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Towards Ubiquitous Cartography 
Georg Gartner, David A. Bennett, and Takashi Morita 
Computer-generated maps have become commonplace over the past 
decade. Most internet search engines, for example, have the ability to 
generate maps in response to spatial queries and routes between 
specified origins and destinations. Advances in mobile computing 
technologies provide access to these mapping capabilities from virtually 
any location on the Earth’s surface. Maps and map-making have become 
ubiquitous, and this phenomenon requires cartographers to rethink basic 
concepts about map design and map use. In this special issue we present 
five research projects that are focused on the emerging field of 
ubiquitous cartography. These projects were selected, in part, because 
they are representative of key research challenges that face the 
cartographic research community. In this introductory paper, key terms 
are defined and research challenges outlined. By way of this collected set 
of papers, ubiquitous cartography is presented as a new and important 
arena for cartographic research. 
Keywords: Location-based services, TeleCartography, mobile internet, 
navigation systems, ubiquitous mapping 
  
Mobile Positioning in Space–Time Behaviour Studies: Social 
Positioning Method Experiments in Estonia 
R. Ahas, A. Aasa, S. Silm, R. Aunap, H. Kalle, and Ü. Mark 
The paper introduces methods and applications of the mobile 
positioning-based social positioning method in geography. The social 
positioning method (SPM) studies space–time behavior by analyzing the 
location coordinates of mobile phones and the social characteristics of 
the people carrying them. We describe the experience gained from the 
SPM pilot studies carried out in Estonia from 2003 to 2006. The results 
demonstrate that mobile positioning-based tracing is applicable in 
different geographical studies, as an analysis of temporal movement 
patterns and activity spaces. The biggest advantage of mobile 
positioning-based methods is that mobile phones are widespread, 



positioning works inside buildings, and collection of movement data is 
done by a third party at regular intervals. The disadvantage of mobile 
positioning today is relatively low spatial accuracy and surveillance fears. 
The boom in the generation of phones with A-GPS will improve 
positioning accuracy in networks. 
  
User Aspects of Adaptive Visualization for Mobile Maps 
Annu-Maaria Nivala and L. Tiina Sarjakoski 
The objective of map design is to create, in the mind of map users, an 
abstraction of the real world appropriate to the map’s purpose. The 
success of the design depends not only on the cartographer’s skill but 
also on the user’s ability to read the map and on the particular 
circumstances of its use. If the user does not understand the meaning of 
the map symbols, this may lead to frustration or misinterpretations. If, in 
a mobile map context, users can be provided, in real-time, with map 
symbols adapted to particular use situations and user preferences, more 
effective map reading could result. This paper studies those user aspects 
where map symbols and other visualization are adapted for mobile users’ 
specific needs. A discussion on the importance of understanding 
cartographic principles in mobile map design is followed by the 
description of an adaptive mobile map service implemented within an EU 
project called “GiMoDig.” This service delivers maps with different point 
of interest (PoI) symbols and different map designs for varying user 
groups in different use situations. The paper describes how the 
cartographic design was evaluated and how the intuitivity of the map 
symbols was tested. Finally, conclusions and recommendations for future 
research topics are discussed. 
  
Wireless Campus LBS: A Test Bed for WiFi Positioning and Location 
Based Services 
Barend Köbben 
The Wireless Campus LBS project is designed to provide a test bed for 
location-based services (LBS) research, and it is a valued service for the 
University of Twente (UT) campus community. Initiated in early 2005, the 
project’s research team is comprised of members from the University of 
Twente Computer Architecture Design and Test for Embedded Systems 



group, the UT department of Information Technology, Library and 
Education, and the International Institute for Geo–Information Science and 
Earth Observation. The research has focused on Wireless LAN positioning 
techniques and contextually aware data management systems for 
ubiquitous computing. The system delivers mapping information for LBS 
and mobile applications through the use of adaptive, cartography-aware 
database objects. In this paper, we describe the theoretical background 
of LBS and positioning services in location-aware GIS and database 
technology, the University of Twente Wireless Campus, and the prototype 
we developed for providing positioning and location-based services using 
that Wireless Campus environment. 
KEYWORDS: Wireless and WebGIS, location based services, WiFi 
positioning 
  
Place-tagged Podcasts with Synchronized Maps on Mobile Media 
Players 
Masatoshi Arikawa, Ken’ichi Tsuruoka, Hideyuki Fujita, and Akihiro Ome 
PodWalks are a new kind of Podcasts where virtual narrators guide users 
through real-world spaces. PodWalks can increase a user’s appreciation 
of real spaces by connecting them to audio tours stored on portable 
media players that can be listened to any time and anywhere without 
using mobile telecommunication services. One disadvantage of PodWalks 
is that it can be difficult for listeners to synchronize their locations with 
the location that the narrator is describing and, as a result, listeners 
become disoriented. To solve this problem we propose a new 
framework—maPodWalks—as an extension to PodWalks which provides 
maps that are synchronized to the narrations on mobile media players. By 
forming linkages between virtual and real-world experiences, 
maPodWalks help users develop mental maps of places of interest. In this 
paper, we discuss the characteristics of maPodWalks and present a 
prototype maPodWalk Maker that allows users to easily create geocoded 
audio tours. The results of system tests comparing the performance of 
PodWalks and maPodWalks are reported as well. 
KEYWORDS: Audio tours, mobile media players, Podcasts, PodWalks, 
place tagging, narrations, synchronized maps, ubiquitous mapping, user-
generated content 



