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Preface

Twenty years is a long time for a follow-up meeting but this is exactly what
happened when the 20th Anniversary Meeting on Cognitive and Linguistic
Aspects of Geographic Space was held in Las Navas del Marques in July 2010.
Twenty years prior, from July 8 to 20, 1990, 60 researchers gathered for 2 weeks at
Castillo-Palacio Magalia in Las Navas del Marques (Avila Province, Spain) to
discuss Cognitive and Linguistic Aspects of Geographic Space. This meeting was
the start of successful research on cognitive issues in geographic information
science, produced an edited book, and led to a biannual conference (COSIT), a
refereed journal (Spatial Cognition and Computation), and a substantial and still
growing research community.

The 2010 meeting brought together many of the original participants, but was
also open to others, and invited contributions from all who are researching these
topics. Early career scientists, engineers, and humanists working at the intersection
of cognitive science and geographic information science were invited to help
assessing the achievements and to reconsider the research challenges in the field.
The meeting was very successful and compared the research agenda from then
with the achievements over the past 20 years, and then turned to the future: What
are the challenges today? What are worthwhile goals for basic research? What can
be achieved in the next twenty years? What are the lessons learned?

This edited book assesses the current state of the field through chapters by
participants in the 1990 and 2010 meetings and also documents an interdisci-
plinary research agenda for the future. All chapters underwent a rigorous review
process, which we believe resulted in an interesting and high-quality book. As
editors, we thank Michael Gould and Werner Kuhn, who were involved both in the
organization of the Las Navas 2010 meeting as well as in the early planning of this
book. Our sincere thanks go also to all authors for their contributions and last but
not least to the reviewers who provided their time and expertise (listed in alpha-
betical order): Maureen Donnelly, Geoffrey Edwards, Christian Freksa, Scott
Freundschuh, Antony Galton, Tilbe Goksun, Stephen Hirtle, Toru Ishikawa,
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Krzysztof Janowicz, Bernhard Jenny, Marinos Kavouras, Carsten Kessler,
Alexander Klippel, Werner Kuhn, Stephan Mis, Daniel Montello, Bernhard Nebel,
Jochen Renz, Kai-Florian Richter, Maria Andrea Rodriguez-Tastets, Tarek Sboui,
Christoph Schlieder, Angela Schwering, Monika Sester, Tim Shipley, Dalia
Varanka, and Stephan Winter.

November 2012 Martin Raubal
David M. Mark
Andrew U. Frank
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Researching Cognitive and Linguistic
Aspects of Geographic Space: Las Navas
Then and Now

Andrew U. Frank, David Mark and Martin Raubal

Abstract This chapter provides an introduction to this book on Cognitive and
Linguistic Aspects of Geographic Space—New Perspectives on Geographic
Information Research. As background we provide historical information for the
Las Navas 1990 meeting and citation statistics regarding the resulting book and its
chapters. We also review the major intellectual influences on our field at that time
from different perspectives and compare them to what we have learned over the
two decades since then. This chapter finishes with a brief outlook on future
research and summaries of the remaining chapters of the book.

Keywords Geographic Information Science - GIS - Geographic Information
System - Spatial Cognition - SpatialLanguage - Spatial Reasoning

1 Introduction

In July 1990, a NATO Advanced Study Institute (ASI) on the topic of “Cognitive
and Linguistic Aspects of Geographic Space” was held in the Castillo-Palacio
‘Magalia’ in Las Navas del Marques, Avila, Spain. Twenty years later to the day,
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nine participants from that Advanced Study Institute re-assembled at Magalia and
were joined by 21 others, to reflect on the earlier meeting, to discuss current
research on the same topic as it has evolved, and to think about future research on
cognitive and linguistic aspects of geographic space. The breadth of the discussion
20 years later reconfirmed the vitality of the topic.

The 1990 NATO ASI was designated as the closing event for Research
Initiative 2 “Languages of Spatial Relations” of the US National Center for
Geographic Information and Analysis (NCGIA). Seen in retrospect, the “closing”
designation is somewhat ironic, because the meeting at Las Navas was really the
opening of an important research theme in the emerging fields of Spatial Infor-
mation Theory and Geographic Information Science.

The U.S. National Science Foundation (NSF) request for proposals for a
National Center for Geographic Information and Analysis listed “general theory of
spatial relations and database structures” as one of the 5 major research areas to be
worked on (Abler 1987). The quest for new theory for geographic information had
taken a cognitive turn just a few years before, and this influenced some of us as we
wrote what turned out to be the successful proposal to the US National Science
Foundation to host the NCGIA (1989). The group from UC Santa Barbara, SUNY
Buffalo, and the University of Maine proposed a series of Research Initiatives,
each of which would last about 2 years, and which would open with a “Specialist
Meeting”, and have a closing event to summarize progress and future directions.

NCGIA’s Research Initiative 2 was entitled “Languages of Spatial Relations”,
and was co-led by Andrew Frank and David Mark. The underlying theme was that
new theories of spatial information were to be found in a fusion of cognitive
science and mathematics. The Specialist Meeting for Initiative 2 was held in Santa
Barbara, California, in January 1988 (Mark et al. 1989) and a preparatory meeting
a few months before in Buffalo (Mark 1988).

