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Volume 152: Autonomic Dysfunction After Spinal Cord Injury, by L.C. Weaver and C. Polosa (Eds.) – 2006, ISBN 0-444-51925-4.

Volume 153: Hypothalamic Integration of Energy Metabolism, by A. Kalsbeek, E. Fliers, M.A. Hofman , D.F. Swaab, E.J.W. Van

Someren and R. M. Buijs (Eds.) – 2006, ISBN 978-0-444-52261-0.

Volume 154: Visual Perception, Part 1, Fundamentals of Vision: Low and Mid-Level Processes in Perception by S. Martinez-Conde,

S.L. Macknik, L.M. Martinez, J.M. Alonso and P.U. Tse (Eds.) – 2006, ISBN 0-444-52966-7.

ii



PROGRESS IN BRAIN RESEARCH

VOLUME 155

VISUAL PERCEPTION, PART 2

FUNDAMENTALS OF AWARENESS: MULTI-SENSORY

INTEGRATION AND HIGH-ORDER PERCEPTION

EDITED BY

S. MARTINEZ-CONDE

Department of Neurobiology, Barrow Neurological Institute, Phoenix,

AZ 85013, USA

S.L. MACKNIK

Departments of Neurosurgery and Neurobiology, Barrow Neurological Institute, Phoenix,

AZ 85013, USA

L.M. MARTINEZ

Departamento de Medicina, Facultade de Ciencias da Saúde, Campus de Oza, Universidade da Coruňa,
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J.-M. ALONSO

Department of Biological Sciences, State University of New York – Optometry, New York, NY 10036, USA

P.U. TSE

Department of Psychological and Brain Sciences, Dartmouth College, Hanover, NH 03755, USA

AMSTERDAM – BOSTON – HEIDELBERG – LONDON – NEW YORK – OXFORD
PARIS – SAN DIEGO – SAN FRANCISCO – SINGAPORE – SYDNEY – TOKYO

iii



Elsevier
Radarweg 29, PO Box 211, 1000 AE Amsterdam, The Netherlands
The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, UK

First edition 2006

Copyright r 2006 Elsevier B.V. All rights reserved

No part of this publication may be reproduced, stored in a retrieval system
or transmitted in any form or by any means electronic, mechanical, photocopying,
recording or otherwise without the prior written permission of the publisher

Permissions may be sought directly from Elsevier’s Science & Technology Rights
Department in Oxford, UK: phone (+44) (0) 1865 843830; fax (+44) (0) 1865 853333;
email: permissions@elsevier.com. Alternatively you can submit your request online by
visiting the Elsevier web site at http://elsevier.com/locate/permissions, and selecting
Obtaining permission to use Elsevier material

Notice
No responsibility is assumed by the publisher for any injury and/or damage to persons
or property as a matter of products liability, negligence or otherwise, or from any use
or operation of any methods, products, instructions or ideas contained in the material
herein. Because of rapid advances in the medical sciences, in particular, independent
verification of diagnoses and drug dosages should be made

Library of Congress Cataloging-in-Publication Data

A catalog record for this book is available from the Library of Congress

British Library Cataloguing in Publication Data

ISBN-13: 978-0-444-51927-6 (this volume)
ISBN-10: 0-444-51927-0 (this volume)
ISBN-13: 978-0-444-52966-4 (vol. 154; Part 1)
ISBN-10: 0-444-52966-7 (vol. 154; Part 1)
ISBN-13: 978-0-444-80104-3 (series)
ISBN-10: 0-444-80104-9 (series)
ISSN: 0079-6123

Printed and bound in The Netherlands

06 07 08 09 10 10 9 8 7 6 5 4 3 2 1

For information on all Elsevier publications

visit our website at books.elsevier.com

European Conference on Visual Perception (28th : 2005 :

A Coruna, Spain)

Visual Perception

Part 2: Fundamentals of awareness: multi-sensory integration

and high-order perception. - (Progress in brain research; v. 155)

