INTRODUCTION
iJa Juné of 1987, the National Science Foundation (NSF) of the United States announced plans to establish
' National Center for Geographic Information and Analysis (NCGIA), and called for proposals from U.S.
22 Universities. Abler (1987) has discussed the history of the NCGIA concept and it evolution through to the
; i stage of proposal submission. A total of eight proposals from consortia involving 17 institutions were
ONj; b feceived by the 29 January 1988 deadline, and on 19 August 1988, NSF announced that the NCGIA had
o “ooom»in%& toa oowmmacﬂ _om vwmz.mm J:._Nm—w:w Mm California at mwm& ww_.cﬂ.w :%Omwv. and _En_:aﬁ.w:m
. i 2 David M. Mark3, and Andrew U. Frank4 tate University of New York at Buffalo (UB) and the University of Maine (UM). The initial award is
Michacl F. m%mwﬁ_m_or_ﬁn%%% Mmﬂ%m.nw&ﬁmw\_asﬂﬂw N..wa Analysis : v..ﬂw total of $US 5.5 million over five years. The primary mission of the NCGIA is basic research in
¥ .woo«S%Eo»_ analysis using Geographic Information Systems; it also has major roles in education and in
.8_“% ogy transfer.
[N4

'H S. NATIONAL CENTER FOR GEOGRAPHIC —.210532202 AND
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ABSTRACT
] s paper begins with a brief overview of the NCGIA's organization. This is followed by an outline of
i ienc i ced the establishment of a National Center for g of the basic research agenda for the Center, including the sequence, organization, and objectives of the
m_an_m_ﬁm—”m»._w.wwwrﬁwcﬂm%:o% ﬂmw__wmwo%om_%w.ww:%ﬁ AM_HM_EQ was awarded to a consortium led by the’ first twelve research initiatives, Lastly, the NCGIA's curriculum development initiative will be described

University of California at Santa Barbara, and including the State University of New York =Mum.__m»?_wa=.m 4
the University of Maine. This paper describes the research and cacnu:osm_. agendas of the NCG % asie
research at the NCGIA is organized into Research Initiatives, which provide focussed inter-discip _E_Q
inter-campus research projects of 12-24 months’ duration. Research Initiatives begin with mwg_fm
Meetings which bring together researchers from two or more NCGIA sites, {rom mo<m:.5_2_=‘ S.n._: w
private sector, and from other academic institutions. The first iniiative in the n.n._:m._:c:s agen w%u
NCGIA is a project to develop and disseminate a model curriculum for GIS, nc:v_m::m.o.m a oo%a of !

basic lectures organized into modules and into three courses. Both the Research and Educational Agendas

are discussed.

CENTER OVERVIEW

The National Center for Geographic Information and Analysis is organized around four distinct units: the
administrative and communications center located at the University of California at Santa Barbara, and the
three research and education centers located at Santa Barbara, the State University of New York at
Buffalo, and the University of Maine at Orono. David Simonett and Michael Goodchild, both from Santa
Barbara, are the Co-Directors of the National Center, while Associate Directors Terence Smith of Santa
Barbara, Ross MacKinnon from Buffalo and Andrew-Frank from Maine head their respective research
centers on their campuses. Waldo Tobler of Santa Barbara is the Senior Scientist and John Estes, also of
Santa Barbara, is Chair of the Board of Directors.

Research at the NCGIA is undertaken by means of Research Initiatives, or projects designed to fully
investigate impediments to the more widespread implementation of geographic information systems (GIS).
&+ A Research Initiative typically consists of a number of research subtopics which closely interact and where
work in one area should influence and advance work in others. A Research Initiative consists of Specialist
Meetings, Working Groups undertaking intensive research, in-progress seminars (as needed), and a

pational or international Conference to present results.

Educational activities include the development of a one-year (two-semester or three-quarter) model
curriculum of basic GIS concepts, techniques, and applications, and will include professional short
courses and workshops held both on-campus and off, and training for GIS educators.

