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Preface

Brain–computer interface (BCI) research is advancing rapidly. The last few years
have seen a dramatic rise in journal publications, academic workshops and con-
ferences, books, new products aimed at both healthy and disabled users, research
funding from different sources, and media attention. This media attention has
included both BCI fi (BCI-based science fiction) and stories in mainstream mag-
azines and television news programs.

Despite this progress and attention, most people still do not use BCIs, or even
know what they are. While the authors of this book generally have access to the best
BCI equipment, and they know how to use it, the chapters are written in the old-
fashioned way, with keyboards and mice instead of BCIs. This may be surprising
because BCIs are generally presented inaccurately in the popular media, where
undeserved hype and sloppy reporting often create a gap between expectations and
reality.

This book aims to bridge that gap by educating readers about BCIs, with
emphasis on making BCIs practical in real-world settings. Experts in BCI research
widely agree that one of the major challenges in the field is moving BCIs from
laboratory gadgets that work with some healthy users to tools that are reliable,
straightforward, and useful in field settings for whoever needs them. Many of these
experts discuss the state of the art and major challenges across four sections. Three
of the sections address the three main components of BCIs: sensors, signals, and
signal processing; devices and applications; and interfaces and environments. The
last section summarizes other challenges that relate to complete BCI systems instead
of one component.

BCI research is inherently interdisciplinary, requiring contributions from neu-
roscience, psychology, medicine, human–computer interaction (HCI), many facets
of engineering, and other disciplines. Similarly, many sectors are involved in BCI
research, including academia, small and large businesses, government, medicine,
and different types of nonprofit institutions. The authors who contributed to this
book represent an eclectic mix of these disciplines and sectors. This breadth of
contributors provides different perspectives and should make this book relevant to a
wide variety of readers.
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However, while this book could be useful for different specialists in the BCI
community, we also made a strong effort to keep the chapters practical and
readable for people who do not have a background in BCI research or any related
discipline. Chapters are written in plain English, without unnecessary technical
detail, and acronyms and special terms are defined within chapters and in our
glossary. Ample references are provided in case readers want more information.
Hence, many readers outside of the conventional BCI community may enjoy this
book for different reasons. Nurses, doctors, therapists, caretakers, and assistive
technology practitioners may want to learn more about what real-world BCIs can
(and cannot) do, which may help them decide whether a BCI is viable as an
assistive technology. Other readers may instead be curious about BCIs for other
user groups, including healthy users. Students might use this book to learn about
BCIs, and teachers might assign chapters in relevant classes. Business experts and
policy makers may want to learn more about whether BCIs are promising enough
to merit additional funding through commercial investment or grants. Journalists,
writers, or other people interested in developing articles, documentaries, or other
shows might find helpful background information or inspiration here. Finally, we
hope our book appeals to people who are just curious about a technology that has
long captured the human imagination and could revolutionize how people interact
with each other and their environments.
Acknowledgements: The editors gratefully acknowledge the help of the following
chapter reviewers: Tom Carlson, Günter Edlinger, Jan van Erp, Shangkai Gao, Gary
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careful comments certainly helped the authors in improving the chapters. The
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(École Polytechnique Fédérale de Lausanne, Switserland)

Anton Nijholt
(University of Twente, The Netherlands)



Contents

1 Recent and Upcoming BCI Progress: Overview, Analysis,
and Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Brendan Z. Allison, Stephen Dunne, Robert Leeb, José del R.
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Johannes Höhne Berlin Institute of Technology, Department of Machine Learn-
ing, Berlin Brain–Computer Interface (BBCI) group, Berlin, Germany

Elisa Holz Department of Psychology I, University of Würzburg, Würzburg,
Germany

Evert-Jan Hoogerwerf AIAS Bologna onlus, Ausilioteca AT Centre, Corte Ron-
cati, Bologna, Italy

Petar Horki Graz University of Technology, Institute for Knowledge Discovery,
BCI-Lab, Graz, Austria

Jing Jin Key Laboratory of Advanced Control and Optimization for Chemical
Processes, East China University of Science and Technology, Shanghai, China

Tzyy-Ping Jung Swartz Center for Computational Neuroscience, Institute for
Neural Computation Institute of Engineering in Medicine, University of California
San Diego, La Jolla, CA, USA

Vera Kaiser Institute for Knowledge Discovery, Laboratory of Brain–Computer
Interfaces, Graz University of Technology, Graz, Austria

Shin’ichiro Kanoh Department of Electronics and Intelligent Systems, Tohoku
Institute of Technology, Taihaku-ku, Sendai, Japan

Tobias Kaufmann Department of Psychology I, University of Würzburg,
Würzburg, Germany

Christian A. Kothe Swartz Center for Computational Neuroscience, Institute for
Neural Computation, University of California San Diego, La Jolla, CA, USA,

Alex Kreilinger Graz University of Technology, Institute for Knowledge Discov-
ery, BCI-Lab, Graz, Austria
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nique, Fédérale de Lausanne, Lausanne, Switzerland

Yisi Liu Nanyang Technological University, Nanyang Ave, Singapore

Fabien Lotte INRIA Bordeaux Sud-Ouest, Talence, France

Scott Makeig Swartz Center for Computational Neuroscience, Institute for Neural
Computation, University of California San Diego, La Jolla, CA, USA

Massimiliano Malavasi AIAS Bologna onlus, Ausilioteca AT Centre, Corte Ron-
cati, Bologna, Italy

Steven G. Mason Left Coast Biometrics Ltd., Vancouver, BC, Canada

Donatella Mattia Clinical Neurophysiology, Neuroelectrical Imaging and BCI
Lab, Fondazione Santa Lucia, IRCCS, Rome, Italy

Jürgen Mellinger Institute of Medical Psychology and Behavioral Neurobiology,
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