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General information
Venue and meeting rooms
The conference venue is ACROS Fukuoka (http://www.acros.or.jp/english/). Symposia and talk sessions (including
the student award session) will be held in the Event Hall on the second basement floor and poster sessions will be
held in the Cultural Gallery on the second floor.

Registration and conference materials
For early arrivers, the registration desk will open at the Cultural Gallery (2nd floor of the ACROS Fukuoka) on
Sunday 16 from 16:00 until 19:15. During the conference, the registration desk locates in the Event Hall (2nd
basement floor) from Monday 17 to Thursday 20 opening at 8:30 everyday. Receive your conference materials at
the registration desk.

Instructions for talk presenters
Each presentation in the talk sessions (except the student award talks) lasts for 12 minutes, followed by a 3-minutes
discussion period. Presenters should arrive at the Event Hall at least 15 minutes before the start of their session to
check their materials and devices. The presenters of symposium 1 and talk session 1 should finish their device
check before the opening remarks. The following equipment will be provided: a Microsoft Office 2007 installed PC
with CD-ROM drive and USB sockets, a PC projector with VGA cable, a set of loudspeakers with a 3.5 mm audio
plug, and a laser pointer. Presenters could bring their own laptop. Please contact the conference organizers at least
one week before the conference if you need any other type of AV equipment.

Instructions for the student award talk presenters
Each student awardee will have an oral presentation of 5 minutes without discussion, adding to his or her own
poster presentation on Wednesday afternoon.

Instructions for poster presenters
The poster panel size is 120 cm wide and 250 cm tall. Each panel will be uniquely numbered as same as the poster
number in the program that includes your presentation day (e.g., 1-24 refers poster #24 on Day 1, Monday, 17 ).
Each poster must contain the title of presentation, authors' names and their affiliation. We will provide material for
putting up posters. You can put up your poster from 9:00 on your presentation day. We will remove any posters
being left after 18:00. Authors with odd poster numbers are expected to present their work during the first half of
the poster session. Authors with even poster numbers are expected to present their work during the second half of
the poster session.

Internet access
Wireless LAN for internet access will be available in the Event Hall from 13:00 on Monday, 17. The access
procedure and password will be displayed at the registration desk.
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Social program
࣭Welcome reception
Join our welcome reception starting from 18:15 on Monday, 17 at the restaurant “Buffet Grand China” on the
second basement floor of ACROS Fukuoka.
࣭Ventriloquist demonstration and conference dinner
A Japanese ventriloquist (Ikkokudo) will perform with his puppets at 17:00 on Wednesday, 19 in the Event
Hall being followed by the conference dinner on the sightseeing boat “Mariera” during 2-hours Hakata Bay
Cruise. Shuttle service to the boat will be available at the entrance of ACROS Fukuoka between 18:00 and
18:30. Exact details of the departure will be announced during the meeting.
࣭Coffee breaks and lunch
Complimentary coffee and tea will be available at coffee breaks. Lunch will be served at the restaurant
“Buffet Grand China” everyday except on Wednesday. Get a Japanese style lunch box at the registration desk
instead on Wednesday.

Recommendable sightseeing points in and around Fukuoka
࣭Dazaifu Tenmangu
Dazaifu Tenmangu is a shrine built in 905 over the grave of Michizane Sugawara, who had been a
high-ranking government officer, venerated by the Japanese throughout the country as the Tenman-Tenjin or
the God of literature calligraphy, or scholarship. Access to this area: Get off at “Nishitetsu Dazaifu” Station.
15 minutes by subway from “Hakata” Station to “Nishitetsu Fukuoka” Station and 20 minutes by train from
“Nishitetsu Fukuoka” Station to “Nishitetsu Dazaifu” Station.
http://www.dazaifutenmangu.or.jp/other/index.htm
࣭Kyushu National Museum
Concept of the museum is that “Understand Japanese culture from the point of Asian view.” The museum
was created with the aim of educating the public on how Japanese culture was established and its connection
with other Asian countries and beyond. Access to this area: 10 minutes by walk from “Nishitetsu Dazaifu”
Station. http://www.kyuhaku.com/
࣭Tenjin & Nakasu Areas
Tenjin and Nakasu are Fukuoka’s largest downtown area where you can find a number of fashion buildings
and restaurants. Here, you can enjoy shopping and delicious food. Access to this area: Get off at “Tenjin”
Station. 5 minutes from Hakata Station. http://tenjinsite.jp/
࣭Canal City Hakata
Commercial complex with hotels, theater, cinemas, shops, and restaurants. Access to this area: Get off at
“Hakata” Station. 5 minutes by subway from “Fukuoka Airport” Station. http://www.canalcity.co.jp/eg/
࣭Ohori Koen: Fukuoka Castle Ruins (National Historic Site) / Maizuru Park
Maizuru Park is rich in nature, as symbolized by the Fukuoka Castle Ruins. The castle ruins are designated
as a national historic site. Access to this area: Get off at “Ohori Koen” Station. 10 minutes by subway from
“Hakata” Station. http://yokanavi.com/eg

[]

࣭Fukuoka Tower
࣭Fukuoka Tower
Fukuoka Tower was built in 1989 as a monument of the Asian Pacific Expo. It takes approximately 70
Fukuoka Tower was built in 1989 as a monument of the Asian Pacific Expo. It takes approximately 70
seconds by elevator to the observation room at 123 m above ground level, an observation room with a
seconds by elevator to the observation room at 123 m above ground level, an observation room with a
marvelous 360 degrees panoramic view. Access to this area: Get off at “Nishijin” station. 11 minutes by
marvelous 360 degrees panoramic view. Access to this area: Get off at “Nishijin” station. 11 minutes by
subway from “Hakata” Station. 15 minutes by walk from “Nishijin” station.
subway from “Hakata” Station. 15 minutes by walk from “Nishijin” station.
http://www.fukuokatower.co.jp/english/index.html
http://www.fukuokatower.co.jp/english/index.html

How to get to ACROS Fukuoka
How to get to ACROS Fukuoka

Take the subway 'Kuko Line' and get off at 'Tenjin' station. ACROS Fukuoka is just about 3 minutes on foot from
Take the subway 'Kuko Line' and get off at 'Tenjin' station. ACROS Fukuoka is just about 3 minutes on foot from
Exit 16 of 'Tenjin' station.
Exit 16 of 'Tenjin' station.
Map of Fukuoka, ACROS Fukuoka and nearby subway stations
Map of Fukuoka, ACROS Fukuoka and nearby subway stations
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Short Program
Sunday, October 16
16:00 - 19:30

Registration for Early Arrivers + Welcome Drinks

Monday, October 17
9:20 - 9:30

Opening Remarks

9:30 - 11:00

Symposium 1
Multi-sensory integration, sensory substitution technology and visual
rehabilitation
Organizer: Maurice Ptito

11:00 - 12:15

9:30 - 9:45

Crossmodal perceptual learning and sensory substitution
Michael J Proulx

9:45 - 10:00

Evolving the ideal visual-to-auditory sensory substitution device
using interactive genetic algorithms
Thomas David Wright, Graham McAllister, Jamie Ward

10:00 - 10:15

The brain as a sensory-motor task machine: what did visual
deprivation and visual substitution studies teach us about brain
(re)-organization
Amir Amedi

10:15 - 10:30

Cross-modal brain plasticity in congenital blindness: lessons
from the tongue display unit
Ron Kupers, Maurice Ptito