1. Vision – Congresses 2. Physiological optics – Congresses

3. Visual perception – Congresses

I. Title II. Martinez-Conde, S.

612.8’4

ISBN-13: 9780444519276

ISBN-10: 0444519270

iv



Contents

List of Contributors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

General Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiii

I. THE ROLE OF CONTEXT IN RECOGNITION

Introduction
S.L. Macknik (Phoenix, AZ, USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1. Top-down facilitation of visual object recognition: object-based and context-based
contributions
M.J. Fenske, E. Aminoff, N. Gronau and M. Bar (Charlestown, MA, USA) . . . . . . . 3

2. Building the gist of a scene: the role of global image features in recognition
A. Oliva and A. Torralba (Cambridge, MA, USA) . . . . . . . . . . . . . . . . . . . . . . . . . 23

3. Beyond the face: exploring rapid influences of context on face processing
B. de Gelder, H.K.M. Meeren, R. Righart, J. Van den Stock, W.A.C. van de Riet and
M. Tamietto (Tilburg and Nijmegen, The Netherlands, Charlestown, MA, USA and
Turin, Italy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

4. The effectiveness of disruptive coloration as a concealment strategy
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General Introduction

‘‘Visual Perception’’ is a two-volume series of Progress in Brain Research, based on the symposia presented
during the 28th Annual Meeting of the European Conference on Visual Perception (ECVP), the premier
transnational conference on visual perception. The conference took place in A Coruña, Spain, in August
2005. The Executive Committee members of ECVP 2005 edited this volume, and the symposia speakers
provided the chapters herein.

The general goal of these two volumes is to present the reader with the state-of-the-art in visual per-
ception research, with a special emphasis in the neural substrates of perception. ‘‘Visual Perception (Part 1)’’
generally addresses the initial stages of the visual pathway, and the perceptual aspects than can be explained
at early and intermediate levels of visual processing. ‘‘Visual Perception (Part 2)’’ is generally concerned
with higher levels of processing along the visual hierarchy, and the resulting percepts. However, this
separation is not very strict, and several of the chapters encompass both early and high-level processes.

The current volume ‘‘Visual Perception (Part 2) — Fundamentals of Awareness, Multi-Sensory Inte-
gration and High-Order Perception’’ contains 18 chapters, organized into 4 general sections, each ad-
dressing one of the main topics in vision research today: ‘‘The role of context in recognition’’; ‘‘From
perceptive fields to Gestalt. A tribute to Lothar Spillmann’’; ‘‘The neural bases of visual awareness and
attention, and ‘‘Crossmodal interactions in visual perception’’. Each section includes a short introduction
and four to five related chapters. The topics are tackled from a variety of methodological approaches, such
as single-neuron recordings, fMRI and optical imaging, psychophysics, eye movement characterization and
computational modeling. We hope that the contributions enclosed will provide the reader with a valuable
perspective on the current status of vision research, and more importantly, with some insight into future
research directions and the discoveries yet to come.

Many people helped to compile this volume. First of all, we thank all the authors for their contributions
and enthusiasm. We also thank Shannon Bentz, Xoana Troncoso and Jaime Hoffman, at the Barrow
Neurological Institute, for their assistance in obtaining copyright permissions for several of the figures
reprinted here. Moreover, Shannon Bentz transcribed Lothar Spillmann’s lecture, and provided general
administrative help. Xoana Troncoso was heroic in her effort to help us to meet the submission deadline by
collating and packing all the chapters, and preparing the table of contents. We are indebted to Johannes
Menzel and Maureen Twaig, at Elsevier, for all their encouragement and assistance; it has been wonderful
working with them.
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Finally, we thank all the supporting organizations that made the ECVP 2005 conference possible:
Ministerio de Educación y Ciencia, International Brain Research Organization, European Office of Aer-
ospace Reseach and Development of the USAF, Consellerı́a de Educación, Industria e Comercio-Xunta de
Galicia, Elsevier, Pion Ltd., Universidade da Coruña, Sociedad Española de Neurociencia, SR Research
Ltd., Consellerı́a de Sanidade-Xunta de Galicia, Mind Science Foundation, Museos Cientı́ficos Coruñeses,
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Executive Chair, European Conference on Visual Perception 2005

