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IN My OPINION

In this issue. ..

Geoff Dutton’s less-than-optimistic . -
~ In My Opinion piece “Environmental : -
Sustainability and Deep Information: A =
Response,” challenges the brighter out- "
look found in Felleman’s paper, “Dée
Information: The Emerging Role of -
State Land Information Systems in En-
vironmental Sustainability” (LIRISA
Journal, Vol. 6, No. 2). Dutton does not
provide encouragement that the techni
cal capacity of GIS will yield improved
policy results. He observes that publi
distrust of government will inhibit the
allocation of authority and resources to
integrate data for societal purposes.
hope to hear other viewpoints cond
 ing the ability of the public sector to
tegrate environmental data and land
records. S

Editorial Intent

Consider In My Opinion to be a forum for your thoughts, an opportu-
nity to speak your mind. The only guidelines we suggest are that it:
* Be relevant and well-written,
¢ Address an issue that is related to URISA.

* Bea topic of current interest or debate, yet not so time-sensitive that the Jour-
nal’s publication lead-time would detract from its impact.

We invite you to express your opinion. Please send your submission
to Kenneth Dueker, David Moyer, or Bernard Niemann.

The Edifors



In My Opinion

Environmental Sustamability and Deep Information:
A Response

Geoffrey Dutton

]ohn Felleman's paper, “Deep Information: The
Emerging Role of State Land Information Systems in
Environmental Sustainability,” (URISA Journal, Vol. 6,
No. 2) has many wonderful insights. [t makes technical
and political sense at the same time that it raises dis-
turbing questions. The technical points are interesting,
challenging and important, but to me, the ones that per-
tain to power relations are even more so. Technical is-
sues can be solved by better data, more metadata and
GISs that respect data quality. Political issues cannot be
solved so neatly, and will just ramify in response to any
attempted fixes.

Here’s what [ think Felleman—and fellow
(wo)man—is up against: The current wave of neocon-
servatjve sentiment (that government can’t do anything
useful or right) is an inhospitable medium in which to
incubate multi-purpose cadastres, whether fortified
with environmental resource and hazard data or not.
Many corporations, people and even public officials
don't value or trust government agencies enough to
hand over the facts that an environmental multipurpose
land data system (EMPLDS) needs to integrate in order
to achieve high, uniform accuracy of land records.

Integrated land data systems aren’t going to develop
unless many people and organizations perceive imme-
diate or continuing benefits to collecting and consider-
ing data describing environmental as well as economic
roles of their households and other enterprises. It is ap-
parent from the article the most state and local agencies
do not avail themselves of better quality data that oth-
ers among them possess. This situation is very com-
mon, and frequently criticized as being inevitable, ab-

Geoffrey Dutton worked as a cartographic and GIS re-
searcher at Harvard’s Laboratory for Computer Graphics for
15 years, and more recently has been a consultant in spatial
database design and display for various client organizations.
He is currently at the University of Zurich working on a Ph.D.
in geography, specializing in modeling cartographic and geo-
graphic objects. He can be reached via email at:
dutton@gis.geogr.unizh.ch

surd and avoidable. Yet it isn't that most government
agencies are dumb, incompetent, corrupt or malfeasant;
they avold taking advantage of each other’s resources
because they are corporate structures (a.k.a. bureaucra-
cies) with top-down ethics and insufficient funds, be-
cause politicians encourage them to ignore such data,
and because they don’t know what they would do with
the information if they had it.

To my mind, the main culprit for the poverty of par-
cel-based MPLDS information is real estate interests
rather than government agencies. Agents, lenders and
landowners all tend to agree that governments should
not be able to assess environmental impacts at the par-
cel level, no matter how good or bad such data may be.
The tradition of passing property “as is” externalizes
environmental costs of doing business, and nature is the
ultimate sink in which these come to rest. People in-
volved in having, financing and conveying interest in
land are highly conditioned to beware of environmental
encumbrances; they don’t want any more than they al-
ready have to deal with, and will actively resist at-
tempts to build EMPLDSs that they don’t own or share
with their own kind.

What unnerves me most about this situation is that
while cadastral data are spotty in coverage and quality,
environmental data are even scarcer, less integrated and
harder to qualify. Earth scientists and GIS modelers un-
derstand the frailties of geospatial data, and would
hard-pressed to defend GIS data describing soils,
drainage or groundwater pollution in a court of law,
much less the models that they inform. It isn’t enough
to add public environmental data to cadastres; the infor-
mation has to miscegenate with foreign facts and with-
stand attacks on its integrity. In the private sector, on the
other hand, these constraints may have minimal, if not
positive, consequences.

Imagine if it were possible for commercial interests to
tap into EMPLDS data: corporations that make grass
seed, food and pesticides could marry parcel data with
high-resolution RS imagery to identify homeowners
whose lawns appear to be unhealthy, and targeting
them in telemarketing campaigns; remediation special-
ists could latch onto worried, potential customers by

Dutton/URISA Journal 7



tracking environmental citations
and building permits; marketing
consultants could use ZIP+4 data to
pinpoint locations along streets to
reference parcels without a PIN.
Neoconservatives love this stuff, just
as much as they deplore spending,
public funds to provide government
workers with equivalent technical
prowess.

Sensitized by 25 years of environ-
mental awareness, even boards of
directors understand that the planet
takes a drubbing from business as
usual, but mostly regard the costs as
minor marginal externalities that
should be borne as they always
have been, not directly by con-
sumers but indirectly by citizens
(who are taught to blame high water
bills, escalating property tax rates
and sales taxes on government in-
competence, overreaching and inef-
ficiency). If I had a dollar for every
minute that every commercial entity
pollutes my environment, § could
pay my community’s portion of
dealing with the aftermath. But our
Congress seems to be unwilling to
grant agencies even that much
leverage.

Sometimes I feel that early ho-
minids in Northern Europe devel-
oped a gene that impelled them and
their descendants to want to own
everything they encounter. The
North Atlantic greed ethic, not quite
s0 evident in other regions or popu-
lations, has come to dominate the

8  URISA Journalfin My Opinion

culture and commerce of our time.
Some polities have succeeded more
than others in documenting land
ownership and other characteristics
such as cadastres, digital and other-
wise, The United States, sad to say,
lags behind many nations in its
treatment of land records; but does
this not reflect its characteristic
what-me-worry attitude toward the
natural and built environment?
What event is going to change this
state of affairs? It certainly won't be
regulatory proof of how effective a
tool that spatial technology can be,
unless it also bestows competitive
advantage in accumulating wealth.

As we (planning and GIS profes-
sionals) are frequent advocates of
EMPLDS technology, it behooves us
to consider the probable conse-
quences of our activities, whether
desired or not. If we somehow man-
age to do this, we may have broken
the mold, and might be able to teach
others how to better anticipate the
consequences of their everyday, self-
interested actions. If we fail, GIS and
EMPLDS technology will simply ac-
celerate the impoverishment and
degradation of the planet’s re-
sources and habitat. Like many
other endangered species, we will
succumb to forces beyond our con-
trol and, quietly or noisily, slip
away.

I don’t want the end of my
species’ tenure on the planet to be
attributed to defective genes. I

would rather end my days fighting
the squalid presumption that some-
one must own everything that is
known or is suspected to exist. This
sleazy world view denies the legiti-
macy of interests other than those of
owners in any enterprise or estate.
Its greediness is ugly to me, and 1
feel that its assumptions contradict
the reality that most of us under-
stand. [ therefore issue the following
challenge to all enterprises—private,
public nonprofit and even personal:

Disavow, as publicly as possible,
the idea that any economic good
is free. Consider the environment
to be one or more employees, to
be paid fair wages according to
the importance of work they per-
form for you, such as providing
supplies of decent air and water
or swallowing up your garbage.
Because you pay wages, you will
want to assess the value of the
work your employees perform. [
believe you will discover how in-
adequately money measures the
value or the difficulty of main-
taining a healthy natural environ-
ment.

If you choose to accept this chal-
lenge and act upon it, I am con-
vinced you will make the world a
better place no matter what you do.
If for any reason you do not accept
it, you need to convince yourself
that you are not part of the problem,
which most of us are already quite
expert at doing. Carry on.



REFEREED

In this issue . . .

Carrie Anderson proposes a frame-
work for the GIS development process
that attempts to balance the technical
and non-technical issues affecting GIS
implementation. This paper will be of

particular interest to persons concerned

with implementing enterprise GIS in
complex organizations.
The paper by Holt and Benwell ad-

dresses artificial intelligence techniques -

to improve the analytical strength of

spatial information systems. This paper -

will interest those wanting to explore
expert systems, neural nets and other -

artificial intelligence techniques for use

with GIS. _
The Khawaja and Benjamin paper -

proposes a structured process for sys-- -

tem selection. The process consists of

identification and prioritization of need -

and translation of needs into functional

attributes. This paper will interest those
involved in system design and selec- .~

tion.

The judges for the Horwood Cri- . - -
tique Prize split the award for best pa- - -

per in the 1995 URISA Conference Pro--

ceedings. The Hunter and Goodchild - "

paper extends their prior work on han-:
dling raster data uncertainty to han-

dling vector data uncertainty. This pa- -
per will interest those involved with ™~ T

spatial data accuracy issues. The Kim -

and Hopkins paper will interest readers .
concerned with network analysis mod- = -
els, particularly modeling of network -

capacity expansion.

Editorial Intent

The refereed section of URISA Journal strives to share new knowledge
in the technical, social, economic, and institutional subject areas that sup-
port information systems technology. It is the intent that this section of
the Journal contain papers that are representative of URISA’s member-
ship and the broader information systems community. We encourage the
participation of system designers, implementors and users as well as the
educational 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: (1) Reports
of current research and development pertinent to the overall information
systems community; (2) systematic literature reviews of research for the
research and development community; and (3) systematic reviews of ap-
plications which explain successful systems and procedures to the over-
all 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 re-
spond to the following: (1) Is the thesis or purpose stated early and
clearly; (2) is the significance of the paper stated explicitly; (3} is the the-
sis argued persuasively; (4) is the writing clear, concise, straightforward,
inferesting, and in the active voice, where possible; (5} is the paper tied in
appropriate ways to relevant literature; (6) is the paper illustrated appro-
priately; (7) are the methods sound and appropriate to the paper; (8) are
the methods explained clearly; and (9) is the paper interesting to many
different types of URISA Journal readers?

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 com-

plete guidelines regarding the preparation of manuscripts and illustra-
tions, see pp. 118-119.)

Kenneth | Dueker
Bernard [. Niemann, Jr.