10:30 - 10:45

Preserved Functional Specialization in Sensory Substitution of
the Early Blind
Josef P. Rauschecker, Laurent Renier, Paula Plaza, Anne DeVolder

10:45 - 11:00

Question Period

Talk Session 1
Chairperson: Kyoung-Min Lee
11:00 - 11:15

Crossmodal compensation during face-voice integration in
cochlear implanted deaf patients
Laure Chambaudie, Pascal Belin, Thibault Briere, Chris James,
Olivier Deguine, Pascal Barone

11:15 - 11:30

Enhanced visual abilities in prelingual but not postlingual
cochlear implant recipients
Elena Nava, Francesco Pavani

11:30 - 11:45

Transferrable Learning of Multisensory Cues in Flight Simulation
Georg F Meyer, Li Wong, Emma Timson, Philip Perfect, Mark White

11:45 - 12:00

Multi-modal inference in animacy perception for artificial object
Kohske Takahashi, Katsumi Watanabe

12:00 - 12:15

Consistency between modalities enhances visually induced selfmotion (vection)
Takeharu Seno, Hiroyuki Ito, Shoji Sunaga, Emi Hasuo,
Yoshitaka Nakajima, Masaki Ogawa
[]

12:15 - 13:30

Lunch Time

13:30 - 14:30

Keynote 1
Transcending the Self – The Illusion of Body Ownership in Immersive
Virtual Reality and its Impact on Behaviour
Mel Slater
Chairperson: Hiroshi Ando

14:30 - 16:30

Poster Session 1 + Coffee Break

16:30 - 18:00

Symposium 2
Multisensory integration from neurons to behavior;
bridging the gap via computational models
Organizer: Hans Colonius

18:15 - 20:15

16:30 - 16:35

Brief introduction

16:35 - 16:55

Modeling the temporal profile of multisensory integration
Benjamin A. Rowland, Terrence R. Stanford, Barry E. Stein

16:55 - 17:15

A computational model of the SC multisensory neurons:
integrative capabilities, maturation and plasticity
Cristiano Cuppini, Mauro Ursino, Elisa Magosso,
Benjamin A. Rowland, Barry E. Stein

17:15 - 17:35

Optimal time windows of integration
Hans Colonius, Adele Diederich

17:35 - 17:55

Modeling multisensory integration across different experimental
paradigms
Adele Diederich, Hans Colonius

17:55 - 18:00

General discussion

Welcome Reception

[]

Tuesday, October 18
9:00 - 10:30

Symposium 3
Human Movement, Motor Learning and Sensory Plasticity
Organizer: David J Ostry
9:00 - 9:20

Self-Movement Perception is Violated by Implicit Sensorimotor
Processing
Hiroaki Gomi

9:20 - 9:40

Sensorimotor Interactions in Speech Learning
Douglas M Shiller

9:40 - 10:00

Somatosensory Changes Accompanying Motor Learning
Paul L Gribble

10:00 - 10:20

Functionally Specific Changes in Sensorimotor Networks
Following Motor Learning
David J Ostry

10:20 - 10:30

Disucussion

10:30 - 11:00

Coffee Break

11:00 - 12:15

Talk Session 2
Chairperson: Georg F. Meyer
11:00 - 11:15

Efficient cross-modal transfer of shape information in visual and
haptic object categorization
Nina Gaissert, Steffen Waterkamp, Loes van Dam, Heinrich Buelthoff,
Christian Wallraven

11:15 - 11:30

Visual and haptic mental rotation
Satoshi Shioiri, Takanori Yamazaki, Kazumichi Matsumiya,
Ichiro Kuriki

11:30 - 11:45

Haptic Influence on Visual Search
Marcia Grabowecky, Alexandra List, Lucica Iordanescu,
Satoru Suzuki

11:45 - 12:00

Head displacement shifts the perceived location of touches in
opposite directions depending on the task
Lisa M Pritchett, Michael J Carnevale, Laurence R Harris

12:00 - 12:15

Tactile working memory outside our hands
Takako Yoshida, Hong Tan, Charles Spence

12:15 - 13:30

Lunch Time

13:30 - 14:30

Keynote 2
How the blind “See” Braille and the deaf “hear” sign: Lessons from
fMRI on the cross-modal plasticity, integration, and learning
Norihiro Sadato
Chairperson: Yôiti Suzuki

[]

14:30 - 16:30

Poster Session 2 + Coffee Break

16:30 - 18:00

Symposium 4
Audiovisual integration: How early does it occur ?
Organizer: Makio Kashino
16:30 - 16:33

Introduction

16:33 - 16:48

Audiovisual capture with ambiguous audiovisual stimuli
Jean-Michel Hupé, Daniel Pressnitzer

16:48 - 17:03

Implicit and Explicit Auditory Modulation on Perceptual Decision
in Vision
Kohske Takahashi, Katsumi Watanabe

17:03 - 17:18

What you see is what you just heard: The effect of temporal rate
adaptation on human intersensory perception
Carmel Levitan, Yih-Hsin Alison Ban, Shinsuke Shimojo

17:18 - 17:33

Crossmodal contingent aftereffect
Wataru Teramoto, Maori Kobayashi, Souta Hidaka, Yoichi Sugita

17:33 - 17:48

Classification of real and imagined sounds in early visual cortex
Petra Vetter

17:48 - 18:00

General discussion
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Wednesday, October 19
9:00 - 10:30

Symposium 5
Effects of proprioceptive and vestibular processing on visual
perception
Organizer: Makoto Ichikawa
9:00 - 9:16

Effects of proprioceptive processing on the illusory flash-lag
effect in motion and luminance change
Makoto Ichikawa, Yuko Masakura

9:16 - 9:32

The stream/bounce effect with manual control of moving disks
Philip M Grove, Micah Bernoff, Kenzo Sakurai

9:32 - 9:48

Influence of active manipulation of an object on visual motion
perception
Kazumichi Matsumiya, Satoshi Shioiri

9:48 - 10:04

Visual and proprioceptive contributions to the perception of
one's body
Laurence Roy Harris

10:04 - 10:20

Perceived direction of self-motion from orthogonally directed
visual and vestibular stimulation in passive and active
observation
Kenzo Sakurai, Toshio Kubodera, Philip M. Grove, Shuichi Sakamoto,
Yôiti Suzuki

10:20 - 10:30

Discussion

10:30 - 11:00

Coffee Break

11:00 - 12:15

Talk Session 3
Chairperson: Mark T. Wallace

12:15 - 13:00

11:00 - 11:15

Crossmodal correspondences
Charles Spence, Cesare Parise, Ophelia Deroy

11:15 - 11:30

Oscillatory neural synchronization can predict intensitydependent enhancement: A bridge between sensory binding
theory and multisensory integration
Vincent A Billock, Brian H. Tsou

11:30 - 11:45

Ensemble coding in audition
Elise Piazza, Timothy Sweeny, David Wessel, David Whitney

11:45 - 12:00

Direct contribution of auditory motion information to soundinduced visual motion perception
Souta Hidaka, Wataru Teramoto, Yoichi Sugita, Yuko Manaka,
Shuichi Sakamoto, Yôiti Suzuki

12:00 - 12:15

Visual distance cues amplify neuromagnetic auditory N1m
responses
Christian F Altmann, Masao Matsuhashi, Mikhail Votinov,
Kazuhiro Goto, Tatsuya Mima, Hidenao Fukuyama

