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URISA JOURNAL

Expectations and Responsibilities

elcome to the URISA

JTournal, Volume 1,
Number 1, and congratulations
to all those who have labored
to make it a reality.

The Journal represents a
new chapter for URISA—the
beginning of a new way of
communicating—with each
other and with the thousands of
individuals who may not know
about our association, but who
wrestle with similar technical,
institutional, financial and
social issues. '

The first issue is also the
culmination of a long struggle.
My first meeting with the
URISA Board (August 1983 in
Atlanta) included a mind-numb-
ing review of journal publishing
options. Some wanted to move
forward; others had serious
reservations. Emotions ran
high. Could we generate enough
quality material? What style,
tone and “feel” would we
adopt? Would private com-
panies want to provide adver-
tising support? What was the
most equitable arrangement
with a publisher? Above all,
could we afford it?

Six years later some
questions remain unresolved.
Yet the environment is dif-
ferent, and certainly URISA is
different: larger and with a
greater depth of leadership and
financial resources. One senses
that the timing for a new jour-
nal is right,

The signals of this more
positive environment come in

many forms: the dramatic
growth of our overall member-
ship and in our corporate mem-
bers, many of whom routinely
advertise in other publications;
the resurgence of academic
interest in geographic and land
information systems; the
growth in contributions to our
newsletter and to our annual
proceedings; and certainly the
new interest in our field on the
part of both the Canadian and
United States governments.

Renewed interest in the
journal concept was confirmed
during the strategic planning
exercises that consumed much
of URISA’s leadership during
1986 and 1987. Of the seventy
potential association initiatives,
Number 53 (Finalize the Jour-
nal) ended up in most top ten
rankings. In the fall of 1987, the
board of directors swallowed
hard and allocated $25,000 in
start-up costs as part of the new
budget. Coordinating Editors
Ben Niemann, Ken Dueker and
David Moyer were encouraged
to move forward with Executive
Director Tom Palmerlee in the
complicated process of defining
the publication, negotiating
with a publisher, recruiting an
editorial board and undertaking
countless other tasks necessary
to bring it to press.

Why a Journal?

A professional associa-
tion is an organized body of

individuals with a common
interest and commitment. Cer-
tainly one mark of an associa-
tion's effectiveness is its litera-
ture—the extent to which
issues, research findings,
theories, standards and related
items of interest are routinely
presented in writing and circu-
lated for review and comment.
For URISA, the annual Con-
ference Proceedings have con-
stituted a major portion of our
literature, Collectively, these
papers offer the best single
source of ideas, opinions and
general history about informa-
tion systems in the state, pro-
vincial and local government
arenas.

In recent years, the
URISA News has played an
increasingly important role as
well, serving to introduce us to
each other, to learn of projects
of common interest, and to stay
abreast of the diverse activities
of various chapters and special
interest groups.

Yet neither the Proceed-
ings nor the Newsletter has
fully satisfied our needs. The
uneven nature and formidable
weight (four volumes in recent
years) of the Proceedings have
discouraged their use by many
practitioners. Similarly, the
degree of editorial review has
been insufficient to meet aca-
demic standards. The News-
letter, by its nature, has been
limited in terms of subject
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coverage and photography and
graphics that lack broad appeal.

The Journal will not
replace the Proceedings or the
Newsletter. To the contrary, it
is designed to address a broader
audience than our membership
alone; in this regard, it is meant
to complement our existing
publications.

A Vision for the Journal

My sense is that there is
consensus among the editors and
the board of directors as to the
objectives toward which the
Journal should strive. URISA
attracts a multi-disciplinary
following. As such, our chal-
lenge is to see that the Journal
meets the needs of a number of
different audiences:

¢ General readers,
especially those at the policy-
making and management levels
of government who need to bet-
ter understand how information
systems can be effectively
designed and assimilated into
existing organizations.

2 URISA Journal/Expectations

® Practitioners who face
an increasingly difficult job in
staying current with the ava-
lanche of new equipment, soft-
ware and applications pertinent
to urban and regional com-
munities.

¢ Teachers and research-
ers who need an outlet for pub-
lishing scholarly work that will
advance our understanding of
systems and their impact upon
society.

* Vendors who offer an
ever-widening array of com-
puter-system products for which
explanation and training are
required.

® Students who are chal-
lenged to analyze the merits and
shortcomings of current systems
so that they can make their
own contributions in the years
ahead.

What is your vision of
the Journal? Success depends on
those who are willing to pre-
pare an article, advertise a
product and/or write a letter.

Success will require active read-
ers, people willing to describe
their own successes and failures,
and to express their own
opinions about our dynamic
field.

There will be many ways
to evaluate this publishing
experiment. My own test has to
do with where issues of the
Journal end up. I would like to
see them in a lot of accessible
places: on the coffee table in
the offices of the mayor, city
manager, and chief information
officer; on bookshelves adjacent
to the desks of systems ana-
lysts, planners, consultants and
the many other professionals
who make up our field; and in
the libraries of colleges, univer-
sities and government agencies.
In other words, the Journal will
succeed if it is used. Our chal-
lenge is to make it sufficiently
interesting, relevant and timely
so that widespread use is in-
evitable.

Again, thanks to Ben,
Ken, David, Tom and everyone
else involved in this new ven-
ture. Happy reading!

Charles P. Kindleberger
Past President



INTRODUCTION TO THE EDITORS

Kenneth J. Dueker
Coordinating Editor
Refereed Articles Co-editor

Kenneth Dueker is the
director of the Center for
Urban Studies and professor of
Urban Studies and Planning,
Portland State University. He
received his B.S., M.S. and
Ph.D. from the University of
Woashington. His 25-year teach-
ing and research career include
faculty appointments at the
University of lowa, the Univer-
sity of Wisconsin-Madison, and
Northwestern University.

Dr. Dueker’s research on
geographic information systems
and transportation and land use
planning is widely reported in
journals and proceedings.

He has been active in
URISA from the beginning of
the Association, serving as its
first treasurer, as vice-president,
board member, and as president
in 1982-83. He is also chair of
the Oregon Land Records Com-
mittee, and of a GIS subcom-
mittee of the Transportation
Research Board. He served on
the panel that produced the
National Research Council
report: “Procedures and Stand-
ards for a Multipurpose
Cadastre.”

D. David Moyer
Coordinating Editor

David Moyer is the Wis-
consin state advisor for Multi-
purpose Land Information and
Geodetic Systems with the
National Geodetic Survey,
National Oceanic and Atmo-
spheric Administration, U.S.
Department of Commerce. He
received his B.S. and M.S.
degrees from Ohio State Uni-
versity, and a Ph.D. from the
University of Wisconsin-
Madison in information eco-
nomics. He has served in a
number of research, technical
and administrative positions in
the U.S. Bureau of the Census,
the U.S. Department of Agri-
culture, and the U.S. Depart-
ment of Commerce.

Dr. Moyer has written
widely on land information
system development and eval-
uation, including a book: Land
Parcel Identifiers for Informa-
tion Systems, published by the
American Bar Foundation,
Other areas of research include:
economics of land title systems;
evaluation of survey-based land
record systems; and steps in
implementation of multipurpose
land information systems for
local government.

He has been active in
URISA since 1970, serving on
the board of directors and cur-
rently as past president. He is
also a director of the National
Center for Geographic Informa-
tion and Analysis, has served

on the editorial board of profes-
sional journals, and served for
14 vears as county board super-
visor in Dane County {Madi-
son), Wisconsin.

Bernard ]. Niemann, Jr.
Coordinating Editor
Refereed Articles Co-editor

Bernard J. Niemann, Jr.
is a professor in the Department
of Landscape Architecture, the
Institute for Environmental
Studies, Cooperative Extension,
and an adjunct professor of
Urban and Regional Planning at
the University of Wisconsin-
Madison. He received his
B.F.A.A. in landscape architec-

~ ture from the University of

[llinois in 1960 and his M.L.A.
from the Graduate School of
Design at Harvard University.
He has been a faculty member
at UW-Madison since 1964.

He has been an active
scholar and researcher in the
adaptation of informational
technology for rural planning
and management, and for land
records modernization for local
government. He has worked at
the federal and state level to
promote comprehensive infor-
mation programs. In this capac-
ity he served as co-author of
the National Academy of Sci-
ence report: “Modernization of
the Public Land Survey Sys-
tem,” and as vice-chair of the
Wisconsin Land Records Com-
mittee. He is currently president
of the Wisconsin Land Informa-
tion Association,
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URISA activities include
presentations at annual meet-
ings on land records moderniza-
tion and use of information
technology for natural resource
management. He was a board
member from 1986-88, and 1988
annual program chairman.

John C. Antenucci
Feature Articles Co-editor

John Antenucci is the
founder and president of Plan-
Graphics, Inc., an independent
multidisciplinary consulting
firm, based in Frankfort, Ken-
tucky, that designs and imple-
ments geographic information
systems (GIS) and automated
mapping and facilities manage-
ment systems (AM/FM). He
evaluates the feasibility of sys-
tems for a wide range of public
agencies and private organiza-
tions, assesses market potential,
and investigates issues concern-
ing product liability.

Previously the chief of
Land Use Planning and Coor-
dination for the state of Mary-
land, he has also conducted
environmental planning for the
Corps of Engineers, and has
prepared hydro-electric power
potential studies for the Federal
Power Commission.

Mr. Antenucci received
his bachelor’s and master’s
degree in civil engineering from
the Catholic University of
America in Washington, D.C.
He has presented numerous pro-
fessional papers, has been active
in URISA and AM/FM Interna-
tional for many years, and cur-
rently serves on both organiza-
tion's board of directors. He
is also a member of the Map-
ping Science Advisory Commit-
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tee for the National Academy
of Sciences.

Gilbert H. Castle, III
Feature Articles Co-editor

Gilbert Castle is a senior
manager with the Roulac Real
Estate Consulting Group of
Deloitte, Haskins and Sells. He
has fifteen years consulting
experience in urban develop-
ment, land use and transporta-
tion planning, and natural
resource management. During
most of his career he has been
involved in the development,
installation and use of geo-
graphic information systems,
related databases, and other
computer tools.

Mr. Castle has a master’s
degree in city planning from the
University of Pennsylvania, and
a bachelor's degree in eco-
nomics, cum laude, from Har-
vard University. He has more
than sixty professional articles,
conference presentations, and
university lectureships to his
credit, primarily on applied GIS
technology.

Mr. Castle is president-
elect of URISA, with overall
responsibility for the 1990
URISA Annual Conference in
Edmonton, Alberta. He is also
co-chairman of URISA's Artifi-
cial Intelligence/Expert Systems
Special Interest Group. His pre-
vious URISA roles include serv-
ing on the board of directors,
and as chairman of the Market-
ing Committee.

William ]J. Craig
Feature Map Editor

William Craig is the
director of the Minnesota Cen-
ter for Survey Research at the

University of Minnesota and
assistant director of the Center
for Urban and Regional Affairs.
He received his B.A. in mathe-
matics and M.A. and Ph.D. in
geography from the University
of Minnesota.

Dr. Craig's career has
focused on applied research in
the public sector. He was one
of the founders of the Minne-
sota Land Management Infor-
mation System, one of the
world's foremost geographic
information systems, and has
consulted on GIS around the
world. His research interests
include economic and social
policy.

He has been a member
of URISA since 1967, on the
board of directors from 1982-
88, and president in 1986-87.
He was a founding member of
URISA’s Natural Resource
Special Interest Group and
helped found the Urban and
Regional Analysis SIG as well.
He chaired the first jointly
organized GIS/LIS conference
in San Antonio in 1988. He also
chaired URISA's first Research
Agenda Group.

Rebecca Somers
Reviews Co-editor

Rebecca Somers is the
GIS manager for Fairfax
County, Virginia. Prior to join-
ing Fairfax County, she man-
aged the Computer Mapping
and Geoprocessing Project for
the city of Calgary and worked
with local governments devel-
oping geographic information
systems as a consultant for
HDR. She received her B.A.
and M.A. from the State Uni-



versity of New York at Buffalo,
specializing in geographic infor-
mation systems.

Ms. Somers has been
~involved in GIS for the past
12 years, specializing in devel-
opment, management and appli-
cations in local government.
She has written numerous
papers and articles on these
subjects, and has spoken fre-
quently at GIS workshops and
conferences.

Ms. Somers has been
active in URISA since 1979,
serving as a member of the
board of directors, chairman of
the Publications Committee,
SIG-GEQ chairman, and work-
shop chairman and coordina-
tor. She is currently the editor
of the URISA News.

Peter Van Demark
Reviews Co-editor

Peter Van Demark is an
associate research analyst/
cartographer at the Center for
Governmental Research (CGR)
Inc., a non-profit research
group in Rochester, N.Y. He

received his B.A. in geography
from Dartmouth College. At
the University of Wisconsin-
Madison, he received his M.S.
in cartography and advanced to
Ph.D. candidacy in the Land.
Resources Program.

