too late
for an institution to successfully adapt. Similarly, history also has many examples of
changed environments that were recognized, but by institutions or societies that were
themselves unwilling or unable to adapt to new conditions.

The Information Age is and will continue to present us with these kinds of challenges at
an alarming rate. The increasing complexity of our environment and the actions
necessary to maintain or improve our equilibrium will only serve to make these
challenges even more difficult. Successfully responding to these challenges will require
three things. First, we will need to recognize that something has changed. Second, we
will need to understand the implications of this change. Third, we will need to develop
timely and effective responses.

In certain segments of society, most of which are associated with business and
commerce, a Darwinian process is at work that rewards the agile and helps ensure that
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organizations are responsive to their environments. For this process to work well, one
needs an active competitive market in which offerings are judged and feedback is
supplied continuously. A certain amount of collateral damage is associated with this. If
the resulting level of damage is not acceptable, mechanisms are usually put in place to
limit marketplace behavior, which in turn reduces rewards and lowers incentives for
change.

This Darwinian option is not suitable for changing the behavior of government
bureaucracies, especially those entrusted with providing for the common defense. In this
case, we have an abiding interest in the survival and continuous functioning and readiness
of these organizations. We do not want to adopt a strategy that requires failure to achieve
success.

Making our government institutions, and especially those entrusted with providing for
our national security, better able to effectively deal with increased complexity and be
more responsive to changes in their environment requires, in some cases, immense
organizational change. This will not be an easy task, for organizational change will
require alterations in the very culture of these institutions. In the final analysis, altering
culture means changing behavior, and this demands providing both incentives and tools.

While the rigors of the marketplace provide incentives for business firms, firms that have
succeeded have somehow discovered the secret of passing incentives to their employees
while providing them with the knowledge and support they need to efficiently turn
knowledge into action. Firms whose organizational arrangements and processes distort
incentives or fail to empower employees tend to be less successful. Since relatively few
organizations endure, some might argue that success is more the result of the right
organization with the right product at the right time than the result of an agile
organization that has adapted to changing circumstances.

However, the fact is that organizations can adapt if conditions are right. Each of the three
necessary ingredients of success—recognizing a changed situation, understanding its
implications, and developing a timely and appropriate response— requires an
understanding, in the case at hand, of the Information Age and how it is affecting people
and organizations. To reiterate, then, the purpose of this volume is to stimulate thinking
about how the Information Age is changing our environment so that our national security
institutions, in turn, will be able to perform their functions well as the Information Age
progresses.

Assessing the Technology/Society Relationship

Assessing the future impacts of a technology or a group of technologies on even a single
relatively homogeneous society is a daunting task. Seeking to assess future impacts of
these technologies on human interactions and institutions and on international actors and
the international system is therefore a task of exponentially greater complexity and
difficulty. This is because there are five major types of international actors (states,
multinational corporations, international governmental organizations, non-governmental
organizations, and individuals) and a large number of sub-national, national, and trans-
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national value systems and cultures, each of which may be profoundly affected in terms
of theiir capabilities and constraints.

Before we attempt this complex task, however, it will be useful to discuss the basic
relationship that underlies this study, the relationship between technology and society.
There are three different primary views of this relationship.

The first asserts that technology causes change in society, with society having a minimal
influence on technology. The second reverses the causality of the relationship,
maintaining that society and its values drive technology in certain directions and that
technology is therefore subservient to society and its values. The third argues that the
relationship between technology and society is intricate and complex, and that in given
situations and circumstances, either can influence the other to move in a different
direction. These three relationships are depicted respectively in Figure 1.

Emmanuel Mesthene and Langdon Winner are leading proponents of the first view.
Mesthene calls his perspective "soft determinism" and maintains that technical advances
create opportunities to achieve objectives. He asserts that these opportunities force
change in social organization so that the new technology can be used to pursue the now-
attainable objective. This leads to changed functions of existing social structures, which
in turn reduce the ability of old social structures to achieve previous objectives.4

Winner further refines this perspective, adding the concepts of "the technological
imperative," which asserts that technical decisions dominate the structure of modern
human society, and "reverse adaptation," which argues that the objectives for which
technical advances are employed often are relegated to second level priorities, with the
primary priority becoming maintaining the functioning of the technology itself.5 In either
event, Mesthene and Winner agree, technology drives social change.

Without denying that technology plays an important role in inducing societal change,
Lynn White and others reverse the relationship, arguing that society and its values play
the dominant role in determining directions that technologies will takes. For example, on
a macro-level, White posits that the emergence of a Judeo-Christian belief and value
structure in Europe was the dominant factor in permitting and accelerating the emergence
of technologically oriented societies there. White maintains that since Judeo-Christian
teachings drew a clear distinction between human beings and nature and argued that only
human beings have spirits, a mind-set developed in Europe that nature was the tool of
humankind. On a micro-level, White also points out that the values and structures of
different societies often define what is technologically desirable and sometimes even
what is technologically permissible, witness the current debate on genetic engineering.
Often, effort and funding follow desire and permission.6 Again, however, the key
argument in this second perspective is that society directs technology.

A third perspective is that technology plays a significant role in shaping the political,
economic, social, and cultural milieu of human society, and that those milieus in turn
play a significant role in shaping technology and how technological advances are
employed by society. Max Weber and E.F. Schumacher are leading proponents of this



perspective,7 which has been termed "mutual causality" by other observers who argue
that this view is "not very comforting" because it "displays the full range of the potential
complexity of our technological society."8

These same observers also maintain that the third perspective is "the safest point from
which to view the technology-society interaction" because, unlike the first two
perspectives, it is not a limiting case "where one or the other type of causal influence is
dominant."9 Since the editors of this volume believe that this third perspective is the most
accurate reflection of the present-day relationship between technology and society, this
study proceeds from this perspective.

What does this mean for the impact of information and communication technologies on
humankind’s activities and institutions and on international affairs? A brief historical
perspective may provide insight.

Twice in the twentieth century, the collapse of an international system has coincided with
the coming of age of significant new technologies. Both times, the emerging technologies
played a significant role in shaping and molding the new international system. We are
witnessing the third time this century that such a phenomenon has unfolded.10

The first time this phenomenon occurred was during World War I, when for the first time
the internal combustion engine was widely used in warfare. Trucks, planes, and tanks
played major roles in the "War to End All Wars," which both brought to an end the old
European balance of power system and moved much of the world into an era of
"collective security." Throughout the interwar period, even though the collective security
system codified in the League of Nations proved unable to assure the peace,
transportation systems powered by the internal combustion engine helped make the world
a smaller and more intimate place than it had ever been before.

Similarly, World War II, the most violent and destructive war in human history, ended
with the use of the most destructive weapon ever used in warfare, the atomic bomb. Not
coincidentally, nuclear weapons and nuclear technologies played a major role in
structuring and shaping the post World War II bipolar system and the uneasy equilibrium
based upon mutual assured destruction.

In the present time, a new set of advanced information and communication technologies
began to emerge even as the old international system weakened. Indeed, some analysts
argue that the new technologies contributed directly to the bipolar system’s eventual
collapse, as will be seen later in this volume. But regardless of the accuracy of these
claims, it is evident that new advanced information and communication technologies will
have a significant impact in shaping and molding humankind’s activities and institutions.
They undoubtedly will have an impact on the structure and activities of international
actors and the emerging international system as well.
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Conceptual Overview of the Volume

What will those impacts be? It is the purpose of this book to help answer that question. It
approaches the question in a straightforward manner.