  
Augmentation of Indoor Positioning Systems with a Barometric 
Pressure Sensor for Direct Altitude Determination in a Multi-storey 
Building 
Günther Retscher 
To determine the correct floor of a user in a multi-storey building using 
pedestrian navigation and guidance services is a challenging task, as 
most common indoor location techniques provide only 2D position 
determination. Consequently, it is recommended to augment the position 
determination system with a barometric pressure sensor for direct 
observation of height differences. In the research project NAVIO 
(Pedestrian Navigation Systems in Combined Indoor/Outdoor 
Environments), tests with a barometric pressure sensor have been 
performed and their results are presented in this paper. The tests show 
that using a barometric pressure sensor, the building floor at which a 
person is located can be determined with the standard deviation of better 
than ± 0.5 m. 
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Relations among Map Objects in Cartographic Generalization 
Stefan Steiniger and Robert Weibel 
Adequate representation of cartographic expert knowledge is essential if 
maps are to be created in an automated way. Part of this expert 
knowledge is made up by the structural knowledge embedded in the 
relations that exist among the objects depicted on a map, as these define 
the structures and patterns of the corresponding real-world objects that 
should be maintained and emphasized in the cartographic generalization 
process. With this article we aim to provide a foundation for the analysis 
and representation of such relations among objects in thematic and 
topographic maps, which we term horizontal relations. We start off by 
defining the terminology underlying map object relations and by 
discussing how these relations interact with map constraints and 



cartometric measures. We then present a typology of horizontal relations 
that may be found in a map with respect to map generalization. The 
typology is the result of a study of thematic and topographic maps, as 
well as an analysis of the literature on the use of map object relations. 
Five different types of horizontal relations are identified: geometric, 
topological, semantic, statistical and structural. Some of these can be 
based on standard operations available in commercial GIS or mapping 
systems, while others are less easily accessible. To demonstrate the use 
of our typology and show how complex horizontal relations can be 
formalized, we present an application of the typology to the grouping 
and generalization of islands. Subsequently, we discuss the various steps 
involved in the usage of horizontal relations in map generalization, as 
well as their associated roles. 
KEYWORDS: Map generalization, map object relations, horizontal 
relations, structure recognition, data enrichment, cartometrics 
  
Testing the Effects of Thematic Uncertainty on Spatial Decision-
making 
Sue Hope and Gary J. Hunter 
The output of any Geographic Information System (GIS) is a 
representation of the real world and, as such, it will always contain some 
level of uncertainty. There is now a growing recognition that this 
uncertainty should be communicated to information consumers if they 
are to be fully informed regarding the decisions being made on the basis 
of the underlying data. Research to date has tended to focus on the 
issues of how uncertainty information can be modeled and visualized, 
with less consideration being given to the subject of how users might 
apply such information. Studies in the psychological literature clearly 
indicate decision-making biases when information is ambiguous, with 
most people displaying ambiguity aversion. Therefore, the research 
question we seek to answer in this paper is “Do people exhibit a similar 
bias towards uncertain spatial information?” This paper examines the 
effects of introducing thematic uncertainty to spatial information in the 
context of a decision task. The results indicate that many people, 
including those who consider themselves to be experienced in working 
with spatial information, do not have an intuitive understanding of how to 



handle uncertainty in decision-making. Furthermore, our findings reveal 
that the inclusion of uncertainty information in a GIS output can lead to 
irrational decisions being made—instead of promoting robust, more fully 
informed decision-making as intended. 
  
Spatial Resolution and Algorithm Choice as Modifiers of Downslope 
Flow Computed  from Digital Elevation Models 
Keith C. Clarke and Su Jin Lee 
This research investigated the dependence of computing downslope flow 
from digital elevation models (DEMs) on two basic elements of the flow 
calculation: the spatial resolution of the DEM and the algorithm used to 
compute the downslope flow, specifically how it defines topographic 
slope and aspect. Six algorithms for downslope flow and downslope 
accumulation were implemented in MATLAB using different assumptions 
about components of the computation from the terrain analysis literature. 
We analyzed the results of downslope flow statistically, thresholded the 
values to yield streams, and compared the different results with the 
actual surface streams in the National Hydrographic Database. We 
repeated the computations using DEMs of 3-m, 30-m, and 90-m 
resolutions, covering a test area near Santa Barbara, California. We 
conclude that downslope flow computations are overestimates, and that 
they are fraught with critical algorithmic assumptions and scale effects. 
They should be approached with great caution in GIS-based analyses. 
KEYWORDS: Downslope flow, topography, digital elevation model, scale 
  
Interpretation and Generalization of 3D Landscapes from LiDAR Data 
Sagi Filin, Nizar Abo Akel, Katrin Kremeike, Monika Sester, and Yerach 
Doytsher 
This paper discusses the interpretation and generalization of three-
dimensional landscapes derived from laser scanning data. Airborne laser 
scanning systems provide an unparalleled detailed description of surfaces 
on a large scale. This level of detail, however, raises questions regarding 
the effective visual communication of the data. In this paper, we consider 
visualization from a cartographic perspective, particularly in terms of the 
generalization of details and enhancement of important features. Our 
goal is to visualize topography efficiently, while emphasizing such 



features as the road network. To achieve this, the communication of 3D 
landscapes has been implemented as a modular pipeline of individual, 
configurable processes, focusing on the interpretation of the laser 
dataset and its generalization. The raw laser point-cloud then becomes 
an input to a sequence of processes that result in a generalized 
topography. The interpretation process concerns the extraction of the 
terrain and the road network from the raw data. The generalization of the 
interpreted entities then follows. The application of the proposed model 
shows improved manifestation of the road network within the terrain. 
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Preface 

Cartography 2007: Reflection, Status, and Prediction 

Michael Leitner and André Skupin, Guest Editors 

This then was the context within which we issued—in March 2006—a call for submissions to the 
2007 U.S. National Report to the International Cartographic Association. In accordance with the 
Report’s theme of “Cartography 2007: Reflections, Status, and Prediction,” we were particularly interested 
in contributions that would address our discipline in terms of:  