Outreach to all segments of the GIS/GIA community, both private and public sector, is an important aspect
of the Center's activities. In addition to the research and educational activities outlined above, the Center
will act as a ‘research clearinghouse’ of GIS information and provide a multi-disciplinary link among the
many disparate uses of the technology.

BASIC RESEARCH AGENDA FOR THE NCGIA

The research agenda of the NCGIA is based on long-term research priorities reflecting the needs and
concerns of researchers in GIA/GIS. The Center will include researchers from a variety of disciplines at
each of the three sites, and its effective operation will require coordination, prioritization, and scheduling
of a broad spectrum of research activities. Topics chosen for the first two years reflect both sequencing
constraints (whether the results of one initiative are needed before another can begin) and the individual
strengths and interests of cutrent research personnel.

1. NCGIA, Department of Geography, University of California, Santa Barbara, California, 93106,
U.S.A. [Electronic mail: good@sbitp.bitnet] o

2. ZOO;.M Department of Oomomqmv_;\. University of California, Santa Barbara, California, 93106,

S.A. [Electronic mail: kemp@sbitp.bitnet] 0

3. MOO_>.~UMM9_‘~..~02 of anmq%w. State University of New York at Buffalo, Buffalo, New York .
14260, U.S.A. [Electronic mail: mnoa:_n.@:gam‘.c::o.; . .

4. NCGIA, Department of Surveying Engineering, University of Maine, Orono, Maine 04469, U.S.A.
[Electronic mail: frank@mecan].bitnet}

Research ~=Em:<am are aommwsoa. to take advantage of the Center's potential for new modes of research.
This approach is based on enhancing interaction, not only between individual researchers but also between
the academic, industrial, and government communities. Initiatives consist of five components:
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Specialist Meeting: Center research on a specific topic is initiated by a meeting of one to two wecks plines. A large list of “"researchable questions” ; : .
duration, at which perspectives on the topic are presented by specialists drawn from Center personnel, 2 tloritized, Qdmmm::m:mmmo analyses of mwwmmm_w”wiw\ _asm MMMM__,MWMM ﬂﬁ..mvﬁw:ﬁﬂa:”mw_u-%wﬂoucﬂw:m
researchers from outside the Center, and other representatives of government and industry. Thess ;eiority topic being addresses by'a Working Group at Buffalo. Formalized spatial _.mew:m and ::mr.
meetings will promote cross-disciplinary exchanges, work out the agenda for the Research Initiative, and £ ions to data structures and query languages represent a focus of the working group at Maine
assign responsibilities to Working Groups. Some multiyear initiatives will have annual Specialist: group :
Meetings. Organization for the initial Specialist Meeting will occur during the initiative planning period. 3§ phitiative 3: Multiple Representations. Research Area: Visualization; spatial relations and database
stuctures, Leader: Barbara P. Buttenfield (Buffalo). Specialist Meeting: February 18-21, 1989,
D .oa._..oa:_s 1989 to April 1990. Objectives: 1. Critically examine the relations of the geometry of
aphic mmsm..:.nm to 9.0 mo&n of representation (self-similarity vs. scale dependence, etc.); 2. Develop
nodels for digital description of cartographic features (object-oriented vs. spatially addressed models;
Lierarchical A.ona_m" conversion between models); 3. Study problems associated with scale-changing, and
ﬂﬂomo solutions and algorithms based on pattern recognition and feature identification, inference across
_.u of _.owo_czo:.. and automation of feature simplification and selection; 4. Characterize the effects of
multiple representation on error propagation (this has obvious links to Initiative 1); 5. Determine database

h-nsﬁ.aoum capable of dealing with multiple representations of the same objects.