Two years later, David Mark and Andrew Frank received a grant from the
North Atlantic Treaty Organization (NATO) to conduct a two-week long
Advanced Study Institute (ASI). Two weeks! Who would have time for that sort of
thing today? But in 1990, we found 60 researchers from 13 countries and 16
disciplines who were more than willing to gather for two weeks in a lovely castle
in a somewhat isolated town in Spain, to discuss cognitive and linguistic aspects of
geographic space. We found much in common among our research interests and
goals. Unfortunately, several of the most prominent and influential invited lectures
at the ASI, including George Lakoff, Zenon Pylyshyn, and Leonard Talmy, chose
not to submit chapters for the resultant book. However, their ideas permeated the
conference, and many of the chapters in the book (Mark and Frank 1991) have
been well cited and influential. A community of scholars was born at Las Navas, a
community that subsequently has held 11 conferences with fully-refereed
proceedings volumes published by Springer (the COSIT series), that founded a
journal (Spatial Cognition and Computation), and that re-convened 20 years later
in the same castle for a meeting that produced this volume.
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2 What Did We Know? What Influenced Us?
2.1 Geography

The influence of the Quantitative Revolution in the social sciences is difficult to
overestimate. Waldo Tobler, a prominent member of the “quantitative revolution”
who completed his Ph.D. in Seattle as part of the group that started the
Quantitative Revolution in geography (with William Bunge, Duane Marble, Brian
Berry, Michael Dacey, Richard Morill, John Nystuen, and Arthur Getis, among
others) and who contributed to the NCGIA as senior scientist, studied the trans-
formation of real space to other conceptualizations of space. In his dissertation
(Tobler 1961), for example, Tobler used transportation cost as a distance measure
and then investigated geometric properties of the resulting space. The dream of
transformations of physical (Euclidean) space to better represent the mental con-
cepts of people (e.g., mental maps) was shown later in Gould and White (1986).
The approach was inspired by Einstein’s work, where space and geometry are
defined such that they include the distribution of matter; the formulae describing
physical processes, e.g., light rays, become simpler in this geometry. Tobler
pioneered cartograms, which show, for example, the countries of the world with
area corresponding to their population and communicate a very different message
than the ordinary world map where country size corresponds to land area, often
seriously deformed by map projections.

We knew that maps were not automatically “true” depictions of reality and that
bias in maps and cartography is sometimes used to establish power relations
(Harley 1989; Monmonier 1991). Some of us knew about “post structuralism”
(Derrida 1978) and Harvey’s “critical geography” (Harvey 1990), but we felt that
a focus on the underlying aspects, firstly, the physical and geometric, and sec-
ondly, the neural cognitive aspects, would be warranted before moving towards
economics and power.

Lynch (1960) gave a description of a city from a “user’s perspective” and listed
conceptually salient spatial elements, which structured space differently than
Euclidean geometry and we felt a generalization of these ideas could advance
geographic thinking in general and GIS software in particular.

2.2 Geometry

A GIS must include methods to represent geometric aspect of the physical world.
Couclelis and Gale (1986) differentiated a single naive concept of ‘space’ into
multiple conceptualizations, from physical to biological and finally to perceptual, and
they connected the conceptualizations to algebraic structures. Two major approaches
were used and are still used today: raster and vector representations; these were
considered hardly integratable, and there was special software for either
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representation and conversion fraught with errors (Peuquet 1984). Early work by
Peucker, Mark, and their colleagues focused on data structures for representation of
terrain as discrete Triangulated Irregular Networks (TIN) (Peucker et al. 1978).
Palmer and Frank (1988) identified the issues in discrete representations when they
become finer and finer—comparable to the problem of the Greek philosophers
wondering whether the fast running Achilles was ever capable of overtaking the slow
turtle.

The practical issues of discrete finite representations being incapable of repre-
senting Euclidean geometry precisely was resolved by the practice of storing topology
explicitly and never computing the same topological fact from coordinates twice, thus
avoiding inconsistency (Frank and Kuhn 1986); a more fundamental justification was
given by Knuth (1992). Despite the fact that some commercial systems used related
approaches, the method did not become popular in practice, however.

Egenhofer (1989) in his Ph.D. thesis had given a succinct classification of
topological relations but similar methods for other spatial relations were missing.
At the Las Navas conference, Freksa (1991) and Hernidndez (1991) presented
founding papers on what later became qualitative spatial reasoning. These two
papers are the most frequently cited chapters from the Las Navas 1990 book.

2.3 Cartography

Cartography has the goal of communicating spatial (geographic) situations. As
mentioned in Sect. 2.1, Tobler pioneered the use of cartograms, especially the value-
by-area variety, to communicate spatial properties other than position and size in space
(Tobler 1986). Bertin (1967) had earlier separated the cartographic language in several
cartographic variables and Head and Schlichtmann showed how to apply concepts of
transformational grammar to cartography (Head 1984; Schlichtmann 1985).