Part One, "The Information and Communication Revolution," sets the stage. It first
argues that three modern information and communication revolutions have occurred
during the last century and a half, and presents an overview of the historical impacts that
the information and communication technologies developed during the first two
revolutions have had on humankind’s activities and institutions, and on international
affairs and on the international system. It next identifies and analyzes several of the more
important information and communication technologies that are part of the present
information and communication revolution. Then, it provides different views on the
debate about whether the changes that are occurring and may be expected to occur are
significant enough to be deemed a revolution. It also presents several cautionary notes
about issues that are arising out of the Information Age.

Parts Two and Three, "Business, Commerce, and Services," and "Government and the
Military," examine the impacts that the technologies of the third modern information and
communication revolution are having and are likely to have on specific areas of human
interactions. Areas of inquiry include the impact of new information and communication
technologies on business, commerce, services, the government, and the military. The
objective of Parts Two and Three is to assess the impacts that the technological advances
identified in Part One are having and are likely to have on specific areas of human
interaction over the next twenty years.

In Part Four, "International Affairs," projections are developed about the ways that the
information and communication technologies identified earlier are being and might be
assimilated and diffused by different state and non-state actors. Part Four also presents
views about the ways in which international actors and the international system are
changing and may most likely change as a result of advances in information and
communication technologies.

For the convenience of the reader, Parts One through Four are published in four separate
volumes, which are not to be confused with the forthcoming Volume II of the overall
anthology.

This anthology does not attempt to present an exhaustive analysis of present and potential
impacts of the ongoing information and communication revolution. Rather, it seeks to
discuss the more prominent impacts, thereby helping readers think beyond the conceptual
boxes formed by present-day limitations of information and communication technologies.

Notes

1. For discussions of what led to the collapse of the Soviet Union, see for example
Stephen White et al., The Politics of Transition: Shaping a Post-Soviet Future (New
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York, NY: Cambridge University Press, 1993); and Walter Laqueur, The Dream That
Failed: Reflections on the Soviet Union (New York: Oxford University Press, 1994).

2. See James N. Rosenau, Turbulence in World Politics: A Theory of Change and
Continuity (Princeton: Princeton University Press, 1990), which argues that technology is
a primary driving force behind a fundamental transformation in the international system
that has occurred; Eugene B. Skolnikoff, The Elusive Transformation: Science,
Technology, and the Evolution of International Politics (Princeton, NJ: Princeton
University Press), which asserts that technology is a driving force behind change, but no
fundamental change has occurred in the international system; and Dennis Pirages, Global
Technopolitics: The International Politics of Technology and Resources (Pacific Grove,
CA: Brooks-Cole, 1989), which posits that the world is entering a third era of
technology-driven international change, the first two of which were the agricultural and
industrial revolutions. However, Pirages argues the dimensions of the third are not yet
clear.

3. See for example Paul Kennedy, The Rise and Fall of the Great Powers: Economic
Change and Military Conflict from 1500 to 2000 (New York: Random House, 1987);
Lewis Mumford, Technics and Civilization (New York, NY: Harcourt, Brace, 1934); and
Eugene B. Skolnikoff, Science, Technology, and American Foreign Policy (Cambridge,
MA: MIT Press, 1967), as well as the three books listed in Note 2.

4. Emmanuel G. Mesthene, "How Technology Will Shape the Future," Science (July 12,
1968), pp. 135-143.

5. Langdon Winner, Autonomous Technology (Cambridge, MA: MIT Press, 1977),
passim.

6. Lynn White, Jr., Medieval Technology and Social Change (New York, NY: Oxford
University Press, 1966), passim. See also Willis Harman, An Incomplete Guide to the
Future (San Francisco, CA: San Francisco Book Company, 1976), which argues that the
values and beliefs that underlie industrial society are eroding, and that this will have a
significant impact on future technological directions.

7. See for example Max Weber; and E.F. Schumacher, Small Is Beautiful: Economics As
If People Mattered (New York, NY: Harper Torchbooks, 1973), passim.

8. Alan L. Porter, et. al., A Guidebook for Technology Assessment and Impact Analysis
(New York, NY: North Holland, 1980), p. 23.

9. Ibid.

10. In the first two cases, the new technologies did not cause the collapse of the preceding
system. In the third case, as will be seen later in this volume, it is possible to argue that
the new technologies contributed to the collapse of the preceding international system.
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Part One — The Information and Communication Revolution



Introduction

The Information Age. That is what many pundits, writers, and analysts have already
labeled these concluding years of the twentieth century and the beginning of the twenty-
first century. This characterization of our time is based on the widespread proliferation of
emerging information and communication technologies and the capabilities that those
technologies provide and will provide humankind to overcome the barriers imposed on
communications by time, distance, and location and the limits and constraints inherent in
human capacities to process information and make decisions. Advocates of the concept of
the Information Age maintain that we have embarked on a journey in which information
and communications will become the dominant forces in defining and shaping human
actions, interactions, activities, and institutions.

They may be right. But often, promoters of the Information Age give little attention to
significant issues and concerns that arise out of their favorite concept. Is the Information
Age truly already upon us? Just what is meant by the Information Age? How does the
information and communication revolution fit within the broader sweep of human
history, or is it indeed such a significant departure for humankind that past history has
little relevance? What are the technologies of the information and communication
revolution? What do they do and what will they do? Is it really a revolution, and are we
really entering an Information Age? Will the capabilities of emerging information and
communication technologies lead to greater connectivity and commonality of perception,
or will they result in greater isolation and fragmentation? These are some of the major
issues explored in Part One of this anthology, designed to set the stage for later
discussion and analysis.

In the first article, "Welcome to the Revolution," Thomas A. Stewart begins by stating
that the word "revolution" should not be used cheaply. Nevertheless, Stewart asserts, we
are in fact already in the midst of a revolution induced by emerging information and
communication technologies. Concentrating on the impacts that those technologies are
having in the business world, Stewart explains how knowledge technol-ogies are altering
the cost/benefit equation for competing organizational arrangements. He concludes that
the Information Age is placing a premium on "the ability to adjust and learn" that applies
both to individuals and organizations.

Daniel S. Papp, David S. Alberts, and Alissa Tuyahov next place the present information
and communication revolution in historical perspective in their article, "Historical
Impacts of Information Technologies: An Overview." The authors argue that two
information and communication revolutions have already occurred during the last century
and a half, and that we are now in the beginning phases of a third. They examine the
development of several of the more critical technologies of the first two revolutions, and
present an overview of the historical impacts that those technologies have had on
humankind’s activities and institutions, and on international affairs and on the
international system. Although these authors clearly accept the argument that a new
information and communication revolution is at hand, they also see the third modern
information and communication revolution as part of a continuing process that dates back
at least a century and a half.




David S. Alberts, Daniel S. Papp, and W. Thomas Kemp III next identify and analyze
several of the more important information and communication technologies that are part
of the third modern information and communication revolution in their article, "The
Technologies of the Current Information Revolution." The authors maintain that these
technologies will have six major types of impacts on information flows and
communications: increased speed, greater capacity, enhanced flexibility, greater access,
more types of messages, and heightened demand.

But does all of this really mean that a revolution is taking place and that an Information
Age is upon us? Without challenging the validity of any of the historical or technological
facts previously presented, Frank Webster in "What Information Society?" asks us to be
cautious in leaping to conclusions about an information and communication revolution
and an Information Age. Observing that there are immense difficulties in measuring what
is meant by an Information Age, Webster warns that information by itself means nothing,
and that we must take into consideration the meaning and quality of information, not just
its quantity. Finally, Webster asks, even with the proliferation of new and emerging
information and communication technologies, has society in fact changed profoundly
enough to warrant calling the present—or the near term future—an Information Age?