Mr. Van Demark is in-
volved in GBF/DIME file main-
tenance and application at
CGR. He provides geographic
and other data-handling con-
sulting and services to clients,
and administers a micro-
computer network of IBM PC
compatible and Apple Mac-
intosh™ computers.

He has been a member
of URISA since 1977, and
served as co-chair of the Micro-
computer Special Interest Group
before being elected to the
board of directors. Mr. Van
Demark currently chairs the
board's Publications Commit-
tee, and serves as the coor-
dinator of the Conference Com-
mittee’s Software Exchange.

Bill Keenan
Managing Editor

Bill Keenan received his
bachelor's degrees in forestry
and English literature and a
master’s degree in journalism,
specializing in science and
environmental communications,
from the University of Wiscon-
sin-Madison.

He has worked as a
forester for the U.S. Forest
Service and as an information
specialist for the Regional Plan-
ning Commission in Dane
County, Wisconsin. As a free-
lance writer he has written for a
number of national and regional
publications. In addition to his
appointment as URISA Journal's
managing editor, he also works
as a publications editor with the
College of Engincering at UW~
Madison.
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REFEREED

Statement of Editorial Intent

The refereed section of URISA Journal strives to share new knowledge in the technical, social, economic,
and institutional subject areas that support information systems technology. It is the intent that this section of
the Journal contain papers that are representative of URISA’s membership and the broader information systems
community. We encourage the participation of system designers, implementors and users as well as the educa-
tional and research community.

We hope that the refereed section will provide reliable information and new insights resulting from
experience, research and scholarship. We also hope that this section will link academia, industry and the user
community through the sharing of critical investigations and organized knowledge. To this end, we are seeking
three forms of work: Reports of current research and development pertinent to the overall information systems
community; systematic literature reviews of research for the research and development community; and
systematic reviews of applications which explain successful systems and procedures to the overall information
systems community,

The refereed process consists of a “blind review.” After receiving a manuscript from an author, we send
it out for review to three or more persons who have been identified as being knowledgeable in the topical area.
The name and affiliation of the author are removed from the paper so the reviewers can give it an impartial
review; likewise, the names of the reviewers are not revealed to the author. We ask the reviewers to respond to
two questions: (1) Is the manuscript worthy of publication, and (2) how might it be revised in order to
strengthen it? If the manuscript is accepted and does not need revising, it is sent to the managing editor for
comments and final editing. If the manuscript needs revision, assistance is provided by the editors. If the
manuscript is not accepted, it is returned with an explanation by the editors. (For complete guidelines regarding
the preparation of manuscripts and illustrations, see p. 132.)

Kenneth ]. Dueker
Bernard |. Niemann, Jr.
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URISA'’s Research Agenda and the NCGIA*

William J. Craig

William ]. Craig is director of the
Minnesota Center for Survey
Research at the University of
Minnesota and assistant director
of the Center for Urban and
Regional Affairs. He holds a Ph.D.
in geography from the University
of Minnesota. He was president of
URISA, 1987-88, and chairman of

its inaugural Research Agenda
Group.

Abstract: URISA has prepared a research agenda as part of its internal
otganization and as a direct attempt to focus the research efforts of others on
meeting the needs of its membership. Given URISA’s mission of improving the
effective use of information system technology in the public sector, its agenda
focuses on the needs of the user community. A significant aspect of this
agenda is its two-pronged approach: working on social issues affecting the
effective use of technology, and working on improving specific aspects of the
technology itself. A major target of the agenda was the National Science
Foundation and its newly created National Center for Geographic Information
and Analysis (NCGIA). The winning NCGIA proposal is examined in light of
URISA's research agenda. Slightly over half of URISA's agenda is addressed,
with equally good coverage within URISA's lists of social issues and technical
issues. Language, orientation, time horizons, and priorities differ dramatically.
The success of the NCGIA is important to everyone interested in geographic
information systems, but much additional research and development is needed

within the field.

There are many reasons
why a professional asso-
ciation would decide to articu-
late a research agenda, In the
case of URISA, two events in

1987 led to the formation of a

*Members of the 1987-88
Research Agenda Group include:
William Craig, chair (University of
Minnesota), James Clapp {University of
Wisconsin and president of the Ameri-
can Congress on Surveying and Map-
ping), Jack Dangermond (ESRI), Ken-
neth Dueker (Portland State Univer-
sity), Joseph Ferreira (Massachusetts
Institute of Technology), Charles
Kindleberger (City of 5t. Louis),
Bernard Niemann (University of Wis-
consin), Vincent Robinson (then Uni-
versity of Calgary, now University of
Toronto), and Barry Wellar (University
of Ottawa). Appreciation is expressed
to each of them for their contributions
and to others who contributed to this
work, including three anonymous re-
viewers. The synthesis presented in this
article is based on their ideas and
insights, but undoubtedly distorts or
ignores many of their contributions.

Research Agenda Group (RAG)
and its deliberations. The first
was the development and
acceptance of a strategic plan
for URISA (Huxhold 1987)
with a strong emphasis on
defining a research agenda. The
second was the release of a
solicitation from the National
Science Foundation to establish
a National Center for Geo-
graphic Information and Analy-
sis (Abler 1987b). The NCGIA
would be the major focus of
research on geographic informa-
tion systems in the United
States with funding of up to
$1.25 million per year for up to
eight years.

The primary motivation
behind this effort is to list the
high-priority research efforts
which URISA hopes to see
undertaken. URISA’s members

work in local, regional, and
state/provincial government
{including many who actually
are employed in the private and
academic sectors). We are a
user community, looking to
make productive and innovative
use of information systems tech-
nology. We want our research
agenda to be addressed so that
we can do our jobs better.

The historical context of
the definition and release of
URISA'’s research agenda in-
cluded the year of competition
and ultimate awarding of the
National Center for Geographic
Information and Analysis.
Much of the initial RAG activ-
ity was spent attempting to
influence the focus of that Cen-
ter. The Center now has been
established and its research
agenda distributed. A compari-
son is made between the two
agendas.

Craig/URISA Journal 7



URISA will continue its
interest in research, Where it
has interests in common, it
offers its services to the
NCGIA. Where it articulates
other needs, URISA calls on its
members and others to generate
and nurture the appropriate
research activities. URISA will
also continue to define and
refine its own research agenda.

Background and Activities

The concept of a Re-
search Agenda Group was for-
mulated at the annual con-
ference in August 1987. The
group met and communicated
through most of the following
year, presenting its findings at
the 1988 annual conference.
Although most of the reasons
for forming this group were
internal to the Association, the
impending establishment of a
National Center for Geographic
Information and Analysis gave
direction and a sense of urgency
to our deliberations.

The NCGIA had a
strong and immediate influence
on the RAG, focusing attention
on geographic information sys-
tems (GIS). With proposals due
on January 29, 1988, an Inter-
national Geographic Informa-
tion Systems (IGIS) Symposium
was scheduled in Crystal City,
Virginia on November 15-18,
1987, to articulate the research
agenda. The first meeting of the
RAG was held on November 6,
1987, to prepare a statement of
what URISA wanted to see in
the research efforts of the
National Center. This statement
was presented at the Crystal
City Symposium (AAG 1988;
Craig 1987).

8 URISA Journal/ Refereed

The strategic plan
adopted in 1987 was the cul-
mination of two years of delib-
eration by the URISA Board of
Directors and a polling of
association leaders. From a list
of 71 initiatives designed to
strengthen the organization,
defining a research agenda
ranked fifth, behind such struc-
tural initiatives as adding staff
and renting space. It is worth
noting that other research initia-
tives, such as developing stand-
ards or seeking funds and per-
forming research, ranked in the
bottom quartile. Clearly,
URISA places extraordinary em-
phasis on defining a research
agenda. Some of the reasons for
this emphasis are explored
below.

First, URISA wanted to
place its agenda before those
doing research in the hope that
our needs would be met. The
NCGIA was one of many such
audiences. Abler's statement of
the many sources used to pre-
pare the NCGIA solicitation
(1987a) included personal com-
munication with many URISA
members, but no reference to
any URISA Proceedings article.
By articulating the critical prob-
lems encountered by URISA
members in their work, we
would hope to attract the atten-
tion of the research community.
No one is better able to state
the real problems than
URISA members, who are often
the frustrated users of this tech-
nology. Other audiences
expected to respond to our
agenda include the private sec-
tor, academic researchers, other
associations, and federal fund-
ing sources.

Second, by making a
formal statement about its
research agenda, URISA gains
recognition for itself and its
needs (Williamson 1988). Wellar
(1988d) found that his confi-
dence was high in promoting
user needs within the NCGIA
Screening Committee delibera-
tions, because of the RAG's
earlier efforts to articulate
URISA’s research agenda. We
know of no other professional
association which has articu-
lated and published a research
agenda in the field of GIS. This
recognition and respect is im-
portant to an organization that
includes so many public sector
members and so few “scien-
tists,”

The third reason is more
internal, affecting the member-
ship and the association. URISA
hopes to engender an apprecia-
tion of a more scholarly, sys-
tematic approach by its mem-
bers in their everyday work and
in preparing and presenting
papers at the annual conference
and to the Journal. It is a fre-
quent comment that we ignore
the work of others, even
within our own published Pro-
ceedings (Dangermond 1988a;
Salling 1988; Wellar 1988b). To
the extent that much research is
incremental, it is important that
members read the literature and
add to existing knowledge, not
simply reiterate personal solu-
tions to problems others have
already solved. An appreciation
of past accomplishments will
help members find solutions to
problems in their daily work. A
highly visible research agenda
should positively influence
future URISA publications and
conferences,



The 1987-88 RAG was
active throughout most of the
year. The initial summary list
of topics generated in Novem-
ber of 1987 was distributed,
scrutinized, and analyzed
(Wellar 1987; Craig 1988b; Kin-
dleberger 1988a; Niemann 1988;
Robinson 1988a). Individual
members of the RAG prepared
and circulated manuscripts
which were ultimately presented
in a special research agenda
“Supersession” at the annual
URISA conference in August
1988 (Clapp 1988; Craig 1988a;
Dangermond 1988a, 1988b;
Dueker 1988a, 1988b; Ferreira
and Menendez 1988; Kindle-
berger 1988b; Niemann et al.
1988; Wellar 1988a, 1988b).

Scope and Nature of
URISA's Research Agenda

URISA’s central interest
is in making effective use of
information systems technology
in local, regional, and state/
provincial government. For 26
years, its annual conferences
have allowed people to present
and discuss topics in this area.
Each year's call-for-papers has
presented a formidable listing of
technical problems needing
solution. Many papers and
awards have been presented
which provided solutions to
these problems. But a signifi-
cant number of papers have
focused on the problems of
implementing new technology
within entrenched bureaucracies
and using the technology effec-
tively once it is available.

Technical breakthroughs
are important and URISA is in
an excellent position to articu-
late the breakthroughs that are
needed by the user community,

Dueker (1988a) argues that
much of the early GIS research
was performed by users during
the development and implemen-
tation processes causing expen-
sive mistakes and loss of credi-
bility. The technical component
of the URISA research agenda
comes out of the applications
orientation of our user com-
munity. We now move to a
level above the technical solu-
tions which have been evident
at our annual conferences, seek-
ing to generate broader and
more basic research into the
problems that limit our ability
to find solutions in current GIS
technology.

Our agenda balances
both social concerns and tech-
nical concerns. Niemann (1988,
see also Niemann et al. 1988) is
to be credited with articulating
our interests in this way. He
argues both that a “social gate”
must be passed for technology
to be accepted and that society
create the demand for a
specific type of technical solu-
tions. Wellar (1988b) expands
on our need for a social re-
search component arguing that
there are things which our con-
stituent bodies should do in
order to enhance how informa-
tion technology can be most
useful to them; these general
principles and specific pro-
cedures need to be identified if
we are to make effective use of
technology. Identification comes
both through careful reading of
past conference Proceedings
{(Wellar 1988b} and writings of
other associations and disci-
plines (Zwart 1988) and through

new and careful research.
Wellar (1988a) would keep our
focus on local (and state/
provincial} government and
have us study that institution to
determine why and how infor-
mation technology has affected
or should affect the function
and process of government.

Table 1 summarizes the
1987-88 URISA Research
Agenda. Within our Social Con-
cerns are various topics to ease
system adoption, to measure
and direct social and legal
impacts, to solve management
issues, and to measure eco-
nomic factors. A major thrust
of these issues is to study Nie-
mann’s social gate and come to
understand the need for this
technology and the barriers to
its acceptance.

Under Technical Con-
cerns are items to improve the
creation of a database of high
(and known) quality, to im-
prove user interface and em-
powerment, and to help sort
out available GIS software.

