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Preface

Navigating across town, comprehending an animated display of the func-
tioning of the human heart, viewing complex multivariate data on a busi-
ness’s website, reading an architectural blueprint, and forming a three-
dimensional mental picture of a house are all tasks involving visuospatial
thinking. As suggested by the breadth of this list of tasks, the field of
visuospatial thinking is a relatively diverse interdisciplinary research en-
terprise. An understanding of visuospatial thinking — in particular, how
people represent and process visual and spatial information — is relevant
not only to the field of cognitive psychology but also to education, geog-
raphy, architecture, medicine, design, computer science/artificial intelli-
gence, semiotics, and animal cognition.

The goal of this handbook is to present a broad overview of the research
on this topic that can be used by researchers interested in visuospatial
thinking in both basic and applied or naturalistic contexts. The focus of
this volume is higher-level visuospatial thinking, which involves the use
of internal or external visual or spatial representations from visual im-
agery to diagrammatic reasoning. Our focus on higher-level visuospatial
thinking contrasts with lower-level visuospatial cognition, such as object
recognition, visual attention, and scene perception.

There are at least three reasons why we felt that there is a need for this
handbook. First, historically, research on visuospatial thinking has been a
relatively loosely connected enterprise, often with little interaction among
researchers addressing related questions. For example, although there are
similar issues involved in the processing of graphs, diagrams, and maps,
little communication across these research areas exists, and few generic
models or theories can provide a unified framework for the comprehen-
sion of various visual displays. Similarly, although research on visuospatial

Xi
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thinking at multiple levels (e.g., object recognition, scene perception, dia-
gram comprehension) has been done, few models cut across these levels.
This state of affairs in the visuospatial thinking domain is in stark con-
trast to the field of text comprehension, where a number of well-developed
models that cut across different levels of analysis already exist. By bringing
together different lines of related research in a single volume, we believe
that this handbook will provide one step toward the development of a
more unified subdiscipline of cognitive science, the field of higher-level
visuospatial thinking.

Another closely related reason is that much research on visuospatial
thinking is distributed across different disciplines and in many cases has
been conducted in the context of applied problems. For example, cognitive
psychologists examine the nature of limitations in visuospatial working
memory and specify the nature of individual and group differences in vi-
suospatial abilities in lab-based settings (e.g., Logie & Della Sala, Chapter 3;
Hegarty & Waller, Chapter 4; Halpern & Collaer, Chapter 5). At the same
time, similar questions are asked in more applied contexts. Medical re-
searchers consider how limitations in spatial abilities may affect surgeons
using virtual tools, and meteorologists consider how spatial abilities may
influence the interpretation of interactive weather displays. In another
example, the communication of three-dimensional information in two-
dimensional format is critical for many situations (e.g., Wickens, Vincow, &
Yeh, Chapter 10; Shah, Freedman, & Vekiri, Chapter 11; and Mayer, Chap-
ter 12), but extensive research related to this topic has been conducted in
rather disparate fields, including chemistry, architecture, multimedia in-
struction, and radiology. Because of the distributed nature of research on
visuospatial thinking across different domains, it has been difficult for re-
searchers to know what relevant work has been done on a certain topic and
to keep up with the large body of available research. A researcher in an
applied domain (e.g., someone interested in three-dimensional visuospa-
tial thinking during surgery) may not be prepared to identify the different
communities that have examined related questions. Our intention is to
bring together the important research on visuospatial thinking in different
contexts so that researchers in various disciplines can apply what has been
learned in other subfields of visuospatial thinking to their own fields.

A third reason for editing a handbook on visuospatial thinking is that
current technology requires new types of visuospatial thinking. Informa-
tion technology, for example, requires people to comprehend and use an-
imated, three-dimensional, and interactive displays and also to navigate
through virtual as well as physical space. Along with such technological
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advances are numerous new empirical studies — yet again, these studies
are frequently done within the context of specific fields without making
much contact with related research in other disciplines. In this handbook,
several examples of visuospatial thinking involving current technology
from navigation through virtual space to the comprehension of complex
multimedia representations are presented and discussed in some detail.

We decided against including a larger number of short chapters, as is
frequently done in books with the word handbook in the title. We instead
opted for providing in-depth reviews of central topics in higher-level visu-
ospatial thinking so that readers may gain a strong foundation in each se-
lected topic. This means that the information contained here does not cover
all possible topics within research on visuospatial thinking, but many of the
core topics are covered in a fairly comprehensive manner in each chapter.
From our own experience, we have found handbooks that are somewhat
selective but offer an in-depth coverage of major topics more useful than
those that offer a comprehensive yet somewhat cursory treatment of many
topics, and we hope that readers also see some benefits in our “selective,
in-depth” approach.