Lunch Time
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13:00 - 14:00

Business Meeting

14:00 - 15:00

Student Award Session (awardee names are underlined)
Chairperson: Norimichi Kitagawa
14:00 - 14:05

A multi-sensory illusion: Hong Kong Peak Tram Illusion (II) –
Subjective Vertical
Hiu Mei Chow, Ping-Hui Chiu, Chia-huei Tseng, Lothar Spillmann

14:05 - 14:10

Context and Crossmodal Interactions: An ERP Study
Beatriz R. Sarmiento, Daniel Sanabria

14:10 - 14:15

Crossmodal transfer of object information in human echolocation
Santani Teng, Amrita Puri, David Whitney

14:15 - 14:20

Attention modulates the neural processes underlying
multisensory integration of emotion
Hao Tam Ho, Erich Schröger, Sonja A. Kotz

14:20 - 14:25

A ventral visual stream reading center independent of sensory
modality and visual experience
Lior Reich, Ella Striem-Amit, Marcin Szwed, Ornella Dakwar,
Miri Guendelman, Laurent Cohen, Amir Amedi

14:25 - 14:30

Temporal integration of auditory stimulation and binocular
disparity signals
Marina Zannoli, John Cass, David Alais, Pascal Mamassian

14:30 - 14:35

Evidence for a mechanism encoding audiovisual spatial
separation
Emily Orchard-Mills, Johahn Leung, Maria Concetta Morrone,
David Burr, Ella Wufong, Simon Carlile, David Alais

14:35 - 14:40

What is sensory about multi-sensory enhancement of vision by
sounds?
Alexis Pérez-Bellido, Salvador Soto-Faraco, Joan López-Moliner

14:40 - 14:45

Crossmodal semantic constraints on visual perception of
binocular rivalry
Yi-Chuan Chen, Su-Ling Yeh, Charles Spence

14:45 - 14:50

Multisensory integration: When correlation implies causation
Cesare Valerio Parise, Vanessa Harrar, Charles Spence, Marc Ernst

15:00 - 17:00

Poster Session 3 + Coffee Break

17:00 -

Ventriloquism Demonstration
Ikkokudou
Chairperson: Katsumi Watanabe

19:00 - 21:00

Conference Dinner
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Thursday, October 20
9:00 - 10:30

Symposium 6
The influences of Multisensory Integration and Attention
on Each Other
Organizer: Durk Talsma
9:00 - 9:20

Representing space through the interplay between attention and
multisensory integration
Emiliano Macaluso

9:20 - 9:40

Multisensory contributions to visual motion parsing
Salvador Soto-Faraco

9:40 - 10:00

Multisensory Attention in Motion: Uninformative Sounds Increase
the Detectability of Direction Changes of Moving Visual Stimuli
Durk Talsma

10:00 - 10:20

The temporal window of multisensory integration under
competing circumstances
Erik Van der Burg, John Cass, David Alais, Jan Theeuwes

10:20 - 10:30

Disucussion

10:30 - 11:00

Coffee Break

11:00 - 12:15

Talk Session 4
Chairperson: Charles Spence

12:15 - 13:15

11:00 - 11:15

The other in me: Interpersonal multisensory stimulation changes
the mental representation of the self
Ana Tajadura-Jimenez, Stephanie Grehl, Manos Tsakiris

11:15 - 11:30

Interaction between olfaction and gustation by using synchrony
perception task
Tatsu Kobayakawa, Naomi Gotow

11:30 - 11:45

Musical sight-reading expertise: cross modality investigations
Veronique Drai-Zerbib, Thierry Baccino

11:45 - 12:00

Effects of Visual Food Texture on Taste Perception
Katsunori Okajima, Charles Spence

12:00 - 12:15

A Case of Phantom Synchiric Percepts in Touch and Vision
Jared Medina, Daniel E. Drebing, Roy H. Hamilton, H. Branch Coslett

Keynote 3
Multisensory perception of affect
Beatrice de Gelder
Chairperson: Akihiro Tanaka

13:15 - 14:30

Lunch Time
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Poster Presentations
Poster Session 1
Monday, October 17, 14:30 - 16:30
1-01

Auditory influences in V1 of mice induced by varying anesthesia level
Rüdiger Land, Andreas Engel, Andrej Kral

1-02

Neural architecture of auditory object categorization
Yune-Sang Lee, Michael Hanke, David Kraemer, Samuel Lloyd, Richard Granger

1-03

Enhanced audiovisual processing in people with one eye:
Unaltered by increased temporal load
Stefania Siera Moro, Jennifer K. E Steeves

1-04

Sensory attribute identification time cannot explain the common temporal limit
of binding different attributes and modalities
Waka Fujisaki, Shin'ya Nishida

1-05

Temporal multisensory processing and its relationship to autistic functioning
Leslie Dowell Kwakye, Brittany C Schneider, Mark T Wallace

1-06

The multisensory temporal binding window: Perceptual fusion, training, and autism
Ryan Andrew Stevenson, Mark T. Wallace

1-07

Selective adaptation for temporal information: Evidence from the classification
of visual Ternus apparent motion
Huihui Zhang, Lihan Chen, Xiaolin Zhou

1-08

Conditioning influences audio-visual integration by increasing sound saliency
Fabrizio Leo, Uta Noppeney

1-09

Perceived congruence between the changing patterns of a visual image and pitch of a sound
Ki-Hong Kim, Xun Su, Shin-ichiro Iwamiya

1-10

Effect of size change and brightness change of visual stimuli on loudness perception
and pitch perception of auditory stimuli
Syouya Tanabe, Mamoru Iwaki

1-11

Multisensory enhancement in auditory and visual noise in adults
Harriet Challen Downing, Ayla Barutchu, Sheila Crewther

1-12

Audio-visual peripheral localization disparity
Ryota Miyauchi, Dae-Gee Kang, Yukio Iwaya, Yôiti Suzuki

1-13

A cross-linguistic ERP examination of audiovisual speech perception
between English and Japanese
Satoko Hisanaga, Kaoru Sekiyama, Tomohiko Igasaki, Nobuki Murayama

1-14

Audiovisual speech perception: acoustic and visual phonetic features contributing
to the McGurk effect
Kaisa Tiippana, Martti Vainio, Mikko Tiainen

1-15

Syllable congruency of audio-visual speech stimuli facilitates the spatial ventriloquism only
with bilateral visual presentations
Shoko Kanaya, Kazuhiko Yokosawa

1-16

Context information on the McGurk effect
Masayo Kajimura, Haruyuki Kojima, Hiroshi Ashida
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1-17

Attention effects on letter-speech sound integration
Maria Mittag, Tommi Makkonen, Kimmo Alho, Rika Takegata, Teija Kujala

1-18

Self-Voice, but not Self-Face, reduces the McGurk Effect
Christopher Aruffo, David I Shore

1-19

Face is not visually but auditorily and visually represented
Masaharu Kato, Ryoko Mugitani

1-20

Contribution of Prosody in Audio-visual Integration to Emotional Perception
of Virtual Characters
Ekaterina Volkova, Betty Mohler, Sally Linkenauger, Ivelina Alexandrova, Heinrich H. Bülthoff

1-21

Recording and validation of audiovisual expressions by faces and voices
Sachiko Takagi, Saori Hiramatsu, E.M.J. Huis in't Veld, Beatrice de Gelder, Akihiro Tanaka