This list summarizes
pages of outlines and corre-
spondence and a year of discus-
sion. The specific topics may
change over time, but the gen-
eral outline of our agenda will
probably remain for some time
to come. At this time, it is the
core of URISA’s needs for
future research. The next sec-
tions will look at the agenda of
the NSF and its National Center
for Geographic Information and
Analysis which represents the
present major federally funded
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research effort in the field of

GIS.

The NSF Selection Process

The original program
solicitation from the National
Science Foundation had a tech-
nical and basic science thrust,
but did not ignore the social
concerns of URISA and the user
community. URISA and its
Research Agenda Group played
an active role in expanding the
focus on user needs.

The NSF's solicitation of
proposals for a National Center
for Geographic Information and
Analysis contained five research
areas that should be considered
in any proposal (Abler 1987a):

* Improved methods of
spatial analysis and ad-
vances in spatial statistics;

® A general theory of spatial
relationships and database
structures;

* Artificial intelligence and
expert systems relevant to
the development of geo-
graphic information
systems;

* Visualization research per-
taining to the display and
use of spatial data; and

* Social, economic, and in-
stitutional issues arising
from the use of GIS tech-
nology.

From the above discus-
sion, it should be clear that
URISA’s Research Agenda
Group felt that more emphasis
should be placed on the needs
of the user, and that significant
effort should be put into the
last of the five NSF research
areas if the efforts of the
National Center were to be use-
ful in promoting the successful
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TABLE 1.
1987-88 URISA Research Agenda

SOCIAL CONCERNS
System Adoption

Codify concepts and terminology.
Improve access to literature.

Research real-world experiences to document actions and conditions which lead
to Success.

Develop educational programs for staff and other users.

Social and Legal Impacts

Document the impact on the host institution, management, staff, elected officials,
and the public.

Determine criteria such as accessibility, objectivity, equity, that will encourage
system utilization by the broadest range of publics and policy makers.

Investigate legal imperatives for providing access to data, considering privacy
laws, and determine conditions of legal liability for incomplete or inaccurate data.

Management Issues

Develop effective strategies for day-to-day management, including how to bridge
the gap between technicians and the user community.

Assess the social, political, and behavioral conditions that inhibit data sharing
and recommend means for improvement. '

Examine the problems and potential for a distributed corporate GIS, where each
unit has its own unique domain of definitions, needs, and hardware.

Economic Factors

Define a methodology and estimate costs and benefits.

Measure cost effectiveness and productivity compared to manual systems.
Explicitly measure the costs of data capture, conversion, and maintenance.
Attempt to determine the value of “public information.”

Explore the unique aspects of measuring costs, benefits, and decision structures of
information systems as compared to other enterprises. To what extent is the
uniqueness more profound in the public sector?

TECHNICAL CONCERNS

Database Development

Lower data capture costs through improvements in scanning technology and
better utilization of remotely sensed data, especially through incorporation of
artificial intelligence techniques,

Develop data quality standards and methods for “stamping” or documenting the
quality. Include both purity and spatial precision as measures of quality.
Determine the need for access to a variety of human and physical geographic
data sets and define an approach for developing a “National Library” to meet
that need.

Develop tools to assist with database design, procedures for updating, techniques
to improve the database over time, and methods for archiving.

Develop models for networked systems in governmental organizations where data
are distributed to meet operational needs, and analysis and problem solving must
use these diverse data sets. Identify problem areas such as the need for data
refining and the impact of independent upgrades at various nodes.

User Interface and Empowerment

Improve processing speeds so analysis can be done in “real time.” This will
require both improvements in hardware and database structures as well as vastly
improve processing algorithms.




TABLE 1 (continued)

* Add to the range of models available to the GIS analyst, e.g. transportation and

ecological models. The possibilities are enormous, but a library of such functional
modules would be very useful. GIS software might be modified to readily accept
such modules; in many cases the models have been developed and their usefulness
would be enhanced greatly with addition of the graphical component that a GIS
could provide. Gaming/simulation packages are another type of useful module.
Make GIS software accessible to users with different levels of technical expertise
through the use of artificial intelligence, help screens, relational databases, and
software layering.

Analyze the needs of planners and other public officials, see what potential
applications they have for this technology, and develop specifications for

products to meet those needs.

Software Critique
[ ]

tion of each.

Develop a comprehensive list of major software packages and the major applica-

Develop a list of common and exceptional GIS functions.
Create bench-mark tests that would fairly compare systems on features most

important to users. Run these tests on the major software packages and report

results,

Determine and document the constraints imposed by selecting particular software,

data scales and classifications schemes, and database structures.

utilization of GIS technology.
The IGIS Symposium in
1987 was devoted to articulat-
ing the details of each research
area. URISA was asked to
organize the fifth plenary ses-
sion, “GIS Management and
Implementation.” A panel was
assembled of people who had
been active in URISA and who
could speak from the perspec-
tives of: a national survey of
GIS activity in city government,
a consultant who sees some
governments fail and others
succeed, an academic active in
developing GIS, and one soldier
from the trenches of an opera-
tional GIS. The speakers were,
respectively: John Skoggins,
John C. Antenucci, Bernard J.
Niemann, Jr., and Paul Tessar.
Their message was that social
issues are critical to the success
of GIS implementation. Their
statements have been repro-
duced in the proceedings of the
symposium (AAG 1988).

At the beginning of that
session, this author, as chair-
man of the RAG, read a sum-
mary statement of what URISA
hoped to see in the GIS re-
search agenda. This statement
has been titled, “A GIS Re-
search Agenda From the User
Perspective.” These ideas are
also in the symposium proceed-
ings. The presentation made
five major points (Craig 1987):

¢ GIS development should
match user needs.

* Potential users need good
descriptions of GIS capa-
bilities and shortcomings.

* Data are the fuel that drive
the GIS engine. R&D is
necessary to refine the data
delivery system,

* Ag GIS technology be-
comes more diffused, man-
agement issues become
more profound.

* Work is needed to fit GIS
technology into corporate
management and decision-
making processes,

Following the IGIS Sym-
posium, URISA made an offer
to the NSF to provide a quali-
fied person on the proposal
review committee. This offer
was accepted and Dr. Barry
Wellar became the only in-
dividual on that committee who
had been nominated by a pro-
fessional organization. As a
member of the RAG, Wellar
was familiar with our agenda
and its justification. He carried
forward our concerns and
needs,

In August of 1988, the
National Science Foundation
awarded the National Center
for Geographic Information and
Analysis to a three-university
consortium. Members of the
group include the University of
California at ‘Santa Barbara, the
State University of New York at
Buffalo, and the University of
Maine.

NCGIA and Its Research Plan

The winning proposal
develops GIS technology in
three ways: research, education,
and outreach (UCSB 1988). The
proposed research agenda is of
primary interest to URISA.

Table 2 presents a synop-
sis of the 12 research initiatives
which will be undertaken by
the Center in the first three
years. The initiatives are of
varying lengths, roughly one to
two years each. Group I initia-
tives will begin in the first year
of the Center’s operation and
are relatively firm commit-
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TABLE 2.
NCGIA Research Initiatives

GROUP I (To start during the first year)

1. Accuracy of Spatial Databases. Develop methods for evaluating GIS data and

products,

2. Languages of Spatial Relations. Develop a theory of spatial relations based on both
cognitive/linguistic and mathematical/logical models.

3. Multiple Representations. Explore efficient data structures that accommodate
resolution-based change and determine how dissimilar representations of the same

geographic feature can be related.

4. Use and Value of Geographic Information. Lock at how decision-makers use and
value information in order to measure the benefits of GlA and GIS.
5. Architecture of Very Large GIS Databases. Develop and test prototypical systems

with high performance.

GROUP 1I {Scheduled for later start)

6. Spatial Decision Support Systems. Integrate operations research tools into the GIS

environment,

7. Visualization of the Quality of Spatial Informatien. Develop methods for display-

ing the gquality of data.

8. Expert System for Cartographic Design. Develop a system to design cartographic

displays.

9, Institutions Sharing Spatial Information. Explore existing policies, problems, and
prospects for sharing data; develop models of political support for sharing.
10. Temporal Relations in GIS. Understand the modeling of time and assess the impact
on GIS design, with emphasis on logic and database issues.
11. Space-Time Statistical Models in GIS. As above, with emphasis on statistical

models and remotely-sensed data.

12. Remote Sensing and GIS. Improve the usefulness of remotely sensed data by apply-
ing GIS based tools for data storage, processing, and classification.

ments. The subsequent initia-
tives are subject to change
depending on findings within
the first year and other factors
which might affect priorities,
Outside experts are in-
vited to participate in “specialist
meetings” that help define the
scope and detail at the begin-
ning of each research initiative.
The original proposal listed
objectives to be met within each
initiative, but the specialist
meeting is used to identify the
most important and research-
able topics on which the re-
search team should work.
Because of URISA's in-
terest in social concerns, it is
worth listing the objectives of
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research initiative numbers four
and nine, These are the two
initiatives that respond to the
fifth NSF research area: social,
economic, and institutional
issues. For initiative number
four, “Use and Value of Geo-
graphic Information in Decision
Making,” the objectives are:

* [dentify problems of deal-
ing with uncertainty and
risk associated with deci-
sion making;

® Develop and test models of
the decision-making proc-
ess regarding land use,
focusing on the role of
information;

¢ Identify primary and sub-

sequent users of spatial
information, and deter-
mine the value of such
information;

® Evaluate the direct and
indirect benefits of GIA/
GIS.

For research initiative number
nine, “Institutions Sharing
Spatial Information,” the objec-
tives listed in the proposal are:

¢ [dentify the social science
aspects of people, agencies,
and professionals dealing
with geographic infor-
mation;

* Document policies regard-
ing inter-agency and
agency-citizen information
exchange;

* Investigate the sharing of
information in the public-
sector agencies (i.e,, the
non-technical aspects of
building common data-
bases);

® Explore the liability aspects
of sharing data, and the
impacts of electronic data
processing on responsi-
bilities;

* Develop models of polit-
ical support for shared
databases, including
aspects of privacy and
public access;

® Analyze the impacts of
GIS on the standards of
professional practice by
surveyors, planners, and
lawyers.

Comparing the Two Agendas

URISA’s biggest concern
was that the NCGIA would
take too much of a technical
focus, working too little on the
social concerns. The 12 research
initiatives presented in the pro-
posal seem to allay much of
that concern. Work by RAG
members on specific research



topics will be useful to the
NCCGIA in its work and to
others who wish to work on
research within the areas not
addressed by the NCGIA.

The NCGIA Agenda
from URISA’s Perspective

The research initiatives
of the NCGIA fall into three
categories from URISA's view-
point. First, there are those
initiatives which might be
labeled “basic research,” where
ideas and concepts will be
developed that may be incor-
porated into GIS applications in
the distant future. Initiative
number two, on the languages
of spatial relations, is an exam-
ple of a basic research project in
which it is difficult for the GIS
user to see the utility. In fact,
such work could lead to im-
proved user interfaces, one of
URISA’s major issues.

The most prevalent type
of research initiative is the
“technical breakthrough” class,
where problems are addressed
that will bring immediate gains
to the user community. Some
of these are very obvious, like
initiative number five on the
architecture of very large data-
bases, which should lead to
improved processing speeds so
analysis can be done in real
time. Other initiatives are more
subtle, like number three on
multiple representations. The
problems encountered in chang-
ing scales from that of original
data collection may be un-
known to many users, but this
ignorance is causing aberrations
in their analyses that need to be
acknowledged and resolved.

The third type is of
direct and immediate interest to

URISA in its social concerns.
Research initiative numbers four
and nine are in this last cate-
gory. These are the NCGIA
initiatives that address the fifth
NSF research area: social, eco-
nomic, and institutional issues.

The NCGIA Coverage
of URISA's Agenda

Turning things around,
one can ask whether URISA's
research agenda is answered
and which needs remain unmet,
To a surprising extent, more
needs are met than remain un-
addressed; though within the
two lists, language and priori-
ties may differ dramatically.
Although an equally high per-
centage of URISA’s social and
technical needs are met, addi-
tional research opportunities are
available in both areas.

Looking at the social
concerns listing in Table 1,
initiative numbers four and nine
cover about one-half of URISA’s
topics. The issues listed under
“System Adoption” are not
covered by the NCGIA research
program, but much may be
covered by its education pro-
gram. Parts of “Social and
Legal Impacts” are covered,
especially the last issue on the
legal aspects of data access,
which fall within initiative num-
ber nine. The benefits side of
“Economic Factors” is well
covered by initiative number
four, but not the cost side.