GIS Development Process: A Framework for
Considering the Initiation, Acquisition, and
Incorporation of GIS Technology

Carrie S. Anderson

Abstract: This paper proposes a framework for considering a broad array of critical issues associated with GIS
technology-transfer that have typically been treated in isolation. The framework relates the process of GIS imple-
mettation (and organizational-content issues that affect that process) to three GIS technology-transfer stages and
establishes equal status for technical and non-technical barriers to GIS implementation. The suggested GIS Devel-
opment Process is iterative and non-linear. It is composed of five “issues-of-interest” or phases (participation,
context evalualion, vision creation, change, and technical implementation) and moves through three “points-in-
time” or stages (initiation, acquisition, and incorporation). The tasks proposed in each phase can be repeated as of-
ten as necessary during each stage to ensure achievement of established gonls, and may be addressed concurrently
or in any appropriate order. The process presents a facilitative rather than a divective approach, and carries the
technology transfer effort beyond establishing an automated system to supporting its acceptance and use by peo-

ple outside the original implementation team.

any commonly accepted GIS technology-trans-
Mfer strategies acknowledge the importance of

not only hardware, software, data and proce-
dures, but also the significant role played by people.
When GIS technology was originally introduced, mas-
tery of the technical components was an understand-
able preoccupation (hardware, software, standards,
data, etc.). As hardware and software became more ac-
cessible and sophisticated, GIS advocates began under-
standing the complexity of automating geographic in-
formation systems, realizing that success was not
necessarily guaranteed by a perfect, technical tool. This
awareness stimulated the shift from an overwhelmingly
technical preoccupation to a more balanced approach
which incorporates non-technical or “people” issues as
well. These non-technical issues have been labeled: or-

e

Carrie Anderson received her M.A. in geography from the
University of Washington, with an emphasis in GIS, She has
an A.AS. in civil engineering and a B.A. in business adminis-
tration with an MIS emphasis. Carrie has worked with GIS in
both public and private sectors, directed a regional GIS pro-
gram, and managed a GIS development effort for the city of
Portland, Oregon. She works as a private GIS development
consultant and currently holds an adjunct faculty position
with the College of Business and Public Administration at
Eastern Washington University. Research interests include
municipal GIS, and institutional aspects of multipurpose geo-
graphic information system development.
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ganizational and human dimensions, institutional barri-
ers, political climate, interpersonal dynamics, corporate
culture, human factors, and resistance to change (Kanter
1983; Somers 1989; Anderson 1991; Campbell 1992; and
Medyckyj-5cott and Hearnshaw 1993). The problem ad-
dressed by this paper is the absence of 2 comprehensive
methodology or framework for addressing both the
technical and “non-technical” issues affecting GIS im-
plementation.

This author presents a framework structured to ac-
commodate and relate the many sound implementation
strategies {technical and organizational) offered to date,
and to incorporate the issues (system acceptance and
use) facing the implementors of a new GIS. Tradition-
ally, implementation strategies have, as Webster’s dic-
tionary defines the verb, “[provided] the means for the
carrying out of [plans].” The practice of “putting plans
into action” characterizes the approach taken under tra-
ditional implementation strategies. Pushing the “con-
ceptual envelope” of this accepted term (implementa-
tion) too far, may result in obscuring its original
meaning and failing to clearly convey new ideas.

In order to expand the existing implementation
framework to a point where it can encompass a more
inclusive array of issues than have been addressed by
traditional strategies, the terms develop and process are
combined to name the new model, a GIS Development
Process. The term, develop, is used to convey the idea
of “causing to unfold or evolve gradually” and, process,
to suggest a “continuing development involving many
changes.” The framework establishes equal status for



technical and non-technical barriers to GIS implementa-
tion, suggests a facilitative rather than a directive ap-
proach, and carries the effort beyond acquiring the tech-
nology to supporting its acceptance and use by people
outside the original implementation team.

Models Provide a Foundation for the
GIS Development Process

Avoidance of the “organizational and human dimen-
sions” {Campbell 1994) of technology transfer and inno-
vation/adoption creates critical barriers to successful
GIS implementation. The inclusion of non-technical is-
sues shifts the focus from GIS technology transfer and
computer-system installation projects to a process involv-
ing people doing their work. The core institutional is-
sues defining this process (people, organizations, goals,
change and technology) are identified and treated by
authors reviewed in this article with varying degrees of
frequency and effectiveness in the technology-transfer
methods discussed below.

Some of the variance among the implementation
methods can be attributed to the approach used. De-
scribing an investigative approach employed to study
GIS adoption success, Onsrud and Pinto (1991) identi-
fied two models: a content model and a process model.
The content model, defined in terms of organizational or
institutional factors that constrain or facilitate GIS im-
plementation, addresses the non-technical issues of
communication channels, information sharing, corpo-
rate culture, etc. The process model, in turn, lists key steps
in the implementation process and focuses on the tech-
nical and managerial tasks of identifying user needs,
preparing a formal proposal, conducting a pilot project,
and purchasing the system. Some of the technology-
transfer methods discussed below identify critical suc-
cess factors (content), while others list steps in the geo-
graphic information/automation project or define a
“pathway” (process) for introducing GIS. The goal of
the two models—successful GIS implementation-—is the
same, but the route taken differs, resulting in an empha-
sis on different core issues.

Another explanation for such disparate treatment of
core institutional issues is suggested by Obermeyer and
Pinto (1994}, who describe two discrete stages in the im-
plementation process. They identify initiation (concept
introduction) and acquisition (design and geographic in-
formation/automation) as distinct stages. The objectives
of the two stages are different, thus creating a unique fo-
cus for each effort, and consequently emphasizing a dif-
ferent set of issues.

A third stage is identified by Campbell (1992), incor-
poration, suggesting yet another objective {acceptance
and use of the technology) for GIS implementation. As a
goal, acceptance and use of GIS technology moves the

ultimate vision for GIS implementation in local govern-
ment beyond automating geographic information sys-
tems to a future state: using GIS technology for the daily
tasks and decision-making required by governing man-
dates (Jaffray 1993, Mead and Johnson 1994, Ventura
1994). All operational GIS installations must move into
this third stage if the promises of GIS technology are to
be realized. The transition from acquisition to incorpora-
tion is proving to be an unexpectedly challenging
process for local governments.

The models discussed above address many “pieces”
of valuable information about GIS implementation. One
constraint to using this information is the absence of a
framework within which to relate the content and
process models to each other or to the three distinct
stages of GIS implementation. Experienced GIS imple-
mentors recognize and use the information offered by
these authors, but new enthusiasts may overlook valu-
able strategies when technology-transfer guidelines are
incomplete or not clearly delineated. This paper incor-
porates the content- and process-model themes identi-
fied by Onsrud and Pinto (1991), and the stages de-
scribed by Campbell (1992) and Obermeyer and Pinto
(1994), into a new framework for guiding GIS imple-
mentation: a GIS Development Process. This process is in-
tended to provide a framework for considering a broad
array of critical issues that have typically been treated in
isolation.

The paper opens with a discussion of GIS literature
which has presented information about non-technical is-
sues affecting GIS-implementation efforts. The next sec-
tion surveys GIS technology-transfer methods offered in
the literature and evaluates their treatment of GIS-im-
plementation stages (initiation, acquisition, and incorpo-
ration) and associated core issues (people, organiza-
tions, goals, change, and technology). Finally, the author
proposes a method for GIS technology transfer. The
tasks defined by the GIS Development Process can be
repeated as often as necessary to ensure successful
achievement of established goals, and may be ad-
dressed concurrently or in any appropriate order.

A Balanced View of GIS Implementation

GIS literature increasingly acknowledges the complexity
of GIS implementation efforts in terms of critical organi-
zational issues that influence successful incorporation.

It appears likely that for many organizations successful GIS
implementation may well be extremely difficult unless far
greater consideration is given to the organizational and hu-
man dimensions of implementation.

(Campbell 1994, p. 322)

Individuals involved in early efforts to introduce GIS
technology to their organizations were concerned pri-

Anderson/URISA fournal 11



marily with the technical dimensions of hardware and
software, as well as data collection, accuracy and man-
agement (Burrough 1989, Star and Estes 1990, Antenucci
et al. 1991). This technical ‘starting line’ influenced indi-
viduals who refined the technology. The focus of their
work, and therefore the terminology used to discuss it,
adopted a technical bias; most notably the process of in-
troducing automated systems. The work associated
with the transfer of GIS skills and automating geo-
graphically referenced information systems was labeled
intplementation. This term and the associated concepts
continue to influence discussion today.

As the technology became more sophisticated, expec-
tations for its success increased. When these expecta-
tions were not realized, GIS advocates began to search
for non-technical barriers to GIS implementation (Saari-
nen 1987; Brown and Friedley 1988; Foley 1988; Brus-
saard 1989; Peitz, Cihon, Nyerges 1989; Somers 1989;
and Campbell 1992).

GIS Advocates Address Technology
Implementation Concerns

Following the purchase of GIS software and the acquisi-
tion or automation of databases, many organizations
seemed less than satistied with the results (Croswell
1989). The feasibility studies and user-needs analyses in-
dicated a great deal of interest and potential for the use
of automated geographic data, but the resulting system
implementation was often less successful than antici-
pated. Financial support from participating depart-
ments was difficult to obtain, or in some cases with-

drawn from the project. Consensus on a standard soft-
ware package was difficult to reach (Canavan 1993).

Numerous authors have identified institutional or or-
ganizational issues as critical dimensions of the GIS
technology-transfer effort (Anderson and Preecs 1989;
Levinsohn 1989; Campbell 1994; Parr 1994; and Pinto
and Azad 1994). GIS literature reviewed below suggests
five issues critical to the effort: people, organizations,
goals, change, and technology (Table 1).

People

Intuitively, we recognize that people are the basic ele-
ments of organizations. Whenever observations are
made about an organization, they reflect the behavior
and values of the people who form it. This can be seen
in the guidelines skillfully drawn by Brown and Fried-
ley (1988) to assess “organizational preparedness” for
GIS implementation. They carefully and honestly por-
tray the critical importance of organizational structure,
rules and history. Once again the influence of organiza-
tional issues comes through as Campbell (1994) and
Ventura (1994) review GIS technology adoption and use.
Campbell identifies critical areas for concern as: people,
the organization, and its ability to change. She also’
places strong emphasis on extensive involvement by
many levels of participants in several aspects of the im-
plementation process. Ventura more specifically targets
institutional and organizational factors which influence
possibilities for successful GIS technology-transfer and
its truly “beneficial use.”

TABLE1. Issues Affecting GIS Implementation. (Surveyed authors’ emphasis on core issues which present barriers to

GIS implementation.)

Authors People

Organization

Goals Change Technology

Evans (1987)

Brown and Friedley (1988)
Foley(1988)

Croswell (1989}

Somers (1989)

Star and Estes (1990)
Huxhold {1991)

Marx and Newman (1991}
Korte (1992)

Onsrud and Pinte {1993)
Queen and Blinn (1993)
Campbell (1994)

Ventura (1994}

— KR

_ o K

—_— o e
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X Issue thoroughly addressed I Issue identified
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Organizations

During an investigation of GIS adoption success, On-
srud and Pinto (1993) examine the interpersonal and in-
stitutional variables which affect GIS acquisition deci-
sions. Their research explores the relationships among
the organizational or “content” factors affecting GIS
implementation success and the steps of technology ac-
quisition or the “process” itself. Korte (1992) similarly
acknowledges the importance of people and the institu-
tional structure when he recognizes “. . . management,
operational, and organizational problems . . . must be
solved before the GIS can reach its full potential” (p. 98).
Finally, Evans (1987) offers specific guidelines for sys-
tem analysis and design, addressing the organizational
placement of data processing and user involvement.

Goals

Korte (1992) also relates the failure to define goals
(direction and purpose for the GIS project) directly to
success or failure of the technology-transfer effort. Ap-
plications were offered as a focus for GIS projects by
Huxhold (1991}, and again by Marx and Newman
(1991), without the specific definition of project goals.
Few authors acknowledge the importance of facilitating
the creation of goals as benchmarks and guidelines for
GIS implementation.

Change

The necessity for change is addressed by Somers (1989)
when she states . . . [an] underlying concept {for suc-
cessful GIS implementation] is that planned organiza-
tional change must be incorporated into the GIS devel-
opment process” (p. 50). Similarly, Foley (1988)
identifies “failure to anticipate work pattern changes”
and the absence of organizational flexibility as sources
of GIS automation problems. Technology transfer un-
avoidably stimulates change in the way tasks are per-
formed. As GIS implementation experiences are exam-
ined, the impact of changes caused by technology-
transfer activities is more frequently recognized and ad-
dressed.