1-22

Audiovisual Modulation of Attention Towards Fearful Stimuli
Martijn Balsters, Emiel Krahmer, Marc Swerts, Ad Vingerhoets

1-23

The effects of anxiety on the recognition of multisensory emotional cues
with different cultural familiarity
Ai Koizumi, Akihiro Tanaka, Hisato Imai, Eriko Hiramoto, Saori Hiramatsu, Beatrice de Gelder

1-24

How does temporal frequency affect impression formation for audio-visual stimuli?
Miharu Yamada, Makoto Ichikawa

1-25

Effect of denotative congruency on pleasant impressions for audio-visual stimuli
Yuko Masakura, Makoto Ichikawa

1-26

Individual differences on the McGurk effect: An Examination with the Autism trait
and Schizotypal Personality
Yuta Ujiie, Tomohisa Asai, Akihiro Tanaka, Kaori Asakawa, Akio Wakabayashi

1-27

Audio-visual integration of emotional information
Penny Bergman, Daniel Västfjäll, Ana Tajadura-Jiménez

1-28

Effects of Facial Expressions on Recognizing Emotions in Dance Movements
Nao Shikanai, Kozaburo Hachimura

1-29

Implicit mood induction and scope of visual processing
Kei Fuji, Hirotsune Sato, Jun-ichiro Kawahara, Masayoshi Nagai

1-30

Relationships between cognitive functions and mood of elders in an institute
Michiyo Ando, Nobu Ide, Haruko Kira, Hiroko Kukihara

1-31

A basic study on P300 event-related potentials evoked by simultaneous presentation
of visual and auditory stimuli for the communication interface
Masami Hashimoto, Makoto Chishima, Kazunori Itoh, Mizue Kayama, Makoto Otani, Yoshiaki Arai

1-32

Different Neural Networks Are Involved in Cross-modal Non-spatial Inhibition of Return (IOR):
The effect of the Sensory Modality of Behavioral Targets
Qi Chen, Lihui Wang

1-33

Superior Temporal Activity for the Retrieval Process of Auditory-Word Associations
Toshimune Kambara, Takashi Tsukiura, Rui Nouchi, Yayoi Shigemune, Yukihito Yomogida, Akitake
Kanno, Ryuta Kawashima

1-34

Theoretical model comparison in cross-modal sensory substitution
Tzu-Chun Chen, Mu-Yun Wang
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1-35

Cross-modal Correspondence between Brightness and Chinese Speech Sound
with Aspiration
Sachiko Hirata, Shinichi Kita

1-36

The sense of verisimilitude has different spatial-temporal characteristics
from those producing the sense of presence in the evaluation process of audiovisual contents
Takayuki Kanda, Akio Honda, Hiroshi Shibata, Nobuko Asai, Wataru Teramoto, Shuichi Sakamoto,
Yukio Iwaya, Jiro Gyoba, Yôiti Suzuki

1-37

Multi-Sensory-Motor Research: Investigating Auditory, Visual and Motor Interaction
in Virtual Reality Environments
Thorsten Kluss, Niclas Schult, Tim Hantel, Christoph Zetzsche, Kerstin Schill

1-38

Video Conference System That Keeps Mutual Eye Contact Among Participants
Masahiko Yahagi, Nami Moriyama, Takayuki Mori, Nobuo Nakajima

1-39

Audio-visual cross-modal association in color and sound perception
Tomoaki Nakamura, Yukio Pegio Gunji

1-40

The effects of listener's familiarity about a talker on the free recall task of spoken words
Chikako Oda, Naoshi Hiraoka, Shintaro Funahashi

1-41

Tactile change blindness induced by tactile and visual distractors
Malika Auvray, Alberto Gallace, Takako Yoshida, Charles Spence

1-42

Freezing in touch: Sound enhances tactile perception
Ya-Yeh Tsai, Su-Ling Yeh

1-43

See you, feel me: Watching tactile events on an actor's body modifies subjective
sensation of tactile events on one's own body
Richard Thomas, Daniel Curran

1-44

The coupling between gamma and theta oscillation and visuotactile integration process
Noriaki Kanayama, Kenta Kimura, Kazuo Hiraki

1-45

Digging up von Békésy: Funneling of touches around the body
Lisa Marie Pritchett, Laurence R Harris

1-46

Fundamental evaluation of adaptation and human capabilities in a condition using a system
to give a user an artificial oculomotor function to control directions of both eyes independently
Fumio Mizuno, Tomoaki Hayasaka, Takami Yamaguchi

1-47

Critical factors for inducing curved somatosensory saccades
Tamami Nakano, Shigefumi Neshime, Yuri Shojima, Shigeru Kitazawa

1-48

Auditory modulation of somatosensory spatial judgments in various body regions
and locations
Yukiomi Nozoe, Kaoru Sekiyama, Wataru Teramoto

1-49

Is there audio-tactile interaction in perceptual organization?
I-Fan Lin, Makio Kashino

1-50

Event-related potentials reflect speech-relevant somatosensory-auditory interactions
Takayuki Ito, Vincent L. Gracco, David J. Ostry

1-51

Basic research for development of a communication support device using
air-conducted sound localization
Makoto Chishima, Makoto Otani, Mizue Kayama, Masami Hashimoto, Kazunori Itoh, Yoshiaki Arai

1-52

Rapid auditory system adaptation using a virtual auditory environment
Gaëtan Parseihian, Brian FG Katz
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1-53

Distortion of auditory space during linear self-motion
Wataru Teramoto, Fumimasa Furune, Shuichi Sakamoto, Jiro Gyoba, Yôiti Suzuki

1-54

Detection thresholds of sound image movement deteriorate during sound localization
Kagesho Ohba, Yukio Iwaya, Akio Honda, Yôiti Suzuki

1-55

Influence of auditory and haptic stimulation in visual perception
Shunichi Kawabata, Takuro Kawabata, Masafumi Yamada, Seika Yanagida, Atsuo Nuruki,
Kazutomo Yunokuchi, John Rothwell

1-56

Analyses of spatiotemporal information of human imitated motion after visual learning
of other person's `darts' throwing
Yuya Akasaka, Miyuki G. Kamachi

1-57

Adaptation to delayed speech feedback induces temporal recalibration between
vocal sensory and auditory modalities
Kosuke Yamamoto, Hideaki Kawabata

1-58

The effect of auditory stimuli on cognitive tasks: Objective performance and subjective ratings
Michiko Miyahara

1-59

The effect of oddball events on time perception
Qiongyao Shao, Tadayuki Tayama

1-60

The Triadic Mechanisms Underlying Higher Cognition
Norman D Cook

1-61

Cross-Modal Perception in the Framework of Non-Riemannian Sensory Space
Masaru Shimbo, Jun Toyama, Masashi Shimbo

1-62

An experiment of soft metrology about the influence of visual and auditory disturbing factors
on human performance
Laura Rossi, Alessandro Schiavi, Paola Iacomussi, Giuseppe Rossi, Arianna Astolfi

Poster Session 2
Tuesday, October 18, 14:30 - 16:30
2-01

How sounds shape visual processing–acoustic modulation of primary
and higher visual cortices
Christoph Kayser

2-02

Interaction between space and effectiveness in multisensory integration: behavioral
and perceptual measures
Aaron R Nidiffer, Ryan A Stevenson, Juliane Krueger-Fister, Zachary P Barnett, Mark T Wallace

