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THE CHANGING FACE OF GIS
Michael F. GOODCHILD

GIS has already evolved dramatically since the early
efforts of the 1960s to create comprehensive software
for handling geographic information. This presentation
reviews two major developments of recent years: new
data sources, and the emergence of critical spatial
thinking.

Early GIS relied almost entirely on the paper map as a
source of data, and developed sophisticated techniques
for digitizing, scanning, and editing. By the 1990s the
Internet and World-Wide Web had become major
sources, and the development of standards by the Open
Geospatial Consortium has facilitated both download
and “live” access to remotely stored data. Remote
sensing has become a major source of many types of
GIS data, and advanced methods for segmentation,
classification, and validation have been developed.

Development of positioning technologies, especially
GPS, have made it trivially easy to determine position
on the Earth’s surface to better than 10m. Instantaneous
upload of GPS data has now made it possible to
reconceptualize GIS as a dynamic, real-time technology,
a vision that is far removed from the essentially static

perspective of earlier decades. Tracking provides a new
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source of extensive spatio-temporal data, and is
prompting a search for appropriate techniques of
analysis and modeling, and appropriate hypotheses and
theories of spatial behavior. RFID is also capable of
providing detailed locational information and tracks. All
of this suggests that in future it will be possible to know
where everything is at all times, raising frightening
ethical questions about surveillance, but with enormous
benefits in many domains.

However we still lack effective technologies for
indoor positioning and navigation, and for capturing 3D
representations of interior spaces -- GIS is still
essentially a technology of 2D outdoor spaces. Potential
markets for such technologies are vast, making this one
of the more challenging and rewarding areas for
GIScience research.

Perhaps the most interesting development in new data
sources of the past few years has been the advent of
volunteered geographic information, through the
empowerment of thousands of citizens in the creation of
map data. It is now possible for virtually anyone to
create high-quality geographic information, and Open
Street Map provides a spectacular example of the
potential of VGI. Crowdsourcing of geographic
information, and extensions of the concept of citizen
science to mapping, open unlimited possibilities.

Research is now under way on fundamental questions

associated with VGI: 1) Who does it, and why, and how



can others be motivated? 2) What types of geographic
information are most amenable to crowdsourcing? and
3) What can be done to assure the quality of the
resulting information? VGI is especially powerful in
time-critical situations, including emergencies and the
updating of framework data. The presentation includes
examples and some preliminary research results.

The advent of Google Earth in 2005, and parallel
developments by many other companies and agencies,
have radically changed the nature and objectives of GIS
education. Instead of concentrating on training an elite
corps of professionals, society now faces the question of
what everyone needs to know, in an era of readily
available mobile phone and WWW applications dealing
with GIS functionality. Yet our education systems spend
almost no time systematically developing these skills.
More broadly, spatial intelligence has been identified as
one of the fundamental types of human intelligence, and
yet unlike the others is rarely given directed attention.

Critical spatial thinking can be defined as the thought
processes that occur in the mind of an intelligent user of
GIS. It includes attention to many of the research issues
of GIScience: scale, uncertainty, social impacts, and
ontologies. But without adequate skills in these areas,
users of sophisticated GIS functions run the risk of
making elementary mistakes and misinterpretations.

The atomic elements of spatial intelligence are spatial
concepts, some of which are acquired in early childhood,
and others of which may never be acquired even by
highly educated individuals. The systematic study of
such concepts offers two major benefits. First, it
constitutes an approach to the enhancement of spatial
intelligence, and thus to more thoughtful and
scientifically rigorous use of GIS. Second, it provides a

set of organizing principles for the interface of GIS

technology, offering to simplify dramatically the
demands placed on users when they encounter GIS for
the first time.

The presentation includes a discussion of a selection
of spatial concepts, ranging from the simplest to the
most advanced. In each case arguments are presented to
illustrate how critical spatial thinkers have an enhanced
understanding of the concept and its nuances, and its
implications for effective use of GIS. More broadly, it is
argued that experienced users of GIS have an essentially
different way of thinking about the technology and its
applications that leads to much more rigorous and
objective applications. Thus it should be possible to
devise a test to evaluate a person’s critical spatial

thinking skills.
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