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FOREWORD

Itis particularly appropriate that the AAG’s Centennial Celebration should
prompt the publication of a volume devoted to Geography and Technology.
New technologies have always been important in advancing geographic
understanding, but never have they been so thoroughly and rapidly
transformative of the discipline as at this stage in geography’s evolution.

Just as new technologies have profoundly expanded both research
possibilities and the knowledge base of other disciplines, such as biology,
physics or medicine, so too are the revolutionary new geographic technologies
developed during the past few decades extending frontiers in geographic
research, education and applications. They are also creating new and resurgent
roles for geography in both society and in the university. This trend is still
accelerating, as the integration of geographic technologies, such as the global
positioning system and geographic information systems (GPS/GIS), is creating
an explosion of new “real-time, real-world” applications and research
capabilities. The resultant dynamic space/time interactive research and
management environments created by interactive GPS/GIS, among other
technologies, places geography squarely at the forefront of advanced
multidisciplinary research and modeling programs, and has created core
organization management tools (geographic management systems) which will
dramatically change the way governments and businesses work in the decades
ahead.

While these and other important geographic technologies, including
remote sensing, location-based services, and many others addressed in this
book, are forging new opportunities for geography and geographers, they
also pose challenges. Inherent within all advanced technology is the potential
for its abuse, as well as for creative and beneficial uses within science and
society. As geographers and as developers of new geographic technologies,
we have an obligation to employ our expertise to help ensure that appropriate
regulatory and legal frameworks are implemented to safeguard civil liberties
and locational privacy as these new technologies become ever more widespread
in research and applications. We must also work to ensure that these
technologies are accessible to community-based groups, and that their benefits
accrue to those historically dispossessed around the world.

As this book illustrates, our new geographic technologies are also
embedded in and magnified in their impacts by parallel development in
technology generally, including the broad advances in computers, the Internet,
wireless communications, and many other areas. It is also the case that a great
deal of cutting-edge research and innovation related to the new geographic
technologies has originated in geography’s burgeoning private sector,
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highlighting the need to foster stronger linkages and coordination among
private, public, and university geographic researchers and research agendas,
as is common in other disciplines blessed with strong private or public sector
research components.

Perhaps most importantly, there remains a need to better integrate
geography’s transformational new technologies with geography’s traditional
strengths and its characteristic diversity. Technology in geography does not
pose a threat to our traditions; it offers a way to extend and revitalize these
traditions. Just as the microscope and DNA sequencing have revolutionized
research, education, and applications in biology, and in so doing made the
work of Linnaeus and Darwin ever more important to modern science and to
modern medical applications, so too will new geographic technologies such
as interactive GPS/GIS extend research horizons in traditional areas across
the full breadth of geography, and make our applications more central to the
needs of our society and our rapidly changing world.

This volume also makes clear that geographic technologies are integral
to the intellectual core of our discipline, and that an understanding of their
evolution and impact is essential to understanding the history and philosophy
of geography as a discipline. Our ways of thinking and doing as geographers
always have been and will continue to be intertwined with advances in
technologies which, while neither intrinsically good nor bad, in the best of
hands help us to see beyond, to integrate the disparate, to visualize complexity,
to communicate the remarkable commonplace as well as the merely
extraordinary, to bridge continents and disciplines, and to create geographic
understanding.

I commend the editors and the authors of Geography and Technology,
for their foresight and their insight at this Centennial moment in the AAG’s
history, and for this important publication. The topics and issues addressed in
this Centennial publication will be critical to geography’s future and to that
of our world during the AAG’s second century.

—Douglas Richardson



PREFACE

Anticipating the excitement of a centennial celebration, the Council of
the Association of American Geographers formed a Centennial Coordinating
Committee in 1997, seven years before the event. Among the Committee’s
charges was to devise and produce appropriate book publications for the 2004
centennial year. One suggestion that generated much interest would address
geography, technology, and society issues, the subject matter of this book.
Inasmuch as technologies have always been integral in the production of
geographical knowledge, it was deemed only fitting to examine those
technologies that have affected geography as a discipline, and how various
fields and subfields of inquiry have been impacted by these several
technologies. Among the technologies the committee considered worthy of
examining were cartography, the camera, aerial photography, computers, and
other computer-related technologies that have been important in the production,
presentation, and dissemination of geographical information.

As this book project on geography and technology interfaces evolved in
committee discussions, we were interested in potential contributions coming
from colleagues with interests in technological innovations, the impacts of
technologies on geography and society, disciplinary inquiries into the social/
technology interfaces, high-tech as well as low-tech societies, and applications
of technologies to the public and private sectors.

A description of this project appeared in several issues of the AAG
Newsletter in April 2002 and was supplemented by many formal and informal
calls for contributions. As editors, we also identified topics that we thought
merited inclusion in any final product and solicited contributions to fill these
gaps. This volume represents the contributions of individuals who submitted
working titles and abstracts as well as those who responded to our suggestions
for subjects we considered important in any tome on the geography/technology
interfaces.

The twenty-five chapters are divided into five major sections. Part I,
entitled “Geography and Technology Interfaces,” includes chapters that discuss
an overview of geography and technology by Wilbanks, how various
communications technologies have affected the production of geographical
knowledge by Johnston, and a history of federal funding for geographic
research and geographical technologies during the past century by Shelley,
Biglar, and Aspinall. The last chapter also describes the federally funded
research that has appeared in major U.S. geographical journals.

Part II, “Technologies That Changed Geography,” includes four chapters
about specific technologies. Harvey and Chrisman examine the early
disciplinary and academic roots of automated geography and geographical

XIII
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information systems. Their chapter is followed by Sui and Morrill’s wide-
ranging discussion on the impact of computers on the discipline of geography
and specific fields during the past three decades. Remote sensing, and
especially its use in studying physical and urban phenomena, are the focus of
the Jensen and Hodgson chapter. The final chapter in this section by Zook,
Dodge, Aoyama, and Townsend looks at the new digital technologies and
how these are affecting communication, communities, and society.

Part III, “New Geographies with New Technologies,” includes eleven
chapters that look at how specific technologies have changed the content of
what we study in geography. Individual chapters consider tools and
technologies used in the classroom (Downs), conducting fieldwork in non-
Western contexts (Porter and Grossman), the camera (Jakle), film and cinema
(Dixon and Zonn), the automobile (Rubenstein), and aircraft (Leinbach and
Bowen). Additional chapters examine the 24-hour news phenomenon (Rain
and Brooker-Gross), democratization (Regulska), public health (Greenberg),
gender (Moss and Kwan), and the U.S. military and war (Corson and Palka).

Part IV, “The Environment and Technology,” includes five chapters on
technology/environment themes. Technologies used to measure and study earth
surface processes are discussed by Sherman and Bass, weather and climate
by Winkler, and the land cover/land use dynamics by Walsh, Turner, and
Evans. The final two chapters look at many of these same human/
environmental/technology themes and current geographic technologies within
an African context (Taylor) and their application in the study of natural hazard
preparedness, risk, and human response (Tobin and Montz).

The volume concludes with Part V, “The Worlds Before Us,” and two
chapters on major technology/society themes. The first, by Dobson, ponders
what might be some future uses and applications of GIS, not only in geography,
but in related disciplines studying the earth and biosphere. The final chapter,
by Curry, asks readers to reflect on what kinds of geographical technologies
were important to early human societies and those that are affecting current
generations. Many of the questions about observing, narrating, representing,
describing, analyzing, and predicting the geographical have long intrigued
the scientist, artist, and practitioner. While geographers have made many
advances in the past millennia, as we proceed into the 21st century and beyond,
we will continue to ask some of the same questions, but address them with
some new technologies. In short, information and communications
technologies (ICTs) and the processing and representation of georeferenced
data of all kinds, including remote sensing and satellite imagery, utilizing
GIS (geographical information systems) and GISc (geographical information
science), will continue to affect what and how geographers understand and
represent the world. The traditional and emerging subjects of our inquiry will
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continue to advance by incorporating new and unknown technologies into
their presentation, analysis, description, and forecasting of earth features and
data.

Acknowledgements

This centennial publication could not have seen the light of day without
the support of many individuals. We first acknowledge the support of others
on the Centennial Coordinating Committee (Don Janelle, Kathy Hansen, Pat
Gober, Alice Rechlin-Perkins, Marilyn Silberfein, and Barney Warf). Also
we acknowledge the strong encouragement provided by the present AAG
Executive Director (Doug Richardson) and his predecessor (Ron Abler) during
various stages of discussion and production, and AAG presidents (Pat Gober,
Will Graf, Susan Cutter, Reg Golledge, Jan Monk, Duane Nellis, and Alec
Murphy). AAG Council’s continued support for this centennial activity is also
recognized and appreciated. The Kluwer staff included Myriam Poort, Susan
Jones and André Tournois.

Various colleagues and friends provided suggestions for potential
contributions and also reviewed manuscripts. These include Karl Raitz, Tony
De Souza, Jonathan Phillips, John Pickles, Harm de Blij, and Joni Seager.
Four others also merit mention. First is Martin Kenzer who, in an e-mail in
early 2003, included an attachment of a satellite image which is now the
cover. Second is Debra Lackas of The Living Earth, Inc., who granted us
permission to use this image, which is a digital composite of archived images
taken by several ocean-faring ships and earth-orbiting satellites. Third is Rose
Canon who, as in her nearly sixteen years as editorial assistant for The
Professional Geographer and Annals of the Association of American
Geographers, again performed admirably in copy-editing these chapters.
Fourth is Donna Gilbreath who efficiently and with her professional graphics
and cartographic skills prepared the camera-ready copy of the entire manuscript
for the publisher and designed the cover.

We are very pleased with the original contributions of these senior and
junior scholars. All met our deadlines and responded to suggestions provided
by us or others to strengthen the chapter with added conceptual, theoretical,
or bibliographic materials. As we reflect on assembling these chapters and
what they might contribute to our future, we see two fruitful directions. The
first is that we believe firmly, as demonstrated in the book, that geographers
have much to contribute to questions about the social impacts of technology,
whether as a disciplinary perspective or from a broader base, focused on
improvements in the human condition. The second is that the geography/
technology interfaces have only begun to be investigated in these twenty-five
chapters. Each contribution provides a valuable assessment of the state-of-



XVI

the-art of the his/her/their inquiry. There are clearly many more substantive
ideas that merit study, whether related to specific technologies, methodologies
and paradigms, social impacts, or their role in our disciplinary histories.
Perhaps in another decade or two, the technology/geography interfaces will
be as important in disciplinary and transdisciplinary training, instruction, and
research as are the current environmental/geography fields and subfields. If
this volume contributes to this “turn,” we believe the contributors will have
served a major and useful purpose. Geographers clearly are not alone in seeking
to explore the technology/society linkages and networks. We know we have
much to learn from others and for others to learn from us.

—Stanley D. Brunn
—Susan L. Cutter
—J.W. Harrington, jr.