There are also other cautionary notes that must be sounded about the Information Age.
Andrew Kupfer explores one of them in "Alone Together: Will Being Wired Set Us
Free?" Kupfer agrees that emerging information and communication technologies will
inevitably have an immense and even revolutionary impact on the way people live their
lives, but points out that along with the advantages of global connectivity come certain
disadvantages, even dangers. We may be able to access more information, but will we
know the quality of that information? We may be able to know more people, but how
deep will friendships be in a wired world? We may be able to let our family and friends
know where we are all of the time, but will we be able to restrict knowledge of our
activities only to those whom we wish to have it?

Joel Achenbach takes Kupfer’s first concern, uncertainty about the quality of information
that may be available in the Information Age, and examines it in his article "Reality
Check." "There is one nagging problem," Achenbach laments about the Information Age,
"Much of the information is not true." He then lays out seven different types of "Bad
Information" that he contends we must be concerned about—obvious but wrong
information, information censored for your own good, accurate but untrue information,
millennial information, diagnostic information, statistical information, and historical
information. The chief problem in the Information Age, the author theorizes, will be how
to distinguish Good Information from Bad Information. Achenbach is less helpful in
telling us how to make such an identification. Borrowing the dictum from "The X-Files,"
he warns simply that when it comes to information, "Trust No One."

The questions raised and issues posed in these first six articles are portentous ones for the
Information Age. Over time—barring a Luddite resurgence—all of us will have to face
them. But in a certain sense, we are fortunate. Since we now are only at the dawn of the
Information Age, we may have a small window of time during which we can look for
answers before the full impact of the Information Age is upon us. The time to begin



examining these questions and issues is now. Part One of this anthology hopes to help
initiate that process, and to help move our thinking toward responding to these questions
and issues.



Chapter 1: Welcome to the Revolution*

by Thomas A. Stewart

Let us not use the word cheaply. Revolution, says Webster’s, is "a sudden, radical, or
complete change...a basic reorientation." To anyone in the world of business, that sounds
about right. We all sense that the changes surrounding us are not mere trends but the
workings of large, unruly forces: the globalization of markets; the spread of information
technology and computer networks; the dismantling of hierarchy, the structure that has
essentially organized work since the mid-nineteenth century. Growing up around these is
a new, Information-Age economy, whose fundamental sources of wealth are knowledge
and communication rather than natural resources and physical labor.

Each of these transformations is a no-fooling business revolution. Yet all are happening
at the same time—and fast. They cause one another and affect one another. As they feed
on one another, they nourish a feeling that business and society are in the midst of a
revolution comparable in scale and consequence to the Industrial Revolution. Asks
George Bennett, chairman of the Symmetrix consulting firm: "If two percent of the
population can grow all the food we eat, what if another two percent can manufacture all
the refrigerators and other things we need?"

Good question. The parking lot of General Electric’s appliance factory in Louisville,
Kentucky, was built in 1953 to hold 25,000 cars. Today’s workforce is 10,000. In 1985,
406,000 people worked for IBM, which made profits of $6.6 billion. A third of the
people, and all of the profits, are gone now. Automaker Volkswagen says it needs just
two-thirds of its present workforce. Procter & Gamble, with sales rising, is dismissing 12
percent of its employees. Manufacturing is not alone in downsizing: Cigna Reinsurance,
an arm of the Philadelphia giant, has trimmed its workforce 25 percent since 1990.

Change means opportunity as well as danger, in the same way that the Industrial
Revolution, while it wrought havoc in the countryside and in the swelling town, brought
undreamed of prosperity. No one can say for certain what new ways of working and
prospering this revolution will create; in a revolution the only surety is surprise.

The transition may be difficult. As Neal Soss, chief economist for C.S. First Boston, puts
it: "Adjustment is the dismal part of the dismal science." And, as Robespierre might have
observed on his way to the guillotine, this time it’s personal—for the inescapable tumult
involves your company and your career. The paragraphs and stories that follow explain
the causes and consequences of this era of radical change—and introduce some business
leaders who are meeting the challenges it poses.

General Electric Lighting is an ancient business, begun in 1878. It is headquartered in
Cleveland on a leafy campus of brick Georgian buildings separated by placid lawns. Like
sin into Eden, the world burst through the gates in 1983, when traditional rival
Westinghouse sold its lamp operations to Philips Electronics of Holland. To John Opie,
GE Lighting’s chief, the memory is so vivid that he describes it in the present tense:



"Suddenly we have bigger, stronger competition. They’re coming to our market, but
we’re not in theirs. So we’re on the defensive."”

Not for long: GE’s 1990 acquisition of Hungarian lighting company Tungsram was the
first big move by a Western company in Eastern Europe. Now, after buying Thorn EMI
in Britain in 1991, GE has 18 percent of Europe’s lighting market and is moving into
Asia via a joint venture with Hitachi. As recently as 1988, GE Lighting got less than 20
percent of its sales from outside the U.S. This year, Opie says, more than 40 percent of
sales will come from abroad; by 1996, more than half will. In a few short years, Opie’s
world changed utterly.

What happened at GE Lighting illustrates the surprises and paradoxes of globalization.
Surprise: Globalization isn’t old hat. Global competition has accelerated sharply in just
the past few years. The market value of U.S. direct investment abroad rose 35 percent, to
$776 billion, from 1987 to 1992, while the value of foreign direct investment in America
more than doubled, to $692 billion.

You ain’t seen nothin’ yet. The extraordinary rise in overseas telephone traffic may best
gauge how much more often people in different nations feel they have something urgent
to say to one another—a good deal of it coordinating business activity. First Boston’s
Neal Soss points out that in the past five years or so the commercial world has been
swelled by the former Soviet empire, China, India, Indonesia, and much of Latin
America—billions of people stepping out from behind political and economic walls. This
is the most dramatic change in the geography of capitalism in history.

Paradox: Though it’s hard to imagine a more macroeconomic subject, globalization is
intensely parochial. Globalization’s strongest effects are on companies. Says Anant
Sundaram, professor at Dartmouth’s Tuck School of business: "Statistics at the macro
level grossly underestimate globalization’s presence and impact." For example, Chrysler
got just 7 percent of sales from outside the U.S. and Canada in 1992, but in the 1980s
global competition nearly killed it.

Investment numbers also reveal too little, for they do not count minority ownership or
alliances—or the impact of competition originating abroad. Notes Frederick Kovac, vice
president for planning at Goodyear, whose products can be found on all seven continents
and the moon: "The major strategic decisions of our biggest competitors are made in
France and Japan." Sales by overseas subsidiaries of American corporations are about
three times greater than the value of all U.S. exports. Thus a lot of commerce that looks
domestic to an economist—such as the Stouffer’s frozen dinner you bought last week—
looks international to a chief financial officer, in this case Nestle’s.

This makes for a profound change, Mr. CFO, in your job. Some observers argue that it is
time you forget about the business cycle, or at least pay a lot less mind to it. Says Gail
Fosler, chief economist of the Conference Board: "It’s every industry on its own. When |
talk to companies, it’s very difficult to describe a business environment that’s true for
everybody." For example, she argues, as Fortune’s economists also hold, that capital



spending "is no longer driven by business cycle considerations but by global
competition." If the world is your oyster, an oyster is your whole world.