Technology

Queen and Blinn (1993} offer a brief intraduction to GIS,
presenting both the components and functions of the
technology, and suggesting a planning model for GIS
implementation. While their focus is primarily technical,
the authors suggest an expanded role for users, identify-
ing a few of the “adjustments” an organization must
make to support GIS technology transfer. The introduc-
tion to GIS offered by Star and Estes (1990) also reflects a
predominantly technical approach. The technical focus
is illustrated by a description of five essential GIS ele-
ments, beginning with data acquisition and ending with

product generation. No people or institutional issues are
mentioned. Huxhold (1991) provides a comprehensive,
technical foundation for introducing GIS to local gov-
ernment. Practical examples support the technical con-
cepts, while at the same time identifying the importance
of people and the organizational setting to GIS imple-
mentation success.

The critical importance of non-technical issues is a
persistent theme in the work reviewed above. Surveyed
authors have identified one or more of the core issues
related to GIS implementation and offered suggestions
for managing the influence of these issues. Table 1 re-
veals that the surveyed works have emphasized the in-
fluence of people and organizational issues on the tech-
nology-transfer effort to a greater degree than either
change issues or the technology itself. Only Korte (1992)
has specifically addressed the core issue of establishing
a GIS vision (goals for the new system) for guiding the
transfer effort. While the above noted authors have
identified and proposed solutions to specific non-techni-
cal barriers (core issues) to GIS implementation (see
Table 1), the authors reviewed below propose imple-
mentation strategies which address the same core issues
(see Table 2).

The following section presents GIS implementation
strategies identifying both the core issues emphasized
and the stage (Initiation, Acquisition, and Incorpora-
tion) addressed, in order to illustrate the breadth of is-
sues which define the GIS technology-transfer effort.
Authors who have suggested technology-transfer meth-
ods (Table 2) also acknowledge the complexity associ-
ated with non-technical dimensions of GIS implementa-
tion and continue to discuss the ‘core’ issues tdentified
by authors reviewed earlier (Table 1). The emphasis
placed on specific issues by the author(s) of each imple-
mentation method is reflected in Table 2, and varies de-
pending upon the stage (Initiation, Acquisition, Incor-
poration) addressed by the method offered. As Table 2
shows, most of the authors who propose implementa-
tion methods identify all five core issues as relevant to
the effort, and give increased attention to the core issues
of goals and change.

GIS Implementation Methods Reviewed

GIS advocates are elucidating the complexity of GIS im-
plementation in terms of the core issues identified above
and offering methods to address them. The implemen-
tation methods reviewed below could be presented in
several ways. One classification method would catego-
rize them as content or process approaches to GIS tech-
nology transfer. Second, they could be categorized by
their treatment of core implementation issues: people,
organizations, goals, change, technology. A third classi-
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TABLE 2,

Issues Addressed by GIS Implementation Methods.

Authors People Organization Goals Change Technology
Ezigbalike et al. (1988) I X X X

Aronoff (1989) | 1 I | X
Levinsohn (1989) X X I X

Antennuci et al. (1991} I I X X
Gilman and Keenan {eds) (1991) X X X X X
Marble and Wilcox (1991) X I X I X
Peuquet and Bacastow (1991) X | 1 X X
Ventura (1991) X X X X X
Crane et al. (1992) I | I [ X
Brown and Moyer (eds) (1994) X X I X X
Mead and Johnston (1994) X I X

Obermeyer and Pinto (1994) X X I X I
Pinto and Azad (1994) X X X I
Huxhold and Levinsohn (1995) X X X X X

X Issue thoroughly addressed I Issue identified

fication might identify the stage (Initiation, Acquisition,
or Incorporation) emphasized by the author(s) which re-
flects the objective of their efforts.

It seems most useful in this paper to discuss the GIS
implementation methods in terms of the stage or stages
that appear to be of primary concern to the author(s)
based upon stated or implied goals (Table 3). For exam-
ple, if the method’s imumediate objective is to introduce
GIS concepts to members of the organization and ac-
quire funding, (injtiation), then technology and potential

users are emphasized. If project funding has been ap-
proved, the primary goals become analysis, design, and
installation of the technology (acquisition). Under this
focus the organization’s mission, existing functions or
structure, and the technology itself are primary con-
cerns. When implementation of the technology is under-
way, attention shifts from operating the system to gain-
ing acceptance by users outside the core
implementation group and ensuring continued support
for the system (incorporation). Once again, people and

TABLE3. Stages Addressed by GIS Implementation Methods Reviewed.

Authors I Initiation

II Acquisition III Incorporation

Ezighalike et al. (1988)

Aronoff (1989) l
Levinsohn (1989)

Antennuci et al. (1991)

Gilman and Keenan (eds) (1991}

Marble and Wilcox (1991)

Peuquet and Bacastow (1991)

Ventura (1991) X
Craneet al. (1992) X
Brown and Moyer {eds} (1994) X

Mead and Johnston {1994)

Obermeyer and Pinto (1994)

Pinto and Azad (1994) I
Huxhold and Levinsohn (1995)

X

X I

X

X I

X

X

I X

X I

X

X I
X
X

1

X I

X Stage thoroughly addressed
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their attitudes are of primary importance. Although suc-
cessful GIS technology transfer necessitates attention to
all three stages, Table 3 shows that, with few exceptions,

the primary focus of the methods reviewed is the Acqui-
sition stage.

Stage I: Initiation—GIS Concept Introduction
and Funding Commitment

When individuals in an organization learn about GIS
technology, a series of events can be anticipated. The
people involved begin to read material about GIS, to at-
tend workshops, visit organizations where GIS has been
implemented, and to discuss the possibility of applying
the technology to their work. The Initiation stage has be-
gun. The objectives of this first stage of GIS implementa-
tion are to learn about the technology, explore the ap-
propriateness of GIS for their organization, and to gain
official sanction for the next stage: Acquisition. The core
issues emphasized during the Initiation stage are peo-
Ple, the organization, and the technology. Under specific
consideration during the preliminary exploration will
be the possibility of financial and management support.
GIS advocates will distribute information about the
technology and “test the water” for interest and re-
source commitment.

Three methods addressing initiation

* The Multipurpose Land Information (MPLIS) Guidebook
{Brown and Moyer (eds.) 1994 and Ventura 1991) con-
tribute to the creation of solid foundations for the Initiation
stage. The Guidebook provides all the information and ref-
erences needed to support both the successful initiation
and acquisition of GIS technology. Unfortunately, the
breadth and depth of information contained in this work
can overwhelm readers, obscuring any basic method that
might be employed to guide GIS implementation.

* Ventura (1991) provides both conceptual information about
the technology and techniques to “sell the GIS vision,” of-
fering a comprehensive approach to land information sys-
tem (LIS) initiation in local government. He also identifies
organizational barriers and offers a detailed, technical
“pathway” for LIS acquisition. Ventura additionally ad-
dresses the crucial nature of user participation and institu-
tional influences on the implementation effort, providing a
solid foundation for successful incorporation. Both content-
and process-model approaches are used to convey the
complexity of GIS technology transfer. The absence of a
conceptual structure clearly conveying the iterative nature
of the implementation process is the only weakness attrib-
utable to the LIS implementation guide.

* The influence of interpersonal and institutional variables
on GIS implementation is confronted by Pinto and Azad
(1994) as they address the political aspects of the Initiation
and Acquisition stages. The authors identify political as-

pects of implementation as organizational political behay-
for (OPB) and offer suggestions for proactive managerment
strategies. Pinto and Azad use case studies to illustrate the
influence of OPB in two situations. A “multi-track cogni-
tive-device” for the classification of case-study implemen-
tation events is proposed suggesting the occurrence of
events both as sequential steps and concurrent or parallel
activities. The principle focus of the paper reveals the cen-
tral role of political behavior in successful GIS implementa-
tion. The paper also suggests a flexible implementation
method based on activity tracks and decision points. Even
though goals for the GIS technology-transfer effort are not
specifically identified as a major decision point, the track
implementation method offers categories or tracks that fa-
cilitate inclusion of other non-technical issues in the imple-
mentation effort.

The Initiation stage emphasizes technology, people,
and the organization. Consideration of potential
changes to the organization, and a preliminary explo-
ration of goals for the use of GIS in the organization,
represent additional dimensions of this stage. Not only
the objectives (technology investigation and project
funding) change during the next stage (Acquisition), but
the people involved may change as well. Many of the
first GIS advocates will fade from view when the skills
required become more technical and enthusiasts are as-
signed to new projects, or when they experience frustra-
tion and burnout. While the three methods presented
above have been chosen to illustrate this stage, most au-
thors treat initiation in tandem with the second stage,
Acquisition.

Stage II: Acquisition—GIS Needs Analysis,
Design, and Implementation

The Acquisition stage begins when GIS advocates have
confidence that financial and political support exist to
establish a budget. A feasibility study or, more fre-
quently, a user-needs analysis, generally performed bya
consultant is the first funded activity. The objectives of
the Acquisition stage of GIS implementation are to ex-
pand awareness of the benefits of GIS technology, in-
crease support for the effort, acquire hardware and soft-
ware, implement, and finally operate the system. Under
consideration during the needs analysis and desi

steps of the Acquisition stage will be the possible base
or location for the system, and establishment of formal
funding mechanisms.

At this point in the technology-transfer process, the
core issues emphasized are the organization, the tech-
nology, and future users. A more specific study of the
organization’s functions and goals, potential for change,
and ability to support innovation must be also under-
taken. The group of GIS enthusiasts will grow as new
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applications and information about the technology
spread through the organization. People will begin to
comprehend and resist or thoughtfully consider the in-
dividual and organizational changes required to accom-
modate the new technology. The organization’s ability
to accommodate change plays an important role in de-
termining the success of any innovation, including GIS
technology (Somers 1989).

Seven methods targeting acquisition processes

* A framework for the technology-transfer process is offered
by Aronoff (1989). Implementation is presented as a six-
phase process:

1. Creating awareness of GIS possibilities

2. Developing systemn requirements

3. Evaluating alternative systems

4. Justifying and developing a technology-transfer plan

5. Acquiring hardware and software

6. Operating the system and maintaining political support

Although the range of issues that Aronoff addresses is com-
prehensive, the information he provides in the areas of user

participation and incorporation (acceptance and daily use)
is limited.

While the GIS Guidelines for Assessors (Crane ef al. 1992) tar-
get a tax assessment subject area, and provide a compre-
hensible introduction to basic GIS concepts, the primary
objectives are system planning and implementation. Crane
et al. (1992} present a thorough introduction to GIS con-
cepts and design, creating a solid foundation for the Initia-
tion stage of GIS implementation, as well as addressing the
purchase of GIS technology. The guidelines identify people
as one important component of a GIS, and provide a defin-
ing set of principles that successful GIS projects have in
common. The GIS guidelines identify all the core issues
noted above; however, the authors emphasize technical
concepts and system design (acquisition).

* A structured approach to GIS design is offered by Marble
and Wilcox (1991) who draw heavily upon design tech-
niques developed by software engineers. This design ap-
proach recognizes the influences of institutional constraints
and the complex environments into which this new tech-
nology is being introduced. The authors target the impor-
tance of staff participation, defining requisite organiza-
tional changes, the methods used to introduce the
technology, and acceptance of the solution from both a
technical and social perspective. Unfortunately, the level of
detail is much greater for the technical-process (acquisition)
than the institutional-content section (initiation and incor-
poration) of this design method.

* An LIS implementation methodology is proposed by Ezig-
balike et al. (1988) which begins with an analysis of the in-
stitutional environment and a review of organizational ob-
jectives to establish guidelines for the LIS project. The
authors demonstrate a prototype to future users for review
and input during the technology-transfer effort in order to
maintain their interest in the project. This LIS implementa-
tion method follows the ‘step’ pattern of a process model,
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and identifies people and organizational issues, but focuses
primarily on system design and modeling (acquisition).