3
Working Groups: Specific commitments of time and resources are made for Working Groups which will
conduct research for periods of six months to two years following the Specialist Meeting. We assume that
the largest commitments will be made by Center personnel (permanent faculty, visiting fellows, rescarch}
assistants), but that in many cases research will be conducted jointly with other institutions, agencies, and
firms. Working groups will use a variety of modes of inquiry including seminars, computer modeling and
prototyping, and empirical investigation, .

In-Progress Seminars: Progress on Research Initiatives may be expanded through seminars of two to fi
days' duration. Such seminars would bring together a group of scientists with differing views on a topi ;
both from within the NCGIA and from the outside. Seminars may be organized to clarify m 'Initiative 4: Use and Value of Geographic Information in Decision Making. Research Area: Social

interdisciplinary effort, to identify further research directions or to integrate and make available resuli$2§ ‘tconomic, and institutional issues, Leader: Tom Ducheneau (Maine). Duration: May 1989 10 A il Go,o.
from other areas of research with relevance to GIS research. The assimilation of methods and results from:3g Objectives: 1. Identify problems of dealing with uncertainty and risk associated with decision :m:E: )
other areas is an important contribution to scientific advances, but the theoretical background and Develop and test models of the decision-making process regarding land use, focusing on the role of
limitations of each must be understood. A direct discussion between the researchers involved can be ad! b information; 3. Identify primary and subsequent users of spatial information E.a determine the value of
efficient method to achieve this interaction. s soch information; 4. Evaluate the direct and indirect benefits of GIA/GIS. ' ’

Nationalllnternational Conferences: The fourth component of the Research Initiative model is a National 0 ative S: Architect : i

International Conference u\:i:e: substantive m:&ﬂMm are presented 10 a larger audience. We antici ] eader: .—.oﬁ:no&ﬁ.m m.ﬂmmra“mﬂmm Wam“ﬂm_.mva Wm_ﬂmumma?_“\omﬂﬂmm:ﬁ% Ma%o. _mE—Oﬂﬁ_o%mw%o_W uqanwﬂww m.ﬂmm

that many of these will be held in conjunction with other national and international meetings, and that thes requirements for very large databases; 2. Determine characteristic data aﬁaw. for 8:55? sensed data; 3

conferences will be a prominent feature of the NCGIA. i ntify functional components for very large GIS databases and related GIS products; 4. Uo<am2w
10ds to group components to achieve high performance; 5. Build prototypes and test ooBmo:«:E

5
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Midative 6: Sparial Decision Support § : i i i
ititive 6: p ystems. Research Area: Spatial analysis. Leader: Michael F.
¢ ild (Santa Barbara), Duration: September 1989 to April 1991. Objectives: 1. Design GIS data’
S to support decision systems; 2. Develop methods for effectively structuring spatial search

orithms within a GIS framework; 3. Classify spatial search proble: d i i i
dels; 4. Produce and test prototypical :w@l:.owmm%a. P s and identify gaps in current

&
New and Outgrowth Research: Initiatives may lead naturally into long-term single-investigator projects m
greater depth and specificity. The involvement of graduate students in Research Initiatives will haves
considerable educational impact; doctoral dissertation research will be a very important part of thi$s8
outgrowth research. Many initiatives will also lead to applied research relevant to federal agencies, staip§
and local governments, and the private sector. Funding for such outgrowth research wiil be mocm__: )
the agencies involved. Initiatives will usually conclude with descriptions of new problems which ha)

been exposed, and thus influence the Center's long-term research plan. ool
stive. 7: Visualization of the Quality of Spatial Information. Research Areas: Visualizati i
Research Initiatives N Ristics, applications. Leaders: Kate Beard (Maine) and Barbara wcza:maaﬂmwﬁm"%w _W”Fo%m:mw n\“_%h

9010 1992. Objectives: 1. Develop and implement a large n f disti i i
Twelve Research Initiatives are planned to begin during the first three years of the Center's operation: th (reliability, accuracy, nn:E_v:Q. n.o.w of spatial mamomﬂwﬁm %mmﬂmpﬂm%, m_ﬂm Mwmmwmnﬂm%_ﬂwhwm

Specialist Meetings already (March 1989) have been conducied, and two others will be held a__nmm ,.* @ethods using experimental subjects; 3. Test the most promising methods in real-world situations
vin .

next five months, This section lists the twelve initiatives included in the original proposal to NSF, il
the titles, research areas, project leaders, duration, and objectives. ive: 8: Expert System for Cartographic Design, Research Area: Visualization:

g h . . : ; expert systems.