Horace "Woody" Brock, president of Strategic Economic Decisions, an advisory firm in
California, agrees. He says a nation’s economy should be viewed as a portfolio of
businesses whose fates are less and less linked: "What happens in the U.S. copper
industry may be caused by shocks in Africa, and will have no effect on Silicon Valley.
Silicon Valley may drive events in Japan’s electronics industry, but these in turn will be
uncorrelated with the auto industry in either Japan or Detroit." Look at Seattle, Brock
says, where two great technology companies, Boeing and Microsoft, operate side-by-side,
one sagging, one booming—"utterly out of sync."

For a nation, the net effect should be more stability, with long odds against all sectors
booming or busting together. For individual businesses, however, it’s a different story.
Says Brock: "If your competitor in Germany does something, you react immediately—
you don’t wait for interest rates or recovery or anything else."

Fortunately, the revolution in information technology is creating tools that permit just
such agility.

Robert Immerman is the founder of InterDesign, a private company in Solon, Ohio, with
annual sales above $10 million. InterDesign sells plastic clocks, refrigerator magnets,
soap dishes, and the like. Wal-Mart, Kmart, and Target are customers, as are hundreds of
houseware stores.

There’s not a high-tech item among its products, but computers have changed the
business. In the past twelve years, InterDesign’s employment has tripled, total space has
quintupled, and sales have octupled, but its megabytes of computer memory have gone
up thirty-fold. Seven years ago Immerman dug deep and found $10,000 to buy a used
disk drive that had 288 megabytes of storage—capacity that costs about $350 today. Says
Immerman: "In the 1970s we went to the Post Office to pick up our orders. In the early
1980s we put in an 800 number. Late 1980s, we got a fax machine. In 1991, pressured
first by Target, we added electronic data interchange."

Now, just two years later, more than half of InterDesign’s orders arrive via modem
straight into company computers. Errors in order entry and shipping have all but
disappeared. Immerman says: "We had fifty weeks perfect with a big chain. Then one
week we missed part of the order for one item on a long list—and they’re on the phone
wondering what’s wrong." Staffers who used to man phones taking orders now track
sales by product, color, customer, region—valuable information that Immerman once
couldn’t afford to collect.

InterDesign’s story is typical. In Alcoa’s Davenport, lowa, factory, which rolls aluminum
foil, sheet, and plate, a computer stands at every work post to control machinery or
communicate data about schedules and production. Practically every package deliverer,
bank teller, retail clerk, telephone operator, and bill collector in America works with a



computer. Microchips have invaded automobiles and clothes dryers. Three out of ten
American homes have a PC.

The revolution begins when these computers hook up to one another. Already two out of
five computers in the U.S. are part of a network —mostly intracompany nets, but more
and more are crossing company lines, just as InterDesign’s electronic data interchange
does. Data traffic over phone wires is growing 30 percent a year, says Danielle Danese, a
telecommunications analyst at Salomon Brothers. Traffic on the global Internet doubles
every year.

The potential for information sharing is almost unimaginable. On the wall of every
classroom, dorm room, and office at Case Western Reserve University is a box
containing a phone jack, coaxial cable, and four fiber-optic lines. Through that box
students could suck down the entire contents of the Library of Congress in less than a
minute, if the library were on-line and they had room to store it.

For years CEOs and economists lamented that billions invested in information
technology had returned little to productivity. That dirge is done. Says William Wheeler,
a consultant at Coopers & Lybrand: "For the first time the computer is an enabler of
productivity improvement rather than a cause of lack of productivity." Instantaneous,
cross-functional communication about orders and scheduling enabled M.A. Hanna, the
$1.3-billion-in-annual-sales polymer maker, to speed production, reduce inventory, and
cut waste so much that the company needs a third less working capital to get a dollar of
sales than it did four years ago. CEO Martin D. Walker notes that this gain came entirely
within the four walls of the company; he estimates that an equal gain in working capital
turnover is waiting to be found by networking with suppliers and customers.

Efficiency is a first-order effect of new technology: That’s how you justify the capital
expenditure. The second-order effects are more interesting, because they are unpredicted.
One disorienting result of the spread of computer nets has been the transformation of
sales, marketing, and distribution. To see the change, says Fred Wiersema, a consultant at
CSC Index in Cambridge, Massachusetts, dig a ten-year-old marketing plan out of the file
and compare it with a new one: "The distribution channel is a mess. Customers have
much more power. There’s fragmentation in media and advertising. The activities of the
sales force are completely different."

The next trend, says William Bluestein, director of computing strategy research for
Forrester Research, a Massachusetts firm: "Companies that empower their customers."
Soon, pursuing cost savings, suppliers and customers will be able to rummage around in
each other’s computers, entering orders directly, checking stock and shipping status. One
vehicle manufacturer can already go into Goodyear’s system. Says strategist Kovac:
"There will be a day in the not-distant future when customers will get data on the tests of
a new tire as soon as our engineers do. They’ll see everything—warts and all."

From there it’s a short step before customers start comparing notes—maybe on your
network. Says Bluestein: "If I were Ralph Nader, I’d set up a consumer chat line so



someone who was thinking of buying a Saturn could ask people who have one how they
like it. If GM were smart, they’d do it themselves."

Like globalization, information technology vastly extends a company’s reach—but has
the paradoxical effect of rewarding intimacy. Computers enormously increase the amount
of information a company can have about its market—but deliver premium returns less to
careful planning than to quick responses to changing circumstances. Both phenomena
have powerful implications for the way work is organized.

In 1958 Harvard Business Review published an article called "Management in the 1980s"
by Harold J. Leavitt and Thomas L. Whisler, professors at the Carnegie Institute of
Technology and the University of Chicago. It predicted that the computer would do to
middle management what the Black Death did to 14th-century Europeans. So it has: If
you’re middle management and still have a job, don’t enter your boss’s office alone. Says
GE Lighting’s John Opie: "There are just two people between me and a salesman—
information technology replaced the rest."

Leavitt and Whisler, knowing only mainframes, foresaw an Orwellian workplace in
which the surviving middle managers were tightly controlled from on high, little different
from the proles they bossed. In a world of expensive, centralized computing, it might
have happened that way. But distributed computing redistributes power. Says Goodyear’s
Kovac: "It used to be, if you wanted information, you had to go up, over, and down
through the organization. Now you just tap in. Everybody can know as much about the
company as the chairman of the board. That’s what broke down the hierarchy. It’s not
why we bought computers, but it’s what they did."

The management revolution has many fathers, some more venerable than the computer;
self-managed teams and total quality management have intellectual roots reaching back
half a century. Why, then, does it seem as if the mores and structures of management are
undergoing discontinuous change? Is this really new? Or are we deluding ourselves, the
way each generation of teenagers thinks it discovered sex?

The evidence suggests a basic shift in the organization of work. Look first at the ubiquity
of change. No longer is the management revolution confined to the same dozen
trendsetting companies, the GEs, Motorolas, and Xeroxes. Says Stephen Gage, president
of the Cleveland Advanced Manufacturing Program, a federally subsidized organization
that helps small business apply new technology: "I doubt if there’s a company around
here that isn’t experimenting with something having to do with dismantling Taylorism."

Equally striking, leading companies now envision an endlessly changing organizational
design. Kovac says: "The key term is ‘reconfigurable.” We want an organization that’s
reconfigurable on an annual, monthly, weekly, daily, even hourly basis. Immutable
systems are dinosaurs." To make this sort of agility possible, leaders are honing such
techniques as rapid product development, flexible production systems, and team-based
incentives.