* The design of LIS is given a strategic planning approach by
Levinsohn (1989). People, the organization, and change
provide the focus for his technology acquisition and design
method. The critical importance of organizational flexibility
is also identified by this well-developed approach when
the author states “. .. some level of change to the informa-
tion handling routines is necessary to bring about cost-ef-
fective implementation of LIS” (p. 37). The main elements
of Levinsohn’s approach to LIS acquisition are: situation as-
sessment, identification of key players and issues, commit-
ment to the process by all players, identification of alterna-
tives, and consensus on action. The intent of this method
(LIS design) limits consideration of issues to those within
the Acquisition stage.

* Gilman and Keenan (eds.) {1991) offer a guide to GIS plan-
ning and implementation for local government which
treats institutional and “people” issues thoroughly. The
guide identifies three issue categories (policy, manage-
ment, and technological) and lists critical success factors.
Planning and system implementation are well delineated
by the steps offered for “GIS planning and procurement.”
However, the authors underestimate the significance and
complexity of the identified core issues and implementa-
tion activities. While the guide incorporates all significant
core issues, the method described for GIS implementation
is less than complete because little attention is paid the Ini-
tiation stage, and even less to the Incorporation stage.

* Assuggested by the subtitle, A Guide to the Technology, An-
tenucci et al. (1991) offer a predominantly technical model
for GIS implementation composed of five stages (Concept,
Design, Development, Operation and Audit). The five
stages are partitioned into 17 steps that subdivide the im-
plementation process into logically related areas focusing
primarily on technical concerns. The well-illustrated guide
to GIS reflects the expertise of its authors and expands the
technical discussion by presenting an application-focused
design philosophy, acknowledging the need to anticipate
and plan for change, and addressing the importance of
gaining and maintaining project support. These issues are,
however, generally discussed outside the framework of the
implementation stages and steps.

The emphasis of the Acquisition stage, as discussed
above, has traditionally been on GIS technology and the
organization’s existing structure and activities. System
design, purchase, and operation have been the objec-
tives of this stage. However, in order to support success-
ful GIS incorporation, a thorough exploration of long-
and short-term goals for the technology, and potential
changes to the organization should be undertaken, Both
the objectives and participants may change during the
final stage, Incorporation. New GIS advocates are
needed when knowledge about the agency and its oper-
ations are critical to acceptance and daily use of the
technology.



Stage III: Incorporation—
GIS Acceptance and Use

During the Incorporation stage, attention is refocused
upon: potential users, functions and goals of the organi-
zation, and changes in work patterns and information
flow required to facilitate acceptance and use of the new
technology. Recognition of the importance of GIS accep-
tance and its integration into daily activities usually oc-
curs when the technology is in place, the database is un-
der development, and people are expected to begin
using it. Perhaps the Initiation stage is a more appropri-
ate time to begin creating a foundation for acceptance
and use of the technology. If the GIS is implemented in
isolation, or with limited participation, many potential
users will have difficulty understanding how it can be
used to support their work. Facilitating acceptance and
creating patterns of reliance on GIS, thereby gaining
continued support, will be much more effective if a
foundation is begun early in the implementation
process.

Four works emphasizing acceptance and use

* The diffusion method presented by Mead and Johnston
(1994) effectively addresses the democratization of GIS
technology for the U.S. Forest Service, and provides valu-
able suggestions for supporting the incorporation process
following technology acquisition. Since this method ad-
dresses field-level diffusion of the technology (incorpora-
tion), the focus is on people and the information stored in
the computer, with little attention on organizational issues.

* The incorporation of GIS technology is a major focus in the
review of organizational and managerial aspects of imple-
menting a GIS offered by Obermeyer and Pinto (1994).
They acknowledge the difficulty associated with gaining
acceptance and use of these systems in the following terms:
“A necessary part of the evolution of ever more complex
information systems has been the introduction of these
new systems into organizations to aid in their day-to-day
operations” (p. 13). The authors focus on managerial road-
blocks to the successful application of GIS technology and
thoroughly present information critical for informed re-

bility evaluation and identification of goals and objectives.
In this situation, the Initiation stage had occurred and for-
mal GIS acquisition was being addressed through normal
channels by a “.. . series of formalized [linear] and discrete
steps . . . intended to produce an effective product at a rea-
sonable price” (p. 309). This method also identifies critical
“content” issues (the organization and its goals) while of-
fering a “process” for GIS design and use. Critical informa-
tion about organizational climate, however, is given only as
background information.

Finally, Huxhold and Levinsohn (1995) suggest successful
incorporation begins with a strong strategic planning
model as the foundation. Although the authors specifically
target the Acquisition stage (system planning, design, im-
plementation, and operation), assuming the reader’s com-
mitment to such a step, the foundation provided by their
GIS paradigm also creates a high degree of certainty for
GIS acceptance and use (incorporation). As a guide for the
technology-transfer process Huxhold and Levinsohn offer
a GIS implementation framework with four elements:

1. GIS paradigm

2. GIS data-management
3. GIS technology

4. Organizational structure

First, the GIS paradigm element recognizes that decisions
about any element affect the other elements, and acknow}-
edges the iterative process of system design and imple-
mentation. Second, the GIS data-management element de-
scribes geographic data collection, representation, and
management. Third, the GIS technology element guides
technological decisions required to handle data for selected
business functions. Finally, the organizational structure el-
ement identifies institutional actions required to achieve
successful system implementation. By addressing the im-
portant role and powerful impact of people, their goals for
GIS, and potential changes within the organization, they
have in fact encompassed key incorporation concerns in
their GIS paradigm. Although the primary objective of this
method is GIS acquisition, the authors treat all the core is-

sues so comprehensively they lay the groundwork for suc-
cessful incorporation.

The authors discussed in this section have con-

sponses to the identified roadblocks. While Obermeyer and
Pinto do not offer a complete GIS implementation method-
ology, due to the emphasis placed on incorporation, they
do address several important topics “. . . identifying crucial
social factors and processes in the adoption, implementa-
tion, and utilization of {GIS] technology” (p. 14).

Peuquet and Bacastow (1991) emphasize ‘prototyping’ as a
method for system design, when they address organiza-
tional issues and GIS incorporation for the U.S. Army. The
strategy they propose “... allows the organization and the
people in it to adapt and evolve in parallel with the other
components [system design and implementation]” (p. 315).
Using iterative prototyping the process begins with feasi-

tributed many ‘pieces’ of valuable information about
GIS implementation. A major barrier to using the infor-
mation offered is the absence of a complete picture or
framework within which to relate the concepts or pieces
of information one to another or to the three distinct
stages of GIS implementation. Veterans of GIS imple-
mentation actions recognize and employ individual
pieces of the GIS puzzle offered by these authors, but
new participants can miss the big picture when pieces
are missing or not clearly identified. The GIS develop-
ment method proposed below includes all the identified
pieces and offers a framework for their consideration.
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GIS Development Process

Introducing . . . GIS {tools] into an established organization
is & process, which recessarily includes evaluating and proba-
bly changing some organizational work patterns and atti-
tudes. Any restructuring [of these patterns and attitudes]
must be a clearly identified part of the GIS development
process.

(Anderson and Preecs 1989, p. 396)

The final section of this paper offers a framework, the
GIS development process, within which to organize the
many ‘puzzle’ pieces offered to date about GIS technol-
ogy-transter activities. Five core issues (people, organi-
zations, goals, change, technology) and three implemen-
tation stages (Initiation, Acquisition, and Incorporation)
critical to the development process were identified
above. The proposed framework incorporates the three
implementation stages and represents the five core is-
sues as phases: participation, context evaluation, vision
creation, change, and technology implementation
(Table 4).

Content-model issues (people, the organization, goals,
resistance and adaptation to change) are addressed in
the participation, context evaluation, vision creation and
change phases. Process-model activities (user-needs as-
sessment, RFP preparation, technology installation, pilot
projects, etc.) are undertaken during context evaluation
and technology implementation phases. During the
technology implementation phase, formal agreements
and budgets are drafted, software is installed, the land-

TABLE4 GIS Development-Process Matrix.

FIGURE1 Phases of the GIS Development Process and
how they interrelate.

Participation

k.
-
Context Vision Technology
Evaluation [+ Greation —| Implementation
2 3 5

3 A A 3

base is developed, applications are created, and the
technology is accepted and used for daily tasks. As Fig-
ure 1 suggests, the first four phases of the process affect
each other, while all four phases influence technical im-
plementation.

This development process is iterative and non-linear.
The phases of the process are repeated as often as neces-
sary in each stage to ensure successful achievement of
established goals and may be addressed concurrently or
in any appropriate order. For example, as GIS enthusi-

Phase

Stage

I Initiation

II Acquisition

III Incorporation

1 Participation

Educate champions

Involve managers and users

(People) Form Ad Hoc discussion groups ~ Formalize committees
2 Context Informal Formal
Evaluation Apply Evolution Matrix Circulate Surveys
(Organization) Begin GIS Analysis
3 Vision Creation  Informal Formal
(Goals) Educational Workshops
Publish GIS vision, GIS Design
4 Change Informal Formal
(Change) Facilitate new partnerships Redefine roles and work flow
and new ideas Evaluate change feasibility
Evaluate the GIS vision
5 Technology Formal Formal
Implementation ~ Agreements Proposals
(Technology) Budgets Pilot Projects

System purchase and installation
Data conversion

Identify future users
Create informal user groups and
Ad Hoc task forces

Informal
Continuous

Informal/Formal
Focus Groups

Formal/Informal
Continuous

Continuous
GIS used daily
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asts learn more about the technology and observe the
reactions of co-workers and managers, the goals for GIS
technology (vision) may change, triggering another iter-
ation of the development phases to assess the new con-
text and refine the GIS vision.

As the development-process phases move through
the Initiation, Acquisition, and Incorporation stages,
each of the five phases (participation, context evalua-
tion, vision creation, change, technology implementa-
tion) are addressed in each of the three stages (Table 4).
The emphasis placed on each development phase (is-
sue-of-interest) changes appropriately as the process
moves through each stage (point-in-time}. Samples of
players, products, and phase activities for each stage are
suggested by Table 4. This iterative development-
process can be thought of as the phases of the moon
moving through the seasonal stages of the year. The first
development-process phase iterations address the Initia-
tion stage, emphasizing education of the participants
and the procurement of financial and political support.
The next iterations address the Acquisition stage and
emphasize the technology while GIS advocates work
with future users and evaluate the context in which they
work. Subsequent phase iterations address the Incorpo-
ration stage, once again emphasizing system users and
their adjustment to the new technology. Although each
stage has a unique emphasis, they all require considera-
tion of the range of issues represented by the five
phases.

Participation

As the first phase, participation is delineated by the au-
thor to be both a separate phase of the development
process and a critical element of each of the subsequent
phases (Anderson 1991). In the treatment of this phase,
reference will be made to the necessary components for
successful participation: leadership, education, and
communication. User participation as employed here
refers to the initial step of bringing GIS into any organi-
zation, and as a key element in all subsequent phases of
the development process: context evaluation, vision cre-
ation, change, and technology implementation.

Context Evaluation

This phase of GIS development consists of an assess-
ment of organizational preparedness (Brown and Fried-
ley 1988). This phase examines the existing level of au-
tomation and potential organizational flexibility with
regard to the introduction of change. It also examines
the degree of work group autonomy and the ability te
work laterally within the bureaucratic structure.

Vision Creation

The context evaluation phase is followed by the consen-
sual creation of a plan or vision for the agency GIS

{Levinsohn 1989). During the vision creation phase, GIS
advocates facilitate the development of a vision which
can be supported by participating individuals and agen-
cies. Finally, the group should develop a set of “success
factors” (benchmarks) to be used as guidelines for the
process, measures for determining project progress, and
goals for the evaluation of GIS development success.

Change

The change phase addresses both the agency’s vision of
GIS and the context of the proposed system. This phase
must realistically assess any organizational changes re-
quired for successful development of the proposed vi-
sion {(Somers 1989). If the GIS vision requires more orga-
nizational change than the advocates are willing to
promote, the vision should be adjusted accordingly.