It was apparent in the 1980s that users could submit queries to a GIS and expect
a map as an answer; this asked for languages to describe the desired appearance of
the map and its content (Frank 1982). Conditions for objects to be selected and
shown on a map should not only be formulated as conditions on object attributes
(e.g., “all cities with more than 200,000 inhabitants”) but also by geometric
conditions (e.g., “all cities on rivers”); there also would need to be room on the
map for the names of places or features. This required a language for describing
spatial conditions for user-driven mapping connected to the questions of qualita-
tive spatial reasoning and human spatial cognition. Spatial query languages, the
definitions of geometric and topological conditions and, ultimately, their stan-
dardization, were hotly debated issues (Raper and Bundock 1991).
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2.4 Language and Cognition

George Lakoff’s (1987) book “Women, Fire and Dangerous Things” provided
inspiration for us around the beginning of our efforts on formalizing spatial relations
and language. Three points appeared to be especially important for GIScience:

e The semantics of human natural languages give us a window into understanding
how humans conceptualize space. This point was made originally by Whorf
(1956) and then by Jackendoff (1983). The title of Leonard Talmy’s (1988)
paper “How Language Structures Space” suggested a distinctly Whorfian
implication, but Talmy denied this. Other readings appeared possible, and this
led to intense discussion with Len in Las Navas.

e Image schemata as a simple, cognitively and even neuronally justified mecha-
nism pointed to a foundation for the description of semantics for more complex
situations.

e Experiential realism suggested an attractive method to give meaning to
geographic terminology and to avoid circular definitions, as they occurred
occasionally in standards for data exchange.

Experimental psychology informed us about another research method that could
be used to understand human spatial cognition. The article by Stevens and Coupe
(1978) became a landmark, as it showed systematic errors in human reasoning
about space and spatial situations; it suggested a cognitive model different from
Euclidean geometry. The influence of hierarchical containment (Hirtle and Jonides
1985) and alignment seemed formalizable—although, 20+ years later, such a
formalization has not yet been published! The difference between the “correct”
(Euclidean) reasoning and the results of human reasoning could systematically
reveal something about human spatial cognition: the effects of alignment and
containment. These ideas linked intuitively to Talmy’s use of “topology” to
describe linguistic phenomena: how to differentiate “along” from “across”, which
are the same relationships in mathematical topology. It appeared interesting to try
to understand in what sense a linguistic-cognitive topology compares to the
mathematical concept. This seemed to connect back to discussions earlier in the
twentieth century, especially influenced by the Vienna Circle (Wiener Kreis)
(Blumenthal 1986; Blumenthal and Menger 1970; Carnap 1922, 1960).

2.5 Data Structures, Semantics and Ontology

The database literature (Codd 1970, 1979, 1982; Lockemann and Mayr 1978)
mentioned the connection between the data structure and the meaning of the data.
Several articles had discussed the logic to be used for interpreting a collection of data
and queries (Gallaire et al. 1984; Reiter 1984). In his Ph.D. thesis, Frank (1983) had
indicated that the data structures expressed as Entity-Relationship diagrams
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represented some (static) aspects of semantics. The database literature, especially
Kent (1978), stressed that a database schema was a conceptualization of a part of the
world connected to the philosophical notion of Ontology. Frangois Bouillé presented
similar ideas in his dissertation and derived publications (Bouillé 1976), and Mark
(1979) advocated “phenomenon-based data structuring” for elevation data. Ontology
strives to give a true description of the world, which appeared at odds with the
observed differences between conceptualizations and database schemas for different
purposes. Wittgenstein’s (1960) theories on semantics did not increase our optimism
that a universal description could be achieved.

2.6 Formalization: Mathematics

A hallmark of the Quantitative Revolution in geography was to push for clarity and
mathematical precision; quantitative descriptions were expected. The use of
computers for storage and manipulation of geographic information was evident
and the need for programs to select data from collections and display them in an
intelligible fashion was high. Computer programs are instructions in a formal
language and thus are akin to mathematical formulae. We assumed that quanti-
tative approaches were possible and observed others stressing spatial analysis and
spatial statistics, but were also warned that “numbers would not be sufficient” to
capture the variation found in the world. How can one capture the meaning of
words, or the structure of the real world, in mathematical formulae? Approaches
using logic (Clocksin and Mellish 1981; Kowalski 1979; Sernadas 1980) had been
tried and found insufficient for the Open World Interpretation (Reiter 1984)
necessary for GIS and some of us had turned to abstract data types (Ehrich 1981;
Goguen et al. 1975; Guttag and Horning 1978; Liskov and Zilles 1974) and
algebraic specifications, advanced by some mathematically minded computer
scientists. Herring et al. (1990) had earlier pointed to the use of category theory,
but the step from a static logic description to algebraic specifications with oper-
ations was already difficult, and it was also difficult to convince others of the
usefulness, even though the concept of “universal algebra” had been introduced by
Whitehead (1898).

3 Organization of the 1990 Workshop

The workshop of two weeks lengths was very different from the 2 to 3 days
workshops common then and today; perhaps it is more comparable with today’s
summer schools, which may last for a week or two. Unlike most summer schools,
however, the difference between “instructors” and “participants” at the 1990 ASI
was in the organizers’ minds mostly as a formal differentiation to satisfy the
NATO organizational requirements.
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At the meeting, the single lectures were substantial, with enough time for
discussion and debate; in general, discussions were allowed to run as long as it was
of general interest, and smaller group discussions were moved to the long and
productive breaks. The nice weather, the generous spaces in the building, and the
excellent coffee prepared by Jesus contributed to fruitful discussions. Between the
morning and the afternoon session we introduced a long break for a leisurely lunch
with long debates, and later a siesta or a walk or both. Work resumed only in the
late afternoon, when the midday heat had dissipated.