September 2003



CONTRIBUTING AUTHORS

Editors, Affiliations, and Email Addresses

Stanley D. Brunn, Department of Geography, University of Kentucky,
Lexington, KY 40506-0027 brunn @uky.edu

Susan L. Cutter, Department of Geography, University of South Carolina,
Columbia, SC 29208 scutter @ gwm.sc.edu

J. W. Harrington, Department of Geography, University of Washington,
Seattle, WA 98195 jwh@u.washington.edu

Authors, Affiliations, and Email Addresses

Yuko Aoyama, Graduate School of Geography, Clark University, Worcester,
MA 01610 yaoyama@clarku.edu

Richard Aspinall, Department of Geography, Montana State University,
Bozeman, MT 59717 aspinall@montana.edu

Andreas C.W. Baas, Department of Geography, King’s College London,
Strand, London WC2R 2 LS, UK andreas.baas @kcl.ac.uk

Wendy Bigler, Department of Geography, Arizona State University, Tempe,
AZ 85287-0104 Wendy.Bigler@asu.edu

John J. Bowen, Jr. Department of Geography & Urban Planning, University
of Wisconsin-Oshkosh, WI 54901 bowenj@uwosh.edu

Susan R. Brooker-Gross, Department of Geography, Virginia Tech,
Blacksburg, VA 24061 srb144 @vt.edu

Mark W. Corson, Department of Geography, Northwest Missouri State
University, Maryville, MO 64468 mcorson @ mail.nwmissouri.edu

Nicholas R. Chrisman, Department of Geography, University of Washington,
Seattle, WA 98195 chrisman@u.washington.edu

Michael R. Curry, Department of Geography, University of California, Los
Angeles, CA 90095 curry @geog.ucla.edu

Deborah P. Dixon, Department of Geography, University of Aberystwyth,
Aberystwyth, Wales, UK dxd @aber.ac.uk

Jerome E. Dobson, Department of Geography, University of Kansas,
Lawrence, KS 66045 Dobson@ku.edu

XVII



XVIlI

Martin Dodge, Centre for Advanced Spatial Analysis, University College
London Gower Street, London WCI1E 6BT UK m.dodge@ucl.ac.uk

Roger M. Downs, Department of Geography, Pennsylvania State University,
University Park, PA 16802 rd7 @psu.edu

Tom P. Evans, Department of Geography, Indiana University, Bloomington,
IN 46405 evans @indiana.edu

Michael Greenberg, Edward J. Bloustein School of Planning and Public
Policy Rutgers University, New Brunswick, NJ 08903 mrg @rci.rutgers.edu

Lawrence S. Grossman, Department of Geography, Virginia Tech,
Blacksburg, VA 24061 lgrossmn@ vt.edu

John A. Jakle, Department of Geography, University of Illinois, Urbana, IL
61801 j-jakle @uiuc.edu

John R. Jensen, Department of Geography, University of South Carolina,
Columbia, SC 29208 jrjensen @sc.edu

Francis J. Harvey, Department of Geography, University of Minnesota,
Minneapolis, MN 55455 fharvey @fharvey.email.umn.edu

Michael E. Hodgson, Department of Geography, University of South
Carolina, Columbia, SC 29208 hodgsonm @ gwm.sc.edu

Ron Johnston, School of Geographical Sciences, University of Bristol,
Bristol, UK BS8 1SS r.johnston @bristol.ac.uk

Mei-Po Kwan, Department of Geography, Ohio State University, Columbus,
OH 43210 kwan.8 @osu.edu

Thomas R. Leinbach, Department of Geography, University of Kentucky,
Lexington, KY 40506-0027 leinbach@uky.edu

Burrell Montz, Department of Geography, SUNY Binghamton, Binghamton,
NY bmontz@binghamton.edu

Richard Morrill, Department of Geography, University of Washington,
Seattle, WA 98195 morrill @u.washington.edu

Pamela Moss, Faculty of Human and Social Development, University of
Victoria, Victoria, B.C., Canada V8Y 2Y2 pamelam@uvic.ca

Eugene J. Palka, Department of Geography and Environmental Engineering,
U.S. Military Academy, West Point, NY 10996-1695 gene.palka@usma.edu



XIX

Philip W. Porter, Department of Geography, University of Minnesota,
Minneapolis, MN 55455 pwporter @tds.net

David R. Rain, George Washington University, 1957 E. St. Suite 512 NW,
Washington, DC 20052 david.r.rain @census.gov

Joanna Regulska, Department of Women’s and Gender Studies and
Geography Rutgers University, New Brunswick, NJ 08901
regulska@rci.rutgers.edu

James M. Rubenstein, Department of Geography, Miami University, Oxford
OH 45056 rubensjm @muohio.edu

Fred M. Shelley, Department of Geography, Texas State University —San
Marcos, TX 77843 Fs03 @swt.edu

Douglas J. Sherman, Department of Geography, Texas A & M University,
College Station, TX 77843 Sherman @ geog.tamu.edu

Daniel Sui, Department of Geography, Texas A and M University, College
Station, TX 77843 dsui@geog.tamu.edu

D.R.F. Taylor, Department of Geography and Environmental Studies,
Carleton University, Ottawa, Canada K1S 5B6 fraser_taylor@carleton.ca

Graham Tobin, Department of Geography, University of South Florida,
Tampa, FL gtobin @luna.cas.usf.edu

Anthony M. Townsend, School of Urban Planning and Communications,
New York University, NY 10011 anthony.townsend @nyu.edu

B. L. Turner, 11, Graduate School of Geography and Marsh Institute, Clark
University, Worcester, MA 01610 bturner @ clarku.edu

Stephen J. Walsh, Department of Geography, University of North Carolina,
Chapel Hill, NC 27599-3220 swalsh@email.unc.edu

Thomas J. Wilbanks, Oak Ridge National Laboratory, Building 4500N/Box
2008 Oak Ridge, TN 37831-6184 wilbankstj@ornl.gov

Julie A. Winkler, Department of Geography, Michigan State University, East
Lansing, MI 48823 winkler @pilot.msu.edu

Leo E. Zonn, Department of Geography, University of North Carolina, Chapel
Hill, NC 27599-3220 zonn @email.unc.edu

Matthew Zook, Department of Geography, University of Kentucky,
Lexington, KY 40506-0027 zook @uky.edu



COLOR PLATES



XXII

Figure 3-1. The change in federal funding for geographic research: 1950-99
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Geographers, The Professional Geographer, and Geographical Review.
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infrared, and green)]; b—Mosaic of hundreds of GeoCover-Ortho Landsat
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(courtesy of Earth Satellite Corporation and NASA).
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GEOGRAPHY AND TECHNOLOGY INTERFACES



CHAPTER 1

THOMAS J. WILBANKS

GEOGRAPHY AND TECHNOLOGY

It can be argued that geography’s origins as a category of knowledge had
technology as a cornerstone. According to James (1972), geography arose
from two fundamental desires in human nature: (1) to find out what lies over
the next hill, i.e., to explore unknown places and report what we find; and (2)
to know where we are in order both to get home and to return to that spot if
we wish, i.e., to navigate on the face of the earth. In the first case, moving
from one place to another always depended on meeting needs for water, shelter,
fire, weapons for hunting and self-defense, and the transport of supplies, all
of which are related to technology, however primitive. In the second case,
successful navigation depended on observing the stars and recording
landmarks, also related to technology, and in many cases stimulating attention
to technology needs. In both cases leaps of technology have time and again
changed how geography is done and what it means for society, and in both
cases, maps have been a tool that is a foundation of our discipline and its
concepts (Curry, Chapter 25).

In this introductory essay, by “technology” is meant the devices and
techniques employed by society to sustain its existence and improve its quality
of life. Technology refers most often to tangible, practical objects—hardware
and software—that satisfy social definitions of usefulness.

Abundant historical evidence has shown that technology and society
evolve together. In his classic study, for instance, Mumford (1963) showed
how uses of the technologies responsible for the industrial revolution were
enabled by centuries of prior social change, from the evolution of monastic
practice to the organization of massed armies. If so, a salient question for
today’s world is whether ever more rapid technological change may be
stretching boundaries of social acceptance (from bioengineering to the invasion
of privacy) or of social existence (such as weapons of mass destruction).

3
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The fact is that, although professional colleagues may argue whether
science can be socially neutral, no one responsibly argues that fechnology
can be socially neutral. It is by definition the result of social choices. It is by
definition useful, for good or ill. And its use is responsible for ripples of
social change, large and small, including unintended consequences along with
expected ones (e.g., Tenner 1997).

It is not unreasonable to ask why—if the past century has seen an
unprecedented and apparently accelerating rate of technological change—so
many social indicators show little improvement, even in a relatively affluent
country such as the U.S. If technology is so great, why then are the lives of so
many of our fellow citizens, especially in the global community, not up to a
level to which any human being would aspire? For most of the readers of this
book, our levels of comfort, convenience, mobility, labor productivity, and
access to diversions is far higher than any of our ancestors. If our great-
grandparents were to be dropped into our world, they would be dazzled. But
such indicators of happiness as mental health and the stability of family
relationships, along with many indicators of the incidence of crime and
morbidities, tell us that in important respects, our lives are not necessarily
better.

Technology is an enabler, not a solution, whether our frame of reference
is society in general or the discipline of geography in particular. It can be
produced by research and development systems wrapped in their own supply-
push imperatives, delivered for our consumption whether we asked for it or
not. It can come with a kind of overwhelming momentum that sweeps us
along like flotsam in a flood, while we compete with each other to show how
skillful we are in using its new tools.

This does not mean, of course, that because, in many ways new technology
is irresistible, it is unfortunate, even malign. Technology is what we make of
it, and for geography it offers us pathways for intellectual discovery and social
relevance that are as unprecedented as the technology itself. If, two generations
ago, geographers could have imagined remotely sensed and in situ
electronically instrumented data sources, geographic information science and
its powerful visualizations for learning and communication, GPS and its
capacity to pin down locations of field observations, the Internet for
information access and professional networking, and computer-based spatial
and statistical analysis—not to mention a public with a growing taste for
information delivered in graphic forms—our predecessors would have wished
they were in our shoes. These are days of both historic opportunities and
daunting risks, not only that we will miss opportunities but that we will misuse
them, as we contemplate what technology means in the first part of the 21st
century for both the society around us and for our discipline.
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It is in this powerful context that this book considers two dimensions of
relationships between geography and technology: (1) geography as it helps in
understanding roles and implications of technology in society, and (2)
technology as it is used by geography in relating itself to society.

1. GEOGRAPHICAL DIMENSIONS OF TECHNOLOGY IN
SOCIETY

The more important of the two issues is with regard to understanding
society, as contrasted with understanding geography (which, after all, is a
means to social ends, not an end in itself). In this regard, geography as a
particular kind of human inquiry is fundamentally concerned with at least
three ramifications of technology in society:

1. Technology affects the meaning of proximity, and thus the significance
of location and operational definitions of efficient spatial organization,
by helping to determine the effort required to overcome distance.

2. Technology affects the character of places by shaping what happens there,
what it is like to live there, and how residents think about their sense of
place.

3. Technology shapes nature-society relationships by changing social
demands for nature’s services and by changing tools for environmental
management.

These dimensions interact with a wide range of overarching social issues:
poverty, democratization, globalization, technological change, environmental
sustainability, and others, not to mention such unexpectedly emerging issues,
too recent to be addressed in this book, as “homeland security” (see Cutter et
al. 2003).

1.1. Technology and the Meaning of Location

To geographers, location is intrinsically relative: location relative to what?
how far from what? affecting interactions with other locations in what ways?
related to structures for spatial organization how? Any changes in technologies
that reshape the meaning of proximity reshape the way we view our world,
and in the hundred years since 1904, we have seen changes in technologies
that dwarf any other century in the earth’s history. From the perspective of a
person who studies energy issues, the changes are dominated by effects of the
emergence of electricity and petroleum fuels (Wilbanks1988) because of their
effects on systems for movement and communication, although another person
might point to equally profound changes in such fields as medicine, materials,
and aerospace sciences.
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Technology affects the meaning of location most directly by reshaping
the meaning of location because it changes what proximity means. Geographic
research has shown that technological change can change the effect of distance
on human interaction, whether direct human interaction or larger spatial
structures such as central place systems. Technology also affects locational
choice: changes in the inputs that are important in determining what location
is best, such as materials substitution as an issue for resource-intensive
industrial production. Information technology affects the diffusion of
innovations, from the not-quite-random pattern of invention to the patterns of
interaction that cause inventions to be transformed into innovations. And
hazards associated with technological innovation also have spatial patterns,
whether related to vulnerabilities or to responses in the event of emergencies.

In recent decades, technology has reshaped geographical relationships
in two fundamental ways: by shrinking our globe, so that people who used to
be distant from each other are now neighbors (Leinbach and Bowen, Chapter
13), and by introducing alternatives for interaction that are (or appear to be)
released from constraints of distance and conventional spatial pattern, e.g.,
cyberspace (Sui and Morrill, Chapter 5; Zook et al., Chapter 7).

Keys to these changes have been what are, by standards of historical
experience, astonishingly rapid technological developments in movement
systems—transportation and communication—in turn enabled by rapid
technological developments in energy systems (e.g., electricity), materials,
and management/organizational control systems. Geographers have
contributed to understanding the impacts of such transformations by focusing
attention on changes in the optimal spacing of functions (Rubenstein, Chapter
12), innovations in the spatial structuring of functions (e.g., the Federal Express
approach to package transfers: Leinbach and Bowen, Chapter 13), and new
patterns of diffusion of ideas, people, forms of control, economic relationships,
and waste, pollution, and disease (e.g., Greenberg, Chapter 16). At the same
time, geographers have advocated awareness to social and environmental
consequences of this reshaping of our world (see below), including issues
related to unequal access to opportunities as they emerge (Zook et al., Chapter
7).

Looking to the future, perhaps the biggest question is how the growing
use of largely aspatial information and communication technologies will
change the meaning of location and how we interact and arrange our activities
in space. What will be the continuing value of physical proximity, of personal
contact and communication, of social interactions and groupings? How will
these aspects of life be modified and how will cultures be changed by new
technologies and how we use them?
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1.2. Technology and the Character of Places and the People
Who Live There

Technology affects the character of regions and the people who live there,
because technology shapes not only regional comparative advantage but also
life in any place. One particularly vivid example is how new information
technology has made it possible for people with striking but mobile skills to
make a living in rather remote locations (Robb and Riebsame 1997). Another
example is the growing attraction of electronic recreational alternatives within
the household as contrasted with more conventional recreational activities
outside the household, especially for many young people.