“Management Issues”
remain largely uncovered, ex-
cept data sharing inhibitors,
covered by initiative nine. Craig
(1988a) believes that topics
covered in initiative nine are
critical. He uses, as an example,

the fact that the Minnesota
Land Management Information
System still uses a 19-year-old
land use map in its GIS work,
despite failed attempts to up-
date this data layer using aerial
photography, satellite data, and
public records. While public
records might seem to be the
most direct and cost effective
way of collecting the necessary
data on land use, numerous
institutional problems prevent
cooperation. Craig lists issues
like: the “Public Goods” prob-
lem where everyone needs the
data, but no one can pay; lack
of standards; data access prob-
lems; lack of leadership among
public sector bureaucrats; and
lack of communication. Each of
these demands a significant
research effort, requiring both a
review of the literature and field
work collecting and analyzing
new research data. He also
recognizes the need for addi-
tional technical solutions,
especially scanning technology.

The answers to URISA's
technical concerns are more dif-
ficult to map. The reason is that
URISA’s technical concern list is
very user oriented, while the
NCGIA list is focused on tech-
nology itself.

Parts of the “Database
Development” issue list are cov-
ered by initiative numbers one,
three, five, seven, and 12. This
is a crucial area as detailed by
two of our RAG participants.
Robinson (1988b) focuses on a
single, but important topic:
“domain sensitivity.” One part
of his concern is the “brittle-
ness” of current systems and
their inability to flex to meet
new needs. Another concern is
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the question of the usefulness of
sharing data in a networked
system, when data collected for
one purpose do not fit the
needs of other users. The defini-
tion and scale of the collected
data necessarily limit its
broader usability.

Zwart (1988), an Aus-
tralian participant in the con-
ference Supersession, expresses
similar concern, URISA often
argues the case for a “corporate
data model” where information
collected for one purpose can
be used by many other units
and levels within the organiza-
tion. He argues that this
assumption may be untrue. If
Robinson and Zwart are cor-
rect, significant effort may be
required to collect additional
data to serve a range of needs.
Research is needed to test their
hypotheses, to correct this
problem if it in fact exists, and
to look for low-cost data collec-
tion procedures if not.

The “User Interface and
Empowerment” issue list is also
partly addressed by the
NCGIA. Initiative number five,
as mentioned above, can im-
prove processing speeds, Initia-
tive number six adds to the
range of models available to the
GIS analyst, as do initiative
numbers 10 and 11. Initiative
number two may eventually
lead to a natural-language user
interface. The remainder of that
list receives little attention from
NCGIA, but a great deal from
the RAG participants.

Dangermond (1988b) is
especially interested in making
geographic information systems
accessible to the public. He
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argues that people have excel-
lent intuition for solving prob-
lems and that GIS technology
could be useful to them in gen-
erating equitable and sound
solutions to public policy prob-
lems. The problems faced by
citizens in trying to access this
technology is similar to those
faced by managers and elected
officials and include: education
of the potential users; sympathy
from the GIS professionals;
more interrelation of databases;
better design principles; more
user-friendly systems; and
greater ability to interrelate and
ask questions across subjects.
Dangermond goes beyond these
common themes, however, and
focuses on the public as par-
ticipating citizens and looks for
formal design studies directed
toward the needs of people and
citizen groups.

Ferreira has articulated
a related problem where non-
technicians need “software
layering” to assist them in
accessing GIS technology
(Ferreira and Menendez 1988).
His particular situation involves
professional planners, who may
feel comfortable at a computer
or workstation, but use a GIS
too infrequently to be profi-
cient. In Ferreira's work, the
planner sits at a Unix-based
graphics workstation that is net-
worked into the corporate data-
base and database management
system, containing centrally
held help and command-tem-
plate files, a mapping system, a
spreadsheet, and other ana-
lytical tools. The local work-
station handles the user inter-
face, locating and processing
data files as necessary, calling
on GIS functions where appro-

priate. To the user, familiar
interfaces make GIS tools a
standard part of the profes-
sional’s desktop computing
environment.

Kindleberger (1988b} is a
professional planner and takes a
different approach to articulat-
ing his research agenda, one
that includes GIS technology,
but expands beyond it. He
envisions a “PPlanning Support
System for the 1990s,” one that
he could access from a work-
station in his office. He would
like an interactive assistant,
collecting data from central
sources, to create a community
profile. He would like complex
retrievals of property informa-
tion rather than the current
single-record retrieval, He
would hope to be able to file
and retrieve information digital-
ly. For local reconnaissance
trips, he would like desktop
video. For national reconnais-
sance of graphics or data, he
hopes to be able to use CD-
ROM. For policy analysis, he
needs to go beyond spreadsheet
models and use expert systems,
For design review, he would
prefer 3-D models over draw-
ings. Computer-based city and
neighborhood plans would be
more available and easier to use
than hardcopy reports. Elec-
tronic mail would replace mem-
oranda for internal communica-
tions. Communications with
citizens might be through elec-
tronic public kiosks. None of
these needs is beyond the range
of current technology. Thus,
Kindleberger goes beyond stat-
ing GIS needs to stating a broad
range of user needs in an apphi-
cation environment.

Finally, URISA’s call for
different aspects of a “Software



Critique” receives very little
attention from the NCGIA.
Initiative number three on mul-
tiple representations covers one
aspect: the issue of constraints
placed on the types of analyses
that can be performed once
decisions are made about soft-
ware and data. Other parts of
this issue list are left to
individual users and other
researchers.

Discussion

Depending on one’s
point-of-view, the congruence
of the two agendas is either real
or illusionary. On the one
hand, GIS technology and its
current weaknesses are well
understood; problem areas to
be addressed should appear on
the research agenda of anyone
familiar with the field.

On the other hand,
URISA and the NCGIA are
approaching this issue from two
different perspectives (Dueker
1989). URISA approaches GIS
from the user perspective in an
institutional setting, looking for
solutions to barriers to imple-
mentation and production. The
NCGIA approaches GIS from a
technology perspective. The one
group looks at user experience
and problems and tries to solve
them with political sclutions
and vendor enhancements, The
other looks to theory, system
components, and technology.

Perhaps the major dif-
ferences are in time horizons,
with the NCGIA looking
toward solutions with bigger
solutions in the longer run.
URISA's concerns are perhaps
more immediate. Qur hopes for
the NCGIA are that it will be
successful in all of its endeavors

and that these solutions will be
widely distributed and imple-
mented as quickly as possible.

Conclusions and Next Steps

URISA, as a professional
association, has entered the

. world of research. It has articu-

lated a research agenda, stating
the needs of the user com-
munity. Because 1988 was the
year establishing the National
Center for Geographic Informa-
tion and Analysis (NCGIA), the
thrust of URISA’s agenda is in
the field of geographic informa-
tion systems (GIS). The
research agenda of the NCGIA
has been analyzed and found
surprisingly complementary
with URISA's needs. However,
much additional work remains
to be done and URISA will con-
tinue to attempt to articulate,
influence, and evaluate future
research activities.

The thrust of URISA's
Research Agenda Group in
1988-89 will continue to be
articulating an agenda, rather
than acting on one. We will
continue to balance social and
technical concerns, working on
information systems technology
in the public sector arena. We
will work on two fronts, striv-
ing to refine our frame of ref-
erence on the one hand and
articulating problem issues and
specific research project outlines
on the other. We must become
able to translate our general
problems and concerns into
research issues.

The National Center for
Geographic Information and
Analysis is conducting a major
research effort, but it would be
unfortunate if this were the

only research conducted in this
area during the next eight years
(Wellar 1989). URISA hopes to
influence many other research-

ers to respond to its agenda.

The researchers who re-
spond to our call are expected
to come from many areas. In-
dividual URISA members may
respond to some of the issues
raised with research based on
literature reviews, user surveys,
or controlled experiments. Pri-
vate firms, and especially our
corporate members, will find a
careful statement of user prod-
uct needs in this agenda. Other
professional associations are
another audience that might be
motivated to encourage research
addressing these needs. It is
hoped that federal and other
funding sources will look on
this agenda as a list of high-
priority problems to which their
resources should be directed.
The National Science Founda-
tion, even though it has already
funded the NCGIA, remains
open to quality GIS proposals
especially in areas not covered
by the National Center.

URISA is pleased with
much of the research agenda of
the National Center. The twelve
initiatives directly address over
half of the issues on URISA's
agenda. The members of
URISA’s Research Agenda
Group are available as re-
sources to the Center in any
way possible such as participat-
ing in specialists’ meetings, pro-
viding workshops, or reviewing
written material. Senior URISA
members also want to help as
much as possible; URISA's
1988-89 president, D. David
Movyer, and the most recent
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recipient of our Edgar M. Hor-
wood Distinguished Service
Award, Jack Dangermond, both
serve on the NCGIA Board of
Directors. The success of
NCGIA is deemed critical to the
development of GIS technology
in the United States. Anything
URISA can do to assure that
success is an effort well spent.

Future RAGs may take

-different approaches. In a few
years, the group may decide to
approach a single problem and
involve as many people and
perspectives as practicable in its
solution, including corporate
members. Another approach
might be to increase the in-
volvement of URISA’s Special
Interest Groups, now 14 in
number, specializing in fields
ranging from artificial intelli-
gence to transportation. This
involvement might involve
assistance in defining research
needs or in solving specific
problems.

Regardless of the ap-
proach, URISA has made a
commitment to research ad-
dressing the needs of its mem-
bers. The Research Agenda has
been made a formal part of the
1989 and future conferences. A
summary of each year’s papers
will be printed in this journal.
Research is required to solve the
information systems problems
of state and local governments.
Formally stating those needs is
critical to attracting the neces-
sary research effort. URISA is
committed to gathering and
publicizing these statements.
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Abstract: Geographic information is proliferating at an unprecedented rate due
to the use of computer technology in mapping and spatial analysis applications,
Three basic issues must be addressed in order to ensure the effective manage-
ment of this flood of information: accuracy, access, and applicability.
Accuracy, which is inversely proportional to uncertainty, can be compromised
in a spatial database in three ways: data capture, analysis, and compatibility.
Each of these operations can introduce error and skew results. Access and
privacy is another issue arising from this proliferation of information. Data
accessibility should balance the public’s vight to know with the individual's
right to privacy. Public agencies are obligated to release raw data but not
processed information on request. Integrated databases compiled by public
agencies can be viewed as resources that can be marketed to the commercial
sector. Applicability of information leads to effective decision-making, the
satisfaction of end-users and, for public agencies, equitable access in the sense
that the public can have the same information on which decision-makers base
their decisions. Databases generated and maintained at the application (end-
user) level are generally more productive initially than large-scale corporate
systems. However, such databases are sometimes only effective in applications
where the data are compatible with the original intended use. Thus there is a
trade-off between application (single purpose) databases and corporate (multi-
purpose) databases. Consensus among users on data compatibility and goals in
the initial stages of implementation will increase long-term effectiveness. Data-
bases must be designed with the flexibility to shift as applications mature.

With the advent of
modern computer

technology, it is possible to gen-
erate an overwhelming amount
of output with very little effort.
In fact, automation can reduce
not only the effort but also
reduce the amount of thought
required in the production of
reports, maps, and in data
analysis. Data, initially un-
edited observations of physical
phenomena that have been
effectively captured, stored,
processed, analyzed, and pre-
sented in a timely and compre-
hensible way, are an asset.
These data can be classified as

information, which has been
defined as the antidote to
uncertainty (Epstein 1987). Data
that don’t meet these standards
are useless as they tend to
obscure relevant information.
Specific issues arise as more pri-
vate and public agencies amass
large databases. Most of the
research in the field of geo-
graphic information and analy-
sis has been focused on the
technical aspects of developing
and operating geographic infor-
mation systems (GIS), Little has
been written on the manage-

ment of the information gen-
erated in respect to GIS. How-
€ver, as more systems come on-
line and mature, the issues aris-
ing from the proliferation of
information will gradually make
their way to the forefront of
social science research.

This paper will identify
and discuss three major areas
that need to be fully explored:
(1) accuracy; (2) access and pri-
vacy; and (3) applicability,
which impacts the long-term
effectiveness of a system. These
are by no means the only issues
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that will direct GIS evolution,
but they exemplify the more
“results-oriented” areas that are
receiving more and more atten-
tion. By looking at each area
closely we will outline some
guidelines for the management
of the ever-increasing flood of
information. To make these
points, examples will be drawn
from the applications of GIS
technology and concepts. We
will then address the problem of
integrating data collected for a
specific application within a
multi-purpose system. Database
flexibility will emerge as a

key concept in information
management.

Accuracy

Data are available every-
where. But in their raw form
they are little more than sen-
sory stimuli. Data must be
processed to be of any use.
However, three factors affect
the usefulness of the processed
data: 1) How were the data cap-
tured; 2) what kind of analysis
has been done; and 3) how
compatible is the processed data
to the intended purpose? The
goal for any system is to reduce
uncertainty to a level where
decision-making becomes more
effective {Wisconsin Land Rec-
ords Committee 1986).

Data Capture

Once data have been
gathered by direct field surveys
or remotely sensed images, they
must be converted from analog
to digital format for computer
processing. This capture and
entry is one of the first steps in
implementing a GIS. But in
addition to the inherent am-
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biguity of observation when
data are entered into a system,
three additional areas of uncer-
tainty are encountered: loca-~
tional, classification, and value
(Smith and Honeycutt 1987).