The balance between the disciplines present was reasonable, despite the fact that
one-third of the participants were nominally geographers, and computer scientists,
with 12 participants, were the second largest group; such nominal statistics are
according to the names of the departments the participants were affiliated with and did
not account for the diverse and broad disciplinary interests of the participants.
Fortunately, no disciplinary group was strong enough to impose its terminology on the
meeting, and all struggled to understand each other, because of serious differences in
the terminology. A problem emerged in 1990, when we observed that the use of
English as the language of communication reduced contributions by some partici-
pants; a special effort was made to organize a “Romance Language Table” to hear the
perspective from the southern European countries in their own voices and languages.
At the time, some of us wondered if the problem of English-language dominance
pervaded GIS software itself, since most of the widespread GISs had been developed
in countries where English or German were the dominant languages. Campari’s
(1991) book chapter was an outcome of this discussion, and a research effort to
understand the dependency of GIS on cultural and linguistic specifics emerged,
although it largely remained dormant until the most recent decade.

4 Citations and Other Impacts of the 1991 Book

On March 6, 2012, we checked citation counts for the chapters in the 1990 Las
Navas book on Google Scholar. Thomson Reuters “Web of Science” has higher
quality control, but Google Scholar has more extensive coverage of publications in
computer and information science outlets. The results are reported in Table 1. As
of March 2012, the book and its chapters had at total of 906 citations, and had an
H-index of 13. In this section, we will comment on the most-cited chapters and on
the pattern across major fields or subdisciplines represented in that book.

4.1 Citation Frequency by Section

The 1991 book was divided into six sections, and each section had some
introductory pages written by the editors. To some extent, the section topics and
titles reflect the important subtopics of the time, as filtered through the participant
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Table 1 Chapters in the 1991 Las Navas book, ranked by citation counts from Google scholar on
March 6, 2012

Chapter Author(s) Chapter title Google
section and scholar
number citations
53 Freksa Qualitative spatial reasoning 203
- Mark and Cognitive and linguistic aspects of geographic 118
Frank space [the whole book]
5.4 Hernandez Relative representation of spatial knowledge: The 91
2-D case
6.1 Kuhn and A formalization of metaphors and image-schemas 89
Frank in user interfaces
5.1 Herring The mathematical modeling of spatial and non- 79
spatial information in geographic information
systems
32 Gluck Making sense of human wayfinding: Review of 56

cognitive and linguistic knowledge for
personal navigation with a new research

direction

33 Blades Wayfinding theory and research: The need for a 45
new approach

1.1 Nunes Geographic space as a set of concrete 45
geographical entities

34 Freundschuh  The effect of the pattern of the environment on 25
spatial knowledge acquisition

3.1 Blades The development of the abilities required to 24
understand spatial representations

6.3 Raper and UGIX: A layer based model for a GIS user 19

Bundock interface

4.1 Head Mapping as language or semiotic system: Review 18
and comment

1.2 Campari Some notes on geographic information systems: 13

The relationship between their practical
application and their theoretical evolution.

6.4 Egenhofer Deficiencies of SQL as a GIS query language 12

6.6 Jacobson Virtual worlds, inside and out 12

2.1 Catedra “Through The Door”: A view of space from an 8
anthropological perspective

55 McGranaghan Matching representations of geographic locations 8

5.6 Worboys The role of modal logics in the description of 6
knowledge in a geographic information system

44 Edwards Spatial knowledge for image understanding 5

6.2 Gould Elicitation of spatial language to support cross- 5
cultural Geographic Information Systems

3.6 Pratt Path finding in free space using sinusoidal 5
transforms: 111

35 Gentry and ~ Methods for measuring spatial cognition 4

Wakefield

(continued)
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Table 1 (continued)

Chapter Author(s) Chapter title Google

section and scholar

number citations

4.2 Schlichtmann Plan information and its retrieval in map 4
interpretation: The view from semiotics

2.2 Bjorklund Culture as input and output of the cognitive- 3
linguistic processes

5.2 Chan and Map algebra as a spatial language 3

Tomlin

6.5 Joao The role of the user in generalization within 3
geographic information systems

2.3 Kas Dialogic and argumentative structures of bumper 1
stickers

1.3 Philbrick A hand-in-glove paradigm for geography.

4.3 Varanka An approach to map/text interrelationships 1

Total 906

list of the ASI and the particular mix of papers that needed to be placed in sections.
The section titles were:

. Geographic Space

. Cultural Influences on the Conceptualization of Geographic Space
. Wayfinding and Spatial Cognition

. Cartographic Perspectives

. Formal Treatment of Space in Mathematics

. User Interfaces and Human—Computer Interaction.

NN AW

The section on “Formal Treatment of Space in Mathematics” had by far the
highest mean citation rate per chapter in the March 2012 Google Scholar data, with
an average of 65 citations per chapter. It seems that the fields of Geographic
Information Science and Spatial Information Theory were ready for theory and
formalization of this topic at that time, and that some of these chapters were
foundational for their topics. The section with the second-highest mean citation
rate per chapter was the “Wayfinding” topic with 26.5 citations per article, and the
HCI section, which averaged 23.3 citations. The opening section (“Geographic
Space”) emphasized Ontology before that term began to be used in information
science, and its chapters were cited on average 19.7 times. The chapters in the
1990 book on “Cultural Influences” and “Cartographic Perspectives” have
received little subsequent interest in the literature, with averages of only 4 citations
and 7 citations per chapter, respectively. Some of these differences might even
relate to the relative emphasis on refereed journals versus book chapters and
conference proceedings in the associated disciplines.
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Cited by 205
16

0
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Fig. 1 Year by year citation frequency for Freksa’s chapter in the 1990 book

Cited by 121
11

1]
1991 1994 2000 2006 2012

Fig. 2 Year by year citation frequency for the entire 1990 book

4.2 Citations of Selected Individual Chapters

As mentioned above, the most frequently-cited chapter in the book is the one written
by Christian Freksa (1991), which had been cited 205 times up to the date of the
citation counts. Figure 1 shows the temporal sequence of citations to Freksa’s chapter.

