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Preface

This is the sixth volume in a series of books dedicated to basic research in spatial
cognition. Spatial cognition research investigates relations between the physical
spatial world, on the one hand, and the mental world of humans, animals, and
artificial agents, on the other hand. Cognitive agents – natural or artificial – make
use of spatial and temporal information about their environment and about their
relation to the environment to move around, to behave intelligently, and to make
adaptive decisions in the pursuit of their goals. More specifically, cognitive agents
process various kinds of spatial knowledge for learning, reasoning, and talking
about space.

From a cognitive point of view, a central question is how our brains represent
and process spatial information. When designing spatial representation systems,
usability will be increased if the external and internal forms of representation
are aligned as much as possible. A particularly interesting feature is that much
of the internal representations of the meanings of words seem to have a spatial
structure. This also holds when we are not talking about space as such. The
spatiality of natural semantics will impose further requirements on the design
of information systems. An elementary example is that “more” of something is
often imagined as “higher” on a vertical dimension: consequently, a graphical
information system that associates “more” with “down” will easily be misunder-
stood. Another example concerns similarity relations: features that are judged
to be similar in meaning are best represented as spatially close in a graphical
information system.

In addition to the question of how this information is represented and used
– which was the focus of the previous Spatial Cognition volumes – an impor-
tant question is whether spatial abilities are innate (“hard wired”) or whether
these abilities can be learned and trained. The hypothesis that spatial cogni-
tion is malleable, and hence that spatial learning can be fostered by effective
technology and education, is based on recent evidence from multiple sources.
Developmental research now indicates that cognitive growth is not simply the
unfolding of a maturational program but instead involves considerable learning;
new neuroscience research indicates substantial developmental plasticity; and
cognitive and educational research has shown us significant effects of experience
on spatial skill.

Because an informed citizen in the 21st century must be fluent at process-
ing spatial abstractions including graphs, diagrams, and other visualizations,
research that reveals how to increase the level of spatial functioning in the pop-
ulation is vital. In addition, such research could lead to the reduction of gender
and socioeconomic status differences in spatial functioning and thus have an im-
portant impact on social equity. We need to understand spatial learning and to
use this knowledge to develop programs and technologies that will support the
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capability of all children and adolescents to develop the skills required to com-
pete in an increasingly complex world. To answer these questions, we need to
understand structures and mechanisms of abstraction and we must develop and
test models that instantiate our insights into the cognitive mechanisms studied.

Today, spatial cognition is an established research area that investigates a
multitude of phenomena in a variety of domains on many different levels of ab-
straction involving a palette of disciplines with their specific methodologies. One
of today’s challenges is to connect and relate these different research areas. In
pursuit of this goal, the Transregional Collaborative Research Center SFB/TR 8
Spatial Cognition (Bremen and Freiburg) and the Spatial Intelligence and Learn-
ing Center (Philadelphia and Chicago) co-organized Spatial Cognition 2008 in
the series of the biannual international Spatial Cognition conferences. This con-
ference brought together researchers from both centers and from other spatial
cognition research labs, from all over the world. This proceedings volume con-
tains 27 papers that were selected for oral presentation at the conference in
a thorough peer-review process to which 54 papers had been submitted; each
paper was reviewed and commented on by at least three Program Committee
members. Many high-quality contributions could not be accepted due to space
limitations in the single-track conference program.

The Program Chairs invited three prominent scientists to deliver keynote
lectures at the Spatial Cognition 2008 conference: Heinrich H. Bülthoff spoke on
“Virtual Reality as a Valuable Research Tool for Investigating Different Aspects
of Spatial Cognition”, Laura Carlson’s talk was about “On the ‘Whats’ and
‘Hows’ of ‘Where’: The Role of Salience in Spatial Descriptions”, and Dedre
Gentner addressed the topic “Learning about space”. Abstracts of the keynote
presentations are also printed in this volume.

Spatial Cognition 2008 took place at Schloss Reinach near Freiburg (Ger-
many) in September 2008. Besides the papers for oral presentation, more than
30 poster contributions were selected for presenting work in progress. The con-
ference program also featured various tutorials, workshops, and a doctoral col-
loquium to promote an exchange of research experience of young scientists and
knowledge transfer at an early stage of project development. Immediately before
the conference, a workshop sponsored by the American National Science Foun-
dation (NSF) was organized by the SILC consortium in cooperation with the
SFB/TR 8 at the University of Freiburg. This workshop included lab visits at
the Freiburg site of the SFB/TR 8.

