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PREFACE TO THE 1993 UPDATE

This document is an updated version of NCGIA Technical Paper 91-20: The NCGIA Guide to GIS Laboratory Materials -
1991. This 1993 update includes approximately 40 pages of new or updated material, plus an appendix which contains a set of eight
full-text GIS exercises. Much of the information described by the new material is available free-of-charge via anonymous FTP (File
Transfer Protocol). Appendix D contains instructions on using FTP.

Appendix E contains eight full-text GIS exercises, which are set up to work with the OSU-MAP GIS package using some of
the standard datasets provided with OSU-MAP. These exercises were provided by Dick Scott of Glassboro State College. The
contributions to this document by Dick Scott and others are gratefully acknowledged.

Conventions of update entries:

The following are some characteristics of the new or updated information in this guide:

• The title of new or updated entries begins with an asterisk (*). These entries have been moved to the beginning of
their section within the document.

• Courier font 10 point text constitutes information pulled directly from the Internet.

• Some entries may contain a field called "ED. NOTE:", which contains notes or comments by the Editor.

• When applicable, the "SOURCE" field will contain an FTP address. One or more. directories of interest will be
listed in parentheses after the FTP address. For example, the following entry:

SOURCE: Anonymous FTP at spectrum.xerox.com (/pub)

means that one logs in as "anonymous" to the FTP site "spectrum.xerox.com", and then changes to the directory "pub".
Appendix D of this document contains instructions for using FTP-

• Under the FORMAT field: "Unix compressed" means fil es are compressed with the Unix "compress" command.
These files are binary and their names end with the two characters ".Z". Use the Unix "uncompress" command to
uncompress them, and be sure to download them as binary and not text.

Once again, thanks to everyone who contributed material to this Guide. If you would like to contribute something for the next
update, see Appendix C.

Rusty Dodson
NCGIA Santa Barbara
September 2, 1993.



THE NCGIA GUIDE TO GIS LABORATORY MATERIALS - 1991

In the summer of 1990 the National Center for Geographic Information and Analysis completed the NCGIA Core Curriculum
in GIS. The objective of the Core Curriculum, a 1000+ page, three volume document, is to encourage the rapid development of high
quality courses in Geographic Information Systems (GIS). To achieve this objective, the NCGIA produced an extensive set of
classroom teaching materials, including lecture notes, handouts, overheads, and slides. The document was completed in July, 1990 and
is available from the NCGIA.

To support the classroom materials provided in the Core Curriculum volumes 1-3, the NCGIA has produced a series of
resources designed to assist educators in establishing a GIS laboratory curriculum. The series is currently made up of four separate
documents: two volumes of student laboratory exercises1, a set of case studies on establishing GIS laboratory facilities2, and this guide
to GIS laboratory materials.

This document is a compendium of information pertaining to GIS laboratory education. Our objective is to provide resources
which facilitate the establishment of a GIS laboratory curriculum. These resources include references to student exercises produced by
the NCGIA, vendors, and other institutions; as well as aids for the creation of new exercises, including ideas for topics and sources of
appropriate data.

We feel that the information in this guide will be immediately useful in improving the quality of GIS laboratory education.
This guide includes material received prior to July, 1991. We wish to express our thanks to all those who responded by providing
material for this first version, and who are named as contributors in the sections that follow. The contents of the 1991 edition are
limited by the material received, and are inevitably somewhat uneven. However, we anticipate that this document will be updated
when a sufficient amount of new material has been collected. It is hoped that readers will take part in the future development of this
guide by sending any interesting materials to the NCGIA.

A generic format for submissions is included in an appendix at the end of this document. We encourage the development and
submission of lab exercises which cover themes and topics not addressed in the current version of this guide.

Structure of the document

This materials guide is made up of several components:

GIS laboratory themes and topics

This section provides a conceptual framework for the identification of exercise topics and functions as an organizing structure
for this sourcebook. Issues of fundamental importance to GIS are broken down into a set of topics around which laboratory
exercises can be based. Each exercise entry in the body of the compendium is associated with one or more topics from this
list.

The body

The body of this guide consists of three chapters of entries: lab exercises, data sets, and miscellaneous materials. Each entry
contains a title as well as several descriptive items including price when available and information on subject matter, system
requirements, student level, and how to obtain the materials. A description of the format used in organizing each entry is
provided at the beginning of this section.