The time sequence histogram clearly shows two peaks, one around 1999 and the
other peaking in 2010. It may be a complete coincidence, but Christian Freksa
hosted the COSIT meeting held in Stade, Germany, in 1999, and the 20th
anniversary Las Navas meeting was held in 2010. According to Google Scholar,
only two of Christian Freksa’s other publications have been cited more often than
his Las Navas chapter.

The second most cited publication is the total book itself (Fig. 2). What makes
an author cite a whole edited book rather than its individual chapters? Perhaps a
wish to acknowledge the role of the meeting itself in the field? The citation pattern
for the whole book is rather different than that for Freksa’s chapter, with the over-all
peak relatively early, in 1996, and with more irregular ups and downs since then.

The second-most frequently-cited chapter was another qualitative reasoning
chapter, by Herndndez (91 citations), a student of Freksa’s. This was followed in
frequency by two other formalization papers, by Kuhn and Frank (89 citations) and by
Herring (79 citations). Clearly, the dominant contribution of the Las Navas 1990 book
was in the area of formalization of geographic and spatial principles and concepts.

Following the pattern noted for sections are two chapters on wayfinding and
navigation (Gluck 56 citations; Blades 45) and then Nunes’ chapter on what we
would now call ontology (45 citations). There is somewhat of a break in the
relative frequency, with the next highest citation number for a chapter being 25.
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5 What We Have Learned Since 1990

Almost as soon as the 1990 Las Navas ASI ended, the term “Spatial Information
Science” was introduced by Michael Goodchild in a keynote address at an
international meeting that began just a few days later at the SDH conference in
Zurich. Goodchild changed the name to Geographical Information Science when
the lecture was published two years later in the International Journal of Geo-
graphical Information Systems (Goodchild 1992).

Research in Geographic Information Science during the last two decades has been
very active. The technological development increased not only the processing power
and the storage capacity of the computers we use for GIS, but in addition, three
technological breakthroughs made the widespread use of geographic information
possible. Today, it is difficult to imagine, or to remember, the state of affairs 20 years
ago: email and ftp were available, but there was no World Wide Web, and few if any
laptops or mobile wireless devices, which we now use on a daily basis including
various location-based applications (Raubal 2011). Use of computers to access
information was the domain of engineers, scientists, and a few professions. Crude maps
and instructions for wayfinding were available, but not in widespread use. The 3G
(HSPA) standard for data transfer on mobile phone networks appeared only in 2001!

In 1990, we expected mostly public agencies and possibly some major com-
panies to use digital geographic information and most of us did not even imagine
the use made today, when everybody has access and uses occasionally GIS
capabilities in their car to navigate, at home to plan business trips and vacations,
etc. The commercially distributed applications based on geographic information
put in evidence the needs for the research outlined 20 years ago: query languages
for spatial data, intelligent mapping software, descriptions of the meaning of data,
etc., are all crucial elements of today’s information products.

5.1 Geography

The influence of the observer on the observation, the classification and the
encoding of what is in reality, is now clearly recognized, and the illusion of an
“objective” depiction of reality “as it is” has been shown to be somewhat naive;
some types of observations are more likely to be “objective”—in the sense of
inter-subjectively comparable—the height of the peak of a mountain is easier to
determine than the distribution of poverty in a country! Only naive users of GIS
believe that what a GIS depicts is THE TRUTH; one must assess the source of
information on the web as critically as any other information obtained, e.g., from a
newspaper. The question of data quality becomes important and attention is linked
to standards such as the Dublin Core to document the “classic” metadata elements,
describing the data, but not including data quality descriptions. ISO 19115
“international metadata standard for geographic information” addresses these
issues, but practice is lacking (Boin 2008; Boin and Hunter 2007a, b).
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The issue of scale (Montello 2001), clearly very important, was addressed in
another NCGIA research initiative from the viewpoint of remote sensing, pro-
ducing a book (Quattrochi and Goodchild 1997), which in its introduction con-
nected scale to processes.

5.2 Geometry

One of the authors of this chapter believes that one of the most serious errors in the
research approach used at the NCGIA was that we assumed that space and spatial
concepts could be dealt with independent of time, and before addressing time—
which was scheduled as a separate NCGIA research initiative to start several years
later (Egenhofer and Golledge 1994, 1998). It appears today that for many
applications and processes, movement is crucial, not only at the perceptual level,
where stereo-vision is difficult without movement, but at every level of cognitive
processing of spatial information. Discussing movement means dealing with space
and time simultaneously (Hagerstrand 1975; Hornsby and Egenhofer 2000;
Mau et al. 2007; Medak 1999). The relative success with abstract data types, i.e.,
an algebraic kind of specification for semantics and the disenchantment with
temporal and model logics (Worboys 1991) led us to concentrate on algebras and
lately on category theory as a unifying concept for different parts of mathematics
(e.g., topology, metric) in GIScience.

