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The National
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Geographic
Information

and Analysis

Y E A R

N ovember 15 marked the end of
the first year of funding for the
National Science Foundation’s Na-
tional Center for Geographic Infor-
mation and Analysis (NCGIA). Our
anniversary provides an opportu-
nity to step back and assess the
center’s development thus far. This
article describes how NCGIA was
established, the progress made on
its research and education agendas,
and current trends in the field and
their potential impact on the center.
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BACKGROUND

On August 19, 1988, the
National Science Foundation
(NSF) awarded the NCGIA to a
consortium of the University of
California, Santa Barbara, the
State University of New York at
Buffalo, and the University of
Maine, with funding of $1.1 million
a year for five years. Ron Abler,
who-was director of the Geogra-
phy and Regional Science Pro-
gram at NSF until his return to
Pennsylvania State University in
July 1988, has described the deci-
sion to establish the center and
the process that led to selection
of the winning consortium in an
article published in the Inter-
national Journal of Geographical
Information Systems (1987, vol. 1,
pp. 303-326).

NSF’s solicitation for the center

(published in 1987) identified “ba-
sic research on geographic analy-
sis utilizing GIS” as the center's
primary mission and suggested
five areas as possible research
topics: improved methods of spa-
tial analysis and advances in spa-
tial statistics; a general the-
ory of spatial relationships

and data base structures;
artificial intelligence and
expert systems relevant to

the development of geographic
information systems; visualization
research pertaining to the display
and use of spatial data; and social,
economic, and institutional issues
arising from the use of GIS tech-
nology.

In addition to research, the
center was to take steps to “aug-
ment the nation’s supply of ex-
perts in GIS and geographic analy-
sis in participating disciplines;
promote the diffusion of analysis
based on GIS throughout the sci-
entific community; and provide a
central clearinghouse for dissemi-
nating information regarding re-
search, teaching, and applica-
tions.”

The solicitation, which ap-

The research program is
structured as a series of
initiatives, each one
focusing on a single topic
for a period of one to two
years. An initiative begins
with a specialist meeting,
which brings together
outside experts to plan the
initiative’s agenda.
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peared in mid-1987, attracted in-
tense interest. GIS, though emerg-
ing as a significant industry, was
not identified clearly with any
academic discipline and did not
have the usual symbols of aca-
demic respectability—journals,
societies, textbooks, etc. NSF's
willingness to commit major fund-
ing for basic GIS research seemed
to give the field a new level of re-
spectability, not only as a tool for
management and mapping, but as
a powerful technology for scien-
tific analysis and research.
Moreover, the funding was to
be channeled through NSF’s Geog-
raphy and Regional Science Pro-
gram and Division of Social and

previous centers established

in science and engineering.
This reinforces belief in GIS as an
“enabling technology” for a wide
range of sciences dealing with
spatially distributed phenomena.

ESTABLISHMENT

The center is housed in two
geography departments (Santa
Barbara and Buffalo) and in a sur-
veying engineering department
(Maine). Michael Goodchild and
David Simonett, Santa Barbara,
are the co-directors; the three as-
sociate directors manage the site
operations: Terence Smith in
Santa Barbara, Ross Mackinnon in
Buffalo, and Andrew Frank in
Maine.

A board of directors, which
meets in June and December, re-
views all aspects of the center’s
operation. The 18 members, who
are drawn from universities, in-
dustry, government agencies, and
professional societies, include
three members of the National
Academy of Sciences. John E.
Estes, University of Califor-
nia, Santa Barbara, is chair-
man of the board.

The Santa Barbara opera-
tion moved into its perma-
nent quarters last September. The
Buffalo site will be moving with
the geography department into
renovated space early next year
and at the Maine site there are
plans for a new building to house
the center and the surveying engi-
neering department.

RESEARCH

The consortium proposed a
research plan built around the
concept of “impediments”: that
GIS technology had enormous po-
tential, but that numerous road-
blocks needed to be overcome.-
Some obstacles were technical,
such as the unfriendliness of
many user interfaces; some were
institutional, such as the lack of - -
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standards for digital geo-
graphical data; and others
were social and economiic,
including the difficulty of assess-
ing costs and benefits of GIS, and
lack of understanding of the im-
pacts of GIS technology on organi-
zations.

Research at the center is organ-
ized around the systematic re-
moval of these impediments,
within the five areas suggested in
the solicitation document. The full
text of the research plan has been
published in the International
Journal of Geographical Information
Systems (1987, vol. 1, pp. 303-326).