Technology, in fact, is usually a key ingredient and sometimes the defining
quality of the character of regions (e.g., Silicon Valley, the Research Triangle,
the “rust belt”). Technology is a foundation of economic growth by offering
opportunity or threatening obsolescence. By compressing time and space, it
can transform the human life experience (D. Harvey 1989). It influences the
work experience by increasing labor productivity and changing skill
requirements; and the geographic pattern of access to work experiences
stimulates migration, including “brain drains” from developing countries
(Taylor, Chapter 22). It shapes such attributes of life as comfort, convenience,
mobility, and access to many leisure time activities. It underlies many structures
for exercising power and control, from the expanding reach of globalization
to new opportunities for local empowerment. It contributes to cultural
convergence or divergence and therefore to a sense of place and community.
It can represent threats through weapons of mass destruction, hazards from
materials use and waste disposal, or supplies of designer drugs (Greenberg,
Chapter 16). It can even affect how we view ourselves (Moss and Kwan,
Chapter 17).

One familiar example of impacts of technology and places is the
transformation of land uses by the automobile, and an example of impacts on
the lives of people who live in places is the role of automobiles as personal
spaces. Moreover, the automobile age has pioneered mass production and
vertical integration as industrial approaches: thus “Fordism” (Rubenstein,
Chapter 12). Another familiar example is the role of technology in catalyzing
and enabling global economic integration (Leinbach and Bowen, Chapter 13).

Less familiar but profoundly important are the potential impacts of
modern information and communication technologies on democratic
institutions, from new opportunities for direct engagement in political activities
to new ways to access (and monitor) government services. Issues that deserve
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more research attention include equity in access to these opportunities, whether
they are likely to make democratic decisionmaking more or less consensual
and integrated, and the degree to which the impacts are likely to differ
according to political and cultural context (Regulska, Chapter 15).

1.3. Technology and Nature-Society Relationships

Technology transforms nature-society relationships. Consider, for
example, impacts in the past century of new transportation technologies, new
information technologies, new medical technologies, and new materials such
as plastics. Can we imagine looking at a city from any angle in an evening
and not seeing electric lights? Can we imagine not having personal automobiles
for our use? Can we imagine not having plastics for packaging? Can we
imagine having our favorite fresh vegetables available only a few weeks of
the year? Can we imagine not having weather information available on
television or the Internet? Yet each of these developments in consumer
preferences has implications for the global environment.

Decades ago, Kenneth Boulding suggested that in nature-society linkages,
technology is both culprit and savior (Darling and Milton 1966:717-18). On
the one hand, it stimulates demands for resources, accelerating the consumption
of the earth’s building blocks; on the other, it can develop substitutes and
enable greater resource efficiency. On the one hand, technology can contribute
to environmental degradation (e.g., mechanized strip mining); on the other, it
can contribute to environmental protection (e.g., monitoring technologies).
On the one hand, it can produce hazardous wastes; on the other, it can improve
capacities to handle wastes safely. Greenberg (Chapter 16), for instance, points
out how technology has accelerated the detection and treatment of diseases
but at the same time has created new health risks and increased the potency of
some health hazards. He also notes that the balance between positive and
negative implications of technology use depends on the political and social
systems that make choices and how they view risks.

Geography has played key roles in the emergence of sustainability science
as a new cross-cutting field of integrative science (Kates et al. 2001), with
contributions to the global research effort focused especially on land use and
land cover change (e.g., tropical deforestation). Among the perspectives that
are important have been discoveries that nature-society integration is more
likely to be feasible in a place-based context in a relatively small region, the
associated importance of understanding dynamics at a relatively fine-grained
spatial scale, and the importance of considering relationships between
processes that operate at different geographic scales (Walsh et al., Chapter
21).
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2. TECHNOLOGICAL DIMENSIONS OF GEOGRAPHY IN
SOCIETY

Trapped in our historical syndrome of tending to look internally rather
than externally, geographers have often paid more attention to what technology
means to us than what it means to society, and we do indeed have a lot to
consider. Although the implications of this transformation are greater for
society than for geography itself, and their implications for geography as a
subject are greater than for geography as a discipline (National Academy of
Sciences/National Research Council 1997), the fact is that our contributions
to knowledge, learning, and society at large are being reshaped by the
information and computing technology revolution in ways that this book
illustrates abundantly.

Clearly, technology is revolutionizing how geographic information is
collected, analyzed, and communicated to audiences from classrooms to the
general public, supported by federal government funding not only for
geographic research but for the origins of such powerful tools as the Internet
and e-mail (Shelley et al. Chapter 3; Corson and Palka, Chapter 18). Forty
years ago, geographers were being trained to make maps by hand, to use
printed maps as research sources, and to analyze data using mechanical
calculators and punch-card inputs to very slow computers. Our students in
the first decade of the 21st century probably cannot imagine such a primitive
context for doing geographic research—only a generation and a half in the
past.

The challenge is to look beyond the miracles of the present, which we
have incompletely assimilated, down the road twenty years or more to
anticipate both opportunities and consequences and to identify priorities for
the discipline of geography in assuring that we will be positioned to use the
new capabilities appropriately and well.

2.1. Technology and Recording and Communicating
Geographic Information

Because of the centrality of maps for geographers, the first technology-
impact issue is not data collection—even though it comes first in empirical
research—but impacts of technology on how we record and communicate
geographic information, not only to general audiences but also among
ourselves. Geographic Information Science (GISc), the next step beyond
Geographic Information Systems (GIS), has rapidly become geography’s most
salient practical contribution to society and the discipline’s most active area
for student job placement. Coupled with Global Positioning Systems (GPS),
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computers for integrating and analyzing geographic data, and electronic
communication media for moving information to others, this new technology
has made geography newly technology-oriented and, in the minds of many,
newly relevant in applications of geographic perspectives from international
business to local planning.

The importance of technology in enabling GIS and GPS, and in turn,
their impacts on geography, need not be recounted here; for a powerful
illustration, see Walsh et al., Chapter 21. Waldo Tobler once observed (personal
communication) that the computer changed cartography from a field focused
on producing general-purpose print maps to a field emphasizing the production
of tools for decentralized special-purpose maps—a much more interesting
professional challenge. Computer-based advances in conceptions and
realizations of spatial visualization (MacEachren et al. 1992) have become
especially powerful as a catalyst for inquiry and not only a magnet for interest
on the part of users of geographic information but also a way to promote
awareness of the role of space in phenomena and processes of interest to
many fields of research (Sui and Morrill, Chapter 5).

But technology has also affected geographic communication in other
ways. Television news has promoted public interest in geographic information
(Rain and Gross, Chapter 14), the Internet has made maps readily available to
the public for tracking weather and investigating travel opportunities, and e-
mail has enabled new kinds of information transfer and collaboration.

Within the discipline, technological change has changed how we relate
to each other—how we exchange messages and materials, encouraging and
accelerating many kinds of interaction—although personal contacts remain
essential (Johnston, Chapter 2). As in the case of society, a question yet to be
answered is about the roles of face-to-face interaction in a technological era,
where literatures on time geography may be relevant as a source of hypotheses
(e.g., Parkes and Thrift 1980).

Technology is also changing geography in the classroom, especially as
college classrooms become equipped with desktop computers for student use.
Already, PowerPoint presentations of classroom material are being made
available on Internet sites for student access, changing the nature of classroom
note-taking. Laboratory exercises are in many cases carried out on computers.
GIS-based problems are bringing vitality into interactions between instructors
and students. Downs (Chapter 8) notes that, historically, the introduction of
new tools into geography classrooms (such as globes and wall maps) has
often emphasized factual knowledge rather than intellectual challenges, and
geography as a significant subject for learning has suffered. But the far more
interactive potentials of our new technologies for teaching and learning are
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exciting, if we can meet the challenges of teacher training and equipment
purchase and maintenance.

Underlying these developments are a number of reasons for concern as
well as excitement. Access to the fruits of many of our new technologies for
mapping and information exchange involves access to financial resources
and technical skills, and as a result parties endowed with these assets have
advantages that others can find difficult to overcome (Dobson, Chapter 24;
Zook et al., Chapter 7). One example is the control of much of the GIS data
and tools relevant to developing countries by external parties, which calls for
a new emphasis on endogenous initiatives (Taylor, Chapter 22; National
Academy of Sciences/National Research Council 2002). Another reason for
concern, related to origins of GIS in defense programs, is that its social
construction may not be appropriate for many of society’s pressing social
issues (Harvey and Chrisman, Chapter 4; Harvey 2000). Yet another concern
is that new information technologies may bring threats to privacy, the integrity
of databases, and the protection of intellectual property.

2.2. Technology and the Gathering of Geographic Information

Besides changing what we do with geographic information once we have
it, technology has had a powerful impact on how we collect the information
in the first place. Such traditional approaches as fieldwork and field-mapping
continue to be relevant, with GPS systems helping to document locations,
and laptop computers helping in recording observations (Porter and Grossman,
Chapter 9). Earlier technological innovations such as photography and digital
data from aircraft (Tobin and Montz, Chapter 23; Walsh et al., Chapter 21),
the camera (Jakle, Chapter 10), and film (Dixon and Zonn, Chapter 11) are
also still important. One example is the power of photography in
communicating images (e.g., the work of the National Geographic Society);
another is the power of film in representing current events and nonfamiliar
cultures, spaces, and places.

But imagery from earth satellites, together with technologies for observing
and recording phenomena on or near the earth, has immersed us in a flood of
data that begs conversion into useful information. Sherman and Bass (Chapter
19) describe how electronic instrumentation has increased the capacity to
investigate sediment transfer in air and water, and Winkler (Chapter 20)
indicates how technology has changed atmospheric observations and climate
science. Walsh et al. (Chapter 21) note how technology has improved change
detection in land use and land cover. In many cases, vegetation and other
easily observable land uses have been the phenomena where we have learned
to apply the new GIS tools (Jensen, Chapter 6), although the growing



12 GEOGRAPHY AND TECHNOLOGY

availability of data with very high spatial resolution is increasing attention to
human settlement phenomena as well.

This array of potentials, however, raises fundamental issues about
selective supply and use of data, protocols for condensation of data, storage
of and access to data, and most importantly how we apply our theories in
making sense out of the data (Hodgson and Jensen, Chapter 6). For example,
we tend to have to accept decisions of others about the spatial and temporal
scale of observation, as well as their decisions about what to observe; consider
the capabilities of new earth observation platforms currently being designed.
Many of the agendas of those who fund and support the data systems are
focused on quick practical uses rather than fundamental learning, and as a
result the systems and their data may not present researchers with a coherent
picture of reality (Tobin and Montz, Chapter 23; Winkler, Chapter 20). And
the ready availability of data about physically observable phenomena and
processes makes it easy for researchers to focus on these topics, while in any
subject area many of the most important relationships involve variables that
are difficult to observe via an earth satellite or an electronic instrument. There
is a danger that in this sense technology may tend to shape our research agendas,
distorting the balance of attention to different geographic research issues
because of differences in the effort required on the part of individual
investigators to collect information as a basis for analysis and discourse.

2.3. Technology and the Analysis of Geographic Information

Finally, technology has “transformed geography” (Sui and Morrill,
Chapter 5) by giving us radically new capacities to analyze both quantitative
and qualitative information. Sui and Morrill (Chapter 5) suggest that the
quantitative revolution in geography could not have occurred without the
arrival of computers, which enabled analyses of large datasets and new
approaches to spatial visualization and display.

Research by geographers on land use and land cover change is perhaps
the best example to date of combining new capacities for information collection
with new capacities for information analysis. For instance, surveys linked
with GPS, which link dynamics to location, along with data from satellites
and aircraft, have been fed into spatial and statistical models which begin to
represent difficult and complex aspects of coupling human and environmental
systems at multiple scales (Walsh et al., Chapter 21). There are many challenges
in this regard: e.g., in relating human behavior and agency to complex
multistress environmental processes (Walsh et al., Chapter 21) and representing
uncertainty and fuzziness (Dobson, Chapter 24).
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But we face a future where, for the first time in human existence,
computational capacities will not be a constraint on the questions we can ask
with our quantitative methods. We can begin to imagine new approaches to
dealing with nonlinearities and discontinuities, new capacities to examine
qualitative notions and information, new abilities to examine “optima”
considering multiple criteria. If we use these new technologies thoughtfully
and, even more important, engage actively in discourses that consider new
technology development and information system agendas, we can look forward
to opportunities that will truly stretch all of our capabilities as a discipline.