A big success for this research community since 1990 was the development of
qualitative spatial reasoning, with many publications on the topic. As mentioned
earlier, the article by Freksa (1991) is the most cited chapter from the Las Navas
book and with the publication by Egenhofer and Franzosa (1991) started an
extensive trail of research and eventually led to the inclusion of these formaliza-
tions into the SQL query language standard [ISO/IEC 13249-3:1999, Information
technology—Database languages—SQL Multimedia and Application Packages—
Part 3: Spatial]. The concept had been reformulated in logic by Randell et al.
(1992) and became in this form an enormously popular starting point for further
research in spatial reasoning.

5.3 Cartography

In 20 years since the first Las Navas meeting, cartography underwent a complete
change, from manual scribing of originals and photographic darkroom work to
computer-produced maps on demand. In 1990 there were university courses called
“Computer Cartography”. Now, people might ask how else maps could be
produced! The technical opportunities for computer driven graphic production and
the distribution of map graphics on the web transformed cartographic business and
research. A second wave of challenges has originated from the possibilities of
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rapid interaction with web generated content (the so called Web 2.0). Continuous
discussion occurred in a number of specialized conferences (primarily in the new
series Springer Lecture Notes in Geoinformation and Geography, edited by
Cartwright, Gartner, Meng and Peterson). Fundamental questions of communi-
cation and representation of spatial situations were addressed separately.

5.4 Language and Cognition

The ground-breaking volume on Language and Space by Jackendoftf (1996)
collected many of the ideas influencing work in GIScience. The work by Berger
and Luckmann (1996) and Searle (1995) on construction of concepts in the social
realm was most helpful for understanding the context-dependence of concepts, an
idea that Fleck (1981) published already in 1935, which are the result of social
processes and thus also may change over time (Raubal 2008). Starting with
Campari’s article (Campari 1991), a discussion on effects of cultural differences or
the universality of other concepts raised the awareness for multi-language and
multi-cultural situation of the world in general and the context dependence of
descriptions (Montello 1995; Montello and Xiao 2011). The application of
quantum mechanics as a theory to deal with prototype effects and context in
general was recently proposed (Gabora et al. 2008) and a special issue on quantum
mechanics applied to cognitive science was recently published (Bruza et al. 2009).

5.5 Data Structures, Semantics and Ontology

The definition of ontologies as formalizations of “conceptualizations” has become
commonplace in information engineering (Guarino 1995) and specific proposals
for GIS have been discussed (Couclelis 2010; Frank 2001). Kuhn and his
co-workers have pointed out that grounding of terms, along the lines of experi-
ential realism, can be achieved (Scheider et al. 2009). The use of Resource
Descriptor Framework (RDF) triples has become popular as a way to describe
relations and capture semantics in a simple formalism, which can be effectively
processed; surprisingly large collections of descriptions of semantics are available
on the web. The connection between natural language expressions and formal-
izations of spatial relations was shown by Tenbrink and Kuhn (2011).

Research on data quality is reported in a series of proceedings of several
conferences (Shi et al. 2002) and later by (Devillers et al. 2006) among others.
A connection between ontology and data quality was established by Frank (2007).

The past 20 years were dominated by relational databases and the technical
solutions of major commercial or open-source software, which over time included
spatial access methods and geometric data types. A conference series “Advances
in Spatial Databases” started in 1989 (Giinther 1999) and was later renamed to
“Advances in Spatial and Temporal Databases”.
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5.6 Formalization: Mathematics

The use of object-oriented design has become mainstream in software engineering,
despite the fact that serious restrictions and practical difficulties have been dis-
covered theoretically (Abadi and Cardelli 1996) and the most commonly used
approaches are quite informal and lack automatic checking. The next step of
abstraction, progressing from algebra to categories (Asperti and Longo 1991) is
slowly gaining acceptance in the GIScience community (Frank 1999).

The formalization of taxonomies with logic based methods is well established
and powerful tools, e.g., Protégé, are used, producing research ontologies in the
standardized OWL format. Logic based approaches limit, however, the formal-
ization of processes.

6 Future Research

Some of the major research questions which were identified at Las Navas 1990 are
still major challenges in GIScience: Hierarchies, movement and temporal data,
communicating meaning, and defining semantics across cultural and language
boundaries are some of the most prominent of these challenges—as also
demonstrated by several of the chapters in this book.

Las Navas 1990 did not concentrate on topics related to social effects of
Geographic Information, as we did not envisage the widespread use encountered
today. Societal issues were reviewed around that time at another NATO meeting
(Masser and Onsrud 1993), but societal impacts have changed drastically as wireless
networked information devices become almost ubiquitous in developed countries.
When Geographic Information was being used mostly in public agencies, issues
such as privacy, quality of data, copyright etc. did not play the dominant role which
they do today. The immensely popular and commercially successful social networks
gradually have embraced spatial information, and the new phenomena of “crowd
sourcing”—specifically Volunteered Geographic Information (Elwood et al.
2012)—create new problems and opportunities for research.