In recent years, cartography has arguably been experiencing a renaissance, as evidenced by the 
diversity of cartographic products accessible to and, in fact, accessed by the public. The decade-long 
vision of a Digital Earth is coming to fruition. Google Earth in particular has captured the public’s 
imagination, both as a highly interactive online mapping tool and as a de facto standard for conveying 
geographic context in TV news programs. Meanwhile, alternative cartographic expressions are gaining 
ground. For example, the May 2007 issue of the magazine Vanity Fair includes a series of area 
cartograms illustrating global environmental disparities. Within the academic realm, visualization and 
particularly exploration have firmly established themselves as dominant cartographic paradigms. 
Progress is also being made in connecting cartography with other disciplines (such as psychology or 
computer science) through shared participation in conferences, funded research projects, and 
publications. Commercial out-of-the-box GIS software appears to finally be catching up with the 
aspirations of cartographic design, making it easier to create beautiful maps that are nevertheless 
driven by large databases. Meanwhile, open-source software and distributed computing 
infrastructures—including so-called mash-ups—are challenging traditional notions of cartographic 
production. 



1. Reflections on past developments, in particular those of potential influence for the future; 
2. Perspectives on the current state of cartography and GIScience; and 
3. Aspirations and predictions for the future. 

Among the submissions we originally received were four full papers (up to 10,000 words), 
nine short papers (3,000 words maximum), and nine short notes (500-1,000 words). Each of the 
four full papers was reviewed by the two guest editors and by at least two external reviewers. In 
addition, we decided to initiate a rigorous external peer review for three papers that had been 
submitted in the short paper category, but significantly exceeded the 3000-word limit. The 
remaining six short papers and all short notes were reviewed by the guest editors only. The final 
U.S. National Report now before the reader contains a total of sixteen contributions: one peer-
reviewed, full paper; six short papers; and nine short notes. Among the short papers, the 
contributions by Curtin and Edsall underwent external peer review. 

The U.S. National Report’s only full paper by Juliana Astrud Maantay, Andrew R. Maroko, 
and Christopher Herrmann introduces a novel dasymetric mapping approach. It starts by 
reflecting on previous and current dasymetric mapping techniques and then contrasts those 
with the new method, the Cadastral-based Expert Dasymetric System (CEDS). The article 
concludes with predicting future modifications to the CEDS methodology. The authors utilize 
dasymetric mapping to determine an accurate depiction of total population and specific sub-
population distribution for urban areas. This is essential in developing an improved 
“denominator,” allowing for more correct rates in geographic information system (GIS) analyses 
involving public health, crime, and urban environmental planning. The novelty of the CEDS 
method is that it utilizes very detailed cadastral information as ancillary data, which is more 
appropriate to estimating population distribution in hyper-heterogeneous urban areas. The role 
of the expert system lies in selecting the appropriate method of disaggregation that best fits the 
data. Using a case study of asthma hospitalizations in the Bronx, New York City, the authors 
demonstrate how the CEDS method can improve research and analyses that employ population-
based rates. 

In the first of the six short papers, Kevin M. Curtin follows the theme of the U.S. National 
Report by reviewing, assessing, and projecting network analysis in geographic information 
science (GISc). The paper describes the theoretical basis for network data structures, followed 
with a review of several major types of network data structures. The current cartographic and 
analytical capabilities in network GIS are discussed next and include linear referencing and 
routing across networks. In the remainder of the paper, Curtin suggests a set of challenges for 
network analysis in GIS, arising through increased implementation of existing network theory, 
through expansion of existing theory and practice in the areas of network design and location, 
and through interactions with a wide variety of other disciplines. 

The second short paper by David DiBiase, Michael DeMers, Ann Johnson, Karen Kemp, Ann 
Taylor Luck, Brandon Plewe, and Elizabeth Wentz reviews past and current curriculum 
development efforts in the U.S. related to cartography, geographic information systems, and 
remote sensing. The authors devote the majority of their paper to the recently published 
“Geographic Information Science and Technology (GIS&T) Body of Knowledge (BoK)”. Defined as a 
comprehensive inventory of the intellectual content that defines a field, the GIS&T BoK specifies 
what current and aspiring geospatial professionals need to know and be able to do. The GIS&T 
BoK is hierarchically organized into ten knowledge areas, 73 units, 329 topics contained within 
those units, and 1,660 education objectives defining the topics. Following a more detailed 
discussion of the “Cartography and Visualization (CV)” knowledge area, the paper concludes 
with expected uses of the GIS&T BoK and expectations for curriculum development by 2010. 

The peer-reviewed short paper by Robert Edsall highlights a number of cultural factors that 
should be taken into account during cartographic design. Among the cultural differences he 
discusses are those involving values, connotations, symbols, and perceptions. While the paper 
argues that designers of geo-visualization systems ought to pay attention to those differences 
when creating interfaces and tools, it also raises caution with respect to defining “typical” users 
and to the danger of an isolated, static view of “culture.” 



Nancy Obermeyer reflects on the maturation of GIS into its current status of a true profession 
by developing the following five characteristics: 1. Body of knowledge/expertise, 2. Professional 
organization, 3. Shared language, 4. Culture, lore, and hall of fame, and 5. Code of ethics. Of 
those five characteristics, the code of ethics has been the last attribute of our profession to come 
into being. It describes how the ideal GIS professional should conduct him- or herself in all 
professional dealings. Looking towards the future, Obermeyer predicts that it will be important 
to uphold the high ideals of our profession. She goes on by stating that only once we have 
internalized those high standards that we will soar to the “height and dignity of the subject [we] 
pretend to serve.” 