The exercise chapter contains references to published exercise sets and exercises which are available from their author or
contributor. In addition, some entries in this chapter contain complete, immediately-usable exercises.

The data chapter describes data sets which may be useful in creating new exercises. These references pertain to data available
from both vendors and private individuals, and are often in a ready format for one or more GIS packages.

The miscellaneous chapter contains information on items which do not fit into one of the previous two categories. Included
are sources of educational software and other resources of interest to the GIS education community.

                                                          
1 GIS Laboratory Exercises: Volumes I and 2; NCGIA Technical Papers #91-12 and #91-14. Both are described in the

Exercise section of this document.
2 GIS Teaching Facilities: Six case studies on the acquisition and management of laboratories; NCGIA Technical Paper

#91-21. Described in the miscellaneous section of this document.



Appendices

Included in the appendices are an index to GIS software mentioned in the document, an extensive bibliography on GIS
education, and a generic form for the submission of new material.

Indexes

This section contains a cross-referencing of the items in the body of the document by various subject groupings. The index
should be helpful to those desiring a specific type of resource. For example, readers interested in materials which support a particular
GIS package can find all pages in the guide that contain a reference to that software.

Disclaimer

Much of the information contained in this document has been submitted by individuals not affiliated with the NCGIA. While
every effort has been made to ensure the usefulness and accuracy of the contents, please make sure that the material is appropriate for
your particular pedagogic needs.



GIS LABORATORY THEMES AND TOPICS

Since the objective of the Curriculum is to provide a basis for teaching the conceptual aspects of GIS, we have chosen to
provide lab materials that will supplement the lectures by demonstrating important concepts and introducing real applications, rather
than simply provide skills training in the use of one or more specific GIS packages. Of course, this task is made difficult by the nature
of many current GIS software programs which require training before even simple analytical tasks can be conducted.

Therefore our approach to the development of lab materials is a very broad one, providing a range of support from general
guidance on what topics might be appropriate to examples of specific lab exercises. Our design consists of four levels of detail. The
top level describes the four major themes which we feel conceptually-oriented labs should address:

• The database as a representation of reality

• GIS as a management tool

• GIS investigates the world

• Implementation and design

Whether an instructor chooses to include labs which address all four of these themes in one course will depend on the
department in which the courses are taught and the level of instruction. At the second level of detail, each of the themes is defined
more precisely as a set of topics. Topics describe specific aspects of the themes that would be suitable for individual lab exercises.
The next level, generic exercises, provides suggestions as to the kinds of datasets and related activities that could be used to
demonstrate aspects of each topic. The final level, specific exercises, provides databases and detailed exercises which can be used
directly in the classroom. At this level only, materials focus on specific GIS programs. In terms of the connection between Core
Curriculum lecture materials and labs, we see that each exercise will be associated with one or more lecture topics while individual
lectures may similarly be supported by a range of exercises.

THEMES AND TOPICS FOR LAB EXERCISES

By Michael F. Goodchild

THE DATABASE AS A REPRESENTATION OF REALITY

A spatial database is a discrete, digital representation of real geographical phenomena distributed over the earth's surface. The
relationships between the database and reality are complex, but an understanding of them is an essential requirement for effective use
of GIS technology.

Spatial primitives

Databases represent real spatial variation and features through the use of discrete primitive elements. Several different
primitives are identified in current GISs, including pixels, cells, points, lines, arcs, areas, polygons and surfaces though many
terms are synonymous or overlapping in definition with others.

Alternative data models

Geographical data is infinitely complex, but must be reduced to finite dimensions to fit within a digital storage device. For
each type of spatial data, there are several alternative methods of discretization available, each with its own form of
information loss, and each suitable for different kinds of analysis.

Scale and resolution

For geographical information, "the closer you look, the more you see". Scale and resolution define the level of spatial detail
in the database, but need to be distinguished from each other and from related concepts of accuracy and precision.

Accuracy

Accuracy measures the relationship between the digital database and the true spatial distributions which it represents. A
variety of methods can be used for determining accuracy, each with its own problems and limitations.



Spatial layers and objects

Some phenomena, such as elevation, are continuous and have values everywhere ("layers"), while others, for example
telephone poles, are discrete objects and do not occur everywhere. However, both of these very different distributions may be
represented in a database using the same set of primitives - in the case of elevation and poles as a set of points. It is important
to distinguish between the properties and functionality of these different distributions. Many processes can be described
through interactions between layers, and the combination of layers through overlay is a fundamental concept in GIS.