Many people contributed to the success of the Spatial Cognition 2008 con-
ference. First of all, we thank the authors for preparing excellent contributions.
This volume presents contributions by 61 authors on a large spectrum of interdis-
ciplinary work on descriptions of space, on spatial mental models and maps, on
spatio-temporal representation and reasoning, on route directions, wayfinding in
natural and virtual environments, and spatial behavior, and on robot mapping
and piloting. Our special thanks go to the members of the Program Committee
for carefully reviewing and commenting on these contributions. Thorough re-
views by peers are one of the most important sources of feedback to the authors
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that connects them to still-unknown territory and that helps them to improve
their work and to secure a high-quality scientific publication.

We thank Thomas F. Shipley for organizing, and Kenneth D. Forbus, Alexan-
der Klippel, Marco Ragni, and Niels Krabisch for offering tutorials. For orga-
nizing workshops we owe thanks to Kenny Coventry and Jan M. Wiener as
well as Alexander Klippel, Stephen Hirtle, Marco Ragni, Holger Schultheis,
Thomas Barkowsky, Ronan O’Ceallaigh, and Wolfgang Stürzl. Further thanks
go to Christoph Hölscher for organizing the poster session, and Sven Bertel and
Marco Ragni, who were responsible for organizing the doctoral colloquium and
for allocating travel grants to PhD students.

We thank the members of our support staff, namely, Ingrid Schulz, Dagmar
Sonntag, Roswitha Hilden, Susanne Bourjaillat, and Ulrich Jakob for profes-
sionally arranging many details. Special thanks go to Thomas Barkowsky, Eva
Räthe, Lutz Frommberger, and Matthias Westphal for the close cooperation on
both sites of the SFB/TR 8.

We thank Wolfgang Bay and the SICK AG for the generous sponsorship
for this conference and the continuous support of scientific activities in and
around Freiburg. We thank Daniel Schober and the ESRI Geoinformatik GmbH
for sponsoring the travel grants to PhD students participating in the doctoral
colloquium.

We thank the Deutsche Forschungsgemeinschaft and the National Science
Foundation and their program directors Bettina Zirpel, Gerit Sonntag, and Soo-
Siang Lim for continued support of our research and for encouragement and
enhancing our international research cooperations.

For the review process and for the preparation of the conference proceed-
ings we used the EasyChair conference management system, which we found
convenient to use.

Finally, we thank Alfred Hofmann and his staff at Springer for their contin-
uing support of our book series as well as for sponsoring the Spatial Cognition
2008 Best Paper Award.

September 2008 Christian Freksa
Nora Newcombe

Peter Gärdenfors
Stefan Wölfl
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7. Rodŕıguez, M.A., Cruz, I., Levashkin, S., Egenhofer, M.J. (eds.): GeoS 2005. LNCS,
vol. 3799. Springer, Heidelberg (2005)

8. Meng, L., Zipf, A., Reichenbacher, T. (eds.): Map-based mobile services — Theo-
ries, methods and implementations. Springer, Berlin (2005)

9. Freksa, C., Knauff, M., Krieg-Brückner, B., Nebel, B., Barkowsky, T. (eds.): Spatial
Cognition IV. LNCS (LNAI), vol. 3343. Springer, Heidelberg (2005)

10. Blackwell, A.F., Marriott, K., Shimojima, A. (eds.): Diagrams 2004. LNCS (LNAI),
vol. 2980. Springer, Heidelberg (2004)

11. Egenhofer, M.J., Freksa, C., Miller, H.J. (eds.): GIScience 2004. LNCS, vol. 3234.
Springer, Heidelberg (2004)

12. Gero, J.S., Tversky, B., Knight, T. (eds.): Visual and spatial reasoning in design
III, Key Centre of Design Computing and Cognition. University of Sydney (2004)

13. Freksa, C., Brauer, W., Habel, C., Wender, K.F.: Spatial Cognition III. LNCS
(LNAI), vol. 2685. Springer, Heidelberg (2003)

14. Kuhn, W., Worboys, M.F., Timpf, S. (eds.): COSIT 2003. LNCS, vol. 2825.
Springer, Heidelberg (2003)

15. Hegarty, M., Meyer, B., Narayanan, N.H. (eds.): Diagrams 2002. LNCS (LNAI),
vol. 2317. Springer, Heidelberg (2002)

16. Egenhofer, M.J., Mark, D.M. (eds.): GIScience 2002. LNCS, vol. 2478. Springer,
Heidelberg (2002)

17. Barkowsky, T.: Mental Representation and Processing of Geographic Knowledge.
LNCS (LNAI), vol. 2541. Springer, Heidelberg (2002)