At bottom, the management revolution triumphs because the underlying economics of
communication and control have changed, and those changes favor small, flexible
organizations, not big ones. The argument, developed by microeconomists influenced by
Berkeley’s Oliver Williamson (and here oversimplified), goes like this:

A transaction can be accomplished in one of two basic ways: You can go out and buy
something from someone else, or you can produce it yourself. (Yes, there are hybrid
forms, but remember that we’re oversimplifying.) Call the first system a market and the
second a hierarchy. Vertically integrated businesses, in which transactions take place
between divisions, each with its own organizational ziggurat, are hierarchies. Each
system has its advantages. Markets generally deliver the lowest price, because of
competition. But hierarchies usually have lower coordinating costs—such as for
salesmen, advertising, or debt collection. Depending on how those costs and benefits line
up, a given industry will tend to be more or less vertically integrated, feature larger or
smaller companies, and display a bureaucratic or entrepreneurial management style.

Now buy a computer. The costs change. In particular, hierarchies begin to lose their
comparative advantage in coordinating costs. Invoicing is automated, decimating armies
of clerks. Electronic order-entry cuts selling costs. Says Thomas W. Malone, professor at
the Sloan School of Management at MIT: "Coordinating activities are information-
intensive, and computers make coordinating better and cheaper." The result, Malone
argues, is to increase the range of transactions in which markets are more desirable.
Result: More companies decide to buy what they once produced in-house.

The nice thing about this argument is that it checks out. Big companies are breaking up;
outsourcing is on the rise. According to Roy Smith, vice president of Microelectronics &
Computer Technology Corp., three out of ten large U.S. industrial companies outsource
more than half their manufacturing.

Businesses are more tightly focused: Conference Board figures show that between 1979
and 1991 the number of three-digit standard industrial classifications (SIC codes) in
which an average U.S. manufacturer does business dropped from 4.35 to 2.12.
Companies are also smaller: Census data show that the number of employees at the
average U.S. workplace is 8 percent lower than it was in 1980. Combining those figures
with data on spending for information technology, MIT’s Malone and several colleagues
found the shrinkage is greatest in industries where IT spending is highest. Smaller
payrolls are not simply the result of automation, for gross shipments and value-added also
decline. The strong implication: In an Information-Age business, small is beautiful.

Of the four horsemen of revolutionary change, the hardest to grasp is the invention of an
Information-Age economy. How can a whole economy be based on intangible knowledge
and communication? Yet intellectual capital—knowledge that can be captured and
deployed to create advantage over competitors—is as vital a business concern as capital
of the familiar monetary sort. Intellectual labor, too, is where the action is, a fact
demonstrated by the widening gap between the pay of college-educated workers and
those less schooled.
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Though knowledge assets and outputs are intangible, they are no less real for being so. It
is possible to track the "intellectual content" of the economy. In 1991, business
investment in computers and telecommunications equipment —tools of the new economy
that create, sort, store, and ship knowledge—for the first time exceeded capital spending
for industrial, construction, and other "old economy" equipment. The figures, while
impressive, understate investment in knowledge machines because they do not show the
growing intellectual ability of industrial gear. For example, more than half of machine-
tool spending in the U.S. is for equipment with built-in computer numerical controls that,
often, can be connected to networks. Says Jodie Glore, vice president of the automation
group at industrial-controls powerhouse Allen-Bradley: "The electromechanical boxes we
used to sell had a macho feel. You could tell that they cost a lot. Now it’s, “You see this
disk...?""

The new economy will transform the old and reduce its relative importance, but will not
kill it. The Industrial Revolution did not end agriculture, because we still have to eat, and
the Information Revolution will not end industry, because we still need cans to hold beer.
Microsoft Chairman Bill Gates, up to now the preeminent capitalist of the knowledge
age, spends his money on a big house and fancy cars, tangible stuff indeed.

The first effect of intellectual capital and knowledge work is to alter the economics of
familiar goods and services—a process well under way. For example, in the now
misnamed "industrialized" world, the amount of energy needed to produce a given
amount of GDP has fallen 2 percent a year, compounded, for more than 20 years. Factory
labor is less physically demanding: Gone the heroic workman, a WPA mural in living
flesh, ruddy in the glow of the blast furnace; now she’s likely to be a middle-aged mom,
sitting in front of a screen, who attends night school to study statistical process control.
Many auto repairs will soon be made not by a grease monkey with a wrench but by a
technician who fixes an engine knock by reprogramming a microchip.

As the usefulness of information, information technology, and information work grows,
businesses find more ways to substitute them for expensive investments in physical
assets, such as factories, warehouses, and inventories. By using high-speed data
communications networks to track production, stock, and orders, GE Lighting has closed
26 of 34 U.S. warehouses since 1987 and replaced 25 customer service centers with one
new, high-tech center. In effect, those buildings and stockpiles—physical assets—have
been replaced by networks and databases—intellectual assets.
Similarly, the cost of establishing a retail bank branch has shrunk: You can find one
inside the door of the supermarket, next to the Coke machine. Especially in the Christmas
shopping season, each day’s mail brings you a stack of department stores. For the right
products, catalogue retailers will migrate to computer or television networks. Rent in
cyberspace is even cheaper than catalogue space, and much lower than rent at the mall.

The shift to the information economy, like globalization, computerization, and the
management revolution, appears first as a way of doing old jobs more cheaply. For those
on efficiency’s receiving end, it is a threat. But the drive for efficiency has also paid to
string 12 million miles of optical fiber in the U.S., and, long before any couch potato has
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ordered up video-on-demand, efficiency will pay for a lot more construction of the
electronic superhighway, the infrastructure of the information economy.

That endeavor, says Paul Saffo, an analyst at the Institute for the Future in Menlo Park,
California, "is a full-employment act for entrepreneurs." Compared with trade in
traditional goods and services, commerce in knowledge is startup heaven. Entry barriers
are low. Distribution and marketing of information need little capital; they don’t even
require access to a printing press anymore. Many products and services can be distributed
electronically.

The second-order effect of change, opportunity, is the unpredictable one. Gottlieb
Daimler, Ransom Olds, and their pals thought they had invented an improvement on the
horse. They did not know that the automobile would fill the countryside with suburbs—
which, in turn, created thousands of jobs building houses, making lawnmowers, and
delivering pizza. The knowledge economy is still so young that we have few hints of its
second-order effects, in the view of Richard Collin, who studies the subject as director of
Neurope Lab, a think tank in Archamps, France, near Geneva. Says Collin: "Today we
are thinking in terms of using knowledge to improve productivity in our old businesses—
how to do the same with less. Tomorrow we will think of competition—how to do more
in new businesses."

It makes sense that the core business of the knowledge economy will be...knowledge.
Information, like electricity, does nothing unless it is harnessed in useful devices, like
appliances. All kinds of appliance makers—writers of software, creators of databases—
are beginning to fill the Information-Age business directory.

The most valuable devices will be those that help business and people cope with change.
Says consultant Fred Wiersema: "Management today has to think like a fighter pilot.
When things move so fast you can’t always make the right decision—so you have to
learn to adjust, to correct more quickly." The same imperative holds for individuals. Says
Kovac: "Today the job is You Inc. When I came to Goodyear in 1958, my chances of
promotion were one in eight. For a young person today, they are one in 30, and it’s going
to one in 50. But I think my children and grandchildren will have more opportunities than
I did. They’ll just be different."

For Dustin Hoffman, as "The Graduate" in 1967, the future was plastics. Today you
might say it’s plasticity: the ability to adjust and learn.

* Reprinted by permission of the author and publishers from Fortune
(December 13, 1993). (C) 19 - Time Inc. All rights reserved.
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Chapter 2: Historical Impacts of Information Technologies:
An Overview

by Daniel S. Papp, David S. Alberts, and Alissa Tuyahov

Throughout recorded history, human beings have needed to communicate and to
exchange information. The reasons behind this need have been and remain diverse—to
sound alarms, to provide for common needs, to establish a sense of community and
human empathy, to deliver information and news, and so on. In many respects,
civilization is based on humankind’s need—and ability—to communicate and to
exchange information.