Multiple themes

A spatial database represents the complex, multithematic nature of geography through layers, coverages, classes of objects
and other forms of data modeling. The definition of themes and their implementation in the data model is critical in its effect
on the usefulness of the database in different applications.

Relationships

Three types of relationships can be defined in spatial databases: those which are necessary for the formation of complex
objects from simple primitives; those. which are computable from the geometry and locations of the objects, such as
proximity and connectedness; and relationships which are neither of these, such as those defined by ownership.

GIS AS A MANAGEMENT TOOL

In many applications, GIS is used to manage or maintain spatially distributed facilities and resources. GIS is an important
              tool in building spatial inventories and in making well-informed decisions about the locations or uses of these facilities and resources.

The information product

Because GIS is a complex software environment, it is often necessary to limit access to trained, technically qualified staff.
Decision-makers work not with the system itself, but with products generated by the system, such as maps, charts, tables and
lists. The functions of the system are used to process data into a form suitable for decision-making.

Queries

When the application requires relatively simple functions, it is cost-effective for decision-makers to be trained in using the
system themselves. Car navigation systems, for example, can be used by drivers with minimal technical training.

Vehicle routing/scheduling

A major area of application of GIS is in determining routes and schedules for vehicles. Simple capabilities allow decisions to
be made on optimal routes for emergency vehicles, delivery schedules for express mail, work schedules for utility repairmen,
etc.

Central facilities

GIS is often used to study potential locations for central facilities, such as fire stations, retail stores, airports, campgrounds,
schools etc. These applications rely on the ability of GIS to combine information from different layers, and to measure
distance in meaningful ways.

Dividing the world

Many applications of GIS support decisions about how to divide the world, into trade areas, school service districts, sales
territories, voting districts etc. Each of these applications uses similar functions of the GIS.

Resource management

GISs play important roles in the inventory, management and planning for development of spatially distributed resources such
as timber and outdoor recreation areas.



Suitability analysis

The suitability of a site for various uses may depend on many factors, each of which can be conceptualized as a GIS layer.
All GISs include the ability to superimpose layers, and thus combine factors into aggregate measures of suitability.

Multiple criteria

In controversial decisions, it is often necessary to deal with conflicting criteria. GIS must often be applied in cases where
several criteria exist, and some objective means must be found to reconcile the resulting conflicts.

Spatial decision support systems

GISs exist to support decision-making. Effective decision support requires a flexible approach, in which the system helps the
user not only to solve the problem, but also to define objectives in what is often a highly uncertain environment, and to
explore the implications of different options.

The management environment

The effectiveness of GIS technology is often limited by the management environment in which it operates, and by political,
economic and social concerns. To make good use of the capabilities of this technology, it is necessary to understand the
institutional frameworks within which it must operate.

GIS INVESTIGATES THE WORLD

GIS is an important tool in scientific investigation, in those areas of science and social science that deal with geographical
               data. This theme explores the concepts underlying the application of GIS as a scientific tool, and its effectiveness as a means of
               investigating the world and its human and physical environments.

Exploring the world through a database

The success of GIS depends on whether it can provide the user with an accurate view of the world. What can the user learn
about the world through the medium of a GIS? What are its limitations, and advantages with respect to more conventional
media such as atlases, maps, texts and photographs?

Combining media

Recent developments in GIS technology allow the spatial database to be used as a means of access to other media, such as
images stored on videodisk, and recorded sound. Each medium has its strengths and weaknesses.

Exploring cause/effect relationships

The ability to overlay layers in a GIS is a powerful way of discovering and exploring causal relationships. GIS can bring
together environmental factors with patterns of disease, for example, and suggest correlations. But correlations can be
spurious, and some understanding of cause/effect processes is needed to make sense of many patterns.

Geographical brushing

GIS offers many excellent and powerful tools for exploring geographical data. The brushing technique allows an area or
variable to be examined selectively in order that the patterns and processes operating in regions can be identified visually.

Spatial dependence

This is the tendency for places which are close together to be more similar than places which are far apart. Almost all
geographical distributions show some form of spatial dependence, but its strength can be an important factor in understanding
the processes controlling the distribution.



Analysis in space and time

GIS capabilities can be used to explore and display dynamic aspects of geographical distributions such as the diffusion of
disease, the processes behind weather patterns or the effects of human migration, without the static constraints of
conventional maps. Space/time data can be viewed and described in spatial and temporal cross-sections.