Andrew U. Frank (Maine) and David M. Mark (Buffalo). Duration: Spring 1990 0 1992,

o

..._.o develop an expert system to design cartographic displays of various types.

i
Initiative 1: Accuracy of Spatial Databases. Research Area: Spatial Analysis and Spatial Statistici®
Leader: Michael F. Goodchild (Santa Barbara). Specialist Meeting: December 13-16, 1988. Dura : 1P
December 1988-April 1990. Research has begun under this initiative aimed at developing improv ¢ 9: Institutions Sharing Spatial I, ion. . Qoct . o
models of error and uncertainty in spatial databases, methods of specifying uncertainty and tracking 4. Leaders: Tom U:oro:om_._ WZEzn%ﬁwN:hnmn nmﬂwﬂwbﬂw&wwhummw:% i u:%o_mmc.ccog_
through complex sequences of GIS operations, and reporting confidence limits on GIS products. ThiXbkctives: 1. Identify the social science aspects of people umo:omo.m and prof cBBa__. d _.8 e
results of the research will include a taxonomy and bibliography of spatial database errors, studies of hic information; 2. Document policies regarding inter-agenc “and % oy-citizer .ow. ng win
relative efficiency and accuracy of alternative terrain representation methods, and case studies of ange; 3, Investigate the sharing of information in the u:c:o.moa:w“. a a:nww” M‘w.e:.:_uo: on o_d*._wcc:
propagation of error within GIS processes. The papers of the specialist meeting will appear in] of building common databases); 4. Explore the liability aspects of %Ei:w ahm..g% _ﬂw:m.hwomo_”_g._,
proceedings volume. y ic data processing on responsibilities; 5. Develop models for political support for shared %chmnw.

e g aspects of privacy and public access; 6. i y "

Initiative 2: Languages of Spatial Relations. Research Area: General theory of spatial relations. Leade onal practice c@ mczwwo-m. “_E:.Qm. M”M_m_nﬂww_.mw_ﬁa the impacts of GIS on the standards of
Andrew U, Frank (Maine) and David M. Mark (Buffalo). Specialist Meeting: January 15-19, 1989 )

Duration: January 1989 to July 1990. Major objectives of this Initiative are to identify formsl%

cognitive/semantic models of spatial concepts and relations in natural languages, to construct fom
mathematical/logical models of spatial concepts and relations based on topology and geometry, and
integrate the two kinds of formal models into a general theory of spatial relations. The Specialist meeti
brought together 26 participants, from geography, engineering, linguistics, computer science, and rela

x’

tive 10: Temporal Relations in GIS. Research Area: Spatial and spatio-temporal analysi
1 i : - sis. :
U, Frank (Maine). Duration: May 1990 to 1992, Og.nﬁ?om..v 1. czaowm::_a .ra«Bom%m_Mﬂ».
.Amo..z:co:m. time, discrete time, and events); 2. Assess inference methods in temporal logic and
tion strategies in non-monotonic systems; 3. Compare modeling of states to methods of modeling
ental change with respect to different GIS applications; 4. Study the problems of building temporal
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GIS databases and implications for queries (What was known as of [date 1] about the state of X as of E&o%.
5. Extend the methods for dealing with multiple and alternative representations to include temporal §* ;

2p;

aspects.