However, these abilities have always been complicated by distance, time, or location.1
People could signal or talk directly to each other, but not over great distances. An
individual could reduce the distance between himself and the person with whom he or she
wished to communicate, but reducing distance took time, and sometimes time was not
available. On occasion, the location of either the individual who wished to communicate
or the person to whom a message was to be sent made it difficult or impossible for
communication to occur. In addition, from the very earliest times, getting the message
through was only one of the concerns. The desire for privacy, security, authenticity,
timeliness, and proof of receipt influenced how communications were used and often
drove communications "technology."

To reduce the impact of distance, time, and location, men and women throughout history
employed various forms of information and communication technology. Drums, torches,
signal fires, flags, pictographs on papyrus, and writing on clay and stone tablets were
among the earliest technologies humankind used in its efforts to reduce the impact of
distance, time, and location on communications. Codes, cyphers, trusted agents, seals,
and signatures have always accompanied communications and have grown in
sophistication along with communications methods. Sometimes people even turned to the
animal world to enhance their ability to communicate; King Solomon used messenger
pigeons to deliver messages as early as about 1000 BC.2

These primitive and traditional methods and technologies, many of which remain in use
today, have improved humankind's ability to communicate, but they were and continue to
be limited in what they could and can do. Some approaches require favorable
environmental conditions: low wind, line of sight visibility, or good weather. Pictographs
and other forms of written communications take time to construct. If privacy or security
is desired, extra time is required to translate the message into a coded form. Regardless of
how long it takes to compose messages, messages take time to deliver and, if necessary,
to decode. Nor could it be assumed that the receiver could necessarily decipher, read, and
understand what was written. And, as a function of the means of communications,
messages are subject to various forms of distortion. For centuries, then, distance, time,
and location continued to significantly inhibit humankind’s ability to communicate, and
advances in information and communication technologies progressed, albeit slowly.
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In the mid-nineteenth century, this began to change as several technologies matured that
enhanced humankind’s ability to communicate more quickly and extensively (except for
the development of the ability to speak and the development of the printing press) than
ever before. In the short century and a half since then, the impact of distance, time, and
location on communications has been reduced to a greater extent than in all previous
years of recorded history combined. At the same time, humankind’s ability to enrich
messages with images and figures has vastly improved, as has its ability to ensure the
privacy, authenticity, and receipt of messages.

This 150-year period may be viewed either as a single ongoing information revolution
with three distinct phases, or as three distinct historical periods, each with enough
significance to be labelled a revolution. In this volume, for reasons that will become
clear, the editors have opted for the view that each period warrants being labeled a
revolution. But not all analysts, again as will become clear in subsequent chapters, agree
with this perspective.

The first modern information revolution began in the mid-nineteenth century and
extended for approximately 100 years. This first revolution primarily enhanced
communications. During this period, technologies such as the telegraph, telephone, and
radio came of age.3 These technologies transformed not only humankind’s ability to
communicate, but also people’s lives. Especially in industrial societies, they changed the
ways that people related to one another and altered the ways that business, government,
and military and foreign policy establishments conducted their affairs. Given the
dimensions of their impacts, these technologies also helped modify the structure of the
international system.

The second modern information revolution extended from the mid-twentieth century until
perhaps the 1980s. During this period, technologies such as television, early generation
computers, and satellites linked the world together in ways that it had never before been
linked. These technologies, like the telegraph, telephone, and radio before them, again
transformed humankind’s ability to communicate; changed the ways that people related
to one another; altered the conduct of the affairs of business and government; and
modified the structure of the international system.

Since the 1980s, still more information technologies have been developed and have
begun to be employed, technologies with capabilities that dwarf those of the information
technologies already in use. We are thus on the verge of a third modern information
revolution, one that perhaps should be labelled a "knowledge revolution" since it
encompasses advances in information technologies that significantly alter the politics,
economics, sociology, and culture of knowledge creation and distribution.

How the technologies of the first two eras evolved and helped shape human activities and
institutions is an important story, for it provides an understanding of how and why things
are as they are. It provides an understanding of how and why international actors and the
international system have evolved. Most importantly, it may provide clues about how
emerging information technologies might influence the future shape, relationships, and
conduct of human institutions, human activities, international actors, and the international
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system. Given the magnitude of the capabilities that emerging information technologies
promise to provide, these are clues that are well worth having.

The Impacts of the First Modern Information Revolution

Between the mid-nineteenth and mid-twentieth centuries, many new information
technologies aided and abetted humankind’s efforts to overcome distance, time, and
location, but three stand out: the telegraph, telephone, and radio. Together, these
technologies can arguably be described as the technologies of the first modern
information revolution.

How did this first modern information revolution affect human activities and institutions,
international actors, and the international system? There are many answers to this simple
question, and we will approach them by exploring one technology at a time.

The Telegraph. First operationalized in a practical sense in 1845, the telegraph sparked a
wave of communications development throughout the world. One analyst, writing of the
development of the telegraph and the dramatic effects that it had on society during the
second half of the nineteenth century, asserted that the telegraph "initiated the first truly
electronic communications revolution and gave rise to the age of instant global
communications."4

The first experiments that attempted to transmit messages electronically over wires
actually occurred in the eighteenth century. However, Samuel Morse, an American
inventor, is generally credited with having developed the first operational model of the
telegraph. Although a British team invented and tested a basic telegraph in 1837, Morse
developed a prototype system that employed an electromagnetic relay and regenerated
signals over long distances. These signals were recorded as dot-and-dash messages
directly on paper. Morse patented the technology in 1840. Then, with a $30,000 grant
from the U.S. Congress, Morse built a telegraph line between Washington, D.C. and
Baltimore to demonstrate his invention. On January 1, 1845, Morse sent the message,
"What hath God wrought?" over his telegraph wires. A new era had begun.5

Morse’s invention spread rapidly and had immense impact across a wide range of human
activities. Within a year of Morse's first message, the United States had almost 1,500
kilometers of telegraph lines in place. By 1851, fifty companies were in the telegraph
business in the U.S.6 but by 1861, Western Union had emerged as a monopoly in the
telegraph business.

In the United States, the use of the telegraph chronologically and geographically closely
paralleled the expansion of the railroad system. Each fueled the success of the other. The
telegraph helped railroads communicate and function more efficiently, and railroads in
turn expanded the American telegraph network, making it even more effective than it had
been. Before the end of the century, communication in the U.S., according to one source,
no longer relied solely on a physical infrastructure that "depended on the speed of horses,
ships, runners, and railroads."7 Even though the telegraph was at first vulnerable to
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disruption and loss of signal, it soon rivaled the national postal service in volume of
service.

The telegraph quickly entered widespread use outside the United States. As early as
1851, the telegraph expanded the internationalization of financial markets as it connected
the London and Paris stock exchanges.8 By the end of the century, business interests and
government offices throughout Europe were linked by telegraph. Indeed, the telegraph
transformed the conduct of virtually every business transaction and government action
since messages were now sent rapidly and accurately over long and short distances.

This was an immense boon to businesses, government, and almost very other form of
human interaction as well. With the telegraph, person to person messages could be
rapidly transmitted across physical boundaries such as mountains and rivers, thereby
creating more opportunities for business expansion and coordination. Much to the
consternation of more conservative rulers of the day, the telegraph could also transcend
national boundaries, thereby challenging the sovereignty of the nation-state and its ruler.
The economic and political ramifications of such capabilities were immense.