The handbook can be loosely divided into four sections, beginning with
a section with the basic cognitive mechanisms underlying visuospatial
thought, such as visuospatial imagery and working memory. In Chapter 1,
Barbara Tversky begins with a fundamental theoretical issue that applies
to all the remaining chapters in the volume, the role of visuospatial repre-
sentations in human thought. Specifically, in her tutorial overview chapter,
she addresses such fundamental questions as, “What kinds of internal and
external visuospatial representations do we use, how do they relate to one
another, and for what are they useful?” In Chapter 2, Dan Reisberg and
Friderike Heuer provide an up-to-date review of research on mental im-
agery. Their chapter also includes the latest research on the neural basis of
mental imagery, including sections on neuroimaging studies and research
on neuropsychological patients with mental imagery deficits. In Chapter 3,
Robert Logie and Sergio Della Sala provide an in-depth discussion of one
important building block of visuospatial thinking — visuospatial working
memory — from the perspective of neuropsychological studies of disorders
of visuospatial cognition, particularly those of hemispatial neglect.

The second section of the handbook focuses onindividual and group dif-
ferences in spatial abilities. We devote a few chapters to this topic because
historically this topic has been a relatively large component of cognitive
research on visuospatial thinking and has been of practical importance to
most applied topics in visuospatial thinking. In Chapter 4, Mary Hegarty
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and David Waller review the research on individual differences in visu-
ospatial thinking, including psychometric spatial abilities, navigational
skill, mechanical reasoning abilities, and other visuospatial abilities. They
also consider various relationships among spatial abilities (e.g., navigation
skill and psychometric spatial skill), the relationship between spatial abil-
ity and other skills (e.g., mathematical ability and musical skills), and the
effects of aging on visuospatial thinking. In Chapter 5, Diane Halpern and
Marcia Collaer critically evaluate evidence for sex-related differences in vi-
suospatial abilities in humans and other animals. In addition, they consider
underlying explanations for sex-related differences, such as differences in
brain laterality, hormones, and life experiences. Finally, in Chapter 6, Nora
Newcombe and Amy Learmonth provide an in-depth, theoretically mo-
tivated account of the development of spatial skills. The authors’” main
focus is children’s ability to represent and use knowledge about geograph-
ical space, such as their ability to remember spatial locations, imagine space
from different perspectives, and navigate through space.

The third section of the handbook focuses on constructing and using vi-
suospatial mental representations in the performance of complex everyday
tasks, such as navigation, map reading, and the comprehension of verbal
directions. In Chapter 7, Daniel Montello provides a comprehensive re-
view of current views on the mechanisms and representations involved
in human navigation. In Chapter 8, Holly Taylor discusses research on the
comprehension and production of maps and other external representations
of geographical space. Finally, Chapter 9, written by Mike Rinck, concerns
the nature of processes and representations involved in the mental con-
struction of spatial representations from verbal descriptions (e.g., reading
a passage in which the main character moves from one location to another).
Called spatial situation models, these representations serve as an interface
between visuospatial thinking and language comprehension.

The final section of the handbook presents four exemplar applied con-
texts that have lately received a large amount of research attention. In
Chapter 10, Chris Wickens, Michelle Vincow, and Michelle Yeh discuss
two of these contexts: navigational displays (e.g., pilot navigation or head
mounted displays) and information visualization displays. In their chapter,
the authors emphasize the importance of various frames of reference and
the difficulties of translating between frames of reference in the context of
different tasks. In Chapter 11, Priti Shah, Eric Freedman, and Ioanna Vekiri
describe research on the comprehension of graphs. They consider the dis-
play, content, task, and individual difference factors that influence the in-
terpretation of quantitative data presented visually. Finally, in Chapter 12,
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Richard Mayer examines the effects of visuospatial media on thinking and
learning from an educational perspective and presents a model of multi-
media comprehension and principles of multimedia.

As mentioned, this handbook is intended to serve as a resource for
readers in the cognitive sciences as well as researchers in related disciplines
who may have an applied interest in visuospatial cognition. In addition,
we hope that this volume will be useful to advanced undergraduate and
graduate students and other individuals who are interested in learning
about the field of visuospatial thinking but do not have strong background
knowledge in it.

To make this volume accessible to a broad, interdisciplinary audience
as well as to novice student readers, we have implemented a number of
features.

We asked chapter authors to define the technical terms that they used in
their chapters, even when those terms were used in other chapters, so that
each chapter can serve as an independent resource for the reader. Also,
because handbook readers usually read a subset of chapters relevant to
their interests rather than reading the entire book from cover to cover, we
have deliberately maintained some level of redundancy across chapters so
that readers would not have to refer to other chapters to comprehend the
one they are reading. At the same time, we have included a number of
cross-references in each chapter so that interested readers can learn more
about the related topics by taking a look at other related chapters. Addi-
tionally, we solicited reviews of chapter drafts from graduate students. We
explicitly asked these reviewers to identify any concepts or technical terms
that were unclear to the reader and then asked the authors to revise their
chapters accordingly. Each chapter was reviewed by experts in certain as-
pects of visuospatial thinking research so that the contents of each chapter
are accurate and of interest to expert researchers in the field as well. Finally,
we asked authors to provide a list of important further readings so that
readers can use these chapters as a springboard for learning about different
subfields of visuospatial thinking.

The field of visuospatial thinking is a diverse interdisciplinary research
community. We hope that this handbook serves as a useful resource for
researchers currently conducting research in visuospatial thinking as well
as researchers new to the field and that it also provides a useful bridge
between basic and applied research on visuospatial thinking.

Priti Shah and Akira Miyake
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