Technology Implementation

The final phase, technology implementation, is the ac-
tion or tactical phase, while the first four are primarily
planning activities or strategy phases (Obermeyer and
Pinto 1994). The information gathered and strategy es-
tablished in the first four phases influence the tactics of
the technology implementation phase.

Phase 1—Participation:
Getting People More Than Involved

Participants in a strategic design process must be consulted
at all stages of activity from defining the process, to resolving
institutional issues and designing system applications. Effec-
five participation requires a structured process and that all
participanis understand and commit to the process. Partici-
pation builds commitment. Commitment is required to facili-
tate change. And some level of change to the information han-
dling routines is necessary to bring about cost-effective
implementation of LIS.

(Levinsohn 1989, p. 37)

People are a very important part of any organization.
Therefore, anything that affects them can have a pro-
found effect on the activities of the organization. The
mixed reactions people have to automating the work
around them will affect their attitude toward the devel-
opment of a GIS. In addition, the dynamic, complex na-
ture of GIS will require an alternative to the limited
user-involvement (user-needs analyses) of traditional
information-system analysis and design.

User participation, as discussed here, involves the ac-
tive exchange of ideas among several layers of users
(elected officials, managers, technicians, clerks) and
other affected groups (the public and utilities) in a vari-
ety of ways and in many situations (training, interviews,
brainstorming workshops, newsletter publication, GIS
demonstrations). While such extensive participation is a
component of all phases of the GIS Development
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Process treated in this paper, it is introduced here as
Phase One. This phase consists of an identification of
numerous participants who will play a variety of roles
in the process and a discussion of three other funda-
mental components of successful participation: leader-
ship, education, and communication. Without appropri-
ate leadership, which recognizes the importance of the
user input, an environment will not be created to en-
courage user involvement. If the group has disparate
levels of knowledge about GIS concepts and technology,
many will be reluctant to contribute (Wingrove 1989).
And if the group lacks the appropriate skills (listening
and speaking) little effective communication will occur.

The changing work force also affects the way we act
in the workplace. We can no longer assume that project
participants will be a homogeneous group of people
who will automatically do what they are told. People
are expecting an increasingly participatory role in the
workplace and in the definition and design of their
work (Spencer 1989). Involving people in decision-mak-
ing that affects their work is becoming recognized as a
highly motivational activity. People involved with GIS
development recognize the changing roles to be played
by managers and technical users (Anderson and Preecs
1989; Marble and Wilcox 1991; Peuquet and Bacastow
1991). '

Few manual GIS activities have been documented
with the formal rules which govern activities such as ac-
counting or payroll. Under these circumstances, system
implementation becomes an extraordinarily creative
process calling upon the imagination and energy of po-
tential users to visualize new ways of doing their work.
This creative aspect of GIS implementation makes it im-
perative that many people become involved in the de-
velopment of applications and the introduction of new
routines in their workplace. These potential users will
need to learn about GIS concepts in order to creatively
assist system designers with the application of GIS tech-
nology to their work.

This level of participation, beginning in the Initiation
stage and continuing through Acquisition, will provide
a strong foundation for system acceptance and use, the
objective of the final stage, Incorporation. Participation
is the cornerstone of this development process. The ac-
tivities discussed above, leadership, education, and
communication do not occur in a vacuum. They are, in
fact, very much influenced by the environment in which
they occur. The context evaluation phase considers
some of the aspects of the environment into which the
GIS will be introduced.

Phase 2—Context Evaluation: What are the
Rules and Norms of the Workplace?

Ore of the most significant findings of the research [about
GIS effectiveness in Great Britain] concerns the impact of the
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inherent characteristics of organizational cultures on the abil-
ity of the environments studied to sustain the development of
innovations such as GIS.

(Campbell 1994, p. 321)

The GIS Development Process is iterative and nen-lin-
ear, with the development phases influencing each
other. The process could as easily begin with the formu-
lation of a vision for GIS as with participation or the def-
inition of organizational context. Indeed, vision creation
begins during the initial exploration of GIS technology
and associated evaluation of its probable acceptance in a
specific context (Initiation). People begin to imagine dif-
ferent applications for the new technology. However,
since we all know something about the place we work,
it seems logical to continue the development process by
describing the work environment or potential context
into which GIS will be introduced.

The context evaluation phase, calls attention to the
critical nature of communication patterns and personal
relationships in the work place. The context sets the tone
for all activity in the workplace and must be understood
in order to successfully introduce new activities or con-
cepts (GIS). Some of the problems associated with GIS
development are the product of segmented organiza-
tional structures (Kanter 1983) which restrict communi-
cation between users in various departments. For exam-
ple, independent units of government, each guided by a
specific mandate (planning, taxation, engineering, pub-
lic safety, etc.), have developed in relative isolation due
to budget, legal, and leadership factors.

The acceptable level of participation, in the context of
concern, will control the GIS vision creation activity. The
acceptable level of participation is one of the potential
subjects for the change phase of the development
process. Also, the technology-implementation activity is
surrounded by the context and totally dependent upon
it for all necessary resources. The context of any activity
has an impact on the outcome.

In order to develop plans for the introduction of GIS
technology into an organization, it is wise to understand
the organizational context which will affect the new sys-
tem and into which the system will be placed. During
the course of informal interactions the first step of con-
text evaluation, attitude assessment, has begun (Brown
and Friedley 1988). As the education and exploration ac-
tivities move along, and some level of support for incor-
porating GIS technology into the organization begins to
appear, discussions about the future occur and addi-
tional information on attitudes begins to surface (Initia-
tion stage).

The cultural audit, another context evaluation tool
(Sankar 1988), is critical for success of the Acquisition
and Incorporation stages. This audit can reveal the level
of support and opposition to the initial vision of GIS for
the organization, and reveal many potential barriers to



FIGURE2. A GIS Evolution Matrix suggests levels of in-
formation system expertise and organiza-
tional sophistication required for successful

GIS Development.
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acceptance and use of the technology (incorporation).
The attitude assessment evaluates instances of behavior
by individuals, while the cultural audit explains some of
the behavior. The cultural audit attempts to identify or-
ganizational policy that defines the level of cooperation
which occurs both within a department, and between
one department and others. The audit also seeks out
any policies (management’s attitude) which may control
the level of automation in the department. These “atti-
tudes” heavily influence the fate of the GIS develop-
ment effort.

The GIS evolution matrix (adapted from Saarinen
1987) allows a preliminary appraisal of GIS development
potential by drawing attention to the level of informa-
tion system expertise and organizational sophistication
needed for successful GIS development (Figure 2). The
matrix illustrates a range of information system exper-
tise from main frame to networked systems. It also indi-
cates a continuum of organizational development from
isolated (segmented and independent) to collaborative.
For example, the matrix suggests that if coordinated
ventures are evident in an organization, ad hoc GIS suc-
cess would be likely when data sharing is made possible
by “sneaker net” or a local area network (LAN).

During the Acquisition stage, a formal mechanism
for gathering additional information may be employed.
Sieber (1991) suggests the circulation of a survey to all
informed decision-makers and participating managers
to gauge levels of GIS-technology awareness and devel-
opment-process understanding. This survey can ad-
dress feelings about automation and cooperation, as
well as identify other potential obstacles to the develop-
ment process.

Context evaluation is an on-going process. Organiza-
tions implementing GIS will repeat it through several it-
erations of the phases in all three development-process
stages. The evaluation will also help identify the some-
times elusive levels of commitment to GIS technology
and the changeability of the organization. Dreams for
new GIS applications may also surface as people learn
more about GIS. These dreams become the starting
point for formal, GIS vision creation. Questions about
possible applications should be recorded and brought
forth in phase 3, vision creation.

Phase 3—Vision Creation: Formulating
Images of the Future GIS.

A strategic vision defines the general direction and ambitions
for GIS development. The vision should be defined in terms
that are meaningful to the organization, using what was de-
termined during the situational analysis as the basis for the
wision statement, There are two reasons for developing a
strategic vision for the GIS implementation: (1} to build com-
titment for the GIS and (2) to align the direction of GIS im-
plementation with other aspects of the organization.
(Huxhold and Levinsohn 1995, p. 63)

Action often begins with the image or vision of a de-
sired state, usually different than the current condition.
During, the Initiation stage, the GIS vision (held by early
GIS-technology investigators) is commonly a “wish-
book” of vague ideas stimulating conversation and in-
vestigation. The GIS vision-creation process expands
general awareness and refines the GIS advocates’
dreams. During the Acquisition stage the vision should
be formalized and incorporated into a strategic plan.
The vision then becomes a distillation of the strategic
plan for GIS in the organization, a mission statement. It
is the starting point for the GIS Development Process
and then becomes a goal for the process.

If more than one individual is to be involved in any
activity, the desired state must be described to the unini-
tiated. As many GIS enthusiasts have found, this can be
a challenging task. Whenever an activity (GIS develop-
ment} is so complex that the efforts and special skills of
more than one person are involved, the activities be-
come segmented and it is easy to lose sight of the pur-
pose for the effort. This effect is exacerbated when a
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group of people from different professions (e g., plan-
ners, engineers and assessors) share these tasks.

This problem is further complicated by the legal
mandates guiding local government departments in
which these professionals work. The consensual cre-
ation of a GIS vision statement can mitigate some of the
negative affects of this division of labor (segregation of
professional disciplines, inadequate patterns of commu-
nication, etc.). The various work groups will have
helped create the GIS vision statement and this vision
will become a reminder of the consensual process and
the desired goal. The process not only establishes a pat-
tern to guide system implementation, but can create a
bond of common understanding among the disparate
participants (Senge 1991).

The vision creation phase begins during the Initiation
stage with conceptual GIS education and uses a work-
shop method to facilitate and formalize the vision cre-
ation process during the Acquisition stage. Given the
dynamic nature of the development process the vision
will undoubtedly change again during the Incorpora-
tion stage when even more participants and their appli-
cations become involved with the effort.

Vision creation is nof a peripheral undertaking; it is
central to the GIS Development Process. The critical na-
ture of a vision, and the process which leads to its re-
finement, cannot be overstated. The GIS Development
Process is a journey requiring a destination (the vision)
and an itinerary (the strategic plan). Vision creation has
been called the first step of the strategic plan (Curtice
1989) and is used in the development process to guide
automated information-system implementation. The
success of the Incorporation stage is largely dependent
on the acceptance of a vision for GIS. The cooperation of
all affected parties is required for successful GIS devel-
opment (Dueker 1987). The participants must be in-
formed and willingly accept new ideas and the conse-
quent changes. This acceptance can be facilitated by the
consensual creation of a GIS vision.

Vision creation is one product of participation in a
specific context and is potentially affected by change in
the context. The Vision creation phase of the develop-
ment process begins with a definition of the GIS vision,
and will result in a list of fundamental vision elements,
Some of these elements are:

the reason the effort is necessary,

a list of participants,

a timeline,

a generalized definition of the GIS functions that the partic-
ipating organizations will implement, and

* astatement about system architecture (technology), admin-
istration, and implementation,

The GIS vision may contain any other items that a spe-
cific organization finds significant.
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Pieces of the vision can be found in most documents
written by an agency about their GIS activities. Fach or-
ganization will have a different vision of GIS based
upon their activities and responsibilities. A GIS vision
can be as basic as automated mapping, and perhaps in-
clude permit tracking, or as complex as a regional con-
sortium of utilities and several levels of government.
The complexity of the vision will be determined by or-
ganizational structure and culture as well as the organi-
zation’s level of automation sophistication (see Figure
2). The wide range of potential GIS functions and con-
figurations available, as well as the participants’ particu-
lar culture, combine to create a unique vision for each
organization.

The GIS vision, like the organization, is not static. As
the players learn more about the technology and begin
to understand how this new tool can be applied in their
daily work, the original vision for GIS technology in
their agency will change. The next phase, change, ad-
dresses this and other change-related issues (work pat-
terns, departmental relations, communication channels,
and new organizational structures).