The introduction of the telegraph also had an extensive impact on military affairs. For
example, during the American Civil War, the military used the telegraph to direct troops,
provide logistical support, enhance military efficiency and organization, and relay
strategic and tactical intelligence about enemy movements and actions.9 For example,
one of the first uses of the telegraph during the Civil War occurred on April 15, 1861,
when President Abraham Lincoln sent a telegraph message calling for 75,000 troops to
defend Washington. Lincoln received an immediate response via telegraph that 90,000
troops were ready.

The telegraph played a major public policy role in the war efforts of the North and the
South. It helped the news media of the day keep citizens informed in near real time about
the war and the course of battles, and it provided the northern and southern governments
with a new medium through which they could try to mold public opinion. The telegraph
also had a significant impact on the way governments related to the rest of society. For
example, in the U.S., organizational foundations for expanded military use of the
telegraph were laid throughout the Civil War as the American Telegraph Company
extended its facilities to the War Department. Recognizing the importance of the
telegraph to the war effort, Congress in 1862 passed legislation that enabled President
Lincoln to take control of all telegraph lines in the United States.

This led directly to the development of the civilian U.S. Military Telegraph Corps, which
soon employed 1,000 operators and hundreds of other workers. Serving the
administrative, logistic, strategic, and tactical needs of the War Department and northern
armies in the field, the Military Telegraph Corps between May 1, 1861, and June 30,
1866, constructed 15,389 miles of telegraph lines.10

In addition to the Military Telegraph Corps, a Signal Corps was formed as a branch of the

military under the direction of the War Department. The Signal Corps often competed
with the Military Telegraph Corps even though both served the same war effort. By the
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end of fiscal year 1865, the Military Telegraph Corps had sent about 6,500,000 messages
at a direct cost to the Government of $2,655,500. By comparison, the direct cost of Signal
Corps messages for the same period was $1,595,257.11

The newness of the telegraph combined with the sudden onset of the war were primarily
responsible for the development of these two overlapping organizations with similar
responsibilities. At the end of the war, the Military Telegraph Corps was dissolved and
the Signal Corps remained. But there was absolutely no doubt that the telegraph and the
railroad were the most significant logistical and communication innovations of the Civil
War. Both had an immense impact on virtually all future major wars.

The telegraph also had a sizable impact on late nineteenth century and early twentieth
century foreign policy and diplomacy. With the telegraph's capacity to send messages in
near real time over long distances, many capitals of Europe before the end of the century
were linked together by telegraph. With embassies connected by telegraph to their home
foreign ministries and sometimes to their home chief executive, ambassadors, long used
to operating on their own, increasingly received instructions about pressing issues from
their home office. Not surprisingly, the volume of diplomatic traffic increased as
embassy-home ministry links improved and as the difficulty and cost of sending
messages decreased. Diplomatically, then, Europe became a much smaller place because
of the telegraph. Although it is too much to argue that the European balance of power
system of the late nineteenth and early twentieth century remained stable for as long as it
did because of the telegraph, the rapid flow of messages between capitals that the
telegraph made possible significantly increased the amount of information that European
decision makers had at their disposal and certainly facilitated the coordination of policy
positions and actions.

The telegraph also soon increased the speed and timeliness of information flows between
continents. Efforts to link Europe and the U.S. by telegraph in the form of submarine
cables proceeded apace during the 1850s and 1860s. The first effort, headed by the
American Cyrus W. Field in 1857, failed when the submarine cable snapped. Field’s
second attempt also failed, but in 1858, a third try succeeded. Over 700 messages were
sent via submarine cable before it failed later in the year. Despite the potential benefits of
a cable link between Europe and the U.S., Field could not raise sufficient funding for the
next attempt until 1866. This attempt succeeded, and Europe and the U.S. have been
linked ever since. Instantaneous communication was thus possible between continents.

At the level of the international system, the implications of submarine cables for foreign
policy and diplomacy were staggering. As long as submarine cables and telegraph lines
linked their location of service with the home capital, foreign ministries, executive
offices, and military commanders had potential to communicate with their direct reports
regardless of where those reports were anywhere in the world. Diplomatic and military
command and control were therefore significantly enhanced. One indication of the
potential impact of this came in 1903 when U.S. President Theodore Roosevelt sent a
message around the world in only nine minutes.
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By the end of the nineteenth century and beginning of the twentieth century, then, the
telegraph had made the world a smaller place. The telegraph had lessened the constraints
imposed on communication by distance, time, and location to a greater extent than all
previous improvements combined.

But this did not mean that time and distance no longer posed problems for human
communication. Obviously, they still did. At the same time, however, other forms of
communication were being developed that further abetted humankind's ability to
communicate faster and more effectively.

The Telephone. The telephone, building upon the success and technology of the
telegraph, is one of the most influential developments in communications history. The
first telephonic device that could transmit sound electronically was built in 1861 by the
German scientist Johann Philip Reis. Even so, the invention of the telephone is generally
credited to Alexander Graham Bell in 1876.

Bell, a Scotsman who emigrated to the United States, worked for the Western Union
Telegraph Company. Bell and his assistant, Thomas Watson, discovered a method to
transmit sound and the human voice by electric current. Even though others argued that
they had invented the telephone earlier, Bell received the patent for the device and in
1877 founded the Bell Telephone Company. Twenty two years later, the Bell Telephone
Company was renamed the American Telephone and Telegraph Company (AT&T), a
name that it has to the present day.

Like the telegraph before it, the telephone had a profound impact on business,
government, the military, foreign policy, and almost every other arena of human activity.
Less than 25 years after its invention, the telephone was in widespread use in Europe and
the United States. In the United States, one of the primary reasons that this occurred—
beyond the obvious reasons of ease of use and improved communications—was the
principle of universal service.

Because of universal service, extensive long distance and local lines were built during the
1870s and 1880s. These lines created a vast communication network for direct person to
person contact. By 1900, the United States had one million telephones in use, with local
systems linked into a national telephone network.12 In 1910, the federal government
moved to exert its influence over this network when Congress passed the Mann-Elkins
Act, which established the Interstate Commerce Commission (ICC). The ICC had
jurisdiction over all telephone service and other interstate business.

Meanwhile, outside the U.S., other industrialized countries created their own telephone
networks, many with government oversight and sometimes control. Telephone use was
widespread in Europe, but until low cost long distance service was later developed, most
telephone use was restricted to local or inter-urban calls. Indeed, recognizing the potential
economic and security implications of unfettered international telephone use, many states
guarded their control of trans-border telephone (and telegraph) communications.
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In the United States, the Bell System grew as it acquired smaller companies during the
first three decades of the twentieth century. By the 1930s, the Bell System had acquired
monopoly status, which it retained into the 1970s. The Communications Act of 1934 was
an important factor in AT&T’s growth, defining the company as a common carrier that
could transport telecommunication traffic over facilities that were available on an equal
basis to all paying customers, but which could not have a financial interest in the creation
of the content carried.13 AT&T’s monopoly status led to increased power and influence
for the company, which in turn led to increased government regulation of AT&T.