Brandon Plewe has been involved with web-based cartography for well over a decade, and 
this experience clearly informs his paper in which he diagnoses the state of web cartography in 
the United States. His discussion distinguishes between technological foundations, impacts on 
the cartographic profession, and emerging research trends. The arguments he presents derive 
from an identification of three distinct types of web mapping services: consumer-oriented, 
citizen-oriented, and enterprise applications. Google Earth and related technologies loom large, 
especially in terms of the democratization of access to mapping and with respect to a changing 
technological skill set demanded of cartographers. Contrary to the doomsayers of the 
cartographic profession, Plewe enthusiastically contends that through intelligent, continual 
adaptation cartographers have the potential to contribute to cartographic designs that yield 
“accuracy, clarity, and persuasion.” 

The history of spatial information policy in the United States has rarely been told in one single 
narrative. John Shuler’s article was originally submitted in the short paper category, but the 
importance of this subject and the depth of the author’s insight caused us to encourage him to 
significantly expand his discussion. The result is an article that should greatly help readers to 
map a path through what could otherwise be a confusing maze of governmental organizations, 
regulations, and acronyms. 

Nine brief notes conclude the U.S. National Report. Each piece follows the theme of the report 
from the viewpoint of the private sector (Batty; Buckley and Hardy; Miller), academia (Bowen; 
Brecht), and the government (Cahill and Roman; Fegeas; Guptill; Trainor). In his brief note, 
Peter Batty (Intergraph Corporation) predicts a shift over the next five to ten years from the 
current paradigm of online, dynamic mapping and other location-based information to a 
significant growth in real-time operational geospatial applications. William Bowen reports on 
the construction and distribution of photorealistic, aerial panoramas created from satellite data 
for instruction and research. From such aerial panoramas the author has produced a series of 
panoramic aerial atlases for the western U.S. states. Future projects will include panorama 
collections for the Alps, the Middle East, and the mountains of Central Asia. 

The importance of geo-technology in hurricane research and for enhancing decision-making in 
all stages of the emergency management cycle is the subject of a short note by Henrike Brecht. 
As a member of the Hurricane Public Health Center and the Hurricane Center at Louisiana State 
University (LSU) in Baton Rouge, she reports on the application of geo-technology to modeling 
storm surge and damage, a data portal for cross-disciplinary research, emergency response 
mapping, fatality estimates, and rapid damage assessment using LIDAR (LIght Detection And 
Ranging) and Satellite Imagery.  

Aileen Buckley and Paul Hardy, both with the Environmental Systems Research Institute 
(ESRI), challenge cartographers to become more involved in the development of future 
cartographic software, notably by articulating their evolving needs with respect to data and 
functionality. Among their predictions for probable functionality to be implemented by 2010 are 
the storage of map and page elements in the database, advanced label management, 3D 
visualization, and on-demand map product presentation. Meanwhile, the goal of a single, high-
resolution database being able to supply data for maps covering the full range of scales and 
serving many different purposes remains elusive. 

The uses of GIS and mapping in current research projects at the Justice Policy Center (JPC) of 
the Urban Institute are discussed in the short paper by Meagan Cahill and Caterina Gouvis 



Roman. The authors mention common challenges that these projects have faced, including data 
availability, especially from non-law enforcement organizations, and data quality. Among the 
expectations that the authors discuss are the creation of a standard for law enforcement data and 
the increased use of GPS technology by police departments. 

The next two short notes are contributions from the U.S. Geological Survey. First, Robin 
Fegeas updates us on the National Geospatial Program (NGP), which aims to bring together 
partners from across the geospatial community through a unified portfolio of activities and 
programs. This is thought to bring the nation closer to the implementation of a National Spatial 
Data Infrastructure (NSDI). One crucial element of this strategy is The National Map, a seamless, 
continuously maintained set of geographic base information that will serve as a foundation for 
integrating, sharing, and using other data easily and consistently. Stephen Guptill then reports 
on the Center of Excellence for Geospatial Information Science (CEGIS), which was created to 
revitalize USGS activities in GIScience research. This Center is tasked to conduct, lead, and 
influence the research and innovative solutions required by the National Spatial Data 
Infrastructure. Among the interesting challenges noted by Guptill are the on-demand fusion of 
various data sources in mash-ups, the development of a user-driven “GeoWiki,” and the overall 
question of the roles to be played by governmental versus private entities. 

David Miller (National Geographic Society) attempts to predict where National Geographic 
Maps will be by 2010. He concludes that the future success of National Geographic Maps can be 
secured with continued educational outreach, connecting with new global partners, and by 
branching out into new types of mapping through media diversification. In the final short note, 
Timothy Trainor reflects on the diverse contributions made by the U.S. Census Bureau in 
cartography and mapping and on preparations for the 2010 decennial population census, with 
particular attention paid to improved data quality for census base data. Among Trainor’s 
predictions are a continuing focus on data quality, metadata, and new requirements associated 
with small viewing space in various devices, yet he also sees a continuing role for the paper 
map. 