¢ Locational uncertainty is
directly related to place.
Locational accuracy is af-
fected as much by the scale
and the resolution of the final
storage medium as the con-
trol used in the initia] data
capture. For instance, a dig-
ital 1:100,000 scale quadran-
gle is a sufficiently accurate
basemap for the new Census
Bureau Topologically Inte~
grated Geographic Encoded
and Referencing (TIGER) files
as the smallest nonvisible
spatial entity in the block
(Behrens 1984). Even though
the original source data might
have been surveyed at con-
siderable accuracy, the scale
change has diminished the
information content consider-
ably. Therefore, using the
original data could support
such an application. Accu-
racy is constrained by scale
and resolution of the final
product, which is ultimately
a function of cost (McLaurin
1987).

The problem of what
scale to adopt for gathering
and presenting data is a bar-
rier to the concept of shared
databases for a multipurpose
GIS. Here again we see the
trade-off between a single-
purpose system that needs
data for one application only
and a multipurpose system
that requires data that will
support many applications.
The former is easier to con-
ceptualize and implement, yet
is not nearly as cost effective

as the latter. It is not un-
common for a multitude of
agencies—private, public,
and quasi-public—to each
build a digital base map for
the exact same parcel of land
but at slightly different scales
with different attributes for
different applications. Sub-
stantial savings could be real-
ized if the agencies could
pool their resources for a
common base. However, util-
ities need one scale, tax
assessors another, and engi-
neers still another. A scale of
one inch to 50 feet {1:600)
with a vertical contour inter-
val of one to two feet is
desirable for most public
planning and engineering pur-
poses (Bauer 1984). For agen-
cies not requiring such accu-
racy, their share of the cost
for developing such a base
could be pro-rated according-
ly. However, such large-scale
databases are sometimes too
detailed for more generalized
planning purposes and can
actually inhibit effectiveness,
A topic for further research
would be to examine the way
objects can be represented in
a database as scales change in
order to minimize informa-
tion loss. GIS planners
should be aware of such op-
portunities and pitfalls and
investigate the possibilities of
incorporating shared data-
bases whenever possible.
New technology is mak-
ing accurate base maps more
accessible to smaller organi-
zations. The Global Position-
ing Satellite (GPPS}, when
fully operational, will sub-
stantially improve the accu-
racy (and lower the cost) of
the geodetic controls needed
for the development of com-
mon base maps. However,



even the most accurate data
can be compromised in the
conversion process. Errors
can occur in the actual entry
or digitizing of the data.
Quality control at all steps in
the database construction is
essential for the eventual ef-
fectiveness of the informa-
tion. As Chrisman (1983}
states, “The quality of digital
data is an integral part of the
information content of the
database.” Quality control in
respect to data capture and
accuracy is the key to mini-
mizing the tradeoff between
specific application systems
and multi-purpose systemns
sharing databases.

* Uncertainty in attribute
classification is another con-
sideration for data capture.
For instance, parcel owner-
ship is constant in a spatial
context but soils or vegeta-
tion for the same parcel are

- rarely homogeneous. In these
cases classification then be-
comes an issue. In the exam-
ple of vegetation, many
sources of uncertainty can
occur. Boundaries for physi-
cal attributes, as opposed to
political attributes, can be the
result of subjective assump-
tions on the part of the field
observer. Where does one
dominant species stop and
another begin? This “uncer-
tainty type II” (Robinson and
Frank 1985) is a situation of
intrinsic ambiguity regarding
the concept to be represented
(uncertainty type 1 deals with
the inability to measure or
predict a characteristic or
event with certainty). Consis-
tency in decisions and con-
ceptual framework is the key
issue here. Data gathering
techniques and guidelines
need to be explicitly laid out
before field work is per-

formed in order to ensure the
least possible ambiguity in
data. Five different observers
using five different criteria to
decide where an oak forest
stops and savannah begins
will each place a boundary in
a different location, which in
turn will play havoc with any
assumption made using the
database.

The information content
of attribute classification is
inversely proportional to the
level of generalization. As
attribute categories increase
in generality (i.e., grasses
versus forests as opposed to
oak versus ash), the less
amount of uncertainty there
is. The information content,
however, usually is reduced.
But as a scale is increased
{e.g., higher resolution) there
is less uncertainty in regards
to locational accuracy and in-
formation content, However,
general data are of less eco-
nomic value than specific
data. So it is a trade-off
based on economics. Again
we see the dichotomy be-
tween single-purpose systems,
which are at a single level of
resolution for a specific appli-
cation, and multipurpose sys-
tems that need to have the
flexibility to change scales for
various applications. The ac-
curacy required should be
examined very carefully
before implementing a GIS
database. All applications
should be weighed before
committing to a specific reso-
lution and accuracy. It is
easier to generalize specific
information than to get spe-
cific information out of a
generalized database,

* Value-uncertainty is based
on absolute spatial relation-

ships. For instance, on a
map, a road is next to a rail-
road, which is next to a
stream and each is repre-
sented by a line of equal
width. Yet the road is 25 feet
wide, the railroad is five feet
wide, and the stream is 40
feet wide. Although their rel-
ative location is correct, their
absolute spatial value is un-
certain due to cartographic
constraints. Again resolution
is the critical factor: the
higher the resolution, the
more accurate the location
(both relative and absolute)
will be. However, in some
cases it is the accuracy of the
location attributes (such as
owner's name or pipe diam-
eter), be it relative or abso-
lute, that add value to the
database rather than the ac-
curacy of the location itself.
Here again is the importance
of quality control for the
effectiveness of a database,
An accurate basemap (abso-
lute location) with inaccurate
attributes (value uncertainty)
is of little use to anyone.

Data Analysis

The second major area
where accuracy problems can
occur is in data analysis. In a
case where a GIS is nothing
more than an electronic file
cabinet storing and displaying
data, analysis is not an impor-
tant factor. But when analytical
processes and modeling are per-
formed, uncertainties, such as
in rounding off numbers, can be
entered into the system and
propagate. The most basic ana-
lytical processing, such as
changes in scale and projection,
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filtering, resampling, and other
image enhancement techniques,
_can introduce errors if not fully
understood. Each time a subse-
quent process is performed, the
error is multiplied, eventually
producing inadequate results.
Data analysis produces
new layers of information that
are artifacts of both the initial
data and the processes utilized,
and can be compromised by in-
accuracies in either the data or
in processing. The greatest
value of a GIS, which offers the
ability to process and transform
data into information, is also
one of the most dangerous pit-
falls. Take, for example, simple
scale changes., Data entered
from a standard USGS 1:24,000
topographic sheet is fine for
general site location. But by
enlarging it using a zoom func-
tion (not unlike projecting a
slide from further away to
increase the size of the image,
but not the information con-
tent) someone not familiar with
the function might assume that
a 1:6000 scale could be pro-
duced with the associated in-
creased accuracy. This is not an
uncommon mistake made by
GIS technicians. When the new
image is used for engineering
purposes by a utility, a pipeline
could be placed in the wrong
parcel. What is required, then,
is comprehensive documenta-
tion, not only of the database,
but also of the analytical func-
tions performed on the database
{Chrisman 1983). Without such
documentation, the level of un-
certainty will be so high that
decisions based on the resulting
information might be suspect.
At the present time, there is no
generally accepted process uti-
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lized to track the “lineage” of
a database. Enhancements to re-
cord this would be welcomed
by the industry.
Documentation is not
enough. Training is required
not only in the basic operation
of systems, but in the theory
driving the processing. The
above example might seem ludi-
crous to a learned audience, but
a technician untrained in statis-
tics or cartography might still
wonder why a zoom function
doesn't provide more informa-
tion. Again, financial considera-
tions must be taken into ac-
count. To train an inexperi-
enced operator (and the avail-
able pool of experienced GIS
technicians is small indeed) in
the 600-odd functions of a turn-
key GIS might take six to nine
months for just the basic opera-
tions. Not many agencies can
afford to invest in supplemental
training in statistics and digital
cartography. In addition, once
operators are trained, there are
no guarantees that they will
stay with the job. The turnover
rate is quite high as many posi-
tions exist for trained people.
Sophistication in both the theo-
retical and applied aspects is
required to operate a system
effectively. Short courses and
seminars can help offset this
problem, but a commitment to
improved education at the high
school, vocational, and univer-
sity level in the basics of geog-
raphy, computer science, statis-
tical processes and management
would go a long way to pro-
mote the effective use of GISs.

Data Compatibility

The final factor affecting
the accuracy of a GIS is the

compatibility of the original
data to the application. In case
after case (Antenucci 1979;
Tomlinson 1982), additional ap-
plications are found for existing
databases. But are these data-
bases suited to these particular
applications? Data entered into
a system should ideally be
gathered with a specific appli-
cation in mind. However this is
often impractical. There is an
overpowering desire to amortize
data over multiple users rather
than single users. Here lies the
trade-off—that of single-pur-
pose, specialized data versus
multi-purpose, general data.
Secondary data are often of sus-
pect quality, especially in light
of the previous discussion on
the lack of a “data lineage.”
Problems with coverage, con-
tent, and age can be present but
undocumented. Data entered
into a system are usually
assumed to be “correct” by the
user, but this is not necessarily
the case. Data that have not
been documented in respect to
date, sampling technique and
method, and definition of varia-
bles should be avoided. One
inaccurate data layer can flaw
the entire operation.

Different agencies have
different tolerances for uncer-
tainty. For example, data col-
lected by wildlife managers for
habitat studies can be approxi-
mate for inventory purposes,
But when this same data is used
as a basis for the permitting of
commercial development, a
rough field estimate could be
the deciding factor on where to
place a parking lot or access
road. It is of paramount impor-



tance that compatibility should
not only be considered for
questions of scale and resolu-
tion, but also for the original
purpose of the data gathering.
This problem of incompatible
applications for the same data
could be another stumbling
block for shared databases.
Accuracy, then, can be
distilled into three basic areas:
data capture, analysis, and
compatibility. Although resolu-
tion and documentation play an
important role, these issues in
and of themselves are not the
deciding factors. High resolu-
tion and documentation do not
guarantee accuracy and reduce
uncertainty. What will ensure
accuracy is care on all levels
that the data are handled in an
appropriate and responsible
way by competent professionals
well-schooled in the intricacies

of GIS.

Access and Privacy

The dilemma of the pub-
lic’s right to know versus the
individual's right to privacy is
an issue that will receive in-
creasing scrutiny as individual
databases become part of an in-
tegrated whole. The relationship
between data and information is
the basis for any investigation
of access and privacy. In ac-
cordance with the federal Free-
dom of Information Act of
1966, data that are publicly
held should, with the exception
of proprietary records such as
geophysical exploration records
that must be filed for mineral
claims and the like, be available
to the general public. Generally
speaking, agencies are required
to disclose information in the
format in which it is held.

However, once the data are
processed and analyzed, the
public’s right to access is
diminished. For instance, agen-
cies are not required to create
new reports or formats in re-
sponse to requests. Indeed,
agencies do not even have to
provide data in a readable
form. As a rule, agencies may
only recover their costs for
reproducing the data, not the
costs of producing them. Other
factors that enter into the ques-
tion of access are staff time to
handle information requests and
the re-use of data and the
motives behind the request
(Roitman 1986).

A different issue is the
problem of private companies—
credit bureaus, for example—
that hold extensive databases on
individuals. Should this infor-
mation be regulated? Should it
be public domain? With the
ease of building and maintain-
ing electronic databases, these
issues eventually will have to be
addressed. {(Indeed, during the
recent Bork hearing for the
Supreme Court, eyebrows in
Washington, D.C. were raised
when a video store released the
record of the movies Judge Bork
rented. Although no embarrass-
ing titles were found, the poten-
tial for abuse caused lawmakers
to think about the possible ram-
ifications of an information
society gone wild.) Although
there has been some excellent
research on the privacy issue
(Roitman 1987), there is certain~
ly room for further study as it
is an issue that will only be-
come more important as GISs
become more popular.

A public agency such as
a planning department can
build a sizable database con-
sisting of tax assessment data,
cable TV hookups, zoning
designations, noise levels, water
use and so on. Other agencies
with their own data layers, such
as police departments with
crime-type and frequency maps,
health agencies with violation
maps, or school districts with
bus route maps, could integrate
their data and process the infor-
mation. Indeed, private com-
panies that specialize in the
gathering, repackaging, and
selling of information can reap
huge profits. By spatially ad-
dressing this information, entire
new approaches to marketing
can be created. The applications
for such a comprehensive data-
base for private enterprises are
substantial. Real estate firms,
pollsters, direct marketing com-
panies, and political groups
among others could utilize these
databases for targeting select
market segments. However, few
public agencies are in the
business of data dissemination.
They are service oriented and
have acquired this data to sup-
port their mandated public
duties, not as a marketable
asset. An agency with such an
integrated database might not
have the extra staff to make this
data available and is under no
obligation to re-format, tabu-
late, or process the data for the
public.