Phase 4—Change: A GIS Development
Process Involves Change

The GIS must it the organization, but the organization must
also make some adaptations in order to make effective use of
the GIS.

(Somers 1989, p. 39)

GIS advocates hold a vision for their organization. They
work within the larger context of the organization, and
have an understanding of the rules and norms which
define appropriate behavior and successful projects in
both their departments and the agency or company as a
whole. Throughout the evolution of the GIS vision, and
activities surrounding efforts to move the development
process forward, organizational constraints will be iden-
tified by GIS advocates, future users, and system devel-
opers. If GIS in local government is to be a cooperative
project shared by independent departments {(cost and
complexity make thig an appropriate approach) the in-
teraction of many people in these departments will have
to change (Cleveland 1985). This becomes a decision
point for the group. The feasibility of the project must be
determined. Obermeyer and Pinto (1994) contend “[t]he
concept of implementation in the context of organiza-
tions may be viewed as a change phenomenon or a
process for creating organizational change” (p. 14). Can
the organization be modified enough to accommodate
the vision or must the GIS vision be redefined to better
fit the current climate (context) of the organization? Will
both the vision and the organizational structure be flexi-
ble enough to accommodate the demands placed upon
them by system-implementation activities?



The GIS Development Process identifies some of the
organizational constraints placed upon the introduction
of GIS technology in the context evaluation phase. The
incorporation of IS technology by an organizationisa
process that continuously evolves, affecting many areas
of the organization; it is not a project which has a prede-
termined conclusion (Kraemer et al. 1989). The develop-
ment process moves on, in the change phase, to call for
open acknowledgment of the relevant issues, identifica-
tion of alternatives using group communication tech-
niques (Spencer 1989}, and commitment by the group to
plan for organizational change and vision modification
(Senge 1991). Among other issues to be incorporated in
the evaluation, planning, and implementation of any
change is the fact that organizations are not static—per-
sonnel change, laws change, funding is gained and lost.

Planning for and thinking about GIS must be long
range (Huxhold and Levinsohn 1995), especially if the
organization is moving from manual systems and seg-
mented structures to automated systems and integrated
structures. Information-technology adjustments also
create a changing technical environment for data-pro-
cessing or information-service departments. These fac-
tors create a dynamic environment (moving target) for
the introduction of GIS technology. The author does not
suggest that massive structural change nor radical
change of the vision will be required in every organiza-
tion in order to introduce GIS technology. However, GIS
advocates must acknowledge contextual constraints, es-
timate the probability of modifying them, and reassess
the GIS vision accordingly.

In summary, as much as we may want to believe it,
nothing is static, the environment, personal relation-
ships, workplace rules and space all change. Acknowl-
edging this dynamic state of affairs and consciously
guiding it is a challenge delivered to GIS advocates and
other change agents (Kanter 1983). No one wants
change thrust upon them without the opportunity to
“see it coming” and perhaps influence some of the con-
sequences. The participatory nature of the GIS Develop-
ment Process recognizes these dynamics and enables
people to influence many of the decisions which will
eventually affect their work (Marx and Newman 1991).
The incorporation of GIS by an organization demands a
number of changes. Some of the changes required will
be addressed in the next phase of the development
process, technology implementation.

Phase 5—~Technology Implementation:
Applying Strategies and Taking Action

Implementing large Spatial Information Systems (SIS) [in-
cludes] very important problems like figuring out what users
really want, adapting the technology fo the organizational

needs, and implementing new operational [and] administra-
tive procedures.

(Bedard 1989, p. 43)

The introduction of information technology to any orga-
nization is a risky venture. The potential benefit of any
computer system is tempered by the character (culture)
of the organization itself, and the attitudes of the partici-
panis as discussed in the context evaluation and partici-
pation phases of this GIS Development Process. As Be-
dard (1989) suggests, the users must be consulted
during the analysis and design activities, and new pro-
cedures must be developed to support both new infor-
mation and new tasks. The finished product or informa-
tion system will be patterned after the goals and dreams
of the system designers’ vision, modified by the ability
of the organization to adapt to the new technology, and
be limited by the availability of technical expertise to
modify the technology appropriately for the organiza-
tion. Budget constraints will obviously affect each of
these considerations. Phases 1 through 4 of this GIS De-
velopment Process have identified several non-techni-
cal, system-implementation constraints and offered so-
lutions to issues only superficially addressed by
traditional GIS implementation strategies.

The technology implementation phase of this GIS
Development Process draws heavily upon the first four
phases to support the introduction of GIS technology
with user participation, vision creation, and preparation
for probable changes to the organization. The process
also identifies some of the institutional nuances (con-
text) surrounding system implementation that signifi-
cantly affect its use and attempts to address them.

In particular, the process recognizes the comprehen-
sive nature of injecting a complex information system
into an established organization. Therefore, the manage-
ment information systerms (MIS) concept of structured
system development {Curtice 1987) is offered as a core.
This concept presents a technique for organizing the
complex implementation activities associated with au-
tomating information systems and associated tasks. Sys-
tem analysis and design begin during the Acquisition
stage using structured system-development methodolo-
gies. During this stage, strong emphasis is placed on
technology and involving the people affected by the
proposed GIS, as well as incorporating requisite organi-
zational changes.

Several authors have presented thorough methodolo-
gies for the technical aspects of GIS implementation
{Marble and Wilcox 1991; Ventura 1991; Brown and
Moyer {eds.) 1994; Huxhold and Levinsohn 1995). The
reader is referred to these comprehensive works for
more specific information.
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Conclusions

We must remember that first and foremost, an organiza-
tion is a collection of people. The level of cooperation
and participation by those people (users) will determine
the level of GIS development success. The central theme
of this GIS development method is a proactive approach
to involving people (elected officials, managers, users,
GIS technicians) affected by the process. The Develop-
ment Process offered here relies on participants to ad-
dress many institutional problems as they facilitate the
incorporation of GIS technology by their organization.

Traditionally, GIS implementation activities have ad-
dressed system analysis and design; the purchase, in-
stallation, and operation of hardware and software; and
database creation for a GIS project. The GIS Develop-
ment Process proposed here encompasses the technical,
system-implementation activities of the Acquisition
stage noted above; the formalization of project partner-
ships during the Initiation stage; and the facilitation of
GIS acceptance and use during the Incorporation stage.
The GIS Development Process provides a comprehen-
sive framework for considering technical, organiza-
tional, and human dimensions that determine success in
a GIS development effort. Unless GIS advocates ac-
knowledge and address these dimensions, by using a
structure for associating the numerous implementation-
methods offered, fulfillment of the technology’s promise
will, in all likelihood, continue to be extremely difficult.
The development process presented here offers such a
structure, and requires GIS advocates to acknowledge
the iterative, cyclical nature of a development effort
based on the assumption that all five phases (participa-
tion, context evaluation, vision creation, change, and
technology implementation) must be addressed in each
of the three stages (Initiation, Acquisition, and Incorpo-
ration).

The Development Process phases are based upon
technical and organizational dimensions associated
with any GIS development effort and represent the
“core issues” identified by many other authors. The sug-
gested process offers an organic approach for consider-
ing these issues in the context of the three stages (Initia-
tion, Acquisition, and Incorporation) characteristic of
any GIS development effort.

The proposed GIS Development Process is based
upon an awareness of certain observable realities (An-
derson 1991). First, the development process is built
upon the fact that geographic information systems currently
exist in manual and automated states. This manual sys-
tem 1s composed of a variety of activities (tax parceling,
right-of-way drafting, preliminary design, and land-use
coding, etc.} performed by public and private sector em-
ployees (assessors, planners, and engineers) who gather
and use geographically related information to perform
their assigned and mandated responsibilities. This
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premise defines the context into which the technology
will be introduced.

Second, the transfer of GIS technology into its new
context is both a process and a project. It is not a finite ac-
tivity. A GIS will continuously evolve. The incorpora-
tion and institutionalization of GIS technology by an or-
ganization requires the positive participation of a critical
mass of individuals in a development process. The steps of
this process (leading to acceptance and use of any new
system) must address a myriad of constraints to the
adoption of an automated information system.

Third, the GIS Development Process proposed here
recognizes among those constraints the uninitiated
users’ view of the potentially invasive nature of GIS
technology. A technology which promotes a vision of or-
ganization-wide and inter-departmental integration of
information resources can seem threatening and pro-
duce reactions of fear, resistance, vindictive compliance,
and sabotage.

Additionally, the GIS Development Process recog-
nizes that GIS is fundamentally collaborative, requires a
wide array of participants, and generates new organiza-
tional structures and procedures. The changes caused by
these new structures will be felt throughout the organi-
zation.

Finally, the process suggests the people who work
daily with manual geographically-based information
are experts about the information to be automated and
must be part of the development process. The process
requires the active participation of all players affected by
the ripples of change which will inevitably flow from
the implementation of an automated GIS.

These realities by their very nature add enormous
complexity to any GIS development effort; to ignore
them will obscure the barriers constraining develop-
ment success. The iterative nature of the proposed GIS
Development Process addresses these complex realities
on a cyclical basis. This GIS Development Process offers
an alternative to conventional solutions by addressing
core issues repeatedly as the process moves through
each development stage. To continue applying tradi-
tional, linear solutions to a multi-faceted problem is to
court disaster. In the best case, the new system may be
used as a centralized automated-mapping tool. The
worst-case scenario reveals the equipment in a corner,
collecting dust. The proposed Development Process, in
contrast, holds out the prospect of realizing the true po-
tential of this maturing technology.
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Case-Based Reasoning and Spatial Analysis

Alec Holt and George L. Benwell

Abstract: This paper brings emphasis to the plausible concept of case-based reasoning being integrated with spa-
tial information systems, and the adaptation of artificial intelligence techniques to improve the analytical strength
in spatial information systems. This adaptation of artificial intelligence technigues may include examples of expert
systems, fuzzy logic, hybrid connection systems and neural networks all integrated with spatial information sys-
tems. The unigque process of case-based reasoning is described and research into the possible integration of case-
based reasoning and spatial information systems is outlined. The benefits of a case-based reasoning spatial infor-

mation hybrid system are discussed.

recognize that the lack of analytical and modeling

functionality is a major deficiency of current spa-
tial information systems (Fischer and Nijkamp 1993;
Burrough and Frank 1995). Therefore, there is a per-
ceived need to interface and integrate spatial informa-
tion systems (515) with additional analytical approaches
to curtail this deficiency. This has given rise to the no-
tion of intelligent spatial information systems (Leung
1993; Laurini and Thompson 1992), which have
adopted some if not all the following statistical and ana-
lytical approaches:

The spatial information and modeling communities

1. Expert systems and 5I5 have been successfully coupled.
(Skidmore ef al. 1991; Fedra 1993; Calori et al. 1994; Davis et
al. 1994; Mason 1994). The architecture of the 5IS-expert
system link is accomplished and described in many ways.
Fedra (op. cit.) describes the levels of integration (trans,
embedded and hybrid} and suggests integration is
achieved by common files, application generators, com-
mon interfaces, shelling and rules. Linkage by rules is the
most complicated of the above methods of integration and
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is accomplished by encapsulating knowledge about enti-
ties and relationships to variables as rules using a matrix
of prior probability. These rules are used by the expert sys-
tem to link knowledge to the spatial data in a SIS by relat-
ing spatial data to pre-defined units. Rules are subjective
and this factor makes expert systems a weak Al technique
for SIS modeling, especially if the application is modeling
an environmental phenomena, then relationships usually

can not be expressed with absolute certainty {Skidmore et
al. 1991).