We would like to thank the U.S. National Committee for entrusting us with this project and 
especially Cynthia Brewer for her guidance and support throughout. We would also like to 
thank the CaGIS Managing Editor, Ilse Genovese, for managing the production of the U.S. 
National Report and Thomas Hodler, the CaGIS Cartographic Editor, for assuring the high 
quality of graphics and maps. Special thanks go to all contributors for their hard work. We are 
also indebted to the following individuals for their thorough reviews of the original 
manuscripts: Max Baber, Ian Bishop, Kirstin Dow, Sara Fabrikant, Andrew Frank, Elizabeth 
Groff, Nick Hedley, Eckart Lange, Jeremy Mennis, Ron Mitchelson, Alan Murray, Soe Myint, 
Erika Poulsen, Chris Perkins, Gerard Rushton, and Eva Siekierska. 
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Full Paper 

 



Mapping Population Distribution in the Urban Environment: The Cadastral-based 
Expert Dasymetric System (CEDS) 

Juliana Astrud Maantay, Andrew R. Maroko, and Christopher Herrmann  
This paper discusses the importance of determining an accurate depiction of total population 
and specific sub-population distribution for urban areas in order to develop an improved 
“denominator,” which would enable the calculation of more correct rates in GIS analyses 
involving public health, crime, and urban environmental planning. Rather than using data 
aggregated by arbitrary administrative boundaries such as census tracts, we use dasymetric 
mapping, an areal interpolation method using ancillary information to delineate areas of 
homogeneous values. We review previous dasymetric mapping techniques (which often use 
remotely sensed land-cover data) and contrast them with our technique, Cadastral-based Expert 
Dasymetric System (CEDS), which is particularly suitable for urban areas. The CEDS method 
uses specific cadastral data, land-use filters, modeling by expert system routines, and validation 
against various census enumeration units and other data. The CEDS dasymetric mapping 
technique is presented through a case study of asthma hospitalizations in the Bronx, New York 
City, in relation to proximity buffers constructed around major sources of air pollution. The case 
study shows the impact that a more accurate estimation of population distribution has on a 
current environmental justice and health disparities research project, and the potential of CEDS 
for other GIS applications.   

 

KEYWORDS: Dasymetric, geographic information systems, cadastral maps, areal interpolation, areal 
weighting, expert systems, thematic maps, asthma, New York City 

 

 

Short Papers 

 

Network Analysis in Geographic Information Science: Review, Assessment, and 
Projections 

Kevin M. Curtin 
Network data structures were one of the earliest representations in geographic information 
systems (GIS), and network analysis remains one of the most significant and persistent research 
and application areas in geographic information science (GIScience). Network analysis has a 
strong theoretical basis in the mathematical disciplines of graph theory and topology, and it is 
the topological relationships inherent in networks that led to revolutionary advances in GIS data 
structures. Networks can represent an alternative datum for geo-location in the context of linear 
referencing and support a set of tools for graphical display known as dynamic segmentation. 
Many network location problems are among the most difficult to solve in terms of their 
combinatorial complexity and, therefore, provide both a challenge and an opportunity for 
GIScience researchers. Because elements of network analysis appear in a wide range of academic 
disciplines—from physics, to sociology, to neurobiology—there are ample opportunities for 
interdisciplinary investigations of emerging research topics.  

KEYWORDS: Network, graph theory, topology, linear referencing, location science 

 

Introducing the First Edition of Geographic Information Science and Technology Body of 
Knowledge  



David DiBiase, Michael DeMers, Ann Johnson, Karen Kemp, Ann Taylor Luck, 
Brandon Plewe, and Elizabeth Wentz 
A “Body of Knowledge” is a comprehensive inventory of the intellectual content that defines a 
field. Following the lead of such allied fields as Computer Science and Information Technology, 
a team of seven editors and over 70 contributors completed the first edition of Geographic 
Information Science and Technology Body of Knowledge (BoK 1/e) in 2006. Specifying 329 individual 
topics in terms of over 1,600 formal educational objectives, the BoK 1/e is designed for use by 
curriculum planners and evaluators, certification and accreditation bodies, current and 
prospective students, and geospatial professionals in government, industry, and academia.  

KEYWORDS: GIS, curriculum, education, certification, accreditation, articulation, assessment, 
objectives 

 

 

Cultural Factors in Digital Cartographic Design: Implications for Communication to 
Diverse Users 

Robert Edsall 
Cartography as a discipline benefits from a careful consideration of the users and the use of map 
products. Whether a map is used to communicate information, to assist in problem solving, or to 
analyze complex information, appreciation of the user’s experience, knowledge, and 
background is vital for effective design.  Since the turn of the millennium, this has become more 
important as users of maps (particularly digital maps) have changed dramatically: the Internet 
has diversified and globalized the users of geo-information, GIS has made map creation rapid 
and ubiquitous, and popular applications such as Google Earth are encouraging users to look at 
their world with a profound—but perhaps limited—spatial perspective. To what extent should 
map (and map interface) designers be concerned about cultural differences in this dynamic user 
population? In this paper, I review research relevant to this question, including that which has 
recently emerged in human–computer interaction, and provide evidence that cartographic 
design that breaks some conventions and guidelines may be required to respond appropriately 
to this diversification of map users and map uses. 

KEYWORDS: Culture models, visualization, interface design, human–computer interaction 

 

 

 

 

GIS: The Maturation of a Profession 
Nancy J. Obermeyer 
 

This short paper discusses the maturation of GIS into a true profession over the past decade. It is 
a follow-up to my presentation, “GIS: A New Profession,” at the 1992 AAG meeting and its 
publication as a refereed article two years later (Obermeyer 1994). This paper begins with a brief 
recap of the characteristics of a profession and the state of GIS as a profession in the early 1990s, 
then turns to developments in the past few years that have brought the GIS community from an 
emerging profession to maturity. The conclusion returns to an important foundation of 
professionalism and ethics, the concept of the social ideal, and it encourages the GIS community 
to adhere to the highest standards of competency and integrity. 



Web Cartography in the United States 
Brandon Plewe 

Change is not consistent across the entire field; different types of services have seen different 
changes. The web mapping services in the United States (and globally) can be grouped into 
three categories: 

· Consumer-oriented applications, such as Microsoft Live Local and Google Earth, geared for a 
widespread, general purpose audience. Traditionally, the focus of these services has been on finding 
locations and the optimal routes to get to them, but there have been promising experiments with 
higher-order practical applications, as well as informal education. 