Initiative 11: Space-Time Statistical Models in GIS. Research Area: Spatial and spatio-temporal analysis,
Leaders: David S. Simonett (Santa Barbara) and Joel Michaelsen (Santa Barbara). Duration: October 1990.}:
to Scptember 1992, Objectives: 1. Systematic documentation of characteristic scales of spatial and &
temporal variation for basic processes in the social, natural, and applied sciences; 2. Development of 412
taxonomy of space-time statistical models to help select appropriate database structures for representing the
temporal variability of specific social and natural processes in GIS; 3. Development of algorithms for

efficient data refreshing in systems with different characteristic frequencies and scales of temporal i

variation; 4. Development and application of methods of muliiple representation in the time domain for
computing efficiency.

Initiative 12: Remote Sensing and GIS. Research Area: Spatial analysis and spatial statistics. Leaders
Jack Estes (Santa Barbara) and Frank Davis (Santa Barbara). Duration: October 1990 to September 1991,

Objectives: 1. Improve methods for data acquisition and processing; 2. Develop principles for identifying £:8

appropriate data structures for storage and integration of remotely sensed data in GIS systems; 3. Extend $3
GIS applications in scene classification, contextual classifiers, and expert systems. )

NCGIA GEOGRAPHIC INFORMATION SYSTEMS MODEL CORE CURRICULUM

&7
Recognizing the pressing demand for professionals trained in GIS, the National Center for Geographic1?
Information and Analysis is developing a model curriculum as a guide for institutions wishing to introduce:
an introductory instructional sequence in GIS. While some universities have already developed specialties ¢
in GIS, many departments have recognized the need for training in GIS but have been unable to devo
their limited resources 10 addressing this task. Meetings on GIS education hosted at Ohio State University.
in June 1988 (and another planned for 1989), as well as papers presented at the GIS/LIS'88 symposium
(cf. Barnes and Loon, 1988; Kuennecke, 1988; Sullivan and others, 1988; Tucker and Devine, 1988; and

PR

several others) recognize concern for educational and training issues related to GIS. It is hoped that this ¥

curriculum will assist with the integration of GIS concepts into programs taught by many Geography
departments, as well as other disciplines concerned with spatial phenomena such as surveying, geology;
landscape architecture, forestry and resource management. .

ol

Philosophy of the Model Curriculum Design

There are several distinct areas of need for GIS professionals. The proliferation of systems in planning

and resource management offices has made the lack of trained GIS operators critical. This kind of training .

can be accomplished most directly by in depth exposure to specific hardware/ software systems, But
beyond this functional level, there is a need for people with a broader exposure to GIS, with a general idea
of where GIS fits into existing managerial and planning decision processes. At another level, people are i
needed who can carry out basic research so that GIS can reach beyond being simply an applications driven
toolbox and become a fully functional system for guiding spatial analysis. A recognition of this range of
needs has been a driving force in the curriculum design. i
There is, however, 2 more philosophical objective to be achieved in this curriculum. GIS is distinguished :
from other spatial data handling activities by its emphasis on analysis. Although in its carly stages the:
devclopment of GIS has been driven largely by applications, it is important now to address its more :
fundamental and conceptual aspects. GIS can, in fact, be used to teach many fundamental concepts about .
spatial analysis, We see the challenge in the development of this curriculum to be a careful balancing .
between the needs of the job market and the recognition of GIS as a new opportunity for advancing spatial :
research and analysis. We do not wish to perpetuate the black box image of GIS by training uninformed .
operators. On the other hand, we do wish to provide our students with marketable skills. To this end, the

basic driving philosophy in the development of this curriculum is to provide a general education on the i
basic principles and concepts of GIS, to examine the theory and tools of spatial information analysis and to .
provide a broad exposure to GIS applications so that objective decisions can be made about system

uoncmmﬂaoz and implementation. The approach is therefore more that of the generalist than the technical

specialist.
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m.no._..uo Objectives

b B .

