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What, and who, constitutes the geographic information science and technology (GIS&T) field? A broadly-based community consensus on this question is urgently needed. Several trends and recent events support this claim. For instance, as part of its efforts to promote career opportunities in what it reckons to be a high-growth technology field, the U.S. Department of Labor recently commissioned the Geospatial Information Technology Association (GITA) and the Association of American Geographers (AAG) to conduct an ongoing study entitled “Defining and Communicating the Geospatial Workforce.” Meanwhile, educational institutions at all levels struggle to implement GIS&T curricula that prepare students for success, and professional certification programs continue to seek criteria that ensure competence in the wide variety of GIS&T application areas. Most recently, the MAPPS et al. v. the United States case demonstrates that competing claims about the scope of the GIS&T enterprise pose high-stakes implications for practitioners, for the field as a whole, and for society. This brief article describes an ongoing attempt to define the knowledge and skills that define our field. It concludes with an invitation to URISA members to participate.
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Figure 1: Front cover of the 1st edition of the Geographic Information Science & Technology Body of Knowledge. Actual size 8 ( 11 inches.
The 1st edition of the Geographic Information Science and Technology Body of Knowledge (GIS&T BoK) is a community-developed inventory of the knowledge and skills that define the GIS&T field. It is designed as a reference work for use by educators, curriculum planners, and evaluators; current and prospective students; certification and accreditation bodies; human resources personnel; and geospatial professionals. More than 70 contributors and reviewers developed the GIS&T BoK through a deliberative eight-year process. A Task Force of the University Consortium for Geographic Information Science (UCGIS), led by Duane Marble, initiated the project in 1998. Determined to strengthen the role of computer science and information technology in GIS education, Marble emulated the form and process of the Computing Curricula developed jointly by the Association of Computing Machinery (ACM) and Institute for Electrical and Electronic Engineers (IEEE). Accordingly, the UCGIS Task Force began their “Model Curricula” project by attempting to specify a body of knowledge for the GIS&T field. The Task Force issued a draft Strawman Report in 2003. A new team of seven editors, assisted by 50-member advisory board (including most of the original Task Force members), completed the 1st edition of the GIS&T BoK in 2006. The 162-page document is available from the publisher at http://www.aag.org/bok/.
The GIS&T BoK is based upon a broad and integrative conception of the field. As envisioned by the original Task Force and its successors (Figure 2), GIS&T encompasses three subdomains, including:

· Geographic Information Science, the multidisciplinary research enterprise that addresses the nature of geographic information and the application of geospatial technologies to basic scientific questions;

· Geospatial Technology, the specialized set of information technologies that support acquisition, management, analysis, and visualization of geo-referenced data, including the Global Navigation Satellite System, satellite, airborne, and shipboard remote sensing systems; and GIS and image analysis software tools; and 
· Applications of GIS&T, the increasingly diverse uses of geospatial technology in government, industry, and academia. 
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Figure 2: The three sub-domains comprising the GIS&T domain, in relation to allied fields. Two-way relations that are half-dashed represent asymmetrical contributions between allied fields. © 2006 Association of American Geographers and University Consortium for Geographic Information Science. Used by permission. All rights reserved.

Like the bodies of knowledge developed in Computer Science and other fields, the GIS&T BoK represents the GIS&T knowledge domain as a hierarchical list of knowledge areas, units, topics, and educational objectives. The ten knowledge areas and 73 units that make up the 1st edition are shown in Table 1. Twenty-five “core” units (those in which all graduates of a degree or certificate program should be able to demonstrate some level of mastery) are shown in bold type. Not shown are the 329 topics that make up the units, or the 1,660 education objectives by which topics are defined.
	Knowledge Area AM. Analytical Methods

Unit AM1 Academic and analytical origins

Unit AM2 Query operations and query languages

Unit AM3 Geometric measures

Unit AM4 Basic analytical operations

Unit AM5 Basic analytical methods

Unit AM6 Analysis of surfaces

Unit AM7 Spatial statistics

Unit AM8 Geostatistics

Unit AM9 Spatial regression and econometrics

Unit AM10 Data mining

Unit AM11 Network analysis

Unit AM12 Optimization and location-allocation modeling

Knowledge Area CF. Conceptual Foundations

Unit CF1 Philosophical foundations

Unit CF2 Cognitive and social foundations

Unit CF3 Domains of geographic information

Unit CF4 Elements of geographic information

Unit CF5 Relationships

Unit CF6 Imperfections in geographic information

Knowledge Area CV. Cartography and Visualization

Unit CV1 History and trends

Unit CV2 Data considerations

Unit CV3 Principles of map design

Unit CV4 Graphic representation techniques

Unit CV5 Map production

Unit CV6 Map use and evaluation

Knowledge Area DA. Design Aspects

Unit DA1 The scope of GI S&T system design

Unit DA2 Project definition

Unit DA3 Resource planning

Unit DA4 Database design

Unit DA5 Analysis design

Unit DA6 Application design

Unit DA7 System implementation

Knowledge Area DM. Data Modeling

Unit DM1 Basic storage and retrieval structures

Unit DM2 Database management systems

Unit DM3 Tessellation data models

Unit DM4 Vector and object data models

Unit DM5 Modeling 3D, temporal, and uncertain phenomena
	Knowledge Area DN. Data Manipulation

Unit DN1 Representation transformation

Unit DN2 Generalization and aggregation

Unit DN3 Transaction management of geospatial data

Knowledge Area GC. Geocomputation

Unit GC1 Emergence of geocomputation

Unit GC2 Computational aspects and neurocomputing

Unit GC3 Cellular Automata (CA) models

Unit GC4 Heuristics

Unit GC5 Genetic algorithms (GA)