The research program is struc-
tured as a series of initiatives,
each one focusing on a single
topic for a period of one to two
years. An initiative begins with a
specialist meeting, which brings
together outside experts to plan
the initiative’s agenda. Typical
meetings held in the first year
have involved from 25 to 50
people from universities, govern-
ment agencies, and industry.

During the first year the center
began research initiatives in
five areas:

1. Accuracy of Spatial
Data Bases. Many GIS users
are aware of the problems
that result from inaccuracies or
errors in spatial data, and the way
these propagate through GIS op-
erations. More than 50 partici-
pants attended the specialist
meeting for Initiative 1 in Santa
Barbara in December 1988 and
developed a research agenda that
called for a bibliography and tax-
onomy of spatial data errors; im-
proved models of error for the
contents of spatial data bases;
better methods of error descrip-
tion and ways of incorporating
these into data bases; analysis of
error propagation, particularly in
the sophisticated models now
being built on spatial data bases;
better understanding of the rela-

tionship of accuracy and choice of B

The consortium
proposed a
research plan built
around the concept
of “impediments”:
that GIS technology
had enormous
potential, but that
numerous
roadblocks needed
fo be overcome.

data models, particularly for topo-
graphic data; and the role of geog-
raphy in the accuracy of social
and economic data.

Research on these topics began
shortly after the specialist meet-
ing and is continuing. Results are
available for some areas and have
been published in the center’s
technical papers.

2. Language of Spatial Rela-
tions. There are considerable -
differences in the ways spatial
data are structured and processed
in GIS, and in the ways people
learn and reason about spatial
information. These gaps will have
to be closed if user interfaces are

to be improved substantially. -

Initiative 2, which held its

I i e

Barbara last January, is led
by Andrew Frank and David Mark
(Buffalo). Research is well under
way on the following topics: way-
finding, driving directions, and
spatial knowledge acquisition;
analysis of their structure, cross-
cultural and cross-linguistic vari-
ation, with potential application to
vehicle navigation aid systems;
cross-linguistic analysis of loca-
tive expressions, studies of lin-
guistic variation in natural lan-
guage terms for spatial relations;
user interface design, including re-
search on multi-media interfaces,
metaphors for conveying and
perceiving spatial information,
and the visualization of spatial
relations; and formalization of
spatial relationships, research on
formal definitions, the algebra of
spatial relations, and formal rea-
soning.

3. Multiple Representations.
Although the ability to change the
scale of a display is one of the
more immediately attractive fea-

tures of a GIS, scale and spa-

tial resolution are estab-

Y E A R lished clearly by such para-
meters as raster cell size or

the scale of the input docu-
ment. Complex rules of generaliza-
tion are needed to convert the
representation of a simple feature
like a coastline to a smaller scale,
and it is extremely difficult to
convert to a larger scale in an ap-
propriate way. As a result, many
data bases must include multiple
representations of the same geo-
graphical feature.

Initiative 3, led by Barbara But-
tenfield in Buffalo, had its special-
ist meeting last February. This
research focuses on hierarchical
data structures, which store infor-
mation about an object or spa-
tially distributed phenomenon at a
range of scales; rules to automate
the generalization process; sys-
tems for describing change of
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geometry with scale; and
data structures that formal-
ize the relationships of mul-
tiple representations.

In cooperation with a number
of federal agencies, the center is
developing a multi-agency, multi-
scale data base to be distributed
as a standard for research work in
this area. Next April the center
will co-sponsor a symposium,
Towards a Rule Base for Map Gen-
eralization, at Syracuse University,
organized by Barbara Buttenfield
and Robert McMaster.

4. The Use and Value of Geo-
graphic Information. Initiative 4,
led by Harlan Onsrud (Maine) and
Hugh Calkins (Buffalo), is the first
to address social, economic, and
institutional issues raised by the
adoption of GIS technology. At the
specialist meeting held last May
three research themes emerged
that are being refined by the re-
search team:

The taxonomy of geographic
information and its uses. What
types of geographic information
exist, and how do they relate to
the variety of data models of
spatial data bases? Are cer-
tain types of geographic in-
formation more or less suit-
able for handling in spatial
data bases? What role does geo-
graphic information play in human
activity, who uses it, and for what
purposes?

The value of geographic informa-
tion. It is essential that we be able
to measure the benefits of geo-
graphic information in decision
making if we are to come to grips
with the most problematic half of
the GIS cost-benefit ratio.

The diffusion of innovations.
What factors control the rate at
which knowledge about GIS dif-
fuses and the rate at which this
new technology is adopted in
organizations? If these factors are
potential impediments to adop-
tion, how can they be controlled
or removed?

In cooperation
with a number
of federal
agencies, the
center is developing
a multi-agency,
multi-scale
data base to be
distributed as
a standard for
research work.