. Fuzzy logic (Wang ef al. 1990; Kollias and Voliotis 1991;

Benwell 1993; Davidson 1994) techniques have also been
developed for integration with 5IS. Fuzzy logic is incorpo-
rated into a SIS by representing spatial information as ele-
mets, to which membership functions can be applied to
produce fuzzy sefs. After a fuzzy relational data model is

defined, fuzzy techniques can be applied in a SIS environ-
ment.

. More recently, neural networks have been integrated with

spatial information systems (De Vel and Muyzenberg
1992; Whitbread 1992; Openshaw 1992; Wyatt and Itami
1994; Skidmore 1995). Many neural network variations ex-
ist (that is, from single layer perceptrons to hopfield nets),
but the technigue most used for integration with SIS is the
multilayered feed forward semilinear perceptron which
uses the back-propagation algorithm (Skidmore 1995).
Spatial data is fed into the net to produce an output and
the process is the following: The back-propagation algo-
rithm takes two passes, forward and then backward. In the
forward pass, input values are taken and cutput nodes are
calculated. The next pass takes the calculated nodes and
compares them with known values, the differences are
treated as errors and the errors are used to modify the
node weighting. The net is run until the errors decrease to
a specified level to produce the final output.

. Other research directions that further the analytical capa-

bility of a SIS include: rule and knowledge-based ap-
proaches (Webster 1990; Smith and Yiang 1991; Skidmore
et al. 1992), hybrid connection systems (Kasabov and Tri-
fonov 1993), multiple criteria decision-making methods
(Jankowski 1995) and a more innovative research ap-
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proach where spatial reasoning is used to identify a given sit-
uation with other known typical scenarios (Williams 1995).

As researchers and practitioners further the artificial
intelligence cause and with the arrival of object-orien-
tated language, different analytical approaches are be-
ing coupled—for example, neural networks with expert
systems (Skidmore et al. 1992). Case-based reasoning
has been coupled with decision-support systems
{Burstein 1994). An interesting and important connec-
tion lately has been the integration of case-based reason-
ing and neural networks. The connection method pro-
poses a co-processing hybrid model for classification, by
the coupling of case-based reasoning and neural net-
works (Malek and Labbi 1995).

Therefore, if neural networks and other Al tech-
niques can be successfully integrated with a spatial in-
formation system, and if neural networks and other Al
techniques can be integrated with case-based reasoning,
then case-based reasoning may also be gainfully inte-
grated with a SIS.

Interest in hybrid systems is beneficial because effec-
tual new systems—for example, combinations such as
neuro-fuzzy systems—use the strengths of both neural
networks and fuzzy systems to provide a more intelli-
gent system. In SIS and modeling communities, these
combined advances in Al systems bode well for
strengthening the analytical capability of a SIS.

This paper contends that not all Al techniques are
currently being fully utilized in the spatial information
systems realm. Al usage has tended to be in the classifi-
cation of image patterns, primarily to complete images
and to clean noisy data (Openshaw 1993). Whereas Al
techniques should be used to provide better decision
support and more intelligent modeling systems. These
systems could be used to solve spatial dilermmas, which
current spatial information systems fail to do. The fam-
ily of problems that could be specifically targeted by
these systems are problems that require further analyti-
cal processing. This paper illustrates an example of us-
ing the reasoning of CBR to test spatial sites. This exam-
ple uses CBR to evaluate test sites with previous spatial
sites and amalgamate the spatial similarities of the test
and previous sites to provide decision support to solve
the spatial dilemma.

Case-Based Reasoning

This paper discusses an additional Al analytical ap-
proach called case-based reasoning (CBR). It is envis-
aged that this approach will further the AI potential us-
age within SIS by offering its unique features of learning
from previous cases. An SIS-CBR hybrid is interesting
and important as similar situations may require similar so-
futions.
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The CBR approach can be characterised as relying upon
memories of specific experiences rather than upon rules or ab-
stract generalisations. A case-based system does not explicitly
know or manipulate many rules and generalizations, but it is
able to create generalisations as needed. The generalisations
are implicit in the way experience is represented in memory,
and in the way the memory selects which cases to supply in
support of a particular reasoning task.

(Owens 1988, p. 302).

Case-based reasoning systems have been designed to
address a variety of task orientations including diagnos-
tic reasoning, adaptive planning, hypothesis generation,
explanation, adversarial reasoning, analogical reasoning
and hypothetical reasoning. Traditionally, CBR tech-
niques are invoked when a domain is characterised by
unclear problems as much as having unclear answers.
When a novel problem is encountered, a case base of
previous problems and solutions is consulted to deter-
mine what experiences are relevant to the current situa-
tion. Solutions from more than one case may be merged
to address the current problem, and multiple solutions
are typically generated with an assessment of their re-
spective strengths. When the novel problem is solved, it
can be added to the case base. This retaining function
enables CBR systems to learn from previous experiences
(Bradtke 1988; Hammond 1988; Kolodner 1987).

The following example, while not spatial in its con-
text, provides a simple illustration of how a case-based
reasoning system can be used as a problem resolver. The
example is concerned with printer problems. The user
begins by typing in a description of the problem. For ex-
ample: my printer outputs white streaks and then the ini-
tial search results are displayed (5 of 96 cases were se-
lected):

ink cartridge low on toner causes white streaks,
73 ink cartridge low on toner causes faded print area,
55 using bad transparency stock,

45 printing on the wrong side of the paper,

44 ink cartridge is damaged causing black streaks.

Further questions can be answered by the user to nar-
row the search:

are you printing on transparencies?

are you printing on the correct side of the paper?

does cleaning the printer with cleaning paper remove
problem?

The cases are displayed with a number indicating the
percentage of the number of attributes in the retrieved
case that match the research criteria, and ranked in as-
cending order of the highest number. The user can then
click on the case (100 Ink cartridge low on foner causes
white streaks) and a picture with instructions of how to
re-install the toner is displayed.



The Case-Based Reasoning Cycle

The framework for describing case-based reasoning in
this paper is first with a cycle, and then by methods. In
general, a CBR cycle (Figure 1) may be described by the
following four processes (Aamodt and Plaza 1994).

1. retrieve the most similar case(s),

2. reuse the information and knowledge in that case to solve
the problem,

3. revise the proposed solution,

4. retain the parts of this experience likely to be useful for fu-
ture problem solving.

Figure 1 illustrates a simple spatial example to por-
tray the CBR cycle. The example identifies an unknown
spatial phenomena as the South Island which is calcu-
lated from the case of the spatial phenomena of New
Zealand. A new problem is solved by retrieving one or
more previously experienced cases, reusing the case, re-
vising the solution based on reusing a previous case,
and retaining the new experience by incorporating it
into the existing case-base. Of the four processes, each
involves several more specific steps (Figure 2). An initial
description of a problem defines a new case. This new

case is used to retrieve a case from the collection of previ-
ous cases. The retrieved case is combined with the new
case—through reuse into a solved case (that is, a pro-
posed solution to the initial problem). Through the revise
process, this solution is tested for success, for example,
by being applied to the real-world environment or eval-
uated by an expert, and repaired if failed. During retain,
useful experience is retained for future reuse, and the
case base is updated by a new learned case, or by modi-
fication of some existing cases.

As indicated in the process view, general knowledge
usually plays a part in the cycle by supporting the CBR
processes. General knowledge means general domain-
dependent knowledge, as opposed to specific knowl-
edge embodied by cases. In Figure 1, the example iden-
tifies an unknown spatial phenomena as the South
Island, which is calculated from the general knowledge
and case of the spatial phenomena of New Zealand. The
process view briefly described emphasizes that CBR is a
cycle of steps. To decompose further and describe the
four top-level steps, a task-oriented view is used where
each step, or subprocess, is viewed as a task that the
CBR reasoner has to achieve. While a process-oriented

FIGURE1. The case-based reasoning cycle (Adapted from Aamodt et al,, AICom, Vol, 7 No. 1).
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FIGURE2. A task-method decomposition of case-based masoning. (Adapted from Aamodt and Plaza,
AICom, Vol. 7 No.1).
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view enables a global, external view of what is happen-
ing, a task-oriented view is suitable for describing the
detailed mechanisms from the perspective of the CBR
reasoner itself.

The task-method structure (Figure 2) is shown in the
task orientation view (Aamodt and Plaza 1994). The
top-leve} task is problem solving, and learning from ex-
perience and the method to accomplish the task is case-
based reasoning. This decomposes the top-level task
into the four major CBR tasks corresponding to the four
processes of Figure 1: retrieve, reuse, revise, and retain.
All four tasks are necessary to perform the top-level
task. The retrieve task is partitioned in the same manner
{by a retrieval method) into the tasks, identify (relevant
descriptors), search (to find a set of past cases), initial
match (the relevant descriptors to past cases), and select
(the most similar case). At this level of description all
task partitions in the task orientation view are complete;
that 1s, the set of subtasks of task are intended to be suf-
ficient to accomplish the task. In the task-orientation
view no control structure exists over the subtasks, al-
though a rough sequencing is implied by having put
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earlier subtasks higher up in the figure then those that
follow. The control is specified as part of the problem-
solving method. The relations between tasks and meth-
ods identify alternative methods applicable for solving a
task. A method specifies the algorithm that identifies
and controls the execution of subtasks, accesses and
uses the knowledge and information needed to do this.
The methods shown are high-level method classes, from
which one or more specific methods are chosen. The
method set as shown is incomplete, that is, one method
shown may be sufficient to solve the task, several meth-
ods may be combined, or other methods that can do the
assignment. The methods shown in Figure 2 are task de-
composition and control methods. At the bottom level
of the task hierarchy, a task is solved directly, that is, by
the {what may be called) task-execution methods.

CBR Methods

The challenge for CBR is to produce methods suited for
problem solving and learning—in particular, subject do-
mains and for particular application environments. As



with AL no universal CBR methods exist which are suit-
able for every domain of application. A case-based rea-
soning approach is heavily dependent on the structure
and content of its collection of cases (case memory).
Since a new case is solved by recalling a previous expe-
rience (suitable for solving the new case) the case search
and matching processes need to be both effective and
time efficient. Since the experience (from a case solved)
has to be retained, these requirements also apply to the
method of integrating a new case into the memory.

Representation in CBR is primarily the problem of
deciding what to store in a case, finding an appropriate
structure for describing case contents, and deciding how
the case memory should be organized and indexed for
effective retrieval and reuse. An additional problem is
how to integrate the case memory structure into a
model of general domain knowledge, to the extent that
such knowledge is incorporated.

Representation Methods

Representation in CBR is primarily the problem of decid-
ing what to store in a case, finding an appropriate struc-
ture for describing case contents, and deciding how the
case memory should be organized and indexed for ef-
fective retrieval and reuse. An additional problem is
how to integrate the case memory structure into a
model of general domain knowledge, to the extent that
such knowledge is incorporated.

Retrieval Methods

The retrieve task starts with a new case description, and
ends when a best matching previous case has been
found. Its subtasks are called identify features, initially
match, search, and select-executed in that order. The
identification task produces a set of relevant problem
descriptors, the goal of the matching task is to retfurn a
set of cases sufficiently similar to the new case (given a
similarity threshold of some kind), and the selection
task works on this set of cases and chooses the best
match. Some case-based approaches retrieve a previous
case based on superficial, syntactical similarities among
problem descriptors, while other approaches retrieve
cases based on features that have deeper, semantic simi-
larities. To match cases based on semantic similarities
and relative importance of features, an extensive body
of general domain knowledge is needed to produce an
explanation of why two cases match and how strong the
match is. Syntactic similarity assessment (a knowledge-
poor approach) has its advantage in domains where
general domain knowledge is difficult or impossible to
acquire. Conversely, semantic-oriented approaches
(knowledge-intensive) can use the contextual meaning
of a problem description in its matching, for domains

where general domain knowledge is available (Aamodt
et al. 1994).