Unit GC6 Agent-based models

Unit GC7 Simulation modeling

Unit GC8 Uncertainty

Unit GC9 Fuzzy sets

Knowledge Area GD. Geospatial Data

Unit GD1 Earth geometry

Unit GD2 Land partitioning systems

Unit GD3 Georeferencing systems

Unit GD4 Datums

Unit GD5 Map projections

Unit GD6 Data quality

Unit GD7 Land surveying and GPS

Unit GD8 Digitizing

Unit GD9 Field data collection

Unit GD10 Aerial imaging and photogrammetry

Unit GD11 Satellite and shipboard remote sensing

Unit GD12 Metadata, standards, and infrastructures

Knowledge Area GS. GI S&T and Society

Unit GS1 Legal aspects

Unit GS2 Economic aspects

Unit GS3 Use of geospatial information in the public sector

Unit GS4 Geospatial information as property

Unit GS5 Dissemination of geospatial information

Unit GS6 Ethical aspects of geospatial information and technology

Unit GS7 Critical GIS

Knowledge Area OI. Organizational and Institutional Aspects

Unit OI1 Origins of GI S&T

Unit O2 Managing the GI system operations and infrastructure

Unit OI3 Organizational structures and procedures

Unit OI4 GI S&T workforce themes

Unit OI5 Institutional and inter-institutional aspects

Unit OI6 Coordinating organizations (national and international)




Table 1: Knowledge areas and units comprising the 1st edition of the GIS&T BoK. Core units are indicated with bold type. © 2006 Association of American Geographers and University Consortium for Geographic Information Science. Used by permission. All rights reserved.
One of the most extensive of the ten knowledge areas in the 1st edition of GIS&T BoK is “Analytical Methods.” The twelve units (three of which are core units) that make up knowledge area AM are outlined in Table 1. Shown in Table 2 are the four topics and 23 educational objectives that comprise one core unit, AM4. Also provided at the end of each knowledge area are references to numerous “key readings.” 

	Unit AM4 Basic analytical operations (core unit)

This small set of analytical operations is so commonly applied to a broad range of problems that their inclusion in software products is often used to determine if that product is a “true” GIS. Concepts on which these operations are based are addressed in Unit CF3 Domains of geographic information and Unit CF5 Relationships.

Topic AM4-1 Buffers

• Compare and contrast raster and vector definitions of buffers

• Explain why a buffer is a contour on a distance surface

• Outline circumstances in which buffering around an object is useful in analysis

Topic AM4-2 Overlay

• Explain why the process “dissolve and merge” often follows vector overlay operations

• Explain what is meant by the term “planar enforcement”

• Outline the possible sources of error in overlay operations

• Exemplify applications in which overlay is useful, such as site suitability analysis

• Compare and contrast the concept of overlay as it is implemented in raster and vector domains

• Demonstrate how the geometric operations of intersection and overlay can be implemented in GIS

• Demonstrate why the georegistration of datasets is critical to the success of any map overlay operation

• Formalize the operation called map overlay using Boolean logic

Topic AM4-3 Neighborhoods

• Discuss the role of Voronoi polygons as the dual graph of the Delaunay triangulation

• Explain how the range of map algebra operations (local, focal, zonal, and global) relate to the concept of neighborhoods

• Explain how Voronoi polygons can be used to define neighborhoods around a set of points

• Outline methods that can be used to establish non-overlapping neighborhoods of similarity in raster datasets

• Create proximity polygons (Thiessen/Voronoi polygons) in point datasets

• Write algorithms to calculate neighborhood statistics (minimum, maximum, focal flow) using a moving window in raster datasets

Topic AM4-4 Map algebra

• Describe how map algebra performs mathematical functions on raster grids

• Describe a real modeling situation in which map algebra would be used (e.g., site selection, climate classification, least-cost path)

• Explain the categories of map algebra operations (i.e., local, focal, zonal, and global functions)

• Explain why georegistration is a precondition to map algebra

• Differentiate between map algebra and matrix algebra using real examples

• Perform a map algebra calculation using command line, form-based, and flow charting user interfaces


Table 2: Four topics and 23 educational objectives comprising core unit AM4: Basic analytical operations, from the Analytical Methods knowledge area of the 1st edition of the GIS&T BoK. © 2006 Association of American Geographers and University Consortium for Geographic Information Science. Used by permission. All rights reserved.


Next steps

GIS&T is a diverse and rapidly evolving field. To be of lasting value, the GIS&T BoK must be updated frequently. Future editions of the BoK must represent the consensus of the broad GIS&T community. This requires participation by practitioners and scholars from across the spectrum of GIS&T activities in government, industry, and academia, and from around the world. UCGIS and AAG plan to assemble a team of Editors and Contributors, at least half of whom will be new participants, to prepare a 2nd edition in 2008-09. Editors will include eight to twelve scholars and educators with expertise that spans the GIS&T knowledge domain. Editors will review and critique assigned portions of the 1st edition; participate in three face-to-face editors’ workshops as well as other outreach events; solicit and respond to input from Contributors and stakeholders; and deliver two revised Knowledge Areas – one as principal Editor, another as secondary. Contributors will include 80-100 individuals who represent the diversity of GIS&T research, development, and applications in government, industry, and academia, in the U.S. and abroad. Each contributor will be expert in at least one GIS&T knowledge area, and will share his or her expertise with the Editors responsible for revising that knowledge area. Contributors and Editors will participate voluntarily. GIS&T scholars and practitioners who wish to contribute should contact the author for further information.
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