Two major groups are
affected by the issue of data
access: Public agencies that con-
trol the databases but are not in
a position to process or market
them due to economic and
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political constraints, and private
entities that would like to utilize
the data. There are two ap-
proaches they could take. First,
the private companies could re-
quest the individual raw data
layers from each agency and
format, process, and tabulate
the resultant information them-
selves. This would effectively
limit access to individuals and
companies that have the eco-
nomic or technical resources to
undertake such a project. The
other approach would be for
the public agency involved to
set up a semi-private entity to
archive, format, process, tabu-
late, and market the databases.
. The entity could be non-profit
or for-profit and services could
range from simply gathering
and re-formatting data to devel-
~ oping analytical software to im-
prove the information content.

An advantage of the sec-
ond approach is that the integ-
rity of the databases could be
preserved, an important con-
sideration if the available data
are generated from many dif-
ferent sources. Privacy could be
guaranteed by having restricted
databases reside in the generat-
ing agency. A single chartered
entity controlling the access and
distribution of data would
ensure compatible formats, con-
sistent documentation, similar
scales and cartographic conven-
tions, and the avoidance of un-
necessary duplication. It would
also ensure equal access to a
diverse set of users. This is the
way that Japan is developing its
centralized GIS under the aegis
of the Ministry of Construction
{Okabe 1988).

Of course, this is a long-
term solution that requires
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political sponsorship, start-up
funding, and the support of the
private sector. However, coop-
eration between the private and
public sectors on the local level
is increasing. If public databases

and the information that results

from data processing are readily
available to all segments of
society at a reasonable cost, the
issue of access will not be a
controversial subject. If the data
are carefully gathered and pri-
vate information shielded, the
“big brother” concerns of some
social critics can be avoided.
However, there are no guaran-
tees that this will be the case.

Applicability of a GIS System

The applicability of a
system and the information
contained within it directly
impact the effectiveness of that
system as a management tool.
A fundamental question of all
managers trying to implement a
system is how can an agency
measure the effectiveness of an
integrated geographic informa-
tion-processing system. Effec-
tiveness, defined as the value of
enhanced decision-making from
increased analysis capabilities,
and improved information
availability attributable to the
information system (Prisley and
Mead 1987), can be interpreted
at two levels. At the first level,
it can be an improvement of
end-user and over-all organi-
zational productivity due to
system application (Nunamaker
and Konsynski 1986). By taking
a larger view, effectiveness can
be viewed as the balance be-
tween equality (the doctrine of

equal rights) and equity (the
concept of fairness) (Chrisman
1987). The narrower definition
is based on internal productiv-
ity at the agency level while the
broader definition deals with
the impact of the system on the
public at large. This impact,
although hard to quantify, is
intangible benefit that should be
taken into account in a cost/
benefit analysis (Prisley and
Mead 1987).

Measuring an increase in
internal productivity, necessary
for the first definition of effec-
tiveness, is an ongoing process
starting at the earliest stages of
conceptual planning. Initial pro-
ductivity measures range from
profits and operating expendi-
tures to customers served to
maps produced and so on
(Schmidt 1979). Production
goals must be decided upon
before undertaking an imple-
mentation project. By compar-
ing the impact of a GIS to the
stated goal of the GIS effective-
ness can be ascertained.

This traditional approach
to effectiveness is being altered
by changing technology. Dis-
tributed processing is becoming
an attractive alternative to cen-
tralized data management, Net-
working capabilities are being
upgraded and stand-alone
work-stations are becoming less
expensive. In addition, users are
becoming more computer lit-
erate. Every planning depart-
ment now has people who feel
more comfortable behind a
CRT screen than a drafting



table. End users do not have to
be taken by the hand and inter-
viewed by outside consultants
who will design the system.
Some users are sophisticated
enough to implement small,
micro-based systems while their
agency grapples with the “cor-
porate database”” question.

Application database sys-
tems, user-driven systems de-
signed for one or two direct
applications as opposed to cor-
porate databases, which are
top-down systems designed to
satisfy all users in all applica-
tions, are becoming more pop-
ular for a variety of reasons
{(Montgomery 1987). First, with
proper planning, they can be
much quicker to bring on-line.
The largest expense and time
consumer in any implementa-
tion project is data conversion.
In the case of applications data-
bases, however, the conversion
is done at the lowest level by
the people who will actually be
applying the data to their jobs.
Planning in respect to format,
accuracy standards, scales, sym-
bology, accessibility, etc. must
be performed before any con-
version takes place. Documen-
tation must be a requirement
for every data file on a dis-
tributed system. Otherwise
there is no way to gauge uncer-
tainty. But again we see the
trade-off between application
databases that are geared to
specific uses and the corporate
databases which can support
multiple applications. It is a
trade-off between short-term
results and long-term benefits.
As stated before, quality con-
trol and thorough documenta-
tion can help diminish this
problem.

Since only a few applica-
tions are automated at the end-
user Jeve] at one time, conver-
sion of only the pertinent data
needs to be undertaken. In ad-
dition, since the end-user is
building the database for a spe-
cific application, more care
might be exercised leading to
improved quality control. Coor-
dination on the part of the data

processing manager will ensure

proper networking between
end-users as well as protect
against duplication of effort. A
standard base-map would help
assure continuity in data. Since
only application data is con-
verted, the process can proceed
quickly and the output gen-
erated can be utilized in a short
period of time.

An application database
can be integrated into a net-
work of other application data-
bases to build the overall cor-
porate or core database. Each
component will be documented,
compatibly formatted, and most
important, be already on-line
supporting decision-making.
The general trend with large
automated systems has been to
implement them top down
rather than from the bottom up
and trust that the applications
will lend themselves to the data.
The application method seemns
to be a more efficient process
for GIS implementation.

This bottom-up ap-
proach will change the dynam-
ics of the data processing (DP)
environment, including geo-
graphic data processing. Decen-
tralization of the database will
redefine the roles of the end-
users and DP specialists (Noble

1986). The DP staff, whether
in-house or external, has tradi-
tionally taken the lead in every
aspect of system design and im-
plementation. However, with a
more distributed approach
driven by end-user applications,
the DP staff will find itself in
more of a support role rather
than a leadership role, Hard-
ware and software recommen-
dations, networking, format-
ting, and documentation pro-
cedure will become the major
duties of the DP staff. The DP
staff could also tailor the newly
developed core database for
commercial applications and
market the information.

The DP manager, on the
other hand, will move further
from the technical aspects of
data processing and begin to
manage information at the exec-
utive level. Indeed, the talented
GIS manager quickly finds that
his or her expertise will be
required in fields far beyond
their original mandate. To take
it a step further, the Chief In-
formation Officer (CIO) is a
position requiring not only ex-
pertise in the system itself but
also in system applications and
the flow of data among the
various components. In effect,
the ideal combination of talents
would include system and appli-
cation knowledge as well-as
management skills. The CIO
can also monitor productivity
on the agency level and keep
track of documentation. Qual-
ity information—by which is
meant the documentation on
the origin of the database; a
lineage of the processes per-
formed on the database; and
the path of the information
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flow—is essential to measure
uncertainty (Chrisman 1983).
The CIO will be the ultimate
judge of data applicability.

Two levels of informa-
tion are produced by a system:
an application level designed to
help end-users do their jobs
more efficiently, and a manage-
ment level where the informa-
tion supports effective decision-
making (Karlstrom 1986). On
the application level, productiv-
ity measurements are easy to
chart. By looking at previous
productivity (i.e., maps pro-
duced, customers served, etc.)
and comparing it to system-
aided productivity (for a fully
implemented system), impact
can be measured and compared
to cost. The applications ap-
proach is keyed to this level
and this type of information is
best generated in a bottom-up
system.

The second level, deci-
sion-making, encompasses the
equity aspect of effectiveness,
discussed earlier in respect to
cost/benefits. It is at this level
where the system has its great-
est impact on the public. For
private enterprises that have no
obligation to disseminate cor-
porate databases to the public
except in a few cases, decision-
making can be judged only on
the increased effectiveness
within the organization. In a
sense, decision support is a
product. Increased profits, long-
term growth, or stability result
from good decision-making pol-
icies, These can be measured
and compared to the cost of the
system to measure effectiveness.

Public agencies and their
databases, on the other hand,
are required by statute to be
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accessible to the general public
under the Freedom of Informa-
tion Act. The data used inter-
nally by each department to
support agency productivity
(applications level) must be
made available upon request. If
each application database is
compatible in respect to format,
scale, and documentation, each
can be integrated into a core
database for decision support
and improved data dissemina-
tion. The CIO can directly
access the core database for
decision support analyses for
long-range planning and policy
issues. For public agencies,
profits and growth cannot be
utilized as measures of effective-
ness. Equal access to decision
support systems, or equity, is a
key to public agency effective-
ness. The more accessible deci-
sion support information is to
the public (and by accessibility
we could include costs for proc-
essing, availability of input/
output services, directories, and
analytical information), the
more equitable its distribution
will be. Effectiveness in a pri-
vate company can be measured
as a function of the positive
impact the system has on
achieving company goals. Effec-
tiveness for a public agency can
be judged on a fair and equit-
able distribution of information
on which decisions are based,
and a parallel improvement of
performance in regard to its
public mandate.

Conclusion

An increase in the
amount of data, alone, will not

reduce uncertainty and improve
the effectiveness of an organiza-
tion. In fact, such a prolifera-
tion of data will tend to clog
the decision-making process.
Only information—data that
have been appropriately proc-
essed—can make a positive im-
pact. The GIS databases must
be documented in respect to the
temporal timeframe, resolution,
capture, and processing as well
as the original application for
which the data were gathered.
This “quality information” must
be carried throughout the sys-
tem. Only then can the inherent
inaccuracies in the data be
taken into account by the end-
user. Tracking accuracy, or at
least an accurate estimation of
error, is a key element in man-
aging the flow of data to
information.

For information to be of
any value it must be accessible
to the appropriate people in a
timely fashion. In the case of
public agencies, this includes
availability to the general popu-
lation. Integrated public agency
databases can be seen as a huge
untapped resource that can
benefit society. Agencies that
can adapt and begin a market-
oriented data dissemination pro-
gram will find considerable
success.

Finally, for a system to
be effective, the information
produced must be applicable to
the task at hand. A product
must be perceived as valuable,
or it won't sell. Information is a
product like any other. If peo-



ple, either in-house or external,
have no faith in the accuracy,
availability, or applicability of
the information, it will be
wasted. In order for a system to
be effective, it must be utilized.
Selling a system and its infor-
mation is an on-going process
for managers (Bomberger 1986).
The trade-off between a
specific application system and
its database, and multi-purpose
systems and their databases,
can be minimized by taking into
account the above conclusions.
The more forethought, quality
control, and planning that go
into the design of a system, the
more effectively the dichotomy
between the two approaches
can be reduced. As more and
more data are captured and put
into databases, the only effec-
tive way to handle it is to share
it in respect to processing. The
more applications that can be
effectively supported by the
data, the more valuable the
data become. The effective ap-
plication of data adds value
both economically and socially.
These issues—accuracy,
availability, and applicability—
will confront information man-
agers as more agencies come
on-line and the volume of data
proliferates. The real key to
information management is a
thorough background on the
issues involved, both theoretical
and applied. The concepts in-
volved are perhaps a bit ab-
stract in relation to most cur-
rent research and teaching, but
as technical impediments are
defined and overcome, the
management aspect of geo-
graphic information will

develop into an important field
of investigation. Further study
is needed, but above all, educa-
tion in respect to these issues as
well as the more traditional
areas is required. Few GIS cur-
ricula stress information man-
agement as an integral com-
ponent of their programs. This
short-sightedness will have to
be addressed if the technology
is to sustain its present growth.
There will be no stopping this
proliferation of data, but proper
management can harness the
data and transform them to use-
ful information for the benefit
of society.
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Abstract; A process of information integration guides the development of a
multipurpose geographic database for local governments by combining aspects
of information sharing and systems integration, Such a database consists of
“stibject database’”’ themes that several organizations might use to satisfy land
data needs in the context of a multipurpose land information system, Several
components of the system including data, software, hardware and personnel
are candidates for integration. An information integration methodology that
helps guide the integration process is presented. The methodology consists of
four stages: integration strategy planning, integration analysis, integration
design, and integration implementation. Each of the stages is discussed accord-
ing to three levels of description—concepts, techniques and tools. The
methodology addresses a perceived need to approach the land information
integration process more systematically than has been done in the past. This
methodology should help organize the many technical issues that have to be
considered when sharing information among local government departments.