2-03

Sensory Dominance Depends on Locus of Attentional Selection: Cross-modal Distraction
at Different Levels of Information Processing
Qi Chen, Ming Zhang, Xiaolin Zhou

2-04

Multisensory interactions across spatial location and temporal synchrony
Ryan Andrew Stevenson, Juliane Krueger Fister, Zachary P. Barnett, Aaron R. Nidiffer, Mark T. Wallace

2-05

Spatial-specific and object-specific audiovisual temporal recalibration
Xiangyong Yuan, Xiting Huang

2-06

Retroactive Adjustement of Perceived Time
Maria Chait

2-07

Temporal aspects of sound induced visual fission and fusion
in the double-flash illusion paradigm
Lars T Boenke, Richard Höchenberger, Frank W. Ohl, David Alais
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2-08

Audiovisual interaction in time perception
Kuan-Ming Chen, Su-Ling Yeh

2-09

Influence of auditory stimulation on visual action perception
Matthias Bischoff, Britta Lorey, Sebastian Pilgramm, Karen Zentgraf, Rudolf Stark, Dieter Vaitl,
Jörn Munzert

2-10

Perceived non-overlap of objects in an audiovisual stream/bounce display
Yousuke Kawachi

2-11

Stream/bounce phenomenon in audition: change in the perceptual organization
by an abrupt event in vision and audition
Hidekazu Yasuhara, Shinichi Kita

2-12

Localisation of moving audio-visual objects in free-field
Kristina Schmiedchen, Nicole Richter, Claudia Freigang, Ines Nitsche, Rudolf Rübsamen

2-13

Effects of auditory stimuli on visual velocity perception
Michiaki Shibata, Jiro Gyoba

2-14

A fundamental study on influence of concurrently presented visual stimulus
upon loudness perception
Koji Abe, Shota Tsujimura, Shouichi Takane, Kanji Watanabe, Sojun Sato

2-15

Visual target localization, the effect of allocentric audiovisual reference frame
David Hartnagel, Julien Chataignier, Lionel Pellieux, Patrick M.B. Sandor

2-16

How auditory information influences volitional control in binocular rivalry: Modulation
of a top-down attentional effect
Manuel Vidal, Victor Barrès

2-17

Semantic congruency in audiovisual integration as revealed by the continuous
flash suppression paradigm
Yung-Hao Yang, Su-Ling Yeh

2-18

Multidimensional attributes of the sense of presence in audio-visual content
Kazutomo Fukue, Kenji Ozawa, Yuichiro Kinoshita

2-19

Eye movement during silent and oral reading: How can we compensate the loss
of multisensory process during silent reading?
Maiko Takahashi, Sachiko Kiyokawa

2-20

Crossmodal activation of visual object regions for auditorily presented concrete words
Jasper Jacobus Franciscus van den Bosch, Derya Dogruel, Jochen Kaiser, Christian Fiebach,
Marcus Naumer

2-21

Learning novel visual to auditory sensory substitution algorithm (SSA) reveal fast,
context dependent plasticity in multisensory perception system
Uri Hertz

2-22

Audio-visual integration modifies emotional judgment in music
Shen-Yuan Su, Su-Ling Yeh

2-23

A Multi-Technique Source Localization Approach of “Tactile” Lasers in Peri-Personal Space
Katsumi Minakata, Wolfgang A. Teder

2-24

Crossmodal contextual effects of tactile flankers on the detection of visual targets
Yuichi Wada

2-25

Cross-modal learning between visual and vibration signals in zebrafish Danio rerio
Mu-Yun Wang, Lars Chittka
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2-26

Tactile detection threshold is changed according to temporal synchrony with visual stimulus
Yumi Ju, Kyoung-Min Lee

2-27

Red is no warmer than blue: A challenge to the semantic coding hypothesis
George Van Doorn, Mark Symmons, Barry Richardson

2-28

Somatotopic representation of visual stimuli–Evidence from the Simon effect
Jared Medina, Michael P. Greenberg, H. Branch Coslett, Roy H. Hamilton

2-29

Plasticity in body and space representations after amputation and prosthesis implantation
Elisa Canzoneri, Elisa Magosso, Amedeo Amoresano, Andrea Serino

2-30

Basic study on the visual-haptic system to give a sense of shape using pseudo-haptic effects
Yuki Ban

2-31

Does looking between the legs elongates or shortens perceived distance–comparing
the two tasks
Oliver M Toskovic

2-32

A multi-sensory illusion: Hong Kong Peak Tram Illusion
Chiahuei Tseng

2-33

Visual-haptic integration: cue weights are varied appropriately, to account for changes
in haptic reliability introduced by using a tool
Chie Takahashi, Simon J Watt

2-34

Similarity and difference in symmetry between the visual and haptic motional representations
Mitsumasa Takahashi, Kazumichi Matsumiya, Ichiro Kuriki, Rumi Tokunaga, Satoshi Shioiri

2-35

Eye muscle proprioceptive manipulation confirms spatial bias in visual attention towards
the perceived direction of gaze
Daniela Balslev, William Newman, Paul Knox

2-36

Biphasic Alpha Lateralization in Pro- and Anti-Saccade task: Electrophysiological Evidence
of Overlapping Attentional Mechanisms
Daniel Belyusar, Adam C Snyder, Hans-Peter Frey, John J Foxe

2-37

Integration of visual and vestibular information used to discriminate rotational self-motion
Florian Soyka, Ksander de Winkel, Michael Barnett-Cowan, Eric Groen, Heinrich H. Bülthoff

2-38

Riding a motorcycle simulator: how do visual and non-visual cues contribute to the illusion
of leaning in a bend
Virginie Dagonneau, Régis Lobjois, Stéphane Caro, Amit Shahar, Isabelle Israël

2-39

Reconstruction of Spatial Cognition from Other's View and Motion Information
Kyo Hattori, Daisuke Kondo, Yuki Hashimoto, Tomoko Yonemura, Hiroyuki Iizuka, Hideyuki Ando,
Taro Maeda

2-40

Velocity modulation of optical flow affects self-motion perception during body motion
Tomoko Yonemura, Shin Okamoto, Hiroki Kawasaki, Daisuke Kondo, Yuki Hashimoto, Hiroyuki Iizuka,
Hideyuki Ando, Taro Maeda

2-41

Effects of visual vertical and motion for visually-induced body sway
Toshihiro Takahashi, Makoto Inagami, Hirohiko Kaneko

2-42

Psychophysical Influence of Mixed-Reality Visual Stimulation on Sense of Center-Of-Gravity
Hiroki Omosako, Asako Kimura, Fumihisa Shibata, Hideyuki Tamura

2-43

Effects of different types of 3D rest frames on reducing cybersickness in a virtual environment
KyungHun Han, ChangHoon Park, EungSuk Kim, DaeGuen Kim, SungHo Woo, JiWoon Jeong,
InJae Hwang, HyunTaek Kim
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2-44

Integration of visual, vestibular and somatosensory information for the perception
of gravitational vertical and forward self-motion
Yuji Kasahara, Hirohiko Kaneko, Makoto Inagami

2-45

Neural correlates of realistic and unrealistic auditory space perception
Akiko Callan, Hiroshi Ando

2-46

An Effect of Virtual Horizontally Moving Sound Images on Self-Motion Perception
Keisuke Tokunaga, Mamoru Iwaki