18. Renz, J.: Qualitative Spatial Reasoning with Topological Information. LNCS
(LNAI), vol. 2293. Springer, Heidelberg (2002)

19. Coventry, K., Olivier, P. (eds.): Spatial language: Cognitive and computational
perspectives. Kluwer, Dordrecht (2002)

20. Montello, D.R. (ed.): COSIT 2001. LNCS, vol. 2205. Springer, Heidelberg (2001)
21. Gero, J.S., Tversky, B., Purcell, T. (eds.): Visual and spatial reasoning in design

II. Key Centre of Design Computing and Cognition. University of Sydney (2001)
22. Habel, C., Brauer, W., Freksa, C., Wender, K.F. (eds.): Spatial Cognition 2000.

LNCS (LNAI), vol. 1849. Springer, Heidelberg (2000)
23. Habel, C., von Stutterheim, C. (eds.): Räumliche Konzepte und sprachliche Struk-
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Ricardo Chavarriaga

A Minimalistic Model of Visually Guided Obstacle Avoidance and Path
Selection Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

Lorenz Gerstmayr, Hanspeter A. Mallot, and Jan M. Wiener



XIV Table of Contents

Spatial Learning

Route Learning Strategies in a Virtual Cluttered Environment . . . . . . . . . 104
Rebecca Hurlebaus, Kai Basten, Hanspeter A. Mallot, and
Jan M. Wiener

Learning with Virtual Verbal Displays: Effects of Interface Fidelity on
Cognitive Map Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

Nicholas A. Giudice and Jerome D. Tietz

Cognitive Surveying: A Framework for Mobile Data Collection,
Analysis, and Visualization of Spatial Knowledge and Navigation
Practices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

Drew Dara-Abrams

Maps and Modalities

What Do Focus Maps Focus On? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
Kai-Florian Richter, Denise Peters, Gregory Kuhnmünch, and
Falko Schmid

Locating Oneself on a Map in Relation to Person Qualities and Map
Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171

Lynn S. Liben, Lauren J. Myers, and Kim A. Kastens

Conflicting Cues from Vision and Touch Can Impair Spatial Task
Performance: Speculations on the Role of Spatial Ability in Reconciling
Frames of Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

Madeleine Keehner

Spatial Communication

Epistemic Actions in Science Education . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202
Kim A. Kastens, Lynn S. Liben, and Shruti Agrawal

An Influence Model for Reference Object Selection in Spatially Locative
Phrases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216

Michael Barclay and Antony Galton

Spatial Language

Tiered Models of Spatial Language Interpretation . . . . . . . . . . . . . . . . . . . . 233
Robert J. Ross

Perspective Use and Perspective Shift in Spatial Dialogue . . . . . . . . . . . . . 250
Juliana Goschler, Elena Andonova, and Robert J. Ross



Table of Contents XV

Natural Language Meets Spatial Calculi . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266
Joana Hois and Oliver Kutz

Automatic Classification of Containment and Support Spatial Relations
in English and Dutch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283

Kate Lockwood, Andrew Lovett, and Ken Forbus

Similarity and Abstraction

Integral vs. Separable Attributes in Spatial Similarity Assessments . . . . . 295
Konstantinos A. Nedas and Max J. Egenhofer

Spatial Abstraction: Aspectualization, Coarsening, and Conceptual
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311

Lutz Frommberger and Diedrich Wolter

Concepts and Reference Frames

Representing Concepts in Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 328
Martin Raubal

The Network of Reference Frames Theory: A Synthesis of Graphs and
Cognitive Maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 344

Tobias Meilinger

Spatially Constrained Grammars for Mobile Intention Recognition . . . . . 361
Peter Kiefer

Modeling Cross-Cultural Performance on the Visual Oddity Task . . . . . . 378
Andrew Lovett, Kate Lockwood, and Kenneth Forbus

Spatial Modeling and Spatial Reasoning

Modelling Scenes Using the Activity within Them . . . . . . . . . . . . . . . . . . . . 394
Hannah M. Dee, Roberto Fraile, David C. Hogg, and
Anthony G. Cohn

Pareto-Optimality of Cognitively Preferred Polygonal Hulls for Dot
Patterns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409

Antony Galton

Qualitative Reasoning about Convex Relations . . . . . . . . . . . . . . . . . . . . . . 426
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