· Citizen-oriented applications, such as the parcel mapping sites run by hundreds of county 
recorder’s offices, designed for communication between governments and their constituencies. 
Typically, this communication has been in only one direction, allowing citizens to browse 
(and/or download) agency data sets. However, one of the foci of research into public 
participation in GIS (PPGIS) has been enabling the public to use web mapping to speak to 
government. 

· Enterprise applications, designed for collaborative or distributed work within an enterprise. These 
applications are not as well known, since the public is rarely able to see them, but they can be much 
more powerful than the previous two categories, often supporting editing and specialized analyses. 

Each of these segments has experienced revolutionary changes in the United States in the last 
two years, taking GIS and cartography one more step out of the backroom and into the 
mainstream. 

 

 

Brief History of Spatial Information Policies in the United States 
John A. Shuler 

There is no doubt that the internet, probably the most revolutionary technology of the latter part 
of the 20th Century, has fundamentally changed the world of maps. Web mapping sites likely 
number in the thousands; people use web mapping services much more often than paper maps 
to find their way; federal and local government agencies have been freed from answering basic 
“where is . . .?” questions all day; mainstream technology companies have “discovered” the 
geospatial market and have become major players; and the very definition of a map (and 
cartography for that matter) needs to be reconsidered (Wood 2003). Harrower (2004) lists four 
ways in which the internet has revolutionized cartography: 1) cheap map distribution; 2) easier 
retrieval of maps (especially obscure maps); 3) increased public awareness and demand for 
maps and geographic information; and 4) ability to create new kinds of maps. In recent years, 
these impacts have increased greatly. 



Another aspect of American spatial information policy evolution can be considered through 
the dynamic interplay between private and public investments in information economies. The 
first stems from the federal government’s decades-long initiative to create the World Wide Web 
and its diffusion throughout all aspects of American social, political, and economic life. The 
second is the rapid expansion and interoperability of vast amounts of digital data gleaned from 
remote sensing technologies since the late 1970s, leading to the necessary creation of industry- 
and government-wide standards/protocols to share these data. The third was the creation of 
national research agendas, along with funding opportunities, by national research institutes to 
explore theoretical possibilities and applications of GIScience. Much of this basic research work 
sought to “ground” theoretical spatial research in a way to solve very practical ways in how this 
kind of scientific analysis could help authorities deal with large-scale problems in land 
management, environmental protection or restoration, scarce resource allocation, recovery from 
natural disasters, and long-term reallocation of public benefits, as well as the technological 
demands of supporting a global military infrastructure.  

As this scientific and technological revolution took place, something comparable unfolded 
within public organizations as they approached the management and allocation of data and 
knowledge resources to address complicated national issues. During the mid-1970s, public 
policy makers embraced the fundamentals of information resource management (IRM) and used 
its principles to guide the purpose and direction of several critical regulatory decisions that 
would have a direct impact on public spatial information policies. Just as expanding computing 
power and technology gave geographers and cartographers critical perspectives on the use of 
geographic data in some surprising new ways, the concepts of IRM promised the possibility of 
coordinating federal agency goals and budgets towards demonstrable (i.e., measurable) 
outcomes based on an agreed value and purpose of the data gathered. Although the use of these 
principles encouraged this type of rational approach to policy planning, much of the federal 
government’s spatial information policy would continue to be hampered by a lack of 
coordination among many unrelated GIScience and GIS programs directed by dozens of federal 
agencies.  

A final aspect that profoundly shaped the relative success, or failure, of federal spatial 
information policy during this time period grew from the deep-seated tensions between civilian 
and military authorities over their shared responsibilities for the government’s geographic and 
cartographic missions. Prior to the early 1960s, federal spatial information policy sought to bring 

American national government policies that support much of the fundamental research 
questions and practical applications of geographic information science (GIScience) and 
geographic information systems (GIS) remain a confusing amalgam of deliberative, incremental, 
and in some cases, accidental public choices. Directing these choices are a half century of public 
and private initiatives to encourage government efficiency, along with substantial economic 
development for both civil and military science/technology research programs. By the late 
1990s, because of the rapid diffusion of powerful information technologies throughout 
American society, GIScience and GIS would become essential elements in American public 
policy structure. Indeed, since the Second World War, U.S. government information policy, 
through the increasingly sophisticated technologies deployed by different federal agencies (see 
Table 1), led to many novel techniques on how to model or visualize geographic data. Both 
private and public researchers used these technological breakthroughs in geospatial analysis to 
examine ways American society could grapple with complex problems in the area of health, 
economics, national security, natural disasters, among other pressing public needs. The fruits of 
this public investment and research began to involve many of the vexing problems inherent in 
national public decision making across uncertain cultural, physical, political, or economic 
conditions. Rather than distinguishing between GIScience and GIS, this paper merges the public 
use of these academic perspectives into the collective term of “spatial information policies.” 
With a much finer sense of understanding how these human and natural events played out 
through time and space, GIScience and GIS enjoy separate (but significantly related) intellectual 
traditions drawn from a number of academic disciplines. However, when one thinks about each 
in the context of federal government policy over the last fifty years, it is easier to focus on a 
shared emphasis to explain “reality” within a measurable spatial context, as well as resolve 
practical problems.  



order among the myriad aspects of traditional public cartography and geodesy to fashion a 
“national map program” held to acceptable standards and understood by the multitude of 
private and public agencies responsible for a vast number of information sources (elevations, 
roads, human settlements, etc.) Beyond these common technical concerns, however, civilian and 
military authorities often worked independently—establishing many cartographic and map 
programs deemed by government auditors to be duplicative, wasteful, or badly implemented. 
This paper places the development of American spatial information policies within this larger 
context of political, technological, and economic development.  