! Specifically, the overall objectives of the curriculum are to provide an introduction to GIS. If GIS is seen
a8 2 powerful way to examine spatial relationships, the amount of material that can be covered in one year
‘ong course is very small. However, viewing GIS as a way to organize many diverse areas of study
“#round a spatial analysis model provides a useful conceptual framework.

"Seen as a whole, then, the courses will provide an introduction to the many related but complex subjects
'which come together in GIS. Different facets will be reviewed briefly so that students are given a taste of
the exciting worlds beyond. The first course is an introduction to the hardware, software and operations
4 “ﬂm—m. ?,oi&:w the essentials required by a beginning GIS technician. The advanced courses {ocus on
i two distinct aspects. One deals with technical aspects and explores areas related to the computer science
i ind computer cartography roots of GIS. The other course deals with the applied aspects of spatial
53 anilysis, spatial decision making and management issues.

5

S

{a the Introductory Course, students will review hardware and software components, explore several
#pplications and will be introduced to data structures and basic functions. Several different GISs will be
reviewed. Specifically, students completing this first course will learn to: identify and describe the
&4 hardware components of a GIS; state differences between database models; %mo:@n and n<m_._m8.3a§o.%
% data capture and sources of data; discuss the nature and n—_wqmoﬁ_,..m_._om. of mmusa a.au and o.Sn..:m.. list
'iid define typical GIS operations; identify types of products from GIS; identify various applications of
1S; classify systems according to their characteristics; and recognize differences between raster and

yector systems.

X

aboratory exercises will be included to give students hands-on experience. Depending on the objectives
of specific institutions, laboratory exercises can be used to provide in depth instruction on a single system
to give a broader exposure by using several different ones. Labs will provide instruction in: the
tion of 1ab computers; the procedures involved in completing simple GIS operations; issues of data

.;wr
YEa«a&o: into systems; and the use of GIS to address a resource management problem.

..WW i
A
"SR The Technical Issues course deals with GIS algorithms, data structures, advanced computational topics

Pand analysis of error. Labs will include technical programming exercises. Students will leam to: identify
Jources of error; compare and contrast different coordinate systems and projections; describe several
{methods of storage of spatial data objects and to evaluate these methods for various applications and data
3! types; construct simple algorithms to conduct basic GIS operations such as overlay, intersection, area;
B recognize significant aspects of map accuracy and data quality; and conduct error tracking and estimation

edures.

‘The Applications in GIS course explores operational and management issues. Ways in which
k¥ traditional planning and management theories and techniques can be implemented in GISs will be
examined. Students will learn which issues need to be considered when proposing and implementing a
A new GIS and will have opportunities to evaluate how GIS can be used to answer specific planning
¢ blems. Topics covered will help students to: discuss the problems of data exchange standards and
| .4 ﬂ_.cwo databases; evaluate the use of spatial analysis techniques in the GIS context; describe applications of
SR GIS in various fields; discuss social impacts of GIS, including legal aspects and effects on management

<M decisions; describe relevant aspects of the implementation of GIS in an institutional setting, including
incorporation into an agency, cost and benefit, benchmarking, request for proposals; and identify future

#': directions in GIS. Practical work will include analytical exercises using spatial analysis techniques and
B8 GIS products in management/ planning contexts and reviews of actual implementations to evaluate their
successes and failures.

ST
S

Although the three courses described above constitute the core of the curriculum presentty being
developed, there are several additional areas which we feel would be fruitful for future development.
k. These include: one or more modules on specific software systems to provide the in depth systems training