Y E A R

5. Design and Implementation
of Large Spatial Data Bases. Last
July two meetings were held on
this research topic in Santa Bar-
bara: a formal symposium that
attracted more than 150 partici-
pants, and a smaller, more inten-
sive, workshop to develop the
initiative’'s research agenda.

Initiative 5, led by Terence

‘Smith and Andrew Frank, will ex-

amine the technical problems that
arise in handling the large spatial
data bases now being con-
structed, such as the U.S. Geologi-
cal Survey’s digital cartographic
data base.

Next March the center will hold

. the specialist meeting for Initiative

6, Spatial Decision Support
Systems (SDSS), in Santa Bar-
bara. Issues to be discussed
include the relationship of SDSS
and GIS, data structure and soft-
ware requirements, the design of
user interfaces, and the value of
the SDSS approach in complex
spatial decision making.

EDUCATION

The rapid development of the
GIS field in the last few years has
led to an acute shortage of ade-
quately trained staff at all levels,
particularly in those areas that
require a moderate level of techni-
cal skills combined with an under-
standing of GIS applications.

The center’s major effort in
education in the past year has
been the Core Curriculum Project,
which was designed to increase
the availability of teaching materi-
als in GIS quickly so that courses
could be introduced in new insti-
tutions and disciplines.

The curriculum offers a one-
year sequence, which may be
taken in three quarter courses or
two semester courses, with
a total of 75 one-hour lec-
tures. The courses include
lectures that introduce GIS,
and cover technical and ap-
plication issues, and include lab
exercises.

During the 1989-90 academic

. year, 74 institutions have agreed

to evaluate and test the materials

. by incorporating them into their

courses. A large proportion are
geography departments, but the
test sites also include marine sci-
ence, geology, anthropology, and
engineering and other disciplines.
Based on instructor and student
feedback, a second, final version
of the curriculum will be devel-
oped for distribution next sum-
mer.

Other education projects the
center would like to pursue in the
future include short courses for
core curriculum instructors; short
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courses in specialized top-
ics—two such one-day
workshops were developed
in our first year and presented at
several conferences; a case-study
course modeled on those offered
in many business schools; and
training courses for users of spe-
cific systems, emphasizing ana-
lytic and modeling capabilities.

TRENDS IN GIS

One trend with significant im-
plications for GIS and the center is
the growing concern about global-
scale issues, particularly global
environmental change and its
human dimensions. Geographic
information systems have an
enormous role to play in support-
ing the sciences that will tackle
these problems, but at the same
time a series of impediments may
prevent that role from being
played. These include volumes of
data far beyond the limits of cur-
rent GIS; visualization problems in
dealing with data distributed over
a curved surface; modeling prob-
lems in analyzing error propaga-
tion through large, non-linear

One trend with
significant
implications
for GIS and
the center is
the growing
concern about
global-scale issues,
particularly global
environmental
change and its human
dimensions.

as the base, and estimating

each block’s susceptibility to
earthquakes. An SDSS might then
model the locations of structural
damage and human injury, utiliza-
tion of evacuation routes, loca-
tions of evacuation centers, order
of evacuation of each neighbor-
hood, etc.

To date, one of the most com-
mon applications of GIS technol-
ogy in social science has been in
archaeology, where it is helping to
inventory and understand such
problems as the detailed spatial
juxtaposition of artifacts at exca-
vated sites and early patterns of
human settlement.

To explore the issues involved
in encouraging greater use of GIS
technology in the social sciences,
the center is planning a confer-
ence in 1990 entitled GIS and So-
cial Science Research: Potentials,
Problems and Present Status.

A third issue confronting the
center is the nature of the GIS field
itself. At present, GIS is a loose
collection of interests without

strong identification with
any one discipline. On the

systems; lack of suitable hier-
archical structures to handle Y « E A R academic side it has ele-
multi-scale data; and incom- : ments of surveying, cartogra-

patibilities between current

image processing systems and
GIS, since remote sensing will be a
major source of global environ-
mental data.

A second issue facing the cen-
ter is the balance between GIS
applications in the natural, health,
and social sciences. Digital spatial
data has a more established role
in natural science, supporting
studies of the environment and its
resources, than in the social or
health sciences. Yet there is
ample reason to suppose that GIS
technology has as much potential
in supporting research in such
areas as locational factors in mar-
keting, retailing, and provision of
public services; spatial variation

in health, social well-being, crime,

justice, employment, etc.; migra-
tion and changing demography;
epidemiology and spatial vari-
ations in the incidence of disease;
and planning, transportation, and
the impact of the environment on
the quality of life.