 

Brief Notes 

Cartography 2007:  Industry Outlook 
Peter Batty 

 

Viewing the Earth from Many New Vantage Points: The Construction and Distribution 
 of Photorealistic, Aerial Panoramas for Instruction and Research 

William A. Bowen 

 

 

Geo-technologies in Hurricane Research 
Henrike Brecht 

When reflecting on the future of cartography, one cannot ignore its convergence with a broad 
range of geospatial technologies. The opening years of the twenty-first century have already 
brought a new paradigm of online, dynamic mapping and other location-based information. As 
we move into the next five to ten years, we will have the ability to know where virtually 
everything is all the time.  

A convergence of digital technologies during the last five years has made it possible to create 
and distribute thousands of photorealistic aerial panoramas of the Earth’s surface at minimal 
cost. Advances in personal computers, mapping application software, and internet 
communications systems, combined with the public release of data from the NASA Shuttle 
Radar Topography Mission (http://srtm.usgs.gov/), NASA Landsat 7 
(https://zulu.ssc.nasa.gov/ mrsid/mrsid.pl), and NASA Moderate Resolution Imaging 
Spectroradiometer (http://modis.gsfc.nasa.gov/), have enabled the author to produce and 
distribute a series of regional image atlases containing more than 6,000 aerial panoramas. 



GIS and Mapping at the Urban Institute’s Justice Policy Center 

Meagan Cahill and Caterina Roman 
The Urban Institute is an economic and social policy research organization; the Justice Policy 
Center (JPC) of the Urban Institute focuses its efforts on crime, justice, and community safety 
issues. Geographic information systems (GIS) and mapping play an important role in several 
major projects conducted by JPC, including program evaluations and comprehensive 
assessments of neighborhood-based issues such as crime and disorder. Below, we describe a few 
uses of GIS and mapping across some of our current research projects. 

 

The National Geospatial Program 
Robin G. Fegeas 

 

 

GIScience, the NSDI, and GeoWikis  

The mission of the Hurricane Public Health Center and the Hurricane Center at Louisiana State 
University (LSU) is to advance the knowledge of hurricanes and their impacts, to stimulate 
interdisciplinary research activities, and to assist in solving hurricane-related problems. Since most of 
the information needed in disaster management has a spatial dimension, geo-technology is a vital 
source for enhancing decision-making in all stages of the emergency management cycle. Hurricane 
research at LSU applies geo-technologies in various ways. 

 

Cartographic Software Capabilities  and Data Requirements: Current Status and a Look 
toward the Future 

Aileen Buckley and Paul Hardy 
In this article, we suggest that a universally accepted cartographic software program does not 
currently exist and has never existed, but mapping software capabilities are improving, and 
cartographers should be involved software developments for map making. We describe the 
current state of software development and explore what an ideal solution for the future would 
be. In a related vein, GIS and other data are not generally designed for cartography, but we are 
learning how they can be, and cartographers should also be involved in the modeling of GIS and 
other data used for map making. 

 

 

 

In a bold, forward-looking step, the U.S. Geological Survey (USGS) has realigned a number of its 
mapping and geospatial programs into an integrated National Geospatial Program (NGP), 
designed to serve the needs and interests of the geospatial community throughout the Nation. 
This realignment brings together components essential in building the National Spatial Data 
Infrastructure (NSDI) and capitalizing on the power of place. The NSDI is the technology, 
policies, criteria, standards and people necessary to promote geospatial data sharing throughout 
all levels of government, the private and non-profit sectors, and academia. It provides a base or 
structure of practices and relationships among data producers and users which facilitates data 
sharing and use.	  	  



Stephen C. Guptill 

The U.S. Census Bureau has extensive experience in mapping for large operations. 
Development of map production methodologies to support brief field operation schedules 
resulted in hundreds of staff drafting maps during conventional mapping operations. Early 
efforts at computer mapping included the Agricultural Atlas of the U.S. In preparation for the 
1990 decennial census, computers shifted the focus in cartography to development of fully 
automated (non-interactive) mapping systems. Other U.S. Census Bureau contributions over 
time included cartographic techniques that enhanced the use of statistical data through new 
thematic map constructs and designs.   

The 1990 decennial census was the motivation for creating the first national digital database. 
The U.S. Census Bureau and the U.S. Geological Survey worked collaboratively to create TIGER1 
during the 1980s. From its inception, TIGER was intended as a 20-year program, to meet the 

Historically, GIScience involved, and still includes, the traditional mapping science disciplines 
of surveying, aerial photographic interpretation, photogrammetry, remote sensing, and 
cartography. Today it also includes a broader scope of issues related to the modeling and 
representation of geographic data, phenomena, and processes; the design and development of 
digital spatial databases; human cognition of geographic information; the analysis and use of 
uncertainty; spatial analysis and modeling, including GIS; scale; geographic ontologies; 
visualization; web mapping, and similar topics. Created to revitalize U.S. Geological Survey’s 
(USGS)  activities in GIScience research, the USGS Center of Excellence for Geospatial 
Information Science (CEGIS) is tasked to conduct, lead, and influence the research and 
innovative solutions required by the National Spatial Data Infrastructure. The Center consists of 
a cadre of government research scientists and funds core staff and specific research activities 
within the USGS. Related activities that support the CEGIS research agenda are funded through 
a competitive research prospectus process.  

 

Future Focus for National Geographic Maps 
David B. Miller 
The editors for the U.S. National Report asked us to predict where National Geographic Maps 
would be by 2010. The crystal ball is cloudy. Atlases and paper maps should maintain their 
popularity with the public, as they have for generations. Our maps enjoy a classic design and 
are easy to read; consequently, they are in demand. For example, recently we received a request 
from a major movie studio for a National Geographic map done during World War II. That map 
remains popular more than sixty years after it was completed because it is a timeless record of 
geographic history. Also, in 2006, we received word that our new Battles of the Civil War map 
won design awards from both the American Congress on Surveying and Mapping (ACSM) and 
the British Cartographic Society. More than six million copies of this map have been printed, 
and it is still being printed because we connected with people’s passion for history and the Civil 
War. 	  