3. CONCLUDING REFLECTIONS

Over the past several generations, geography has made increasing use of
technology and has paid significant (though rather uneven) attention to its
implications for society while as a discipline being ambivalent about whether
we are happy about these developments. The chapters of this book frequently
communicate a healthy concern about technologies and their implications,
even a tendency to be a bit sensitive about the fact that technological change
has benefited geography as a research discipline more than many other fields—
not only in expanding our tool chest but also increasing society’s awareness
of what we do and how useful it is. Perhaps to some degree this reflects our
“muddy boots” traditions of hands-on fieldwork. In part, it reflects our
sensitivity to social-theoretic concerns about agendas, values, and
consequences.

Contributions to the book suggest several cautionary notes, all of them
very important:

1. Technology should not become a major determinant of the questions we
ask and the messages that we develop from our research (Harvey and
Chrisman, Chapter 4).

2. New technologies are tending to focus attention on the observable and
the computable, when these aspects of learning are not sufficient for
understanding most important issues.

3. The increasing availability to decentralized users of powerful capacities
for geographic visualization (e.g., moving from one historical period to
another, zooming in and out from one scale to another) can cause us all
to become “bewitched by an image” rather than seeking more fundamental
understanding (Curry, Chapter 25).

4. Applications of new technologies are not always socially benevolent
(Dobson, Chapter 24; Curry, Chapter 25)

But we will be guilty of intellectual narrowness if we fail to appreciate the

positive potentials of technological change in our admirable determination to
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keep it in perspective. Reservations are always essential, and skepticism is
often called for. At the same time, however, we need to show professional
sophistication in understanding what the technologies can do, how they work,
how we can apply them in addressing the questions that we believe to be
interesting and important, and how we can do our part in helping to assure
that the steady stream of new technology is supportive of sustainability on
this earth rather than a threat to it.

Meanwhile, we will be guilty of disciplinary parochialism and social
insensitivity if we fail to recognize that the central issues about technological
change in the early decades of the 21st century are not about geography but
about society. Onrushing changes in information and computing technology
are likely to reshape our economic and political systems, our workplaces, our
households, and even how we think about ourselves and others (Moss and
Kwan, Chapter 17). While they empower us with awesome access to
information, they will increase concerns about freedom and control, and they
are likely to affect our conceptions of community. Changes in medical and
pharmaceutical technology will extend lifetimes, increasing questions about
the meaning of (and support for) retirement. While bioengineering offers new
potentials for food supply and biologically based pollution management, it
presents risks of unintended consequences. Efforts to prevent the use of
weapons of mass destruction will seek to outrace the development of new
dangers. The list of potential advances and impacts is even longer than our
imagination. In virtually every line of inquiry in geographic research, including
our examinations of the past, we need to be especially alert to technology-
related issues and their interactions with human and environmental systems
of importance.

Looking down the road, say, twenty years (or fifty, or one hundred),
what kind of future do we see for geography as we are swept along by further
technological changes? One thing is certain. Our grandchildren will be more
technically proficient than are we, as comfortable with electronic information
access and technologies as we are with kitchen appliances. They will be
surrounded by instrumentation and electronic controls and integrated
television/electronic communication/computing terminal devices, getting
much of their learning from electronically based or enhanced media; and they
will consider these technologies entitiements, not commodities. They will
push older generations to keep up.

In this future, geography will be far more data-rich and computationally
far more sophisticated, It will use ingenious new visualizations as sources of
research ideas and ways to answer research questions, with decentralized users
able to choose from a vast array of options. It will mainly teach through
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machines, mainly publish electronically, and increasingly define peer groups
and disciplinary communities through cyberspace networks. Geography will
be more international, as it becomes easier to interact over distances and as
colleagues in developing countries get more or less equal access to information
and communication technologies. Geography will, I believe, continue to be a
watchful user of technology, a discipline that expresses caution as well as
enthusiasm; but the interest of new generations in the new tools will be a
driving force. In this future, universities will have to rethink how they organize
themselves and carry out their missions. Conventional academic disciplines
may be largely supplanted by more integrative approaches to the search for
knowledge. Definitions of criteria for success and status may change.

I believe that, in these ways and others, technological change over the
next half-century will drive social and institutional change in all aspects of
our lives. A challenge to us and the geographers we train—and a profoundly
important one—is to assure that social and institutional change, in turn, shapes
technological change for the social good, not only in geography itself but in
the world around us. If this is to be possible, a high priority for the discipline
is to increase our interactions with those parties who determine technology
research and development agendas and resource allocations, so that our
perspectives make a difference in the evolution of the technology portfolio
rather than being limited to reacting to a portfolio that could be far from what
we think is wise and appropriate.
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CHAPTER 2

RON JOHNSTON

COMMUNICATIONS TECHNOLOGY AND THE
PRODUCTION OF GEOGRAPHICAL KNOWLEDGE

A step forward in science is of little value unless it is made known to others,
especially other scientists, so that they can examine it critically, duplicate it, and
eventually improve upon it. (Wilford 2002, 428)

Abstract Academic knowledge is produced through interaction between those involved
in its creation and circulation. Such interaction involves two interpenetrating networks: face-
to-face interpersonal contact, and the circulation of manuscripts and other materials. The
operation of each of these networks is facilitated by technological changes, especially in
communications media. Their role is outlined here with particular reference to the recent history
of geography, with the concluding section suggesting that whereas those media have speeded
up the circulation of materials and widened their spatial scope, nevertheless it is probably the
case that interpersonal face-to-face contacts remain crucial to many aspects of knowledge
dissemination.

Keywords communications media, academic communities, networks, history of geography

Academic disciplines comprise communities of scholars working on
linked problems. It is rare for all members of a discipline to agree on every
aspect of its activities—on epistemologies, ontologies, and methodologies;
rather there is disagreement, sometimes over details of what questions should
be posed and how they should be addressed, and occasionally about larger
issues regarding the discipline’s orientation, even its raison d’étre. There may
be a division into subcommunities, therefore, each comprising groups with
shared interests and approaches to their own subject matter. Members of those
groups may, for a variety of reasons, both intellectual and “political” (Johnston
2000a), seek to convert others to their way of thinking. Thus the history of an
academic discipline is, to a considerable extent, a history of its debates and
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controversies, of the issues tackled in attempts to better understand those
components of the world on which it focuses.

Progress in a discipline can thus be assessed at two main scales. The
first involves additions to understanding as new research findings are added
to the body of accepted knowledge—although it is generally accepted that all
knowledge is provisional, that all of our understandings are open to continued
organized skepticism and potential reassessment. At this scale, progress occurs
by slow accretion, by extending the range of understanding within what is
frequently termed an accepted paradigm—the generally agreed procedures
by which we create new research findings in the context of what we already
know.

The second of the scales involves much broader issues than just making
additions to the store of information and knowledge. Instead it comprises
debates about what knowledge is and how that knowledge can be created. In
these, the discussions and debates within a discipline are not just about new
research findings and how they fit into our existing frameworks of
understanding, but rather about the creation of new frameworks, new ways of
looking at the world and of studying it. Such debates may be relatively lengthy:
indeed they may not be resolved, in the sense that one point of view never
eventually dominates the discipline. Change in the balance of views may occur
through processes of cohort replacement, however, with new appointees to
the discipline differing from those they replace. Few disciplines are in a state
of intellectual equilibrium for long, and debate about their nature seems to be
virtually continuous. This is certainly the case across many of the social science
disciplines, as essays on their history indicate:! certainly geographers are not
alone in regularly debating the nature of their discipline and occasionally
generating major changes in its practices, if not its basic raison d’étre.

Several features stand out from the history of geography as an academic
discipline over the past 100-150 years. The first is the growing volume of
work published. To a large extent this is a function of the increasing number
of academic geographers, but only partly so: geographers publish more per
person per decade now than they did previously. The second is the increasing
range of that work, which is again at least in part a reflection of the larger
number of geographers, each seeking a particular niche within the academic
division of labor in order to enhance her/his career as a researcher. Third, and
related to this point, there is growing specialization within the discipline,
with most individuals involved in just a small component of it and very few
ranging widely across the entire discipline (or even major segments of it).
Finally, there is the growing rapidity of change, the increased rate with which
the “conventional wisdom” is challenged and alternative blueprints for the
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discipline—or parts of it—promoted. (On these, and other, shifts, see Brunn
and O’Lear 1999.)

For a while, it was popular to represent the process of change as involving
a series of revolutions, whereby one paradigm—one accepted way of
working—was overthrown and replaced by another. But despite some of the
valuable insights that it provided (and still does) the paradigm model was
soon abandoned. In some cases, proposed revolutions were themselves
overthrown before they became the conventional wisdom, whereas in others
a series of parallel conventional wisdoms coexisted and it was impossible to
talk of a dominant paradigm—or even of a “conventional wisdom.” (On the
paradigm model, see Johnston and Sidaway 2004.)

Whatever the means of trying to appreciate changes within the
discipline—and several have been on offer—there is no doubt that in the last
third of the twentieth century there was much less consensus about the nature
of geography than was the case in preceding decades. The nature of
geographical knowledge and how it was to be produced (the practice of
geography) became much more contested than previously, when there was
greater attention to producing more knowledge by the same routes. Ferment
within the discipline increased—as it did in many others—and competing views
fought for attention, as their proponents contested for status and positions
within the discipline.

How has this atmosphere of change been brought about? Is it in any way
related to parallel technological changes? In this essay, I explore the impact
of changing communications technology on the practice of geography and its
knowledge-production activities, with particular reference to two moments
during the second half of the twentieth century. That exploration is set within
a tentative model of interaction networks and the role of publications in the
mobilization of change.

1. NETWORKS OF INTERACTION AND THE
MOBILIZATION OF CHANGE

Debates and discussions about the nature of an academic discipline
involve interpersonal interaction at a variety of scales and through a number
of media. Individual members of a discipline are parts of several overlapping
networks, including:

1. Their colleagues and students in the department or other unit where they
work, and with whom they are in regular, frequent contact;

2. Colleagues in other departments in the same institution, with whom there
may also be frequent contact;
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3. Colleagues in other institutions in the same country, whom they meet
infrequently, most often at formal events such as conferences; and

4. Colleagues in other institutions world-wide, whom they meet even less
frequently if at all.

If the flow of information only occurred through interpersonal conversations

in these groups a great deal of it would be localized. Contacts between workers

in different places would be infrequent, and the stimuli that it generates rare.

New findings would circulate only slowly through the relevant community;

debates about wider issues would be rare and probably extensive in time before

any resolution was reached.

The printed word ensures that academic progress is not dependent on
such interpersonal contact patterns alone. The initial creation of written records
stored in a few libraries ensured that materials were available over both time
and space—as copies of manuscripts were made and transmitted to scholars
elsewhere. The invention of printing made much wider and more rapid
circulation of ideas possible: information and arguments could be transmitted
across both space and time, providing permanent records of what people
thought and knew at any particular moment. These records became parts of
the networks through which scholars—Ilater, academics—interacted: they
enabled interaction-at-distance (both spatial and temporal), without either
individual movement or direct face-to-face meetings. Printed media provide
major channels whereby individuals can contact others, whom they may not
know, but who may be influenced by their work when accessing it via
impersonal means. For many centuries, however, library users were restricted
to the contents of the collections held at those which they were able to access.
Few libraries—such as the five “copyright libraries” in the United Kingdom
to which copies of all materials published there must be donated—had
complete collections, and most had only limited coverage. Only in the second
half of the twentieth century did it become possible to borrow books held in
other libraries through interlibrary loan systems: until then, unless they traveled
to consult materials not immediately available to them, scholars were very
much constrained by the contents of locally available collections. Today, as
discussed below, this constraint is even weaker as materials—especially those
published in journals—are made available on the web. Some libraries no
longer subscribe to hard copies of journals that can be accessed electronically,
thereby saving themselves the costs of housing and maintaining a collection
of printed materials.

In evaluating the history of a discipline, the relative importance of personal
and impersonal contacts may vary, but can be crucial. Many undergraduate
students, for example, are introduced to a field of study through a combination
of the two: they attend lectures and other classes given by teachers who know
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the relevant material and literature and present it in structured and stimulating
ways; the students also read textbooks (in many cases recommended to them
by those lecturers: Johnston 2000b) which do the same thing, in more formal
and comprehensive ways in many cases. Through this combination, they learn
what it is we know in a given field (i.e., what is accepted as “truth”), what
issues remain contested (i.e., are unresolved), and what procedures provide
the accepted ways of producing “new knowledge,” to resolve the uncertainties.
Courses and textbooks cover both knowledge and methods of producing
knowledge—and (should) encourage skepticism over both.