For some time local gov-

ernments have been using
computers to perform tasks in-
volving land information. Many
of these tasks have resulted in
the creation and maintenance of
independent databases for dif-
ferent organizations within the
same governmental jurisdiction.
Summing the results of inde-
pendent efforts can be costly. A
“project database” built for the
short term satisfies the data
needs for a specific task in a
single application—siting a new
park, for example. An “applica-
tion database” satisfies the need
of a single application for per-
haps several projects, as in a
land use database. A “subject
database” satisties the needs of
several applications for several
projects (Martin 1983). A sub-
ject database in a multipurpose
land information system {(Chris-

man and Niemann 1985) has
been discussed as a “multi-
purpose geographic database”
(GIMS 1988). Building a multi-
purpose geographic database,
especially in the context of a
multipurpose cadastre (NRC
1980, 1983), requires a long-
term strategy with a view
toward developing multipurpose
land information systems. A
multipurpose land information
system (MLIS) is a system of
shared data and/or functional-
ity. Such a system can be
created in a reasonable amount
of time through information in-
tegration among cooperating
organizations (Figure 1).
Approaches to data/in-
formation sharing are receiving
more attention now than in the

past due to the cost savings that
can be realized by reducing
redundant development
(Gallagher and Salazar 1984).
Redundant development of both
spatial and attribute data tends
to occur in government organi-
zations because, while missions
and mandates may differ, geo-
graphic extent and subject mat-
ter are similar (Chrisman and
Niemann 1985; Larsen 1976).
The similarity in geographic ex-
tent requires spatial data regis-
tration, e.g., bringing the
spatial coordinates such as state
plane coordinate values of the
land parcels and special tax dis-
tricts to the same reference
datum. The similarity in subject
matter concerns the commonal-
ity of descriptive characteristics,
e.g., the characteristics of land
parcels in the Department of
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FIGURE 1.

Data transfers among two or more land information systems (LIS) operated by local
government organizations could form the basis of a multipurpose land informatien
system (MLIS}, Arrow indicates direction of data transfer, (Adapted from Kjerne and

Dueker 1986).
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Land data/information
sharing can be implemented
using various forms of data-
transfer techniques depending
on the institutional, technical
and economic constraints
(Dueker 1987). One form is an
off-line data transfer process
whereby data are moved from
one environment to another
using a medium such as mag-
netic tape or removable mag-
netic disks. Another possibility
is on-line data transfer using
data communications channels
such as telephone lines or dedi-
cated cables. In either case, the
transfer is complete only after
identifying and converting be-
tween the differences in the
data formats of the sending and
receiving systems (Maclver
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1984). A new data transfer
specification will hopefully ease
this task (DCDSTF 1988). In
some cases organizations are
more ambitious, striving for
complete systems integration
(Liley 1985). Each of these ap-
proaches might suit a different
set of institutional arrange-
ments, but all are important
when developing a multipur-
pose geographic database in
local governments.
Transferring data from
one computing environment to
another requires cooperation
between sending and receiving
organizations (or a lot of effort
on one end). Cooperation
among organizations on a com-
munity-wide basis will become
more important for reducing

duplication of efforts in the
future as large expenditures are
expected for converting land-
based data from analog to
digital form (Larsen 1976). The
projected expenditure for the
conversion and maintenance of
mapping and facilities records
(also called intelligent infra-
structure) by local governments
and utilities is expected to be
$90 billion from 1986 to year
2000 {Robinson 1986). This
figure represents an estimated
market potential as much as it
represents an expenditures esti-
mate. Regardless of one's view,
the size of the capital outlay is
estimated to be as large as, or
slightly larger than, the inter-
state highway construction pro-
gram. Even if the estimate is an
order of magnitude too high,
the problem is still substantial.

The magnitude of the
problem suggests the need for
land information system net-
works (LISN). In a LISN several
LISs/MLISs—each within an
autonomous organization-~
would be linked in some loose/
tight fashion (Palmer and
McLaughlin 1984} for the pur-
pose of sharing. Regardless of
whether a MLIS intra-organiza-
tional perspeclive or a LISN
inter-organizational perspective
is used in the solution, both
organizational cooperation and
information systems communi-
cation are an important part
of an information-integration
problem.

This paper outlines a
comprehensive methodology for
information integration. It is
intended as a guide in develop-
ing a multipurpose geographic
database for a multipurpose



land information system oper-
ated by local government(s).
The methodology provides a
systematic approach to the inte-
gration problem, offering a
framework for solutions across
diverse institutional and tech-
nical computing environments,
while at the same time per-
mitting advances in tech-
nology that can support
implementations.

The methodology has
been developed by extracting
principles from strategic data
planning, systems analysis and
systems design and applying
them to the land information
integration problem. Although
these principles are by no
means new, their combination
is new in the context of multi-
purpose land information sys-
tems. This methodology should
be useful for personnel involved
in local government land infor-
mation systems to help them
better understand issues and
formulate solutions concerned
with information integration
problems.

An Information Integration
Methodelogy

Information integration
is defined in this context as the
bringing together of information
parts into a working whole,
controlling redundancy where
appropriate. A synergistic effect
is anticipated such that the
individual parts are made more
useful by contributing to the
whole. This bringing together
does not mean that the whole is
one “physical” whole, however
it does mean that the parts
cooperate. The term “informa-
tion integration” is derived from
the concatenation of “informa-

tion sharing” and “systems inte-
gration.”” In this regard, infor-
mation integration could in-
volve one or more of the four
components of a geographic in-
formation system: data, soft-
ware, hardware, and/or person-
nel. Consequently, information
integration could be accom-
plished through various strate-
gies involving the integration of
data, the integration of soft-
ware/hardware functionality
and/or the integration of
personnel.

Data integration requires
at least two steps: integration of
data descriptions for a data-
base, and integration of the
data itself. Two types of data
descriptions are important for
data integration. These are
descriptions contained in a
schema, and descriptions (def-
initions) contained in a data
dictionary. Structural descrip-
tions in the schema describe
how data are represented and
stored in a database. For exam-
ple, a land parcel boundary can
be represented in a database by
different spatial object descrip-
tions as either a series of uncon-
nected, but graphically overlap-
ping lines or as a series of ex-
plicitly connected lines in a
polygon (Digital Cartographic
Data Standards Task Force
[DCDSTF] 1988). Since the
structural description of each
spatial object is different, the
descriptions must be part of the
schema.

In contrast to the struc-
tural descriptions in the schema,
data dictionary descriptions
provide the semantic interpreta-
tion for the entities as listed in

the schema. In addition, a data
dictionary contains definitions
for the spatial, attribute and
temporal data descriptions,
which further characterize the
entities (DCDSTF 1988). For
example, the definition for a
land parcel might be “a con-
tinuous tract or plot of land in
one possession, no part of
which is separated from the rest
by intervening land in other
possession”’; whereas the defini-
tion for a property parcel might
be “a continuous area of prop-
erty in one possession, which
may include land and/or build-
ing space.”

Schemas and data dic-
tionary descriptions collectively
are called metadata because
they describe other data
(Roussopoulos 1982). Metadata
integration is the primary con-
cern of this paper as the first
step in a process of information
integration.

Functionality integration
involves bringing together sep-
arate software/hardware com-
ponents to enhance or extend
the analyses in a system; or
reducing/eliminating database
management system duplica-
tion. This process invelves the
integration of dissimilar soft-
ware and/or hardware. Soft-
ware integration usually in-
volves the merging of data-
structure constructs. Hardware
integration involves the physical
linkage of computers or the
linkage of peripherals with com-
puters to enhance data manipu-
lation, e.g., graphics plotters or
special high-speed processors.
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Personnel integration in-
volves the merging or reorgani-
zation of staff. These ap-
proaches might be required for
implementation of large multi-
purpose land information proj-
ects. Although personnel inte-
gration more than likely is part
of the overall process, it is not
being treated in this paper
because personnel dynamics are
often idiosyncratic to a par-
ticular organization. ‘

Data integration usually
precedes functionality integra-
tion because the former is easier
and less costly (Gallagher and
Salazar 1984). In many situa-
tions, functionality integration
is easier than personnel integra-
tion because of the long lead
time required for staff retraining
or hiring. The focus in this
paper reflects those integration
priorities, with data integration
receiving the greatest attention.

An information integra-
tion methodology for a multi-
purpose land information sys-
tem context consists of four
stages (Table 1). The stages
are: (1} integration strategy
planning, (2) integration analy-
sis, {3) integration design, and
(4) integration implementation.
To better understand the nature
of the activity at each stage in
the process, each stage can be
described at three levels of
abstraction. These levels are:
(a) conceptual understanding,
{b) techniques that can be used
for expressing the concepts in
terms of data constructs, and

(c) software/hardware tools avail-

able for implementation of data
constructs (Navathe 1985). The
results are: a set of integration
goals, objectives and require-
ments developed as a plan in
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TABLE 1.

An Information Integration Methodology for MLIS

Stages in Integration Process

1 3 4
Integration
Level of Strategy Integration Integration Integration
Description Planning Analysis Design Implementation
Conceptual
Understanding General General General
of Plans Specifications Designs Systems
Language l | |
Techniques
for Use in Planning Specification Design Implementation
| { N
Software/
Hardware Specific Specific Specific
Tools Assist Integration Integration Integration Integrated
in Creating Plan Specification Design MLIS
Results for MLIS of MLIS

Stage 1; a set of specifications
focusing on “what” information
content exists and should exist
in Stage 2; a design for “how”
that information content should
be stored in Stage 3; and a plan
for carrying out the actual in-
tegration implementation in
Stage 4.

A "Conceptual Under-
standing” (Table 1, top row)
involves an understanding of
the basic concepts and issues
pertinent to each stage in the
process, The basic concepts pro-
vide a framework for the inte-
gration problem such that they
clarify and organize the follow-
ing: requirement alternatives and
objectives in Stage 1; specifica-
tions in Stage 2; design choices
in Stage 3; and implementation
results in Stage 4.

The techniques in each
stage consist of a set of nota-
tions for describing the data-
bases to be integrated, e.g.,
those of individual departments
as in Figure 1. These notations
are both informal graphical lan-
guages and computer-process-
able formal languages. Each
language might have a different
set of constructs that completely
or incompletely express the
nature of the integration prob-
lem. Consequently, a single
technique can be implemented
as a tool in many different
ways.

At the level of software
and hardware tools, the tech-
niques of each stage are made
operational. The tools process
data constructs within the con-
straints of the implementation.
Each of the four stages are
described in turn with special



emphasis on data integration.

Emphasis on data inte-
gration stems from the common
occurrence of local government
organizations having different
views of the same topic over a
particular geographic extent.
For example, land parcels are
used as the geographic basis for
taxation, zoning and permit
issuance. However, the Office
of the Assessor, the Planning
Department and the Depart-
ment of Construction and Land
Use have different activities to
conduct. It is these views which
need to be made consistent if
duplication or redundancy is to
be eliminated.

Integration Strategy Planning

Developing a multipur-
pose land information system

TABLE 2.

Stage 1 of a Comprehensive
Approach to Information
Integration for MLIS

Stage in Process
1
Integration
Level of Strategy
Description Planning

Concepts —Requirement
Statement

Techniques —Natural Language
—Forms
—Organizational Chart
—Functional

Decomposition

Tools —Entity Diagrammer
—PC PRISM
—INFORMATION

PLANNER

Results Specific Requirement
Statement

Any mention of products is for illustra-
tive purposes only and does not signify
an endorsement.

involves institutional, technical
and economic constraints
(Chrisman and Niemann 1985;
Dueker 1987). Integration strat-
egy planning is an attempt to
make explicit organizational ob-
jectives within those constraints.

Developing an informa-
tion integration strategy in-
volves the formalization of
long-term goals as indicated in
Table 1. This takes the form of
a requirements statement (Table
2} that includes stated objec-
tives and constraints. The
requirements statement is the
basis for planning where an
organization would like to be
regardless of short-term ad-
vancements in techniques and
tools, To this end, six tasks are
important in developing a re-
quirements statement (Martin
1983):

1. The development of an
organization model that
describes how the organi-
zational units interact at
a macro level. This maodel
contains a description of
the interactions among
organizations, e.g., the de-
partment offices with land-
related information sys-
tems as depicted in Figure
1.

2. The development of an
information model describ-
ing database entities on a
general level for each of
the organizational units. In
some methodologies the
entities are called “business
unit entities” to reflect the
general focus. Regardless
of the name, the informa-
tion model describes the
information units that
transfer among the organi-
zations in Figure 1. This

information model will be
the basis of the integration
analysis stage.

3. The definition of applica-
tion functions that make
use of the data identified
in the information model
for each of the organiza-
tional units. Such a defini-
tion would be needed only
if the organizations intend
to share software. In addi-
tion, the third task is used
to define and describe the
new application require-
ments that could result
from information inte-
gration.