» some departments may wish (o provide; applications modules which will allow students to work in teams
1o organize and conduct complete GIS analysis projects; and case studies, designed after the business
school case study model, which would allow students to make significant management/ planning decisions
based on actual data.
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The curriculum is designed as a series of 75 one hour lectures. The choice of lecture topics and emphasis
given to each area included has undergone considerable discussion and review with input received bot
from within and outside the NCGIA consortium. It is recognized that, even at the lecture writing sta
priorities and topics are stilf likely to be rearranged. 2l
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To assist with our planning process, lectures have been grouped into the three courses described and arg
sequentially listed so that some progression in learning can be assumed. However, lecture modules withis
each course have been identified to ensure that considerable flexibility is designed into the curriculum,
recognize that different institutions have different priorities and may wish to rearrange the lectures
accommodate different academic calendars, and may wish to remove some lectures and insert others
far as possible, this flexibility will be maintained.

kt, Ronald F., 1987. The National Science Foundation National Center for Geographic Information
Analysis. International Journal of Geographical Information Systems, v. 1, no. 4, pp. 303-326.

.9m=<Eo. ga.rooa. Joseph C., 1988. The Land Information Management (LIM) Curriculum at
he w\om:,c State University. Proceedings, GIS/LIS'8S, vol. 1, pp. 295-301.

Having idemtified the major topics that need to be included in the lectures, we have requested wmww
from members of the GIS community to help us write the lecture materials. The response has b ke, Bernd H., 1988, Experi ith Teachi 5 .
generous. Although considerable editing will need to be done to ensure consistency in the final produifs Geverooh b . Experiments with Teaching a GIS Course within an Undergraduate
our curriculum will recognize contributions from over 30 GIS professionals in the U.S., Canada, Gretly i graphy Curriculum. Proceedings, GIS/L1S'88, vol. 1, pp. 302-307.
Britain and Australia. Lecture materials will include detailed lecture notes, professionally produced e E.,. Jerome G., Niemann, Bernard J.. Jr <,o=annorn Alan P., and Thum, Peter G.. 1988, S

i i inati i i i R y - ) W Jr, 3 -, um, Peter G., .
aids, student handouts, suggested readings and examination and discussion questions. ‘Computerized Land Information Systems: Teaching an Interdisciplinary Introduction. wﬁenmmmm“\%m

Laboratory materials, likewise, will be contributed by many individuals who have already developed and OIS/L1S'88, vol. 2, pp. 515-527.

tested their own versions. It is planned that labs will be designed for implementation on several differes (51 iy . . .

hardware and software systems so that they can be used in both fully equipped GIS labs and j facker, Dean F., and Devine, Hugh A., 1988. GIS Education -- Ecelectic, Integrated, and Evolving,
departments with very limited software budgets. Datasets for the labs are also being gathered. Laboralofy, Wimnm&_:wa. GIS/LIS'88, vol. 2, pp. 528-540.

manuals will be provided with fully worked examples for instructors. ;i

In addition, several supplementary materials are being developed. These will include textbook and vidg
reviews, evaluations of various hardware and software configurations and a guide for departments;
wishing to implement a G1S program (including budgets, arguments for establishing GIS programs apd
course descriptions). .
The curriculum will be tesied at several sites during the 89/90 school year. Instructors using the material

during this testing stage will be required to submit, at frequent intervals, detailed evaluations of el ¢
materials used. A workshop for these evaluators will be held at the end of that school year. Discussions s
this workshop are expected to suggest significant revisions. These will be incorporated into the
curriculum and materials will be ready for wide distribution for the fall of 1990.

Summary and Discussion

This paper has presented a brief overview of the National Center for Geographic Information asd:
Analysis, with particular emphasis on the agendas for basic research and for education. We cannol
emphasize too much that the NCGIA is open to involvement by researchers, educators, and practitiones
from other academic institutions, from government agencies, and from the private sector. We particulady
welcome interactions with Centers and laboratories in other countries. Post-doctoral fellowships and leave
supplements will, in principle, be availablie at all three NCGIA sites. Persons interested in becomi

involved in NCGIA activities should contact: initiative leaders with respect to involvement in the rese
agenda; site Associate Directors with respect to visiting positions; and either of the first two authors with
respect to the educational agenda.