Modeling environmental processes

Research over the past several decades has led to the development of many useful models of environmental processes, in
such areas as atmospheric circulation, hydrologic processes soil erosion. GIS can be used to input and pre-process data, to
display the results, and to explore the effects of changing conditions.
Modeling socioeconomic processes

Just as in the modeling of environmental processes, GIS technology can also be used effectively to support social science
research, including such areas as modeling of spatial interaction and regional economics. Again, the GIS can be used to input
and pre-process data, to display the results, and to explore the effects of changing conditions.

IMPLEMENTATION AND DESIGN

This section includes aspects of the technical implementation and design of GIS. Many important concepts underlie the data
              structures and algorithms of current GISs, and the procedures used to define and develop GIS projects.

Map projections and coordinates

GIS designers have implemented many standard methods of describing locations on the curved surface of the earth. An
understanding of the different characteristics of these options is important for planning both data input and the final product
and in evaluating the accuracy of locational attributes.

Digitizing

The process of converting maps into digital records is labor-intensive, and effective preparation and processing techniques art
needed to minimize its tedium and cost.

Data structures

Data structures are the digital implementation of data models, and require decisions to be made about record formats and
coding systems. Any one data model may be implemented in many different data structures, and one data structure may
implement more than one data model.

Data integration

The ability to integrate data from a variety of sources is a major advantage of GIS, but raises a host of issues if it is to be done
effectively. Format, scale, data structure, projection, and date are examples of factors that may vary from one source to
another and must somehow be reconciled.

Algorithms

Algorithms are the procedures used by the computer system to perform various operations on data. Some GIS processes, such
as overlay and buffer zone generation, present complex and difficult problems to algorithm designers. An understanding of
the algorithms used by specific GIS functions is often necessary to accurately interpret the results from complex operations.

Database design

Combining a knowledge of the proposed database contents and its applications with various principles of database design is
important in the development of useful and meaningful databases.



Benchmark testing

Benchmark tests are used to confirm that a GIS can indeed perform the functions claimed, and can carry out the required
volume of work within prescribed time limits.

Designing a product

Effective use of GIS, particularly in management applications, requires careful planning. This should include the
identification of intended products, the data required to generate them and the functions that the system will have to be able
to perform. Consideration of important cartographic principles is also important.

User interfaces

The practical value of a GIS is affected by the design of its user interface which is in turn affected by its anticipated audience
and application. There are several different types currently available.



GUIDE TO CONTENT FORMAT

The headings used for both the laboratory exercises and the data sets are listed below with brief descriptions.

Lab Exercises

TITLE: The title of the exercise. The title may be the actual name or a statement that describes content.

CONTRIBUTOR: The individual(s) or organization that provided the exercise.

SOURCE: The contact from whom the exercise can be obtained. The information listed includes address, phone, FAX, and
price when available. Prices are as current as possible, but should be confirmed.

NCGIA TOPIC: This relates an exercise to one or more corresponding topics from the list of laboratory themes/topics
included in this volume.

APPLICATION AREA: A general discipline or field of study under which the exercise could be classified.

GEOGRAPHIC LOCATION: The location of the study area used in the exercise.

EDUCATIONAL ROLE: This item provides a general indication of the level of difficulty for students (i.e.
Beginning/Intermediate/Advanced), or an indication of where the exercise may fit within a particular course.

COMPLETION TIME: An approximate amount of time required to complete the exercise.

HARDWARE/SOFTWARE: A description of the hardware and software needed to run the exercise.

DATA REQUIRED: A description of the data necessary to run the exercise.

GENERAL DESCRIPTION: A broad overview of the exercise. This may be used in addition to the previous headings to
browse through this materials guide.

DETAILED DESCRIPTION: When appropriate, a more detailed description of the exercise will be found here. In some
cases this item contains the complete text of the exercise.

Current as of: The most recent date of verification for the above information.



Data Sets

TITLE: The title of the data set. The title may be the actual name or a statement that describes content.

SOURCE: The contact from whom the data set can be obtained. The information listed includes address, phone, FAX, and
price when available. Prices are as current as possible, but should be confirmed.

GEOGRAPHIC COVERAGE: The portion of the earth that is covered by the data set. The description below may provide
more detailed information.

FORMAT: This lists any information available about system requirements, storage media, and data structure.

DESCRIPTION: This entry describes any pertinent and available information about the data set.

Current as of: The most recent date of verification for the above information.
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