2-47

The effects of head movement and accurate proprioceptive feedback in training
of sound localization
Akio Honda, Hiroshi Shibata, Souta Hidaka, Jiro Gyoba, Yukio Iwaya, Yôiti Suzuki

2-48

Sound localization in the coexistence of visually induced self-motion and vestibular information
Hideaki Terashima, Zhenglie Cui, Shuichi Sakamoto, Yukio Iwaya, Yôiti Suzuki

2-49

Modulation of motion perception of ipsilateral tactile stimuli using sound
Yuika Suzuki, Yousuke Kawachi

2-50

Consistent wind facilitates vection
Masaki Ogawa, Takeharu Seno, Hiroyuki Ito, Shoji Sunaga

2-51

Effect of an hour-long stereoscopic film on human body
Masumi Takada, Kiichi Murakami, Yasuyuki Matsuura, Hiroki Takada, Satoshi Iwase, Masaru Miyao

2-52

Interactions between flavor and taste: Using dashi soup as a taste stimulus
Nobuyuki Sakai, Manami Fujimoto, Megumi Murata

2-53

Interaction between olfactory and somatosensory perception: Do odors
in close categories have similar effects?
Yurie Nishino, Dong Wook Kim, Juan Liu, Hiroshi Ando

2-54

Synesthetic colors for Japanese scripts in Japanese synesthetes
Kazuhiko Yokosawa, Michiko Asano

2-55

The effect of the presence of an observer on prefrontal cortex during a driving video game:
A near-infrared spectroscopy study
Tao Liu, Hirofumi Saito, Misato Oi

2-56

Multimodal Social networks Video content indexing
Feryel Souami

2-57

Effects of lighting direction on the impression of faces and objects and the role
of gaze direction in the impression-forming
Keiichi Horibata, Qian Shang, Kanami Narita, Haruo Hibino, Shinichi Koyama

2-58

Manipulating intent alters perception of depth-from-rotation display
Masahiro Ishii, Daishi Nakamura

2-59

Affective Priming caused by Lying
Megumi Sato

Poster Session 3
Wednesday, October 19, 15:00 - 17:00
3-01

Temporal integration of auditory stimulation and binocular disparity signals
Marina Zannoli, John Cass, David Alais, Pascal Mamassian

3-02

Multisensory illusions and the temporal binding window
Ryan Andrew Stevenson, Raquel K. Zemtsov, Mark T. Wallace
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3-03

The occurrence rate of the fission illusion differs depending on the complexity of visual stimuli
Yasuhiro Takeshima, Jiro Gyoba

3-04

Dynamics of multi sensory tracking
Johahn Leung, Vincent Wei, Simon Carlile

3-05

Evidence for a mechanism encoding audiovisual spatial separation
Emily Orchard-Mills, Johahn Leung, Maria Concetta Morrone, David Burr, Ella Wufong, Simon Carlile,
David Alais

3-06

Mislocalization of a visual flash in the direction of subsequent auditory motion
Takahiro Kawabe, Shin'ya Nishida

3-07

Context and Crossmodal Interactions: An ERP Study
Beatriz R. Sarmiento, Daniel Sanabria

3-08

Dissociating attention and audiovisual integration in the sound-facilitatory effect
on metacontrast masking
Yi-Chia Chen, Su-Ling Yeh

3-09

Interplay of multisensory processing, attention, and consciousness as revealed
by bistable figures
Su-Ling Yeh, Jhih-Yun Hsiao, Yi-Chuan Chen, Charles Spence

3-10

What is sensory about multi-sensory enhancement of vision by sounds?
Alexis Pérez-Bellido, Salvador Soto-Faraco, Joan López-Moliner

3-11

Spatial and semantic processing between audition and vision: an event-related potential study
Xiaoxi Chen, Zhenzhu Yue, Dingguo Gao

3-12

Interactive processing of auditory amplitude-modulation rate and visual spatial frequency
Marcia Grabowecky, Emmanuel Guzman-Martinez, Laura Ortega, Julia Mossbridge

3-13

Multisensory integration: When correlation implies causation
Cesare Valerio Parise, Vanessa Harrar, Charles Spence, Marc Ernst

3-14

Synchronous Sounds Enhance Visual Sensitivity without Reducing Target Uncertainty
Yi-Chuan Chen, Pi-Chun Huang, Su-Ling Yeh, Charles Spence

3-15

Crossmodal semantic constraints on visual perception of binocular rivalry
Yi-Chuan Chen, Su-Ling Yeh, Charles Spence

3-16

Immature multisensory enhancement in auditory and visual noise in adolescents
Harriet Challen Downing, Ayla Barutchu, Sheila Crewther

3-17

A ventral visual stream reading center independent of sensory modality and visual experience
Lior Reich, Ella Striem-Amit, Marcin Szwed, Ornella Dakwar, Miri Guendelman, Laurent Cohen,
Amir Amedi

3-18

Unimodal and multi-modal perception of cellular phones: a multidimensional scaling study
Yusuke Yamani, Hyun Woo, Jason S. McCarley, Deana C. McDonagh

3-19

A multi-sensory illusion: Hong Kong Peak Tram Illusion (II) – Subjective Vertical
Hiu Mei Chow, Ping-Hui Chiu, Chia-huei Tseng, Lothar Spillmann

3-20

The characteristics of visual and tactual activities after the congenital cataract operation
Masaharu Sasaki

3-21

Extended peripersonal space in professional fencers
Andrea Serino, Elisa Canzoneri, Fabrizio Leo, Camilla Furetta, Elisabetta Làdavas

3-22

The long-term potentiation-like effect in the corticomotor area after transcranial
direct current stimulation with motor imagery
Eriko Shibata, Fuminari Kaneko, Tatsuya Hayami, Keita Nagahata, Masaki Katayose
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3-23

The build-up course of visuo-motor and audio-motor temporal recalibration
Yoshimori Sugano, Mirjam Keetels, Jean Vroomen

3-24

Attention affects the transfer of the sensory-motor recalibration in temporal order
judgment across modalities
Masaki Tsujita, Makoto Ichikawa

3-25

The effect of delayed visual feedback on synchrony perception in a tapping task
Mirjam Keetels, Jean Vroomen

3-26

The improved sensitivity to crossmodal asynchrony caused by voluntary action:
Comparing combinations of sensory modalities
Norimichi Kitagawa, Masaharu Kato, Makio Kashino

3-27

Perspective modulates temporal synchrony discrimination of visual and proprioceptive
information in self-generated movements
Adria Erin Nicole Hoover, Laurence Roy Harris

3-28

Purposeful goal-directed movements give rise to higher tactile discrimination performance
Georgiana Juravle, Charles Spence

3-29

Visual Influences in Temporal Coordination of a String Quartet
Satoshi Endo

3-30

Different effect of passive and active hand movement on 3-D perception
Hiroyuki Umemura

3-31

The Effect of Fatigued External Rotator Muscles of the Shoulder on the Shoulder
Position Sense
Naoya Iida, Fuminari Kaneko, Nobuhiro Aoki, Yoshinari Sakaki

3-32

The effect of auditory stream segregation on synchronized tapping
Yui Ashitani

3-33

Action-induced rubber hand illusion
Pao-Chou Cho, Timothy Lane, Su-Ling Yeh

3-34

The effects of body action and attentive anticipation on oculomotor fixation stability
Hyosun Choi, Kyoung-Min Lee