Having been inducted into a field of study through undergraduate courses,
some students then take the next step to prepare themselves for work that will
itself produce new knowledge—by attending graduate school. Here, again,
they will be exposed to a range of media—courses from “experts” in their
chosen fields, the published results of research by many other “experts” (many
in the form of journal articles written specifically for those already well-
grounded in work in that area, and subject to peer review), and the debates
(published and otherwise) around those writings. Graduate students contribute
to such debates—initially through seminars and formal and informal
discussions with other members of the graduate community—and take up
positions regarding issues relating to that area of knowledge production.
Increasingly, the organized skepticism that characterizes all scholarly endeavor
becomes a part of the practitioner’s cast of mind.

In these early stages of becoming an academic, the individual is involved
in a combination of networks of influence. The first is localized in a particular
place—the graduate school—where there is intensive interaction among a
small number of people, among whom one or two may be perceived as the
“leaders” because of their seniority, experience, enthusiasm and/or stimulating
presence. The second is nonlocalized, comprising the international (global in
some cases) networks of impersonal interaction sustained through the
circulation of printed media. The two are interdependent, with individuals
recommending reading to each other.

The next career stages involve widening the face-to-face networks, as
individual scholars join groups that meet, with varying regularity and
frequency, at conferences and other arenas: regional and national networks
are grafted on to the localized ones.> New interpersonal contacts are made,
and the social components of the academic networks both broaden and deepen.
Alongside this, the individual begins to contribute to the “nonhuman”
components of the network—by writing papers and books that enter circulation.
These bring her/him into impersonal contact with a wider range of individuals,
who are thus loosely connected to the emerging network—and who over time
might become more firmly linked through a personal contact.
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As academics interact through these networks, they learn about new
research findings and projects, about questions raised regarding previously
reported findings and the methods involved in their production, and about
debates regarding the nature of the research in their discipline and even wider
within academia. Much of their reading and other interactions is undertaken
to reinforce their own attitudes and agenda: they focus on the work of others
researching in the same or similar fields. But, given the open-minded
skepticism that characterizes academia, they may encounter and consider
alternate—even opposing—views, some of which may directly challenge their
own work, either in detail (the validity of a certain piece of research and its
findings) or more generally (the value of a particular approach to knowledge
production). Debate is stimulated through such interactions, and support for
competing positions is mobilized, through a combination of face-to-face
meetings and reading. What we have yet to fully appreciate is the relative role
of these two sets of interactions in mobilizing change and, subsequent to that,
the degree to which technological changes in the circulation of information
through academic networks have influenced the nature and rate of such
mobilization.

2. PUBLICATION IN ACADEMIC GEOGRAPHY

No education without publication (Anon).

Publications are central to the interactive processes involved in the
production and circulation of knowledge. Over time, the ease and speed of
circulating publications have altered drastically, with clear implications for
the process of knowledge production and, even more so, the obsolescence of
particular pieces of knowledge. How does this affect the entire process? Two
particular episodes in geography’s recent history illustrate this.

2.1. The Mimeograph, the Xerox Machine, and the
“Quantitative and Theoretical Revolutions”

Until the late 1950s, there was a relatively long time-lag between the
production of a piece of knowledge and its wide circulation. An individual
completed a piece of research, discussed it with colleagues in her/his
department-university, wrote it up, and presented it to wider audiences—in
seminars at different universities, academic conferences, etc. Those who heard
the oral presentations became aware of the results prior to their formal
circulation, therefore, and may, through formal and informal discussions, have
influenced the shape of later, pre-publication versions. One of these was then
submitted and, after the usual peer review process (which may take several
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months), accepted for publication—perhaps in revised form. It was then set
and appeared in an issue of the journal—almost certainly at least a year after
the first seminar and/or conference presentations. It was then circulated through
libraries and personal subscriptions (widely if placed in a journal with an
extensive circulation), and occupied a permanent place on the network.>

Such processes still operate, but they are no longer the predominant means
of knowledge circulation. The relatively leisured pace at which new knowledge
was circulated and made widely available to others of necessity meant that
change was not rapid. New “facts” were slow to replace the “old”; the rebuttal
and counterrebuttal of interpretations took time, and fundamental debates about
the nature of a discipline could continue for several years. This was illustrated
in the 1950s in the debates over “exceptionalism” and “positivism” as bases
for geographical scholarship. The first comments on Schaefer’s (1953) critique
of the “Hartshornian orthodoxy” appeared in the Annals some nine months
after the original (Hartshorne 1954), for example, with longer responses in
1955 and 1958, and a book-length reconsideration in 1959 (Hartshorne 1955,
1958, 1959). Of course, debates of that type are frequently not resolved for
several years—if ever—but the delays in the appearance of contributions
ensured long periods when the formal procedure was in a form of limbo, even
if there was much informal discussion in localized networks during the
intervening period.

From the late 1950s on, however, printing and reprographic technologies
became available which allowed much more rapid circulation of new results
and ideas, thereby not only speeding up, but also supplementing the ways of
propagating ideas and conducting debates. These allowed ideas and research
results to be disseminated without the twin delays of peer review and the
formalities of publication. Materials could be added to the networks at short
notice, and people beyond the reach of frequent face-to-face conversations
could learn much more rapidly and readily about ideas almost as soon as they
entered circulation. This “revolution” was initially facilitated by the method
of mimeographing, in which multiple copies of manuscripts typed on “skins,”
rather than conventional paper, could be produced and circulated immediately
to interested parties. Nowhere was this change more apparent than in the
Department of Geography at the University of Washington, where free access
to the mimeograph machine allowed papers to be circulated (Barnes 2003).
The speed at which new ideas could be shared, at least informally with those
on mailing lists, was thus reduced to the speed of the postal service.*

Initially, these mimeographed publications were produced and circulated
privately, to friends and colleagues, but soon others, including people
personally unknown to the authors, “discovered” them and asked for individual
copies and to be put on mailing lists for future such “publications.” They
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were soon formalized. However, Morrill (1984, 61-62), for example, writing
of the academic year 1957-58 at Washington, claims that:

Perhaps the most significant innovation of the year was the establishment of the
Discussion Paper series, an outlet for seminar papers, preliminary thesis findings,
etc. Their circulation to other outposts of the “new geography,” especially Iowa
and Northwestern at first, was of great immediate (feedback, encouragement) and
long-term benefit (spreading the word!).

This was especially important to the work of the group then focused on Seattle,
who were actively challenging the current disciplinary orthodoxy (Johnston
and Sidaway 2004) and, as Berry (1993) and others describe it, having
considerable difficulties getting their work accepted for publication in
established journals. Indeed, such was the perceived hostility to their work,
and that of colleagues with similar views, that within a decade they had
launched a new journal—Geographical Analysis—which would focus on such
styles of work. Publication in peer-reviewed journals, which were subscribed
to by libraries and so obtained permanent positions in the communication
networks, remained the major route to professional recognition and status,
however. If the established journals would not accept certain types of work,
then alternatives had to be launched which would. Then—by their
professionalism—those journals could win the desired credibility with
promotions and other committees.

There were many debates over whether circulating one’s ideas through
informal media involved sufficient rigor in the refereeing and related processes
of peer review to ensure high standards and therefore assist in academics’
attempts to obtain tenure and promotion within their universities. This was to
some extent allayed by the later decision to register some discussion paper
series with ISSN numbers. But it was never fully resolved. Eventually, the
issue faded away as new technology and media—notably the Internet—offered
alternative methods of circulating material, reigniting the debates in these
new contexts. But with these, new concerns developed, such as the
“acceptability” of publications in on-line journals for appointment and
promotion evaluations.

Discussion Paper series, such as that launched at Washington, benefited
from further technological advancements in the reproduction of the printed
page—notably the Xerox machine and its competitors, which removed the
limits on the number of copies that could be made. Through their
institutionalization, Discussion Paper series also became part of the formal
disciplinary literature—albeit only partially accepted. They could be used for
the rapid circulation of ideas in preliminary form, but not for the more formal
procedures of establishing professional status and credibility—and some
journal editors refused to allow citations to such literature (on the grounds of
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its inaccessibility to a wider audience, a form of opposition that was challenged
when libraries began subscribing to the various series).

Instead of new ideas being initially discussed with a relatively small
number of individuals at a localized seminar, and then later perhaps at a
conference session with a larger audience drawn from wider afield, the seminar
and conference audiences could, in effect, be substantially enlarged (potentially,
world-wide) and rapidly accessed, albeit without the added advantage of those
contacted being able to participate in the seminar/conference discussions.
Mobilizing people to new ways of producing knowledge was speeded up
enormously, even though the knowledge itself was only “accepted” more
widely when it was placed in the formal publication media (albeit grudgingly,
as memoirs of contacts with editors reveal: Berry 1993; Wheeler 2001).

These processes are illustrated by a Discussion Paper series established
in 1963 by a group of like-minded geographers working at several neighboring
universities. The Michigan Inter-University Community of Mathematical
Geographers (formed by geographers at the University of Michigan, Michigan
State University, and Wayne State University) produced a series of papers—
including some by visitors to their seminar series—which, through their rapid
circulation not only in North America but also the UK, Australia, and New
Zealand, enhanced awareness of contemporary developments much more
rapidly than had ever been the case before. One was the first appearance (in
1966) of Peter Gould’s seminal work on mental maps.

Such developments in “home-made” publication outlets moved further
at the end of the 1960s with the creation of “home-made journals.” The most
important of these by far was Antipode, whose origins lay in the “radical
revolution” of the late 1960s and thereafter, which challenged not only the
status quo in Anglo-American geography that predated the “theoretical and
quantitative revolutions” of the late 1950s and early 1960s, but those
revolutions too. Based in the Graduate School of Geography at Clark
University, Antipode was produced “in-house” until 1986 when it became
“respectable,” being taken over by a commercial publisher and gaining the
credibility associated with standard, peer-reviewed journals (Editorial 1986).°

2.2. The Internet, the World Wide Web, and Disciplinary
Fragmentation

The second technological development in the circulation of information
considered here is the creation and rapid expansion of the Internet and the
World Wide Web.® By the late 1980s, most universities had links to these.
Through attachments to e-mail messages, academics could send manuscripts
(draft and otherwise) to anybody in any country who was similarly linked.
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New findings and ideas could be circulated instantaneously, and those linked
to such networks need experience no delays in discovering what people
elsewhere were doing, thinking, and reporting.” As this technology developed,
it was not only written “manuscripts’ that could be transmitted over the Internet
but original data, diagrams, photographs, video clips, music, and other media
too. Given the importance of visual communication in geography, this was
especially valuable to the discipline.®

The developments continue. The greater speed and storage space of
computers, the rapidity with which networks could be searched for material,
and the ability of broadband connections to transmit large amounts of
information quickly led to the massive expansion of Internet use for
“publishing” and accessing material at a distance, with virtual libraries of
material in all forms of media being accessible from personal computers on
individuals’ desks, and then from portable laptop computers. A massive range
of individuals, groups, and institutions have established their own websites to
make information—such as meeting announcements and discussion papers—
freely available (though some have restricted access), and the ability to link
directly from one website to another via hyperlinks enables rapid searches for
related materials. Learned societies such as the Association of American
Geographers and the Royal Geographical Society also make wide use of their
websites to promote members’ interests. Academics can also put their teaching
materials on web sites to enable students—even those at other institutions—
to access them at any time. In addition, collections of such materials can be
assembled into larger bodies of material. At Ken Foote’s “virtual geography
department™ it is even possible to go on “virtual field trips.”'° The “invention”
of e-science in the early twenty-first century is taking this even further, with
analysts being able to access and work on datasets housed on distant computers
without having to transfer materials to their “home sites” (Foster 2003).

Again, although some of the early development was informal—with
individuals sending copies of their latest manuscripts to known colleagues
(perhaps in even-less-completed form than was the case with their discussion
papers a decade or so earlier)—it was soon formalized as the World Wide
Web became available for academic communication. This made it possible to
place manuscripts on websites, both personal and institutional, from which
they could be downloaded without any contact with the author. It became
known that some authors placed all of their ongoing manuscripts on such
sites (as well as providing links to the journals where completed pieces had
been published), and periodic visits could explore their latest work. Institutions
too, such as learned societies, created sites where members could put their
latest offerings, including the papers they were giving at its upcoming
conferences. And powerful “search engines”—such as Google, Yahoo, and
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Altavista—have enabled researchers to discover such materials very readily
indeed.