4, The identification of “criti-
cal success factors” that
will be used to determine
the level of success of the
integration efforts. For
example, critical success
factors might include the
timely production of a
database or the continual
updates to a database,
thereby reducing costs.
These critical success fac-
tors could include both
objectives and constraints
in the integration process.

5. Characterizing the current
information systems envi-
ronment as a framework
to determine the technical
and institutional con-
straints for information
integration. The currently
installed computer systems
that store attributes de-
scribing land parcels would
be part of this charac-
terization.

6. Setting priorities for infor-
mation integration based
on the requirements devel-
oped in the previous
phases of information
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strategy planning. Some of
this information can be
obtained from mandates
documented in institutional
policy statements. Other
information can be ob-
tained from plans devel-
oped and maintained for
the particular information
environment, assuming
they are available.

As a matter of procedure
to carry out the tasks, a steer-
ing committee should be set up
with individuals assigned to for-
mulate a plan. Representatives
from governmental departments
can participate to communicate
the needs of each of the depart-
ments. The committee should
meet on a regular basis to dis-
cuss the tasks as well as task
scheduling. The results of these
meetings need to be docu-
mented if an organization-wide
understanding is to ensue.,

Documenting the six
tasks using an appropriate tech-
nique is important to capture
the nature of the issues dis-
cussed. Several techniques that
can express the issues at hand
are: (a) discursive natural lan-
guage, e.g., a normal report
style, (b) forms, e.g., a require-
ment form with fill-in-the-
blanks to describe the tasks, (c)
organizational charts, e.g., dia-
grams that show channels for
staff communication among
tasks, and (d) functional decom-
position, e.g., subdividing each
task into more detailed parts
while simultaneously depicting
the general problem at hand.
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Various tools implement
those techniques. A word-
processing package can be used
to make lists of objectives. A
diagramming package can be
used to make diagrams/charts
of the interaction in those ob-
jectives. Specialized diagram-
ming tools to make organiza-
tional charts are available, but
their individual focus may be
too limiting te be worthwhile in
this strategy-planning environ-
ment. More sophisticated tools
such as PC PRISM (Index Tech-
nology 1987) or Information
Planner (KnowledgeWare 1986)
that are able to list objectives
and cross classify them with
business-unit responsibilities
and data entities could be
helpful.

Integration Analysis

A choice of metadata to
be integrated involves the
semantic and structural data
descriptions as influenced by
different database applications
{(Kent 1978, 1984) within vari-
ous database systems. For exam-
ple, land parcels are interpreted
differently in many instances
when stored by a County
Assessor Office and a Construc-
tion and Land Use Office be-
cause of different uses. The dif-
ferent use implies different par-
cel attributes. Therefore, one
would expect the descriptions to
differ between the organiza-
tions. At this point, confusing
the “what” of integration analy-
sis with the “how” of integra-
tion design, can impede the in-
tegration process.

An integration analysis
involves comparing the meta-
data of one office, e.g.,

Assessor Office, with the corre-
sponding metadata of another
office, e.g., Construction and
Land Use. Consequently, the
schema and data definitions for
property taxation from the
Assessor Office are compared
against the corresponding
schema and data definitions for
land use of the Construction
and Land Use Office because
both schemata contain land
parcels.

The metadata of the two
organizations are specified in
terms of a database conceptual
model (Table 3). This con-
ceptual model is a digital repre-
sentation of a schema contain-
ing entity descriptions for such
things as land parcels. The de-
scriptions of an entity—land
parcel—are stated in terms of
spatial, attribute and temporal
metadata. Spatial metadata are
those which define/describe the
locational components of point,
line and/or area data represen-
tations. Those spatial metadata
are the descriptors for coor-
dinates and topological com-
ponents (connectedness of ele-
ments). Attribute metadata are
the descriptors which define/
describe non-spatial and non-
temporal characteristics such as
ownership or assessed value of
a parcel. Temporal metadata
are those descriptors which
define/describe some aspect
concerned with time, e.g., date
of last change in ownership.
The task of integration analysis
is to identify the equivalences in
the metadata descriptors.

A list of metadata equiv-
alence conditions such as
“equal,” “similar,” “different,”



TABLE 3.

Stages 1 and 2 of a Comprehensive Approach to

Information Integration for MLIS

1 Stage in Process
Integration 2
Level of Strategy Integration
Description Planning Analysis
Concepts —Requirement Statement —Conceptual Model
Specification and Model
Integration
Techniques —Natural Language «Semantic ER Model
—Forms —Matrix Assertion
—OQrganization Chart
—Functional Decomp.
Tools —Entity Diagrammer —SCHEMA INTEGRATOR
—PC PRISM
—INFORMATION PLANNER
Results Specific Requirement Statement Specific Conceptual Specification
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and “containment” (Elmasri,
Larson and Navathe 1987) can
be used to assess the degree to
which entity descriptions can be
integrated. Using-a matrix tech-
nique, integration assertions are
specified for each pair of entity
descriptions. For example, the
attribute label “parcel ID” of
the “parcel” entity in the
Assessor Office schema can be
asserted to be “equal” to the
attribute label “land parcel ID”
of the “land parcel” entity in
the Department of Construction
and Land Use schema. This
assertion would depend on the
domains over which the two
attribute labels are defined as
stated in the respective data dic-
tionaries, (See Nyerges 1989 for
an example of schema integra-
tion in the context of land par-
cel descriptions.)

Although a georeference
framework can provide loca-
tional (coordinate) compatibility

for the content of a database
{Epstein and Duchesneau 1984;
Chrisman and Niemann 1985),
it is attribute-metadata com-
patibility that determines the
usefulness of any given data
category when compared with
any other. This perspective is
reinforced by the example of
different local-government de-
partment interpretations for
parcel, e.g., property-tax par-
cel, or land use parcel. It is the
attributes that provide a de-
scription and definition of
“what the subjects are.” These
items for integration have not
been treated systematically for
attribute metadata. Some work
in attribute data value classifi-
cation has been performed, but
this involves the misclassifica-
tion of data values in a data set
when two data sets are inte-
grated rather than the integra-

tion of attribute metadata, per
se {Sullivan, Chrisman and
Niemann 1985). Most of the
emphasis in land data integra-
tion has been concerned with
the geometric result of overlay-
ing peint, line and area data
(Chrisman and Niemann 1985).

Tools that automatically
perform schema integration
have not met with much success
because of the number of alter-
native decisions that must be
made during the analysis proc-
ess. FHlowever, recent experimen-
tal work to assist the schema
integration process has met with
some success. An example is a
tool called SCHEMA INTE-
GRATOR produced by Honey-
well, Inc. (Honeywell 1987) as
part of a National Science
Foundation project.

Integration Design

The design to be imple-
mented is guided by the strat-
egy plan and the conceptual
model of the databases devel-
oped in Stages 1 and 2. Any
computing environment within
an organization usually con-
strains a designer to the use of
certain techniques and tools.
The techniques pertain to data
constructs supported in specific
types of software available. The
tools implement the approaches
to design, i.e., the particular
data-transfer software or data-
base-management software
packages available. The process
for integration in this paper
assumes the gamut of integra-
tion possibilities from one-time
off-line data transfer to dis-
tributed database management.
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TABLE 4,

Stages 1, 2 and 3 of a Comprehensive Approach to

Information Integration for MLIS

1
Integration
Strategy
Planning

Level of
Description

2

Integration
Analysis

Stage in Process
3

Integration
Design

Concepts —Requirement

Statement

Techniques —WNatural Language
—Forms

—Organiz. Chart
—Functional

Decomp.

Tools —Entity Diagrammer
—PC PRISM
—INFORMATICN

PLANNER

Results Specific Requirement

Statement

—Conceptual Model
Specification &
Model Integration

—Semantic ER
Model
—Matrix Assertion

—5CHEMA
INTEGRATOR

Specific Conceptual
Specification

~—Logical & Physical
Model Design

—Vector Form
—Relational Form
—Raster Form
—DBMS Constructs

—Diagramming
Tools

—EXCELERATOR

—INFQ. ENGR.
WORKBENCH

Specific Design
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If the integration is to
occur irregularly from time to
time, then the best strategy
might be to design for data-
transfer tools, which act as an
adjunct to a database manage-
ment system (DCDSTF 1988).
Alternatively, if the schema in-
tegration process occurs more
regularly—then the best strat-
egy would be to design for
database-management system
coupling. A federated database
environment might be useful
when data communication be-
tween organizations occurs in
large volumes and on an irregu-
lar basis (Hammer and McLeod
1979). A distributed processing
environment would be ideal
when data communication oc-
curs consistently over a period
of time supported by a well-
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coordinated institutional ar-
rangement {Ceri and Pernici

1985).

Integration analysis
(Table 4) produces a conceptual
model in Stage 2 that forms the
basis of the logical model in
Stage 3. This logical model] can
be a data-transfer standard
form or a specific class of data-
base management systems. The
logical model is constrained to
the types of logical data con-
structs and operations inherent
in the specific software. For
example, the Spatial Data
Transfer Specification (SDTS)
developed by the DCDSTF
(1988) consists of the con-
structs: Vector Form, Relational
Form, Raster Form, plus associ-

ated modules, module records,
module fields, and module sub-
fields. Each of these constructs
is used in an appropriate man-
ner to store data for transfer-
ring to another environment.
As an example for a database
management approach, the rela-
tional model uses relations,
attributes, domains, primary
keys and secondary keys;
whereas a CODASYL (Commit-
tee on Data Systems Languages)
model uses record types, data
items, sets and primary keys
{Date 1982).

Using those constructs,
two types of design translation
environments might exist: a
design incorporating a new
logical model, and a design in
an existing logical model
environment.

In an environment with
a new logical model, the con-
ceptual model acts as a guide
for a specification and/or an
acquisition of a new database
management system. In an
environment where a logical
model is dictated by existing
database management software/
hardware, the conceptual model
acts as the guide for design only
and this conceptual model must
be incorporated into the logical
model of the existing software/
hardware. The latter is more
often the case than the former.

Data integration, as a
component in an information
integration process, can differ
from database design. Data in-
tegration might or might not
involve database redesign. If the
degree of data integration is an
occasional data sharing, then
most organizations would con-
tinue with their current design



without redesigning the ele-
ments of the database to be
more consistent with the foreign
data being imported. However,
when the frequency and volume
of data conversions increase
such that more and more re-
sources are expended, then an
organization may consider re-
designing the database to facili-
tate data integration.

The conceptual model
specification of a database that
is being integrated must match
the conceptual model specifica-
tion of the target database so
that data meanings are pre-
served. The structure may be
different, but the structure
should still express the meaning.
For example, in an Intergraph
DMRS network model (Inter-
graph 1987), a relationship is
stored explicitly; whereas in an
ESRI Arc/Info relational model
(Environmental Systems Re-
search Institute 1987) or Syner-
com relational-like model
(Synercom 1987), a database
function must be invoked on
the attribute to create the same
relationship. If this is not made
explicit between the two DBMS
models, then the information is
lost.

When designing in a dis-
tributed database management
environment, an additional
design step is added between
the logical level and the physi-
cal level (Ceri and Pernici
1985). This additional step is
concerned with the placement
of data in their appropriate geo-
graphic locations in the net-
work. The physical model doc-
uments this part of the speci-
fication.

The tools which support
integration design depend on

TABLE 5.

Stages 1, 2, 3 and 4 of a Comprehensive Approach to
Information Integration for MLIS

Stage in Process

1 2 3 4
Integration
Level of Strategy Integration Integration Integration
Description  Planning Analysis Design Implementation
Concepts -—Requirement —Conceptual —logical & —Integration
Statement Model Spect. Physical Environment
& Model Model Architecture
Integration Design
Techniques  —Natural —Semantic —Vector Form  ~-SDTS Module
Language ER Model —Relational —1S0 8211
—Forms —Matrix Form —CenDBMS
—QOrganiz. Agsertion —Raster Form  —DisDBMS
Chart —DBMS
—Functional Constructs
Decomp.
Tools —Entity —SCHEMA —Diagram- DATA
Diagrammer INTE- ming Tools TRANSFER
—PC PRISM GRATOR —EXCEL- —DCDSTF SDTS
—INFORMA- ERATOR
PLANNER —INFO. DBMS
ENGR. —ARC/INFO
WORK- —Informap III
BENCH —INGRES/STAR
—ORACLE/
STAR
Results Specific Specific Specitic Specific
Requirement Conceptual Design Implementation
Statement Specification
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the nature of the design orienta-
tion, i.e., data transfer or data-
base management system. A
free-form diagramming tool
could be used for design in any
environment, however strict
design rules would be required.
The entity-relationship tools
such as Excelerator (Index Tech-
nology 1987) and Information
Engineering Workbench

(KnowledgeWare 1987) are use-
ful for designing databases, but
can fall short with some con-
structs such as spatial object
representation. These can be
extended to include spatial
objects, but a knowledgeable
spatial analyst would be
required.

Integration Implementation

The integration design
considerations discussed above
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