7 Outline of the Remainder of this Book

The remainder of this book consists of 14 chapters written or co-authored by partic-
ipants at the Las Navas 2010 meeting. Each of these chapters was thoroughly reviewed
by 2 international experts and the editors of the book. Based on the reviews we had to
reject 2 chapters out of the initial 16 chapter submissions. The chapters provide both a
snapshot in time regarding research on cognitive and linguistic aspects of geographic
space, and also provide new perspectives on geographic information research in the
twenty-first century. Below we provide summaries of the chapters in the order they
appear in the book.
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Chapter “How Spatial Structures Replace Computational Effort” by Freksa
investigates whether all spatial problems are necessarily dealt with in a geometric
form, i.e., if we always have to transform a spatial question into a problem for-
mulated in terms of coordinates. The expectation in 1990 was that we would find
methods for representation and processing of spatial situations other than the well-
known coordinate based geometry, which has substantial drawbacks. The chapter
reviews the different qualitative spatial reasoning methods, most of which were
published after 1990, and shows a system that integrates these calculi in a quali-
tative spatial reasoning toolbox (SparQ). It ends with the discussion of ‘spatial
computing’ where the spatial configuration is used to find a solution quickly.

Chapter “The Cognitive Development of the Spatial Concepts NEXT, NEAR,
AWAY and FAR” by Freundschuh and Blades concentrates on few specific spatial
concepts with respect to distance, namely NEXT, NEAR, AWAY and FAR; unlike
previous studies, the authors report about results obtained with children between 3
and 9 years of age (and an adult control group) in both, a tabletop space and a large
model space. The results corroborate that children, at least from the age of 7, dif-
ferentiate between these four distance locatives, confirming the theories of Piaget and
Inhelder as well as those by Huttenlocher and Newcombe. The difference between the
tabletop and the large model space were observable, but not statistically significant;
more research is required. The interesting question, whether younger children do not
differentiate between NEXT and NEAR or AWAY and FAR remains also open for
future studies along the same lines.

Chapter “From Compasses and Maps to Mountains and Territories: Experimental
Results on Geographic Cognitive Categorization” by Giannakopoulou and co-authors
reports on the repetition of an experiment, originally done to explore geographic
categorization. It tried to identify whether there are significant differences between
Greek speakers and Americans on the one side, and experts and non-experts on the
other side. The identification of cultural differences between Greeks and Americans
were not easily detectable, as some details of the experimental setup were slightly
different and made the results hard to interpret (but the differences seem to be small).
Interesting to note is the difference in the responses between experts and non-experts,
where non-experts listed for ‘geographic phenomenon’ mostly concepts from physical
geography whereas experts listed concepts from human geography. Likewise for
‘geographic relations’ the non-experts listed cardinal directions and similar items,
whereas experts often listed topological relations.

Chapter “Prospects and Challenges of Landmarks in Navigation Services” by
Richter focuses on the importance of landmarks for structuring and understanding
space, with a particular emphasis on their use in navigation services. Although
research over the past decades has produced methodologies and computational
approaches for automatically identifying landmarks to be integrated in navigation
services, its impact on commercial services has been low. Based on a categorization of
approaches that distinguishes between landmark identification and landmark inte-
gration, Richter analyses why this is the case and thereby identifies several challenges
that need to be addressed. User-generated landmark content is identified as a prom-
ising way to move landmark-based navigation systems forward in the future.


http://dx.doi.org/10.1007/978-3-642-34359-9_2
http://dx.doi.org/10.1007/978-3-642-34359-9_3
http://dx.doi.org/10.1007/978-3-642-34359-9_3
http://dx.doi.org/10.1007/978-3-642-34359-9_4
http://dx.doi.org/10.1007/978-3-642-34359-9_4
http://dx.doi.org/10.1007/978-3-642-34359-9_5

16 A. U. Frank et al.

In chapter “Landmarks and a Hiking Ontology to Support Wayfinding in a
National Park During Different Seasons”, Sarjakoski and co-authors discuss the use of
landmarks in wayfinding; multiple studies have demonstrated the importance of
landmarks in wayfinding and route descriptions, but most studies were done in cities.
The authors investigate the use of landmarks in outdoor wayfinding, specifically
hiking in Finland. Their experiments consider the different appearances of the natural
environment in summer and winter, when snow covered. They find that people report
different types of landmarks in summer and winter: participants mentioned more often
‘passages’ (roads, path, path crossings, etc.) in summer than in winter; in winter,
however, more references to landforms were used. Their findings correspond to the
general observation that salience of a landmark is a relative property. In the last part of
the chapter, the authors attempt an ontology for landmarks when hiking; this is an
important step forward in organizing data to automatically produce wayfinding
instructions including references to landmarks.

In chapter “Talking about Place Where it Matters”, Winter and Truelove
discuss the requirements for fully-natural interaction between users and devices
regarding spatial information. After describing the problem as having compre-
hension and production aspects, the chapter focuses on the interpretation of spatial
queries, with examples from Google for places in the Melbourne, Australia, area.
They find that Google’s query parser sometimes misinterprets queries that contain
cardinal direction modifiers. The chapter concludes with a proposed research
agenda for dealing with place in information systems.

Chapter “Many to Many Mobile Maps” by Hirtle and Raubal reviews the rapid
expansion of geo-located mobile devices capable of providing or replacing maps.
Technology has made drastic changes to how people can access geographic
information in real time. Such information is generated not only by traditional
sources but also by social networks or geowikis. Despite the benefits, which the
paradigm of ‘many to many mobile maps’ has created for its users, there are also
new challenges and problems to be solved, such as human—computer-environment
interaction, personalization and context, and the impact on people’s spatial
learning. The chapter closes with a discussion of the future of maps.