3-35

PD patients with movement problem also showed the deficit of object representation
in movable objects
Hsu Li-Chuan, Yi-Min Tien, Wei-Chi Lin

3-36

Self-produced tickle sensation by manipulating visual feedback
Hiroyuki Iizuka, Hideyuki Ando, Taro Maeda

3-37

Effect of visual angle on the head movement caused by changing binocular disparity
Toru Maekawa, Hirohiko Kaneko, Makoto Inagami

3-38

Effects of visual transformation on object manipulation in 3D space
Juan Liu, Hiroshi Ando

3-39

Eye movement-related activity in and below the macaque auditory cortex
Yoshinao Kajikawa, Charles Schroeder

3-40

Spatial Alignment of the Senses: The Role of Audition in Eye-Hand-Coordination
Thorsten Kluss, Niclas Schult, Kerstin Schill, Christoph Zetzsche, Manfred Fahle

3-41

Crossmodal transfer of object information in human echolocation
Santani Teng, Amrita Puri, David Whitney
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3-42

Effects of compression by means of sports socks on the ankle kinesthesia
Tatsuya Hayami, Fuminari Kaneko, Naoya Iida, Eriko Shibata, Nobuhiro Aoki, Takashi Miura,
Tetsuji Iwasaki

3-43

What you smell affects different components of your visual attention
Chen-An Li, Su-Ling Yeh

3-44

What and how you see affects your appetite
Hsin-I Liao, Shinsuke Shimojo, Szu-Chi Huang, Su-Ling Yeh

3-45

Color congruent odorant is perceived prominently in mixture odor
Mari Arao, Maya Suzuki, Jun'ichi Katayama, Akihiro Yagi

3-46

Tasting with eyes
Nobuyuki Sakai

3-47

Experimental Study on Subjective Evaluation for Visual Information by Event-Related Potential   
- Evaluation of Food and Its Appearance Motoshi Tanaka, Hiroshi Inoue, Yoshitsugu Niiyama

3-48

Visually perceived fat content of foods affects response time
Vanessa Harrar, Ulrike Toepel, Micah Murray, Charles Spence

3-49

Infant visual preference to strawberry enhanced by in-season odor
Yuji Wada, Yuna Inada, Jiale Yang, Satomi Kunieda, Tomohiro Masuda, Atsushi Kimura,
So Kanazawa, Masami Kanazawa Yamaguchi

3-50

Added Mastication Sound Affects Food Texture and Pleasantness
Mami Masuda, Katsunori Okajima

3-51

Dissociation between olfactory and auditory-verbal processing in the occipital cortex
of early blind subjects
Laurent A Renier, Isabel Cuevas, Paula Plaza, Laurence Dricot, Elodie Lerens,
Cécile B Grandin, Philippe Rombaux, Anne G De Volder

3-52

Similarities in affective processing and aesthetic preference of visual, auditory
and gustatory stimuli
Dragan Jankovic, Jasmina Stevanov

3-53

Olfactory cerebral evoked potentials for pleasant and unpleasant smells in humans
Tomohiko Igasaki, Shinji Yamaguchi, Yuki Hayashida, Nobuki Murayama

3-54

Stimulation with an intermittent fragrance relieves the sleepiness of a driver
Kenji Susami, Chika Oshima, Kayoko Muto, Hiroshi Ando, Noriyoshi Matsuo

3-55

Emotional incongruence of facial expression and voice tone investigated
with event-related brain potentials of infants
Kota Arai, Yasuyuki Inoue, Masaya Kato, Shoji Itakura, Shigeki Nakauchi, Michiteru Kitazaki

3-56

Attention modulates the neural processes underlying multisensory integration of emotion
Hao Tam Ho, Erich Schröger, Sonja A. Kotz

3-57

Brain network involved in the recognition of facial expressions of emotion in the early blind
Ryo Kitada, Yuko Okamoto, Akihiro T Sasaki, Takanori Kochiyama, Motohide Miyahara,
Susan Lederman, Norihiro Sadato

3-58

Roles of illustrators in visual communication of scientific knowledge
Kana Okawa

3-59

The effects of linguistic labels related to abstract scenes on memory
Kentaro Inomata
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Keynote presentations
Monday 17 October, 13:30-14:30, Event Hall

Transcending the Self – The Illusion of Body Ownership in Immersive Virtual Reality
and its Impact on Behaviour
Mel Slater (ICREA-University of Barcelona, and University College London, m.slater@cs.ucl.ac.uk)
Virtual reality in various forms has been around for about 40 years. It has been considered mainly as a technology
that can be used to generate the illusion of a transformation of place. However, it has recently been shown that it
can successfully be used to transcend the self, through illusions of body ownership and transformation. Several
papers have shown that it is possible to generate in people the illusory sense of ownership of a fake body using
virtual reality techniques [1-5]. This can be achieved through synchronous multisensory stimulation with respect to
the real and virtual body. For example, the participant sees his or her virtual body touched, while feeling the touch
synchronously and in the same place on the real body. This can also lead to illusions of body transformation, such
as a thin person having the illusion of being fat [6]. Our research suggests the prime importance of a first person
perspective for the illusion of ownership, however, in [7] we also found that a representation of a person in a virtual
mirror with synchronous visual-motor effects also results in a body ownership illusion.
Although virtual body ownership has been established, what is also of interest are the consequences of this in terms
of the attitudes and behaviour of the participant who experiences the transformed body. Our very recent work
suggests that the illusion of ownership of a virtual body may also result in at least short-term transformations of
behaviour and attitudes of the participant towards those that are appropriate to the virtual body. This talk will
describe several experiments illustrating both the illusion of body ownership and its transformative effect on
attitudes and behaviour.

References
1. Ehrsson, H.H., The experimental induction of out-of-body experiences. Science, 2007. 317(5841): p.
1048-1048.
2. Petkova, V.I. and H.H. Ehrsson, If I Were You: Perceptual Illusion of Body Swapping. PLoS ONE, 2008. 3(12):
e3832. doi:10.1371/journal.pone.0003832.
3. Lenggenhager, B., et al., Video ergo sum: Manipulating bodily self-consciousness. Science, 2007. 317(5841): p.
1096-1099.
4. Slater , M., et al., First person experience of body transfer in virtual reality. PLos ONE, 2010(5(5): ): p. e10564.
doi:10.1371/journal.pone.0010564.
5. Slater , M., et al., Inducing Illusory Ownership of a Virtual Body. Frontiers in Neuroscience, 2009. 3(2): p.
214-220.
6. Normand, J.M., et al., Multisensory Stimulation Can Induce an Illusion of Larger Belly Size in Immersive
Virtual Reality. PLoS ONE, 2011. 6(1): p. e16128. doi:10.1371/journal.pone.0016128.
7. González-Franco, M., et al., The Contribution of Real-Time Mirror Reflections of Motor Actions on Virtual
Body Ownership in an Immersive Virtual Environment in IEEE VR. 2010: Waltham, MA, US.
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Tuesday 18 October, 13:30-14:30, Event Hall