Alongside these largely reactive means of increasing the circulation of
ideas were the more active ones, where individuals could join discussions of
contemporary issues relating to their research interests. Many such electronic
mailing lists were created. Brunn et al. (1997) identified 6,374 that were known
to the LISTSERYV organization in September 1995—of which 4,601 were in
the U.S. The memberships of seven of the lists oriented to geographers ranged
from 182 to 1,359, with subscribers from between 9 and 50 countries. Detailed
study of one such list, GEOGRAPH, found that it was dominated by university
faculty and graduate students who mainly used it to ask and respond to requests
for information. Many recent developments in the discipline—such as those
linked to social theory and critical geography—have been facilitated by such
“informal” publication media, and it may be that their activities may not have
“taken off,” certainly not in the ways that they have, without that ease of
communication without the more formal (and often more conservative)
methods offered by learned societies and other institutions.!

The Internet has also made access to formal publications much easier,
and has encouraged their growth, for example, the creation of on-line journals,
which have yet to become widespread and popular among geographers but
are more common in some other disciplines, with learned societies creating
them in some instances. The number of new journals in geography and related
fields has expanded rapidly over the last two decades, in part reflecting the
expansion in the number of practicing geographers and in part the pressures
on them to publish regularly and frequently in recognized, peer-reviewed
outlets. (In the last decade, for example, journals such as Social Geography,
Ethics, Place and Environment, Space and Polity, and Journal of River Basin
Management have been launched, among many others. )" The balance of work
undertaken by the commercial firms publishing almost all of these has changed
substantially. The academic decisions (on which papers to accept for
publication) have remained with the editors, academics who work for the
commercial concerns. But publishers no longer have to undertake a massive
amount of effort to prepare the copy provided by the authors and editors into
formats ready for printing. A decade ago, many asked authors to provide
camera-ready copy in formats that could be prepared for photographic
reproduction. The costs of the mechanical processes of journal (and book)
production were reduced substantially, allowing publishers to take on journals
with relatively small sales, but which nevertheless were soon profitable. Now
most journals ask for the finished papers (if not the initial submissions) to be
submitted in electronic formats, which they edit lightly (into their “house
styles”) before creating the journal issues ready for printing. And their print
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runs are decreasing. Instead of selling journal subscriptions and circulating
“hard copies,” they are now selling access to journals on password-protected
websites. Many libraries no longer obtain the hard copies of such journals,
but subscribe to the electronic versions (often “packages” of journals produced
by large-scale publishers rather than individual items),'* and their “subscribers”
(faculty and students) can download copies of relevant articles—meeting the
printing costs themselves. Large numbers of libraries do, however, subscribe
to specialist citation services which enable searches for related literature on a
subject, as well as the widely used ISI databases, which collect citation data
from some 8,712 journals worldwide.'

Web-mounted journals do not necessarily increase the rapidity with which
academic material is circulated—though there are benefits, given the time
that some postal services take. But they do make access much easier.'
Individuals who want to read an article do not have to go to a library to see
it—and perhaps photocopy it.'® They can obtain their own copy without going
anywhere near the library. And publishers make this easier for them by
circulating tables of contents for the latest issues through e-mail channels. At
one time, researchers had to search for papers that were relevant to their
interests. Now they need only log on to either their e-mail server or the web to
be told what has recently been published—or is about to be published.
Eventually, this may lead to them working in paperless offices, simply calling
up what they want on screen when they want it, instead of searching their
shelves—though such is the attachment to books and journals that this is
unlikely to happen too soon!

It is now very easy for academics to circulate their draft papers and other
materials and, assuming that they are of high quality, to find specialized formal
outlets in which to place them—thereby gaining the charisma and status from
publication in “recognized, peer-reviewed journals” that promotion and
appointment panels are looking for, as are outside evaluators (such as the
notorious UK Research Assessment Exercise Panels). This has occurred during
a period when geography is both flowering and yet fragmenting. A great deal
of research activity is taking place in specialist subdisciplinary communities—
many of them with stronger inter- than intra-disciplinary connections.
Increasingly, those communities are served by their own journals, many of
which have rapidly achieved the wider standing required for bestowing status
on those who publish in them. It remains the case that the longer-established,
discipline-wide journals, notably those published by learned societies, continue
to get the highest “impact factors” in citation analyses,!” although editors of
such journals regularly complain that the materials they receive do not reflect
the breadth of research interests and practices within the contemporary
discipline. Many (most?) academic geographers, it seems, are content to



COMMUNICATIONS TECHNOLOGY 29

publish in the specialist journals that serve their own communities, and to
“converse” with like-minded scholars in the relevant web-based discussion
groups and specialist study group conferences (plus their sessions, which
rarely attract many “outsiders,” at the large, learned society conferences).
They are less concerned, or so it seems, to reach wider audiences through
publication strategies aimed at less specialized audiences. Mobilizing support
widely within their discipline for particular forms of knowledge production
apparently has a lower priority than it did 30-40 years ago, and instead there
is an anarchic situation of many smaller communities each relatively secure
in its own intellectual cocoon. (On the publication practices of UK geographers
see Johnston 2003b.) The disciplinary framework remains—important in an
institutional sense for the organization of teaching in universities and for
sustaining the standing of the loosely related communities of geographers—
but research practices are now both fragmented and, increasingly,
interdisciplinary. The map of research is not homologous with the map of
research activity, with the intellectual and political projects (like those of
other disciplines) becoming increasingly difficult to sustain (Johnston 2004).

3. ON FACE-TO-FACE AND DISTANT INTERACTION

By focusing on the role of “printed” materials in the communication
networks, the argument so far in this essay may appear to be that technological
changes in the circulation of material have made interpersonal face-to-face
contacts increasingly redundant. Knowledge advances through reading and
writing materials that are accessed via the net. Indeed, there are now cases of
researchers in different places—even different countries—collaborating in
research and publication without ever meeting.'® But this seems to be countered
by other evidence regarding, in particular, the role of conferences in the
transmission of knowledge, both the major, inclusive conferences—of which
the annual meetings of the Association of American Geographers are by far
the largest in the English-speaking world—and the many specialist, smaller
conferences now being held, both those run by (formal and informal) interest
groups within the discipline and those which are convened ad hoc to address
particular themes. There is an increasing number of such conferences and
many are attracting increased attendances—in part at least because the relative
cost of travel has been declining in recent years.

The continued importance of conferences suggests that hearing about
new work remains important, alongside reading it. Why might this be so?
One major suggestion is that for many academics, attendance at a conference
brings to their attention ideas and material that otherwise might evade it-if
for no other reason than that there is an information overload (both on and off
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the web). So much is available for reading that we need filters to help us
decide which is likely to be most beneficial. Those filters may be other
individuals that we meet at conferences. Through informal conversations there
we learn what they currently consider important and worth spending time on.
And the filters probably include the formal presentations attended. These
could have more impact on those who decide to attend (and they may not, if
the title/abstract is unappealing) than lists of titles in journal Tables of Contents,
or lists of new papers posted on the Internet.

Conferences are only one format for face-to-face contacts, where we
hear rather than read about new knowledge and arguments regarding its
production. The ease and relative cheapness of movement means that most
geography departments run regular seminar series to which outsiders are
invited to contribute—not only outsiders from nearby institutions but also
visitors from longer distances who may be flown-in for a few weeks or are on
leave in another country and prepared to travel around discussing their current
work and ideas. These, too, appear to operate as “floating subcommunities.”
Many departments either have separate sets of seminars for physical and human
geography, for example, or have very different audiences for seminars
depending on the subject matter—and the subdivision may extend within
both physical and human geography. Further, there are many examples of
clusters within departments meeting together informally as “reading groups”
to discuss recent publications. The fragmentation of publication within the
discipline is paralleled by the fragmentation of meetings.

Some years ago, Allan Pred (1979, 1984) presented time geography as a
framework with which to analyze the importance of where he had been, and
with whom, on the progress of his academic career. Contacts with individuals
at Chicago and Berkeley and in Sweden were crucial to him. As he put it with
regard to one part of his learning experience (Pred 1984, 88: his emphasis):

it was necessary for me in each instance to bring my path into convergence—
usually at specific times and places—with those of specific students, professors,
journals, desks etc.

The implication is that in many cases reading about others’ work is not enough:
to realize its full import and potential, some reinforcement is necessary, and
that may well be best achieved through interpersonal, face-to-face contact—
whether at conferences or, more likely in Pred’s argument, through visits to
other institutions where conversations can be stretched, punctuated, and,
perhaps with a shifting membership, in informal settings.

This argument is illustrated by a further example, linked to Pred’s own.
Torsten Hagerstrand’s original work on the diffusion of innovations was first
published in 1953, but had little initial impact outside Sweden (Duncan 1974).
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In part this was because it was seen as irrelevant to the way in which
contemporary geography was practiced in the U.S. and, especially, the UK.
But then Higerstrand visited the Department of Geography at the University
of Washington in 1959, stimulating a great deal of interest and excitement
among the graduate students (Getis 1993)—including Morrill (1984), for whom
Hiagerstrand’s visit was the most influential feature of 1959 (it had an
“electrifying impact;” p. 62) and led to him spending a year at Lund, out of
which his first major research publications emerged.'® Hagerstrand became a
much-respected and -honored researcher internationally over the subsequent
decades. Would that have happened if his work had remained in print but
never discussed by him personally with leading geographers elsewhere?

4. NETWORKS AND DISCIPLINARY CHANGE: NOT YET
A CONCLUSION

Our understanding of the history of geography—even its most recent
history—is far from complete,?® and as a consequence we are unsure what
strategies work best in mobilizing either interest in the work of any individual
(including ourselves!) or concerns about wider issues regarding the discipline’s
nature, directions, and agenda. We are aware that our discipline operates,
intellectually at least, as a series of subdisciplinary, quasi-independent,
communities, with relatively little cross-community interest, even though these
tend to come together for political reasons of disciplinary (and so career)
defense and promotion (Johnston 1996, 2002a). It comprises a massive network
of people and publications, subdivided into a number of (partially overlapping
in some cases) subnetworks, some much weaker than others, some much
longer-lived than others. How that overarching network and its subnetworks
are sustained is only poorly appreciated.

There is much else that we do not understand. One aspect is that of
“selective reading and citing.” There are many papers published of considerable
relevance to an area of work which nevertheless rarely get cited (and, we
assume, are rarely read), whereas others—on the same subject matter, perhaps
appearing later—are clearly much more influential. Does that reflect the status
of the authors, or the degree to which they are connected to the subnetworks—
perhaps through their personal contact fields, and those of their students
(Johnston 2002b)? How do we decide whether something is worth reading,
given the time pressures that ensure we can only access a portion of what is
available and potentially relevant to our work? Undoubtedly our selection
criteria vary, but what seems to be the case—albeit as yet without any formal
testing of the idea—is that direct interpersonal contacts (including face-to-
face) remain important in the maintenance of the academic networks (or
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“invisible colleges”).?' Information and debates may be circulating rapidly
and widely, but in selecting what to read from that plethora of riches, many
seem to concentrate on pieces by people they know and whose work they
respect. If time is limited, it seems, we stick with the “tried and trusted,” just
as we do in so many other choice situations.

Furthermore, the contexts for network creation, sustenance, and break-
up are themselves changing, as I have argued here with regard to
communication (especially printing and circulation) technologies. The
importance of those changing contexts is certainly poorly understood, and
this essay has but touched on some of the important issues involved. Can it be
said, for example, that the reprographic innovations of the 1950s influenced
the course of the “quantitative and theoretical revolutions”? In the longer
term, probably not. Something very similar would have happened, somewhere,
somewhen, because there were wider social influences pressing disciplines
towards such reorientations of their work, and there were individuals “willing”
to be convinced of the agenda’s validity. But did it facilitate it happening
when it did and, even more so, the role of the faculty and graduate students at
the University of Washington in that process? Undoubtedly so. The revolution
would probably have happened anyway—but its timing and form, including
its spatial form, reflected the enterprise of those at Seattle, followed by others
elsewhere, to mobilize support for a new form of knowledge production via a
new form of knowledge circulation.

Similarly, have the Internet, the World Wide Web, virtual libraries, and
the reduced costs of journal publication ensured the growing fragmentation
of the discipline? Almost certainly the answer is no. Those technological
developments were neither necessary nor sufficient for the changes to occur;
there were already tendencies towards fragmentation in the 1980s. But, again,
the technological developments have undoubtedly facilitated them. The
directions in which the discipline—indeed academia in general—was moving
were eased by changes in communications media.