In chapter “Cognitive and Linguistic Ideas in Geographic Information
Semantics”, Kuhn reviews cognitive and linguistic ideas that have been applied
in research on the semantics of geographic information. Las Navas 1990 seemed to
be a starting point for many researchers in GIScience and related disciplines for
taking such ideas and applying them to the formalization of semantics in infor-
mation systems. The chapter begins with defining the problem of semantics and
then describes each of the ideas—covering experiential realism, geographic
information atoms, reference systems, semantic datum, similarity measurement,
conceptual spaces, meaning as process, and constraining the process of meaning—
and the insights gained during the last two decades. Based on this understanding
the author speculates on where this research will be leading to in the future.

Chapter “Spatial Relation Predicates in Topographic Feature Semantics” by
Varanka and Caro investigates the semantics of spatial relation predicates with
respect to topographic features. Spatial relations are a major component of
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geographic analysis but many of them lack a formalization of their semantics. The
authors address this problem by typifying spatial relation characteristics of topo-
graphic features via a linguistic analysis of definitions. Topographic feature defi-
nitions were analyzed with respect to their spatial aspects in order to identify
relation concepts for developing a vocabulary of semantic web triples. The specific
motivation for this research concerned the future development of reasoning
algorithms for The National Map of the U.S. Geological Survey, but the study was
designed so that its results would be applicable to any topographic map.

In chapter “The Egenhofer-Cohn Hypothesis: or, Topological Relativity?” entitled
‘The Egenhofer-Cohn Hypothesis—or, Topological Relativity?’, Alexander Klippel
and his co-authors review various cognitive and behavioral evidence regarding the
validity and adequacy of two qualitative reasoning models of spatial relations. They
describe an Egenhofer-Cohn Hypothesis that topology is most important and geometry
refines, and find that data do not support a strong version of that hypothesis. They also
discuss implications of the model for dynamic spatial situations.

Chapter “Twenty Years of Topological Logic” by Pratt-Hartmann continues
with qualitative spatial reasoning and starts with the expressiveness of languages
to describe topological relations. It then discusses reasonable restrictions on
spatial regions. Most innocent looking mathematical definitions include regions with
infinitely many components and other strange behavior. A fundamental problem for
logical treatment of spatial relations between regions is to restrict regions to what
is geographically meaningful. The chapter also addresses the expressiveness of
different sets of topological relations, considered as logic first without quantifiers
(i.e., constraint languages) and second with the usual existential and all quantifier.
One of the interesting insights gained is that RCC8 or the equivalent 9-intersection
model is insensitive to the number of dimensions and the same relations hold in
spaces of any dimension.

In chapter “Reasoning on Class Relations: an Overview”, Mis presents an
account of reasoning over classes (rather than over instances), using spatial
reasoning as a domain. Explicit knowledge about logical properties and interre-
lations between relations is fundamental for automated reasoning based on
semantic data descriptions. The author argues that the formal definition of class
relations and their logical properties has not been sufficiently addressed yet.
Reasoning over class relations is different to reasoning over instances because
cardinality restrictions must also be considered. The chapter summarizes current
research with regard to class relation reasoning based on properties such as
symmetry, composition, and conceptual neighborhood. The author also discusses
potential application areas and identifies directions for future work such as
dependencies of class relations in class hierarchies.

Chapter “Creating Perceptually Salient Animated Displays of Spatiotemporal
Coordination in Events” by Shipley and his co-authors points to an important
problem in visualization, namely that approaches which focus on individual spa-
tiotemporal phenomena in isolation are cognitively inadequate because they omit
the relational structure that humans use in order to process and reason about
events. Humans mostly care about the complete picture and only rarely look at
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spatio-temporal entities in isolation. Starting with their thoughts on animations,
perception of movement, and visualizations, the authors then highlight implica-
tions for animation design. There is a strong need for perceptually salient and
cognitively inspired animated displays that help humans more effectively and
efficiently in detecting relationships in complex events.

In chapter “Exploring and Reasoning about Perceptual Spaces for Theatre, New
Media Installations and the Performing Arts”, Edwards and his co-authors present an
exciting and innovative approach for bringing together GIScience and the per-
forming arts. Perceptual models to support qualitative spatial reasoning are extended
to model soundscapes. The authors present a new model that draws on the Huygen’s
Principle of Wave Propagation to supplement the earlier models with a component
that handles sound. The resulting space segmentation was actually worked out and
tested with the narrative structure of Homer’s Odyssey, which was demonstrated
through a real-time performance at Las Navas 2010 involving various virtual sound
sources that move around in space.

8 Conclusions

Las Navas 2010 clearly demonstrated that Cognitive and Linguistic Aspects of
Geographic Space is still a vibrant research area within Geographic Information
Science. This chapter reflected on what was known at the time of Las Navas 1990,
what happened between Las Navas 1990 and 2010, and also provided some
thoughts on what the future might bring.

The research situation today is changed compared with what it was in 1990. The
chapter discussed these changes, some originating from the outside of GIScience,
some in GIScience proper, and some even originating from the discussions in Las
Navas. Interesting is the question, which direction research should take.
Interdisciplinary approaches are still necessary, bridging between the disciplines
and areas of geography, geometry, cartography, language and cognition, data
structures, semantics and ontology, and computer science and mathematics. Spe-
cial challenges are likely posed by topics such as hierarchies, movement and
temporal data, communicating meaning, and defining semantics across cultural
and language boundaries, as demonstrated by a number of chapters in this book.
Several chapters of the 1991 book had a strong impact over the years on these
topics and we hope this will also be the case for the chapters in the present book.
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