Reuse Methods

The reuse of the retrieved case solution in the context of
the new case focuses on two aspects:

¢ the differences among the past and the current case, and

*» what part of a retrieved case can be transferred to the new
case?

The possible two subtasks of reuse are Copy and Adapt:

Copy: In simple classification tasks the differences are ab-
stracted away and the solution class of the retrieved case is

transferred to the new case as its solution class. {Riesbeck et al.

in Malek et al. 1995).

Adapt: There are two main ways to adapt past cases: reuse
the past case solution (transformational use) and reuse the
past method that constructed the solution (derivational
reuse). In transformational reuse, the past case solution is not
directly a solution for that new problem but there exists some
knowledge in the form of transformational operators such
that when applied to the old solution they transform it to the
new selution for the new case. Derivational reuse locks at
how the problem was solved in the retrieved case. The re-
trieved case holds information about the method used for
solving the retrieved problem. Now derivational reuse rein-
stantiates the retrieved method to the new case and replays
the old plan in the new context (Malek et al. 1995).

Revise Methods

This phase consists of evaluating the case solution gen-
erated by the reuse phase. If successful, learn from the
success, otherwise repair the case solution using do-
main-specific or user knowledge (Aamodt and Plaza
1994). The evaluation task takes the result from apply-
ing the solution in a real environment. Case repair in-
volves detecting the errors of the current solution and
retrieving or generating explanations for them. The re-
pair module possesses general casual knowledge and
domain knowledge about how to disable or compensate
causes of errors in the domain. The revised case can
then be retained or it can be evaluated and repaired
again (Malek and Labbi 1995).

Retain Methods

Case retainment is the process of incorporating what is
useful to retain from the new case-solving episode into
the existing knowledge. The learning from success, or
failure, of the proposed solution is triggered by the out-
come of the evaluation and possible repair. Learning in-
volves selecting which information from the case to re-
tain, in what form to retain it, how to index the case for
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later retrieval from similar cases, and how to integrate
the new case in the memory structure.

The Proposed CBR-SIS Hybrid

The following are examples of CBR applications which
retrieve, revise, reuse and retain spatial data:

Roentgen is a case-based system which aids in plan-
ning radiation therapy for new patients based on geo-
metrically similar palients. Geometric similarity is com-
puted by the polygons contained in each patient’s case.
The polygons define the outline of each tissue (body
outline, lungs, spinal cord) in the cross-section for the
case. For each tissue, a corresponding list of coordinates
exists that defines a polygon representing the tissue. In
order for the retriever to determine accurately similari-
ties between patient geometrics, Roentgen uses features
derived from ellipsized patients, that is, previous pa-
tients’ cases that have had their geometrics stored math-
ematically. These features from ellipsized patients are
idealised versions of the new patient and the patients in
memory. The ellipsized patient is obtained by approxi-
mating each tissue in the patient’s cross-section with
Roentgen’s best-fit ellipse. Once the ellipsized patient
has been computed, the system computes the following
features, area, eccentricity, orientation, rho (the distance
from the target centroid to the centroid of the ellipse of
the tissue), theta (the angle formed by the vector from
the target centroid to the tissue centroid with the posi-
tive x-axis). These features aid in finding a similar pa-
tient case. The geometrically similar feature is only one
part of the Roentgen system but it describes a spatial
method of defining cases to be retrieved (Berger 1992).

Another case-base uses spatial data to reason with
historical meteorological data. The case-base consists of
meteorological data for past weather situations and in-
dex labels describing the key features of each situation.
Numeric data are arranged in a grid for the following
features: pressure, temperature, humidity, wind speed,
wind direction and relative vorticity. Queries are con-
structed using graphical objects such as points, vectors
and regions that denote meteorological features. These
features are described as three types:

1. static—describe meteorological phenomina at points in
time,

2. dynamic—displaying features as they vary over time,

3. relational-—encoding spatial constraints between features.

Corresponding to each graphical object in a query,
there Is an underlining symbolic representation that is
used in a case retrieval. Index labels are also constructed
using the same representation vocabulary (Jones and
Royhouse 1993). Interestingly, other retrieval methods
such as, pattern recognition algorithms, indexes (Johns-
son 1995), fuzzy retrieval (Kollias ef al. 1991) and spatial
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templates (Williams 1995) have been integrated with
spatial information systems (Johnsson 1995; Williams
1995; Kollias ef al. 1991). CBR makes use of a retrieval
system but also incorporates other processes, namely:
reuse, revise and retain. Therefore this paper suggests
that a CBR-SIS hybrid has the potential to increase the
analytical power and functionality of a SIS and should
not be overlooked.

The Perceived Benefits of a SIS-CBR Hybrid

The authors suggest that initially a SIS-CBR hybrid
could be used to help make spatial decisions, and subse-
quently to make a SIS more intelligent by increasing the
analytical functionality and providing learning facilities.
It is also suggested that ultimately, CBR will improve
the ability of a SIS to be used for decision support and to
ameliorate its spatial analysis techniques. For example,
CBR could be used as a tool for spatial diagnosis by:

* having a user-help system for quantifying spatial phenom-
ena, where the user types in the spatial criteria of the prob-
lem and a similar spatial case is retrieved and possibilities
to classify or solve the problem are suggested,

* making simulation possible, which is useful for estimation
and prediction of spatial phenomena, and

* providing new opportunities in spatial analysis via infor-
mation retrieval and pattern recognition,

Two examples demonstrate some benefits; the exam-
ples use SIS and CBR functionality and highlight the in-
teractive potential provided by combining SIS with CBR,

Example 1

The SIS-CBR hybrid is used fo facilitate searches and an-
swer the following questions:

* Are there any other spatial phenomena such as this?
* It s0, what attributes are associated with those phenomena?

In finding a similar spatial pattern a SIS is needed to dis-
play and store the data, and CBR provides the function-
ality to find the similar pattern and more importantly to
analyze the properties of the similar pattern that is
found. These properties would extend from the obvious
spatial pattern to other attributes associated with that
spatial pattern. This type of functionality could be used
for classification or to solve more complex problems us-
ing previous experiences.

This is an example of a search fo find a similar spatial
pattern{s); the following headings-problem, retrieve,
reuse, revise and retain indicate the CBR processes.
Problem: Typically users may need to know more about
a spatial phenomena, before they make a decision con-
cerning the spatial phenomena. Knowing what has been
done in similar cases with a similar spatial phenomena
can aid the decision-maker/problem-solver (Figure 3).



FIGURE3. The searched spatial phenomena.

FIGURE4. The case-base.
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FIGURE6. The revised and retained spatial phenomena.
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Retrieve: CBR enables the user to search the case-base
to locate other spatial phenomena with a similar pattern
(Figure 4).

Reuse: A case is found which has a similar pattern to
the searched spatial phenomena and the case has attrib-
utes associated with a previous spatial phenomena (Fig-
ure 5),

Revise: A decision is made by the user concerning the
searched spatial phenomena, based on the similar spa-
tial phenomena (Figure 6).

Retain: The user then has the option to retain or discard
the searched spatial case. If the case is retained, then the
searched spatial case, the decision choice, plus other at-
tributes are encapsulated to form a new case in the case-
base (Figure 6).

Example 2

The SIS-CBR hybrid is used to facilitate queries and an-
swer the following questions:

* Which spatial phenomena have the following criteria?
* What attributes are associated with a spatial phenomena
with these criteria?

These criteria have spatial properties and the benefit of
using a SIS for selecting slope, height and aspect is the
ease of interpreting, manipluating and representing spa-
tial data. The benefit of using a fully integrated SIS-CBR
hybrid would be the ability to enter spatial data directly
from digital maps and digital terrain models directly
into a CBR. Once the data are entered, the select action
tries to find a similar case; the similar case is then dis-
played with any associated attributes. CBR provides the
unique function of allowing further information related
to the similar case to be used. This data can be saved as
a new case if a decision is made based on previous
cases—CBR's learning ability.

This is an example of querying a spatial phenomena to
find similar spatial cases which suit a set of criteria. The spa-
tial cases are derived from a spatial database designed
to manage and conserve a mainland breeding Royal Al-
batross colony (Purvis ef al. 1993). This colony has been
mapped using measurements from both field surveying
and global positioning systems technology. This infor-
mation has been used to create a digital terrain model!
which In turn has been used to generate slope and as-
pect analysis (McLennan et al. 1994). Slope analysis is an
important factor in determining which sites the alba-
trosses prefer (Mills 1990). Historical data are available
on previous nest sites. The test is to find, given a new
case, sites that are a close match to other successful nest
sites. The match would be primarily determined from
previous cases which were suitable for nesting based
solely on topographical information. While this match
does not necessarily reflect the full case history of de-
pendant variables it serves as a good instructive exam-
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ple. The example is to clearly illustrate CBR, and in no
way should be interpreted as a definitive staterent on
Albatross nesting preferences.

This guery example has a case definition much more
detailed than the previous search example.

For the albatross case file, blocks of code were written
to define the following: introduction, case definition, in-
dex definition, modification index, weight rule defini-
tion, repair rule definition and case instance.

An example of a case definition for the albatross case
file is:

field slope type is (low, moderate, high);

field aspect type is (north, east, south, west);

field view type is (yes, no) weight is 1;

field on_track type is (ves, no) weight is 2,

field height type is number weight is 0;~m

field coordinate_x type is number weight is 0;

field coordinate_y type is number weight is 0;
end;

The CBR program CASPIAN was used to run this
application. In the case definition above, spatial proper-
ties are defined as fields in the case file. The case defini-
tion was used as a mechanism to process the spatial
data input and the case instance was searched to fulfill
the criteria of the case definition. Once a similar case in-
stance was found, it was possible to locate the similar
case instance based on the fields of the case instance.
Once these similar cases are located they can then be
displayed and the user has the option to add the similar
case to the casebase memory, hence showing the benefit
of a CBR to a SIS by increasing the analytical and learn-
ing functionality of a SIS.

Both examples were conducted using loose coupling,
but it is envisaged that the SIS-CBR hybrid will become
fully integrated in time. Loose coupling was done by
passing data from the SIS into another package by edit-
ing the ASCII output file produced by the SIS. This is
one of the approaches used for coupling spatial data
analysis with a SIS, for example the approach was used
in which output from ODYSSEY is passed to GLIM
(Gatrell 1987).

Conclusion

This paper has suggested the probable use of CBR ap-
plications for help-desk applications. This proposed
CBR-SIS hybrid will promote the coupling of CBR to
spatial information systems. The use of cases for human
browsing and decision-making, is likely to lead to an in-
creased interest in intelligent computer-aided learning,
training and teaching. The strong role of user interac-
tion, of flexible user control, and the drive toward inter-
activeness of systems favors a case-based approach to
intelligent computer assistance, since CBR systems can
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continually learn from, and evolve through, the captur-
ing and retainment of past experiences. This paper also
illustrates the potential of computational reasoning in
the spattal realm to recognize sets of patterns, predict,
provide decision support and simulate spatial phenom-
ena. That is, to recognize situations and train data to
give spatial solutions to spatial problems. This paper
has ultimately tried to demonstrate that SIS would ben-
efit from a CBR link.

Future research will be directed at experimenting
with SIS functionality in the CBR realm:

» To further develop the SIS component by increasing the in-
tegration level with the SIS-CBR hybrid, which at the mo-
ment is achieved by loose coupling. Ultimately the hybrid
should be fully integrated, to provide a generic tool for
many environmental and spatial applications. For example,
if a user has queried a data set and found a microclimate,
which has conditions that suit the pinot neir grape variey,
the user can then search for a similar area without having
to go through the series of steps involved in selecting the
first microclimate. This has significant potential for habitat
analysis of wildlife.

* Test CBR criteria and results against other techniques with
the same data set.

* Applying Kridging to spatial cases to find variables to
quantify spatial similarities of similar spatial cases.
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