On behalf of ECVP 2005’s Executive Committee: Stephen Macknik, Luis Martinez,
Jose-Manuel Alonso and Peter Tse
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SECTION I

The Role of Context in Recognition

Introduction

Predator or prey? Big or little? City skyline or the
latest line of kitchen cabinetry? These questions
may seem random, but it all depends on the con-
text in which they are posed. In fact, they are all
questions that become coherent and can be an-
swered only if the context is known. Well, the
skyline/cabinetry question may still seem out of
the blue, but it will all snap into focus as you read
the following four chapters that explore how visual
object recognition critically depends on the context
that the objects lie in, and their relevance to the
observer.

Fenske, Aminoff, Gronau, and Bar start the sec-
tion with a chapter that discusses how top-down
facilitation modifies the differential contributions

of object-based and context-based object recogni-
tion. Oliva and Torralba discuss the importance of
context to our ability to recognize the gist of a
scene at a single glance: without considering con-
text, we might not be able to tell apart the city
skyline from the kitchen cabinets. De Gelder, Me-
eren, Righart, Van den Stock, van de Riet, and
Tamietto show how context also plays a critical
role in face recognition. Stevens, Cuthill, Parraga,
and Troscianko discuss how disruptive coloration
in camouflage serves to conceal objects within the
context of their surroundings.

Stephen L. Macknik
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CHAPTER 1

Top-down facilitation of visual object recognition:
object-based and context-based contributions

Mark J. Fenske, Elissa Aminoff, Nurit Gronau and Moshe Bar�

MGHMartinos Center for Biomedical Imaging, Harvard Medical School, 149 Thirteenth Street, Charlestown, MA 02129,
USA

Abstract: The neural mechanisms subserving visual recognition are traditionally described in terms of
bottom-up analysis, whereby increasingly complex aspects of the visual input are processed along a hi-
erarchical progression of cortical regions. However, the importance of top-down facilitation in successful
recognition has been emphasized in recent models and research findings. Here we consider evidence for top-
down facilitation of recognition that is triggered by early information about an object, as well as by
contextual associations between an object and other objects with which it typically appears. The object-
based mechanism is proposed to trigger top-down facilitation of visual recognition rapidly, using a partially
analyzed version of the input image (i.e., a blurred image) that is projected from early visual areas directly
to the prefrontal cortex (PFC). This coarse representation activates in the PFC information that is back-
projected as ‘‘initial guesses’’ to the temporal cortex where it presensitizes the most likely interpretations of
the input object. In addition to this object-based facilitation, a context-based mechanism is proposed to
trigger top-down facilitation through contextual associations between objects in scenes. These contextual
associations activate predictive information about which objects are likely to appear together, and can
influence the ‘‘initial guesses’’ about an object’s identity. We have shown that contextual associations are
analyzed by a network that includes the parahippocampal cortex and the retrosplenial complex. The
integrated proposal described here is that object- and context-based top-down influences operate together,
promoting efficient recognition by framing early information about an object within the constraints pro-
vided by a lifetime of experience with contextual associations.

Keywords: object recognition; top-down; feedback; orbitofrontal cortex; low spatial frequencies; visual
context; parahippocampal cortex; retrosplenial cortex; visual associations; priming

Successful interaction with the visual world de-
pends on the ability of our brains to recognize
visual objects quickly and accurately, despite infi-
nite variations in the appearance of objects and the
settings in which they are encountered. How does
the visual system deal with all of this information
in such a fluent manner? Here we consider the
cortical mechanisms and the type of information

that they rely on to promote highly efficient visual
recognition through top-down processes. The ev-
idence we review, from studies by our lab and
others, suggests that top-down facilitation of rec-
ognition can be achieved through an object-based
mechanism that generates predictions about an
object’s identity through rapidly analyzed, coarse
information. We also review evidence that top-
down facilitation of recognition can be achieved
through the predictive information provided by
contextual associations between an object or scene
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