Understanding ourselves, where we have come from and how that has
happened, is important to appreciating our identities in all walks of life and
certainly so with regard to the disciplinary tribal territories with which we are
associated. Identity formation is a consequence of interpersonal interaction—
both direct (or face-to-face) and indirect (through media such as publications).
Mobilization towards changing identities relies crucially on such interactions.
This essay has explored in an introductory way the role of changed
communication technologies in those interactions, and the consequent changes
in the ways that geography is practiced as an academic discipline. Only further
exploration will evaluate the underlying arguments in any detail, identifying
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the role of different types of encounter, formal and informal, planned and
serendipitous, in the history of an academic enterprise called geography.

o
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NOTES

See the essays on individual disciplines in the recently published International
Encyclopedia of the Social and Behavioral Sciences (Smelser and Balte 2001).

Some members of a graduate community may already be members of incipient networks,
containing teachers and fellow-students they have interacted with at previous institutions,
such as those where they obtained their undergraduate degrees.

The slowness of this procedure led a group of academic geographers in the UK to form
anew journal-Geographical Studies—in the 1950s to circumvent the time-lags: they were
concerned not only at the slowness with which ideas gained wide circulation but also at
the impact this could have on their career prospects (Johnston 2003a).

I was working in Australia and New Zealand in the late 1960s and early 1970s, and my
mobilization into the “quantitative revolution” was much advanced by such samizdat
publications—even though sea-mail took two months or more!

The same happened with another journal, launched a little later-Journal of Geography
in Higher Education—which sought to stimulate interest in pedagogy rather than research
in academic communications.

For a brief resume of the history of the Internet, see Brunn et al (1999).

Of course, as Taylor (1990) argued with regard to GIS, there were major international
inequalities in this access, depending on the availability of the relevant links.

There was an intermediate stage, still widely used though not for the transmission of
major volumes of information. The FAX machine allowed hard copies of materials to be
transmitted through telephone systems, at relatively low cost, so that scholars could
exchange ideas in written form. Although still widely used for transmitting relatively
short documents, FAX machines are increasingly being superseded by e-mail.

See http://www.colorado.edu/geography/foote/foote.html

See http://www.geog.le.ac.uk/cti/virt.html

The critical geographers’ forum, for example, was stimulated by the expense of “formal”
international conferences and reactions to policies of the Royal Geographical Society:
see their website at http://econgeog.misc.hit-u.ac.jp/icgg/.

Most of these publish solely in English-and many journals in other languages have
English abstracts for their papers. This has led to claims that Anglophone geographers
are dominating the discipline globally—and thereby limiting its diversity; such a trend
may well be assisted by the web and the predominance of English therein (see Garcia-
Ramon 2003).

The large-scale publishers of geography journals include Blackwell, Kluwer, Elsevier,
Taylor and Francis and John Wiley with others—such as Hodder, Routledge and Sage-
responsible for some of the more salient journals for the discipline.

See http://www.isinet.com/isi/

And also, some would claim, plagiarism!
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16.  Almost none now write to authors asking for reprints, though journals still provide them
for the authors to circulate—and also to use when making their cases for promotions etc.

17.  This includes journals such as the Transactions of the Institute of British Geographers
and the Annals of the Association of American Geographers, but also commercially
produced journals such as Political Geography and the four series of Environment and
Planning.

18. I have written more than 150 papers with a colleague who works more than 200 miles
from my university: we meet several times annually, but correspond electronically almost
daily. We have also worked and published with somebody—initially in the U.S.; now in
Germany—whom neither of us has met (Gschwend et al. 2003) and I have an active
research programme with colleagues in Australia and New Zealand whom I meet, at
most, annually.

19.  Pred also did his PhD work in Sweden, as a Chicago graduate student, but at Géteborg.
Although he became aware of Héagerstrand’s work then, it wasn’t until he returned to
Sweden in 1966 “that my path first became intertwined directly with the paths of Swedish
geographers who were the generators and proponents of specific ‘revolutionary’
innovations” (Pred 1984, 97).

20. Of course some—e.g. Barnett (1995) and Thrift (2002)—-downplay the efforts involved in
learning about that history!

21.  On the potential impact of the Internet on such “colleges,” see Brunn et al. (1999).
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FEDERAL FUNDING GEOGRAPHIC RESEARCH, AND
GEOGRAPHIC TECHNOLOGIES: 1904-2004

Abstract The history of geographical research in the U.S. has been closely intertwined
with the federal government throughout the past hundred years. Since World War 11, the federal
government has provided substantial support for geographic research. Programs such as the
Office of Naval Research and the National Science Foundation have provided major investment
into geographers’ research activities. In this paper, we trace the history of relationships between
the federal government and academic geography over the past century, and we analyze patterns
of federal support for research papers published in the Annals, The Professional Geographer,
and Geographical Review.

Keywords Federal government, research, Office of Naval Research, National Science
Foundation, history of geography.

1. INTRODUCTION

The purpose of this chapter is to trace the historical linkages between
federal funding and the development of geographic technologies over the
past hundred years. The first section discusses relationships between changes
in the world economy and international political system, changes in the U.S.
federal government and its funding patterns and priorities, the development
of geography as a discipline, and the development of geographic technology.
The remaining sections illustrate how these changes have been reflected in
AAG publications, other major publication outlets, and the research activities
of prominent AAG members.

In order to effectively examine how federal funding has impacted
geographic research and technology over the past century, it is essential to
examine the changing role of the federal government in American life and in
geography, since the early twentieth century over five key time periods: the
early twentieth century (prior to 1933), the New Deal and World War II (1933-
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45), the early Cold War period (1945-70), the later Cold War (1970-89), and
the post-Cold War era (1989 to the present). Each of these periods is associated
with a changing conceptualization of the nature of federal government and its
relationship to American life and society. These changing relationships affected
priorities in federal support for geographic research, which in turn influenced
linkages between federal support and the development of geographic
technology.

2. CHANGING TIMES

2.1. The Early Twentieth Century

The Association of American Geographers (AAG) was founded in 1904.
During the first three decades of the AAG’s existence, the U.S. was undergoing
transition from a rural, agrarian frontier society to a modern industrial country.
In 1893, historian Frederick Jackson Turner declared that the frontier was
closed (Turner 1920). Americans began to recognize that North America’s
land resources were limited. The poor, the dispossessed, and new immigrants
from Europe could no longer count on the availability of free or cheap land to
make a fresh start. Instead, Americans turned increasingly to cities in order to
advance economically. The late nineteenth and early twentieth centuries
represented the start of a century-long movement from rural to urban places
and lifestyles. In 1900, nearly three-quarters of Americans lived on farms. By
1930, this proportion had dropped below half. The large-scale movement of
Americans from rural to urban places has continued ever since, with only one
percent of Americans living on farms today.

Urbanization and modernization in American life coincided with the rapid
development of those technologies which, as they developed, would play
important roles in geographic research in the years ahead. The founding of
the AAG occurred only a few months after the Wright Brothers’ historic first
flight at Kitty Hawk, North Carolina. Aviation and space technology would
revolutionize geography over the course of the twentieth century, not only
through opportunities to obtain information via aerial photography and remote
sensing, but also by facilitating travel by geographers to research sites and
opportunities throughout the world (Richardson 1984). Rapid development
also occurred in the automobile industry, radio, electronics, and
telecommunications, foreshadowing the discipline’s later emphasis on these
and more sophisticated technologies in research and data collection over the
course of the twentieth century.

During the early twentieth century, as more and more people moved to
cities, political and economic leaders began to promote a more urban, scientific
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view of public policy. The first three decades of the twentieth century are
often referred to as the Progressive Era (Hofstadter 1955). The Progressives
emphasized the need for rational, scientific approaches to public policy issues.
They regarded existing approaches to policymaking as dominated by rustic,
uneducated rural folk, greedy corporations, and corrupt urban political
machines. They regarded these approaches to policy formation as outmoded,
archaic, irrational, and unsuited to the needs of an increasingly urbanized
society. They strongly supported the efforts of President Theodore Roosevelt
and others to “bust” the trusts and encourage government regulation of
corporate activity, and they valued scientific expertise as a more rational and
effective means of developing public policy.

The Progressives regarded government as the most appropriate and
effective means of ensuring rationality and efficiency in the marketplace and
public life. The Progressives were linked closely to the leading colleges and
universities of their era. President Woodrow Wilson, who held a Ph.D. in
political science and was a graduate school classmate of Turner, exemplified
the Progressive Era. Scholars and intellectuals were encouraged to contribute
their talents to improving society through rational planning and scientific
management.

The formative years of the AAG, like many other scholarly associations,
took place within the Progressive Era. Members of the AAG and other such
organizations played important roles in the progressive movement. Prominent
geographers including William Morris Davis and Isaiah Bowman were known
not only for their achievements as scholars but also for their contributions to
public policy. For example, the U.S. Shipping Board undertook a nationwide
survey of commodity imports in order to plan for shipments of war material,
and geographers such as Charles Colby and Vernor Finch played important
roles in these studies (Martin and James 1993, 389). Under Roosevelt and
Wilson, the U.S. maintained an active foreign policy, and geographers placed
their expertise at the service of government leaders. For example, Bowman
played a key role in the re-creation of Europe’s boundaries after World War I
(Martin 1980; Martin and James 1993, 391-92). Bowman and other
geographers also lent their expertise to the settlement of other border disputes
in the 1920s. In addition, geographers were involved in land classification
studies, which were used to promote land conservation and the wise use of
natural resources (Colby 1941).

Although the Progressives argued strongly for increasing the role of
government in public policy, the role of the federal government in public
policy remained small, relative to contemporary standards, throughout the
early twentieth century. After World War I, however, a majority of Americans
repudiated the Progressives’ ideals. The 1920s were a decade of prosperity,
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but were associated with a small laissez-faire federal government. Not until
the 1930s, in response to the Great Depression, would the federal government
again play an active role in policy formation.

2.2. The New Deal and World War I1

In October 1929, the U.S. stock market collapsed and the American and
world economies entered a decade of severe economic depression. The
optimism of the 1920s vanished, and technological progress slowed. In 1933,
Franklin D. Roosevelt was inaugurated as President. Roosevelt believed that
enhanced federal activity would be needed in order to reinvigorate the
economy, and he created numerous new federal programs. In response to the
Depression, Roosevelt and the heavily Democratic Congress established the
New Deal, a series of federal programs that resulted in sustained growth in
the federal government, and this growth in the public sector increased greatly
after the U.S. entered World War II in December 1941.

Both the New Deal and the later war effort generated programs that
involved geographers directly. During the Depression, college and university
enrollments had plummeted. Many states had slashed their budgets and frozen
hiring, and hundreds of would-be academic geographers found themselves
jobless or underemployed. Various New Deal programs such as the Works
Progress Administration and the National Youth Administration helped
geographers maintain their careers. One of the first large-scale federal programs
involving geographic technology was in agriculture. The agricultural sector
was hit especially hard by the Great Depression of the 1930s, with net farm
incomes dropping by 60 percent between 1929 and 1932 (Monmonier 2002).
In response, the incoming administration of Franklin Roosevelt adopted several
strategies intended to increase farm incomes by reducing supplies of crops. A
voluntary acreage-reduction program was established, giving farmers
incentives to reduce the number of acres planted and encouraging farmers to
take marginal lands out of production.

The success of these efforts depended not only on voluntary cooperation
by farmers, but also on accurate measurements of the acreage planted.
Beginning in 1934, the U.S. Department of Agriculture (USDA) used aerial
photography to survey the amount of acreage planted (Monmonier 2002). By
the outbreak of World War II in 1941, more than 90 percent of the U.S. had
been photographed by air (Moyer 1949). Forty-six separate federal agencies
were involved in land classification studies, which were coordinated by the
Land Committee of the U.S. Natural Resources Planning Board (Colby 1941).
After the war began, the expertise developed in this effort to photograph
agricultural lands was applied to collecting military intelligence. The USDA
contributions included laboratories for photo processing (Monmonier 2002).
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Photogrammetry would continue as an important intelligence-gathering
information during World War II and throughout the Cold War. For example,
color infrared technology was initiated in 1943, in order to detect camouflage.
The U.S. Geological Survey (USDA) was also active in promoting the
development of photogrammetry and remote sensing during this period. For
example, in 1933, USDA developed a method to survey and map the area
covered by the Tennessee Valley Authority (Southard 1984).