 

Census Cartography 2007:  Reflections, Status, and Predictions 

Timothy Trainor 

 

Since the Eighteenth Century, the U.S. Census Bureau has produced a variety of maps to 
support its operations and to display and accompany the rich statistical data from its many 
different censuses and surveys. Use of cartographic methods kept pace with current techniques 
at the time, from pen and ink, to negative engraving, to digital cartography. Sources were freely 
acquired from other federal agencies, states, and private concerns in the pre-digital era. 



needs of the 1990 and 2000 decennial censuses. Encoding map data was the most expensive and 
time-consuming task in the formative years of GIS and automated mapping. The development 
of the TIGER System by the U.S. Census Bureau provided a rich data source for a diverse set of 
users.   

As the U.S. Census Bureau prepares for the 2010 decennial census, many changes are occurring. 
The absence of a standard national addressing schema challenges an enumerator in locating a 
resident address consistently and correctly. Accurate global positioning system (GPS) 
developments offer a viable alternative for improving efforts by field enumerators in locating 
the correct housing unit. For example, use of building locations based on GPS coordinates that 
are symbolized on cartographic products requires positionally accurate road data to ensure 
correct assignment of housing units to census blocks. The Census Bureau is improving the 
locations and completeness of street centerlines so that housing unit locations fall on the correct 
side of a road which also normally serves as a census block boundary. The U.S. Census Bureau 
is improving the accuracy of street centerlines to minimum 7.6 meter accuracy. In addition, 
TIGER spatial data, which in the formative stages were managed and used as a result of 
internally developed systems and software, are now migrating to commercial solutions for 
database maintenance and applications development. 
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Databases at Multiple Resolutions  
Cynthia A. Brewer and Barbara P. Buttenfield 
 

This paper extends European research on generating cartographic base maps at multiple scales 
from a single detailed database. Similar to the European work, we emphasize reference maps. In 
contrast to the Europeans’ focus on data generalization, we emphasize changes to the map 
display, including symbol design or symbol modification. We also work from databases 
compiled at multiple resolutions rather than constructing all representations from a single high-
resolution database. We report results demonstrating how symbol change combined with 
selection and elimination of subsets of features can produce maps through almost the entire 
range of map scales spanning 1:10,000 to 1:5,000,000. We demonstrate a method of establishing 
specific map display scales at which symbol modification should be imposed. We present a 
prototype decision tool called ScaleMaster that can guide multi-scale map design across a small 
or large range of data resolutions, display scales, and map purposes.  

 

Utterly Lost: Methods for Reducing Disorientation in 3-D Fly-Over 
Maps 

Mark Harrower and Ben Sheesley 



Fly-over animated terrain maps have become increasingly popular as overview / reference 
maps, despite years of research that demonstrates how easily disoriented viewers can become 
when using them. This project developed four kinds of visual “orientation cues” which are 
designed to decrease viewer disorientation, and which could be directly embedded into the map 
scene similar to heads-up-display technology. The effectiveness of these orientation cues was 
tested. Compared to a map with no orientation cues, the presence of the monorail and landscape 
grid orientation cues halved subjects’ directional error; the horizon compass cue virtually 
eliminated directional error. Correspondingly, subjects were significantly more confident in 
their answers and thought the tasks were significantly easier in the presence of these three cues. 
Similar results were found in the ability of subjects to trace their flight path, although their 
improvement is less pronounced. However, the fourth orientation cue, landmark labels, was 
ineffective and created similar (or worse) performance than the map with no orientation cues. 

 

KEYWORDS: Animation, virtual environments, orientation, navigation, maps, augmented 
reality 

 

 

Combining Formal and Exploratory Methods for Evaluation of an 
Exploratory Geovisualization Application in a Low-Cost Usability 
Experiment  
Urška Demšar 

This paper presents a joined formal and exploratory usability evaluation of a geovisualization 
tool for emergency response data. The first objective of the evaluation, which is addressed by a 
formal usability test, is to evaluate the performance of the test participants on pre-defined 
exploration tasks. The second objective is to attempt to better understand how the participants 
explore the spatial dataset. This objective is addressed in the exploratory usability part of the 
experiment, where participants are given free hand to perform exploration in any way they 
want. The study introduces a low-cost methodology for performing usability evaluation, which 
uses simple and inexpensive methods for data collection and analysis, yet proves to be adequate 
to identify potentials and problems of the tool. 

 

 

Spatial Data Access by the Grassroots 
Renée E. Sieber 

This paper characterizes efforts by nonprofit organizations to access spatial data developed by government 
agencies. It is based on research conducted in California, a U.S. state that is positioned at the forefront of 
nonprofit usage of GIS. The research, conducted over a ten-year period, followed six best practices case 
studies of small conservation and environmental organizations using GIS. Case study research is analyzed 
in a framework developed from the literature on public participation GIS and inter-organizational GIS. The 
research revealed that access was structured by technical details, such as adjusting agencies’ thematic 
categories, fluctuations in foundation funding and other organizational/political issues, and inter-
organizational linkages in the emergent spatial data intermediary sector. Overall, access was conditioned 
by the legal and economic regimes in which the cases conducted their advocacy. Ultimately, access to data 
profoundly shaped GIS applications and nonprofit activities, occasionally shifting or even precluding 
activism, provoking creative mechanisms to obtain data, or inducing innovative usage of available data. 
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