Most astounding, however, was the growth of the use of the telephone. Founded upon the
premise of universal service delivered by a universal phone system that supplied superior
service at low rates, the Bell System delivered as promised, both in local communications
and long distance communications; by 1939, the number of telephone calls in the U.S.
exceeded the number of letters mailed.14

In addition, AT&T formed Bell Telephone Laboratories, also known as Bell Labs, which
provided the company and the country with cutting edge technologies. Indeed, scientists
from Bell Labs received more Nobel Prizes than any other organization in the world by
discovering or developing technologies such as microwave radio, mobile radio, cellular
radio telephony, coaxial cables, semiconductor technology including the transistor,
optical fibers, and electronic switching.15

As the twentieth century progressed, the telephone became ubiquitous, especially in the
United States and to a lesser degree in other industrial societies. In business, the
telephone speeded transactions and enhanced communications and coordination even
more than the telegraph. In government, its impacts were much the same. In military
affairs and foreign policy, the telephone, like the telegraph before it, provided
opportunities for enhanced coordination and greater efficiencies through rapid person-to-
person communication at a distance. In military affairs specifically, one analyst noted that
the telegraph and telephone together "quickened the pace of warfare by shortening
response times and increasing flexibility."16 The same analyst further observed that
"coupling this speed of information communication with the effect of the railroad on
speed of movement, the nature of land warfare was changed in scale by two primarily
civil inventions."

By the early twentieth century, then, the telegraph and telephone had transformed human
communications. Distance, time, and location still presented difficulties for
communications, but the difficulties were by no means as significant as they had been
only 25 years earlier. Nevertheless, communications were still constrained by location
since both the telegraph and telephone required lines over which signals could be sent.
Obviously, this meant that senders and receivers were fixed to locations at which sending
and receiving equipment was available. As the first modern information revolution
progressed, however, this soon changed.

Radio, the "Wireless Telegraph." In 1894, Guglielmo Marconi, an Italian citizen, sent the
world’s first radio signal over a three kilometer distance. When the Italian government
turned down Marconi’s offer to provide it with his new invention, he traveled to Great
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Britain, where he secured a patent for his radio. When he demonstrated his radio’s ability
to send messages from shore to ship and between ships that were beyond each other’s
line of sight, the British and U.S. navies moved to adopt this new technology to enhance
communications at sea. Even more impressively, Marconi in December 1901 sent a
message 3,540 kilometers across the Atlantic Ocean from Cornwall, England, to St.
John’s, Newfoundland. Eight years later, Marconi received the Nobel Peace prize in
physics for his accomplishments.17

At first, radio use was relatively limited because only Morse code could be sent. Even so,
increased numbers of commercial and naval vessels were equipped with radio, and the
use of radio on land also expanded. However, when Reginald Fessenden discovered in
1906 how to send voice and music via radio, the slowly expanding non-maritime use of
radio became an avalanche. By the 1920s, over 600 radio stations broadcast in the United
States alone, many of which were owned by nationwide radio networks.18 Other
American businesses realized that the new technology afforded significant advantages,
and radio was quickly employed to advertise and publicize as well as to entertain and
educate.

Because of the growing importance of radio to American business and society, Congress
in 1927 passed the Radio Act and created the Federal Radio Commission to regulate the
industry.19 Perhaps the single greatest indication of the growing importance of radio in
the United States was the trend in advertising revenue; in 1943, money spent on radio ads
for the first time surpassed the amount of money spent on newspaper ads.20

Throughout this period, the U.S. Government and the U.S. military played a major role in
the development and use of radio. During World War I, the government and military used
radio extensively for communications, command and control, and related purposes. In
addition, the Navy pressured inventors such as Marconi, Fessenden, DeForest, and
Armstrong to put an end to their disputes over patents, thereby helping standardize radio
technology.21 And in April 1917, at the onset of U.S. entry into World War I, President
Woodrow Wilson commandeered all wireless radio stations in the United States and its
possessions. Throughout World War I, Marconi and others in the radio industry fully
cooperated with the war effort and with the Government as it extended its control over
radio.22

Military use of radio expanded even more during World War II. Every major
international actor in the war used radio extensively in all branches of their armed
services. The radio gave commanders more flexibility with troops, allowed greater
mobility, and enhanced overall command and control. Indeed, without the radio,
Germany’s "Blitzkrieg" warfare could not have been implemented. Meanwhile,
governments used radio to inform—and sometimes misinform—their citizens about the
progress of the war, to promote nationalism, and to spread propaganda. Some analysts
even argued that radio was the "paramount information medium of the war, both
domestically and internationally."23

Radio also contributed to the Allies' war effort in its application to radar, an acronym for
"radio detection and ranging." Although Hertz demonstrated in 1887 that radio waves
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could be reflected from solid objects, the technology was not put to use until 1935 when
Watson-Watt in Great Britain created a successful aircraft detection system.24 This
provided Great Britain with a decided advantage in the early years of the war.

Indeed, radar was used so successfully in the war that Germany blamed the defeat of the
Luftwaffe during the Battle of Britain on Britain’s radar and fighter control network.25
Other experts argued that "the whole evolution of sea warfare in World War II revolved
around radar" since radar aided planes taking off from carriers to find the enemy and
aided them in their return.26 British and American scientists improved the capability of
radar throughout the war, while Germany and Japan lagged in the development and
utilization of this key new technology.

The Impacts of the First Modern Information Revolution

By the end of World War II, the technologies of the first modern information revolution
had had a massive impact on the way people lived and worked; on the way that
businesses and governments conducted their affairs; and on the way that wars were
fought and peace was pursued. With their efforts to communicate less hampered by
distance, time, and location than ever before, people knew more about what was
happening nearby and far away than they had in the past, factored this knowledge into
decisions that they made, and changed their perspectives on local, national, and
international affairs.

Despite the magnitude of change that this revolution brought to humankind’s ability to
communicate, the technologies of the first information revolution did little to alter the
structures of the major international actors or the international system. These
technologies came of age during an era in which international affairs was dominated by
European states. Europeans had divided most of the rest of the world outside Europe into
colonies, and there was little on the horizon to indicate that this would change.
Meanwhile, in Europe itself, a balance of power system held sway, with Great Britain
acting as the principal balancing agent.

In this international system, states were the primary types of international actors, and
throughout this era, they remained the primary actors. Indeed, if anything, European
states used the new technologies to enhance their preeminent positions in the global
power structure to improve their ability to communicate with their far-flung empires and
to command and control political and military forces.

As for other types of international actors, even though business use of these technologies
proliferated dramatically, the volume of international trade and the impact of
international business on world affairs remained small during the late nineteenth and
early twentieth centuries. Despite improved information and communication capabilities,
businesses that operated internationally remained structured primarily as "mother-
daughter" arrangements in which the central office granted autonomy of operations to
overseas subsidiaries. Other types of international actors such as intergovernmental and
nongovernmental organizations remained inconsequential on the international scene.
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All told, then, even though the technologies of the first modern information revolution
had an immense impact on how people lived and conducted their lives, on the way
businesses and governments ran their affairs, and on the way diplomacy and war were
conducted, the first information revolution had little impact on the structure or function of
international actors or on the international system.

The Impacts of the Second Modern Information Revolution

As World War II drew to a close, most people recognized that information and
communication technologies had made the world a much smaller, if not necessarily
better, place. However, with World War II in the Pacific Theater having been brought to
a close by the most awesome weapon ever invented, few people recognized that even
more significant technological breakthroughs in information and communication
technologies were just over the horizon.

Centered on television, early generation computers, and satellites, the second modern
information revolution reduced the impact of distance, time, and location on human
communications as much if not more than the technologies of the first information
revolution. They also significantly enriched the communications experience. The second
modern information revolution had sizable impacts on the workplace and economic
affairs, on culture and society, and on military affairs and international relations.

The impact on the workplace and economic affairs was easy to discern. In the decade
following World War II, as the rest of the world rebuilt from the devastation caused by
the war, the United States’ economy changed steadily from an industrially based
economy to one based on services. During this time, the number of workers in service
industries in the United States grew rapidly, eventually rising 