After Pearl Harbor, the war effort brought an entire generation of young
geographers into the federal government (Stone 1979; Martin and James 1993).
Hundreds of geographers served on active duty in the armed forces. Many
others, especially those with expertise in technology and in foreign areas,
worked in military or civilian capacities for the federal government. The Office
of Strategic Services (OSS), which would later evolve into the Central
Intelligence Agency, was empowered “to collect and analyze such strategic
information as was required by the Joint Chiefs of Staff for military operational
planning” (Stone 1979, 90). The OSS hired more than 200 professional
geographers. Others worked in the Office of Naval Intelligence, the Board of
Economic Warfare, the State Department, and the U.S. Census Bureau, which
provide statistical information and analysis for wartime and postwar planning
purposes (Stone 1979). The needs of the war effort required geographers and
others to work in collaboration and under deadline pressure: “a team approach
was used in imaginative organizations improvised for each assignment” (Stone
1979, 91). The war effort had the long-run effect of encouraging more applied
geography and collaboration in research within the geographic community as
well as between geographers and persons in other disciplines.

The influx of geographers into federal service had the long-run effect of
restructuring the AAG. Prior to World War II, membership in the AAG was
by invitation only. During the war, however, young geographers in federal
service in Washington and elsewhere chafed at exclusion from the Association
and started a new organization, the Society of Professional Geographers. The
Society merged with the AAG in 1948, and the newly merged AAG dropped
its invitation-only membership policy and adopted its current policy of
allowing anyone with an interest in American professional geography to join
(Martin and James 1993).

Relative to the older, more established membership of the AAG, the
Society of Professional Geographers was dominated by younger geographers
who were frequently veterans of the war effort, either through military or
civilian service. After the war, the ranks of professional geographers and AAG
members were augmented greatly by military veterans who took advantage
of the opportunity to attend college through the GI Bill of Rights and
subsequently qualified for academic and professional positions in geography.



42 GEOGRAPHY AND TECHNOLOGY

Not surprisingly, the younger generation was much more oriented to new
research technologies than was the older generation; indeed, many in the
younger generation had worked directly on the development and
implementation of new technologies for the Armed Services or the Federal
Government prior to entering academic life. The war effort and its aftermath
saw arapid influx of technological development in mapping, remote sensing,
aerial photography, and statistics. It was during this period also that computers
began to be developed, which within two decades would become a basic
research tool for the discipline.

2.3. The Early Cold War Period

The decades following the end of World War II were years of profound
change for American society and the discipline of geography. After World
War I, the U.S. withdrew into isolationism and did not play a major role in
global affairs until the onset of World War II two decades later. The situation
after the Great Depression and World War II , however, was very different.
The war left the U.S. and the Soviet Union as the world’s leading powers. The
U.S. adopted an activist approach to foreign policy (Trubowitz 1998). Within
a few years, as Sir Winston Churchill put it, an Iron Curtain had descended
across the continent of Europe. The Cold War, pitting the interests of the
capitalist and democratic U.S. and its allies against those of the communist
Soviet Union and its satellites, was in full swing.

After transition to peacetime following World War I, federal spending
had shrunk dramatically, but the federal budget increased in size after the end
of World War II. In keeping with the U.S.’s activist role in global affairs,
many post-World War II federal expenditures were associated with military
and defense-related activities. Even before the war ended, leaders in
government, the armed services, and private industry advocated a large-scale
role for the federal government in research. Mazuzan (1994, 3) noted that

There had been numerous, if modest, government-science interactions throughout
the history of the Republic, but the Second World War vastly intensified that
environment. Not only was government support of scientific endeavors sharply
escalated, but the relationships among government agencies, universities, private
foundations, and industry were altered in ways that disallowed a return to prewar
times. The war greatly strengthened, for example, the link between the nation’s
universities and the government.

These changed linkages had considerable impact on geography as a
discipline. While large numbers of professional geographers left government
service after the war to return to academic life, some stayed on in federal
service. As Hart (1979, 109) pointed out,
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Right through the 1950s the geographic communities of Washington and Academe
were linked by close ties of professional respect and personal friendship that had
been forged by working side by side during the war.

Of the numerous federal programs established or expanded after World War
II, many involved geography, directly or indirectly. Research programs
involving the development of atomic energy, aviation, space, electronics,
computers, and other technologies provided funding for many projects,
including those supporting the work of geographers. Foreign policy activism
brought about renewed demand for foreign area specialists, and the Department
of Defense and other agencies funded numerous geographic research projects
and doctoral dissertations outside North America. Much of this attention went
into the development of new cartographic and photogrammetric techniques.
As Cloud (2002, 261) states,

Most of the fundamental technologies of contemporary American cartography were
devised in the last half of the twentieth century and shaped by the exigencies and
opportunities of the Cold War.

These included the development of global positioning systems, remote sensing,
and intelligence mapping.

The Cold War also directly affected the process of education. The period
after World War II was one of dramatic expansion of college and university
enrollments. The GI Bill of Rights provided government support for higher
education for millions of ex-military personnel, creating a rapid increase in
faculty positions. At the precollege level, educators raised concerns that
American public education was archaic, outmoded, and insufficiently
organized to meet the needs of the postwar world. In particular, it was argued
that American public schools were failing to teach science and mathematics
adequately, and that continued failure to train future scientists and engineers
would hold back the U.S. in its effort to maintain global hegemony (Conant
1959). Accordingly, the National Defense Education Act provided large levels
of federal support for education and educational projects, including many by
professional geographers.

Immediately after the war ended, many economists and politicians
predicted that the economic boom of the war years would end and that the
U.S. would slide back into its prewar depression. These fears proved
unfounded. The U.S. and global economies experienced a long, steady
economic boom encompassing much of the 1950s and 1960s. To a considerable
extent, this boom was associated with the application of new technologies
originally developed for military purposes to civilian uses. Television and
computers were two of the major technological innovations of the postwar
period coming into common use. Many of the technological advances
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associated with the war and the Cold War became useful in the production of
civilian goods and services and in nonmilitary programs. For example, satellite
technology, which was originally designed to track movement of foreign
military personnel, became useful in weather forecasting, planning, analysis
of land use change, and many other nonmilitary activities, many of which
directly involved geographers and geographic research.

The discipline itself—its ranks augmented greatly as the post-World War
IT generation completed their educations and moved into academic and
nonacademic positions—also underwent considerable transformation. During
the 1950s and 1960s, the functionalist, areal-differentiation approach to
geography associated with Richard Hartshorne (1939) gave way to the
quantitative revolution. Geographers began to adopt a more nomothetic,
scientific approach in their research. For many, the goal of geographic research
was to develop models and theories applicable to a wide variety of situations
and places. This quantitative and scientific approach to geographic research
was enhanced greatly by new technologies that enabled them to use complex
statistical methods and mathematical models, to obtain data from satellite
images and other remote sensing technologies, and to manipulate large datasets.
Government support played an important role in the development and diffusion
of these technologies.

2.4. The Later Cold War

By the late 1960s, the quantitative revolution had been completed, and
many geographers regarded themselves as practitioners of scientific methods.
As the 1960s gave way to the 1970s and 1980s, however, a variety of social
trends as well as trends in the discipline caused many to rethink the dominant
quantitative paradigm.

Many of these changes were driven by fundamental changes within U.S.
society. The decade of the 1960s was marked by the civil rights movement,
opposition to an unpopular war in Vietnam, and an awareness of large-scale
environmental degradation. As Americans became more and more aware of
racial discrimination, foreign policy concerns, and environmental problems,
many came to question the Cold War paradigm that had dominated American
life since the end of World War II. By 1970, the U.S. had moved from an
extrovert to an introvert phase in its foreign policy (Trubowitz 1998), and
large-scale military expenditures and activities were scrutinized carefully and
questioned closely. No longer did most Americans blindly accept the
dominance of what President Dwight D. Eisenhower had called the “military-
industrial complex.” This skepticism deepened in the 1970s, as the booming
economy of the 1950s and 1960s gave way to economic recession and the
energy crisis of that decade unfolded.
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These social changes had profound effects on the discipline of geography
and on the relationships between professional geography and the federal
government. Prior to the mid-1960s, research funds for foreign area studies
and quantitative analyses were plentiful. In many departments, doctoral
students in geography had been expected or required to develop expertise in a
region of the world outside of the U.S. and to do foreign-area fieldwork in
order to complete dissertations and other research projects. Many of these
funds were provided by the Department of Defense, the Armed Services, and
related agencies. By the 1970s, funds for these programs had been cut
considerably, in response to reduced foreign policy activism and economic
recession. The consequent lack of available funds induced many doctoral
students to do more theoretical research or to undertake local rather than foreign
field work to complete their doctoral degree requirements. At the same time,
the federal government adjusted its priorities. Military spending declined,
while domestic spending increased. For example, the Environmental Protection
Agency (EPA) was founded in 1970. This agency became an important source
of funding and information for geographic research and technology, and as
documented below, the EPA provided substantial support for geographers.

Geographers who were concerned about the state of the world began to
question more openly the impacts of their research on society. Some began to
express concern that geographic research and its applications could reinforce
racism, inequality, and environmental degradation throughout the world. Such
concerns were raised with particular respect to the use of technology. For
example, some argued that remotely sensed data could be used by unscrupulous
dictators and rapacious corporations to reinforce the suppression of persons
in less developed countries, or to promote development projects that when
completed would accelerate declines in environmental quality (Blaut 1979;
Peet 1977). As these concerns became more widespread, many began to
question the neoclassical, positivist paradigm that had dominated geography
in the early Cold War years, and many embraced alternative intellectual
approaches to geographic thought, including Marxism, structuralism, and
world-systems theory. These approaches emphasized the historical
understanding of observed inequalities in society.

Despite these concerns, during the 1970s and 1980s, geographic
technology continued to develop. Many technologies that are standard in
geographic research and communications today, including the Internet, basic
geographic information systems, and microcomputers, were developed during
the later Cold War period. Interestingly, the space program proved to be a
boon to geographic research even after its heyday in the 1960s. During the
1960s, the federal government began investigating the use of satellites to
observe the earth’s surface routinely. For several reasons, Congress was slow
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to allocate funds for such a program. These reasons included concern about
Soviet reaction to surveillance and doubt about the long-run economic benefits
of such a program above and beyond military uses. Nor was there a clear
institutional structure to manage and distribute data. The National Aeronautics
and Space Administration (NASA), the National Oceanic and Atmospheric
Administration (NOAA), the Department of the Interior, and other agencies
all had jurisdiction over various aspects of the earth surface observation
program (Williamson 1997).

Once these problems were overcome, the first Earth Resources
Technology Satellite (ERTS-1) was launched and in the same year, construction
of the EROS Data Center near Sioux Falls, South Dakota—a facility that
today employs dozens of geographers—began. The ERTS project was soon
renamed Landsat. Today, up to thirty years worth of Landsat data are available
for many locations, providing valuable information to researchers interested
in temporal change in land use, land cover, and other applications. Additional
Landsat satellites were launched later in the 1970s. A variety of projects
involving the use of these Landsat data were funded by the federal government,
which also made Landsat data available to researchers. In the 1980s, the Reagan
administration undertook efforts to privatize the system. Of course, Landsat
data have been used in many geographic studies ever since.

Another important federal effort in the 1980s was the establishment of
the National Center for Geographic Information and Analysis (NCGIA).
NCGIA was established with funding from the National Science Foundation
(NSF) in 1988 (Goodchild 1992). The establishment of NCGIA encouraged
many geographers to become more heavily involved in GIS, which had
previously been regarded as relatively esoteric and inaccessible. NCGIA was
charged with promoting research in spatial analysis and spatial statistics, spatial
relationships and database structures, artificial intelligence and expert systems,
visualization of spatial data, and social, economic, and institutional issues
associated with GIS technology. Many frequently cited and important books
and papers were published by AAG members and other geographers under
the auspices of NCGIA (i.e., Goodchild and Gopal 1989). The establishment
of NCGIA induced several prominent geography departments to focus their
attention on geographic information science. Geography departments including
the University of California at Santa Barbara, Ohio State University, the State
University of New York at Buffalo, the University of South Carolina, and
Syracuse University placed increasing emphasis on geographic information
science in order to secure the Center, which was eventually located jointly at
Santa Barbara, Buffalo, and the University of Maine. This emphasis on
geographic information science would eventually diffuse across the discipline,
with GIS courses developed and taught to wider audiences (Frank et al. 1991).
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2.5. After the Cold War

The Cold War came to an abrupt end in the late 1980s and early 1990s,
in association with the collapse of Communism in the Soviet Union and eastern
Europe. The end of the Cold War resulted in a new global political-economic
order (Taylor 1996; Cohen 1999). For the previous forty years, international
geopolitics had been conceptualized in terms of conflict between East and
West. The collapse of Communism ended this conflict, and a new world order
associated with globalization began (O’Tuathail and Shelley 2003). The
General Agreement on Tariffs and Trade and the World Trade Organization
(its more comprehensive successor), the North American Free Trade
Agreement, the expanded European Union, and other international
organizations achieved expanded influence in an increasingly globalized world.

Recognizing these changes in the global economy