Many existing examples of spa-
tial decision support systems, the
topic of upcoming Initiative 6, are
in the areas of resource manage-
ment. But some of society’s most
pressing problems are in an area
bordering natural and social sci-
ence. For example, a spatial data
base might be built by coding city
blocks according to building type,
using Topologically Integrated
Geographic Encoding and Refer-

phy, geography, environ-
mental studies, forestry, and an-
thropology. It includes applica-
tions in resource management,
facilities management, land infor-
mation, urban government, and
mapping. As the field matures we
can expect to see increasing spe-
cialization, as the community
comes to recognize natural divi-
sions within what we now identify
as GIS.

Already there are signs that
one particular dimension effec-
tively differentiates the commu-
nity, although it is far from a clear
division at this point. At one end
of the continuum are systems
designed to support complex deci-
sion making, as occurs in forestry
management, where a GIS must
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provide the information
needed to determine cut-
ting schedules, road main-
tenance, replanting, etc. This type
of application has led to the defi-
nition of GIS as a spatial decision
support technology, and as an
enabling technology for scientific
research. Such systems are char-
acterized by a data base that may
contain many different types and
scales of data, and software with a
high level of functionality.

At the other end of the contin-
uum are systems that began with
the addition of simple geographi-
cal access to large, existing admin-
istrative data bases. For example,
a city government may wish to
“add geography” to an existing
data base of land parcel records.
Systems for this class of applica-
tion are characterized by fast
access, the ability to interface
with a variety of data base man-
agement systems, and a relatively
low level of functionality.

Which way is the field going? [s
the second type of application
larger in terms of potential mar-
ket, and will the GIS vendor com-
munity be drawn in this direction,
or will two types of vendors
emerge? Or are the needs of both
ends similar enough to prevent a
split in the field? From the
center’s perspective, do both
ends share common problems
and impediments that can be ad-
dressed with a single research
agenda and single education strat-
egy, or should the center focus on
one direction at the expense of
the other? At this time the former
strategy is clearly the more appro-
priate of the two, but the picture
may be entirely different in a few
years.

This issue is of key importance
for GIS as a technology for scien- -
tific research. There are several
possible analogies for the poten-
tial role of GIS as a software pack-
age supporting a wide range of
scientific disciplines. Word pro-

cessing, for example, developed to
a large extent in response to the
office automation market, but
found a compatible market in
academic writing and publishing.
Packages to support statistical
analysis, such as SAS and SPSS,
were developed largely to satisfy a
scientific market. But like word
processing, GIS has been driven
by the applied marketplace, and
scientific applications have
emerged only recently. The dan-
ger is that the applied market will
continue to develop more strongly
and will begin to move in a differ-
ent direction from the scientific
market.

A community with the energy
and growth exhibited by GIS in the
last few years needs a strong pres-
ence at the national level if it is to
assist effectively in formulating
national policy and coordinating
orderly development of the field.
Ideally, it must have simple organ-
izational and institutional struc-
tures and a federal agency with
clear responsibility in the area.
But GIS is comparatively new, and
includes a-wide variety of inter-
ests and approaches, so any radi-
cal reorganization seems unlikely
in the near future.

Clearly, NCGIA’s role lies in
doing basic research, promulgat-
ing the results to the community
as a whole, and working to im-
prove the quality and availability
of GIS education. To do so it needs
strong ties with similar organiza-
tions in the United States (such as
ACSM and the Urban and Regional
Information Systems Association)
and in other countries.

If you consider the current and
potential scale of the industry
(several estimates project a $200
to $300 million range) and the
level of interest in GIS indicated
by attendance at conferences,
NCGIA’s annual budget represents

a low level of investment in re-
search and development. The
center has developed strong
ties with other GIS research uni-
versities and national laborato-
ries, in an effort to coordinate ac-
tivities and increase the total re-
sources of funding and expertise
that we can collectively bring to
bear on the research agenda.

The center publishes a bian-
nual newsletter and a technical
paper series, as well as other
occasional publications such as
initiative reports. For information
about the center or its publica-
tions, write to NCGIA, University
of California, Santa Barbara,

CA 93106. Phone: 805/961-8224.
Fax: 805/961-8016.

Email: ncgia@sbitp.bitnet or
ncgia@topdog.ucsb.edu. You may
also contact the Maine or Buifalo
sites or the initiative leaders iden-
tified in this article. m

Michael F. Goodchild is a professor
of geography and co-director of the
National Center for Geographic In-
formation and Analysis at the Uni-
versity of California, Santa Barbara.
Goodchild is editor of Geographical
Analysis, an international journal
of theoretical geography.
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