Proceedings of the
9th International Conference on
Auditory Display
July 6-9, 2003

Boston University, Boston, MA, USA

Financial support for ICAD 2003 was provided by

R e s e arch Center

B oston AUnlverslty

o> TUCKER-DAVIS TECHNOLOGIES



Editors: Eoin Brazil and Barbara Shinn-Cunningham
Cover Design: Virginia Johnson
Published by the Boston University Publications Production Department

ISBN: 0-87270-133-6

Copies may be ordered from:

Prof. Barbara Shinn-Cunningham

Department of Cognitive & Neural Systems and
Department of Biomedical Engineering

Boston University

677 Beacon St.

Boston, MA 02215

email: ICAD2003@cns.bu.edu
http://www.cns.bu.edu/~ICAD2003/

mail ICAD web site: www.icad.org

All rights reserved. Copyright remains with the individual authors. No part of this
publication can be reproduced, stored in a retrieval system, or transmitted in any
form by any means, electronic, mechanical, photocopying, recording, or otherwise
without prior written permission of the individual authors.

i



COMMITTES AND VOLUNTEERS
ICAD 2003 Organizing Committee

General Chair Committee Members
Barbara Shinn-Cunningham, Boston Nat Durlach, Boston University and MIT
University Simon Carlile, University of Sydney

Matti Grohn, Helsinki University of
Technology

Greg Kramer, Metta Foundation

Eric Somers, SUNY Dutchess

Bruce Walker, Georgia Institute of
Technology

Elizabeth Wenzel, NASA Ames

Technical Program Chair
Abhijhit Kulkarni, Bose Corporation

Treasurer
Barry Blesser, Blesser Associates

Workshop Organizing Committee

Ramani Duraiswami, University of Barbara Shinn-Cunningham, Boston

Maryland University
Nat Durlach, Boston University and MIT ~ Bruce Walker, Georgia Institute of
Technology

Conference Support and Coordination

Conference Coordinator
Joan Brown, Boston University

Web Masters

Jeffrey Lindsay, Georgia Institute of
Technology (main ICAD 2003 site)

Yang Wang, University of Maryland
(submission, registration)

Administrative Assistant
Nancy Maguire, Boston University

MIT Media Lab Reception Coordinators
Nyssim Lefford, Kristie Thompson
Lorin Wilde

Proceedings Editors
Eoin Brazil, University of Limerick
Barbara Shinn-Cunningham, Boston

Student Volunteers

Suzanne Carr, Sasha Devore, Antje
Ihlefeld, Kosuke Kawakyu, Patricia Moy,
Yusuke Naka, Gerald Ng, Becky Poon,
Suraj Ram, Jake Scarpaci, Tim Streeter,
Sanaz Zhalehdoust Sani

University

Paper Review Committee
Masato Akagi John Flowers Tappio Lokki Vesa Valimaki
Jim Alty Elena Grassi William Martins Bruce Walker
Stephen Barrass Matti Gréhn Joshua A. Miele Elizabeth Wenzel
Durand Begault Shirin Hassan John Neuhoff Beverly Wright
Barry Blesser Thomas Hermann James Oliverio Nick Zacharov
Terri Bonebright Jyri Huopaniemi Catherine Plaisant Pavel Zahorik
Simon Carlile Craig Jin Ville Pulkki Dmitry Zotkin
Michael Cohen Matti Karjalainen Lauri Savioja
Chris Darwin Abhijit Kulkarni Malcolm Slaney
Alistair Edwards Greg Kramer Eric Somers

il



iv



WELCOME

On behalf of the ICAD 2003 Organizing Committee, it is my honor to welcome you to
Boston University for the 9" International Conference on Auditory Display.

This is the first time ICAD has been held in Boston and also marks ICAD’s return to the
United States after two years of being held in other countries (in Finland in 2001 and in
Japan in 2002). It is almost surprising that it has taken nine conferences for ICAD and
Boston to meet, for they make a near-perfect match: few places in the world boast as high
a density of researchers investigating auditory perception, auditory neurophysiology,
audio technology, and audio engineering as the Boston area.

We have assembled what we think is an exciting mix of scientific and social events to
make the inaugural Boston ICAD meeting memorable. The one-day workshop on
auditory displays in assistive technology brings together academic researchers as well as
consultants and practitioners who use auditory displays in real-world applications ranging
from museum displays to everyday navigation. The main ICAD conference boasts over
60 technical presentations, selected (after careful peer review by an international panel of
experts) from very high-quality submissions. In addition to talks, poster presentations,
and what we hope will be a provocative panel discussion (“Science vs. Art in Auditory
Displays”™), we will visit the MIT Media Lab to see how technophiles use audio in
displays. The social events (an informal pizza party, a “Duck Boat Tour” of Boston, the
conference banquet, a reception at the Media Lab) are designed to nurture the already-
strong camaraderie of the ICAD community and provide informal opportunities for ideas
to be exchanged, discussed, and argued with a healthy give and take.

While we are here because of shared intellectual interests, we hope you take time to enjoy
Boston during your stay. Walk the Freedom Trail; visit the Old North Church, Faneuil
Hall, and Quincy Market. Between the laid-back nightlife of Harvard Square, live music
clubs in and around Central Square, sports venues, museums, and other sights in and
around Boston, there is something in our friendly city to appeal to everyone.

Generous financial support from the Boston University Hearing Research Center, the Air
Force Office of Scientific Research, and Tucker-Davis Technologies allowed us to offer
substantial subsidies to many student and post-doctoral participants and offset other
ICAD 2003 meeting costs. Nancy Maguire and Joan Brown assisted mightily with
administrative and logistical planning. The members of the ICAD 2003 Organizing
Committee, particularly treasurer Barry Blesser, were extraordinarily generous with their
time, ensuring the success of ICAD 2003. Many student volunteers will be helping in a
variety of ways, down to guiding the ICAD community through the Boston subway
system. However, more than anything else, the enthusiasm and dedication of the
participants is responsible for the success of any conference. Thank you all for making
this conference, and the ICAD community, as strong as it is. Because of you, it has been
a pleasure to put together the program you are about to enjoy.

I look forward to seeing you all in Sydney for ICAD 2004!

Barbara Shinn-Cunningham
General Chair, ICAD 2003
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