How the blind “See” Braille and the deaf “hear” sign: Lessons from fMRI on the
cross-modal plasticity, integration, and learning
Norihiro Sadato (National Institute for Physiological Sciences, sadato@nips.ac.jp)
What does the visual cortex of the blind do during Braille reading? This process involves converting simple tactile
information into meaningful patterns that have lexical and semantic properties. The perceptual processing of Braille
might be mediated by the somatosensory system, whereas visual letter identity is accomplished within the visual
system in sighted people. Recent advances in functional neuroimaging techniques have enabled exploration of the
neural substrates of Braille reading (Sadato et al. 1996, 1998, 2002, Cohen et al. 1997, 1999). The primary visual
cortex of early-onset blind subjects is functionally relevant to Braille reading, suggesting that the brain shows
remarkable plasticity that potentially permits the additional processing of tactile information in the visual cortical
areas. Similar cross-modal plasticity is observed by the auditory deprivation: Sign language activates the auditory
cortex of deaf subjects (Neville et al. 1999, Nishimura et al. 1999, Sadato et al. 2004).
Cross-modal activation can be seen in the sighted and hearing subjects. For example, the tactile shape
discrimination of two dimensional (2D) shapes (Mah-Jong tiles) activated the visual cortex by expert players (Saito
et al. 2006), and the lip-reading (visual phonetics) (Sadato et al. 2004) or key touch reading by pianists (Hasegawa
et al. 2004) activates the auditory cortex of hearing subjects. Thus the cross-modal plasticity by sensory deprivation
and cross-modal integration through the learning may share their neural substrates.
To clarify the distribution of the neural substrates and their dynamics during cross-modal association learning
within several hours, we conducted audio-visual paired association learning of delayed-matching-to-sample type
tasks (Tanabe et al. 2005). Each trial consisted of the successive presentation of a pair of stimuli. Subjects had to
find pre-defined audio-visual or visuo-visual pairs in a trial and error manner with feedback in each trial. During
the delay period, MRI signal of unimodal and polymodal areas increased as cross-modal association learning
proceeded, suggesting that cross-modal associations might be formed by binding unimodal sensory areas via
polymodal regions.
These studies showed that sensory deprivation and long- and short-term learning dynamically modify the brain
organization for the multisensory integration.
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Multisensory perception of affect
Beatrice de Gelder (Tilburg University, b.degelder@uvt.nl)
Multisensory integration must stand out among the fields of research that have witnessed a most impressive
explosion of interest this last decade. One of these new areas of multisensory research concerns emotion. Since our
first exploration of this phenomenon (de Gelder et al., 1999) a number of studies have appeared and they have used
a wide variety of behavioral, neuropsychological and neuroscientifc methods. The goal of this presentation is
threefold. First, we review the research on audiovisual perception of emotional signals from the face and the voice
followed by a report or more recent studies on integrating emotional information provided by the voice and whole
body expressions. We will also include some recent work on multisensory music perception. In the next section we
discuss some methodological and theoretical issues. Finally, we will discuss findings about abnormal affective
audiovisual integration in schizophrenia and in autism.
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Crossmodal perceptual learning and sensory
substitution
Michael J Proulx (Queen Mary University of London; m.proulx@qmul.ac.uk)
A sensory substitution device for blind persons aims to provide the
missing visual input by converting images into a form that another
modality can perceive, such as sound. Here I will discuss the perceptual
learning and attentional mechanisms necessary for interpreting sounds
produced by a device (The vOICe) in a visuospatial manner. Although
some aspects of the conversion, such as relating vertical location to
pitch, rely on natural crossmodal mappings, the extensive training
required suggests that synthetic mappings are required to generalize
perceptual learning to new objects and environments, and ultimately to
experience visual qualia. Here I will discuss the effects of the conversion
and training on perception and attention that demonstrate the synthetic
nature of learning the crossmodal mapping. Sensorimotor experience
may be required to facilitate learning, develop expertise, and to develop
a form of synthetic synaesthesia.

Evolving the ideal visual-to-auditory sensory
substitution device using interactive genetic
algorithms
Thomas David Wright (University of Sussex; t.d.wright@sussex.ac.uk)
Graham McAllister (University of Sussex; g.mcallister@sussex.ac.uk)
Jamie Ward (University of Sussex; jamiew@sussex.ac.uk)
Visual-to-auditory sensory substitution devices have various benefits
over tactile counterparts (e.g. less hardware limitations) but they also
suffer from several drawbacks (e.g. learning time, potentially unpleasant
sounds). An ‘ideal’ device would be intuitive to learn, pleasant to listen
to, and capture relevant visual information in sufficient detail. In this
presentation, we outline the general problem of how to convert an image
into sound and we give an overview of some possible approaches to
the problem. We then go on to describe our own recent explorations
using Interactive Genetic Algorithms (IGAs). IGAs enable a highly
dimensional problem space to be explored rapidly. Initially, a set of
orthogonally varying settings need to be identified (e.g. different levels
of maximum and minimum pitch, different ways of mapping lightnessloudness, musical vs. non-musical intervals) and a set of random
permutations of these settings are chosen. Participants then evaluate
the ‘fitness’ of these different algorithms (e.g. by selecting what the
correct image is for a given sound). The fittest algorithms are then ‘bred’
together over successive generations. Using this approach we compare
the performance of evolved devices against one of the main existing
devices (the vOICe) in three tasks: audio-visual matching, aesthetic
preference and auditory discrimination.
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About one-quarter of our brain “real estate” is devoted to the processing
of vision. So what happens to this vast “vision” part of the brain
when no visual input is received? We are working with novel hightech multisensory ‘glasses’ that convert visual information from a tiny
video camera into sensory signals that the blind can interpret. In this
talk I will mainly highlight work done using The-vOICe algorithm
(Meijer et al 1992). We have devised a training program which teaches
blind individuals to use such a device. Following approximately ~30
hours of training, congenitally blind individuals can use this device
to recognize what and where various objects are, for instance within
a room (like a chair, glass, and even people and their body posture;
e.g. see http://brain.huji.ac.il/press.asp). Additional training is given
specifically for encouraging free “visual” orientation enabling blind
individuals to walk in corridors while avoiding obstacles and applying
hand-“eye” coordination (e.g. playing bowling). A main focus of the
project is using this unique “set-up” to study brain organization and
brain’s flexibility. For example, we are elucidating how the subjects’
brains use preserved functions on one hand and on the other hand,
reorganize to enable to process this new sensory language (e.g See
Amedi et al Nature Neurosience 2007; Stiem-Amit et al. 2011; Reich
et al. 2011). I will also focus on novel spectral analysis approaches to
study large-scale brain dynamics and to look into the binding problem:
how we integrate information into a coherent percept, an old question in
neuroscience which has relatively poor answers, especially in humans.
On the rehabilitation front, we have demonstrated that visual training
can create massive adult plasticity in the ‘visual’ cortex to process
functions like recognizing objects and localizing where they are located,
much like the original division of labor in the visual system in which the
ventral stream recognize objects and the dorsal stream help to localize
them in order to orient action. Such visual cortex recruitment for ‘visual’
processing of soundscapes may greatly promote sight restoration efforts
both via such technologies and by training people undergoing clinical
procedures to restore vision. This approach might also be relevant, in
other cases in which massive adult brain plasticity / flexibility is needed,
e.g. after a stroke.

Cross-modal brain plasticity in congenital
blindness: lessons from the tongue display
unit
Ron Kupers (University of Copenhagen; ron@pet.rh.dk)
Maurice Ptito (University of Montreal; mauriceptito@gmail.com)
The tongue display unit (TDU) is a sensory substitution device that
translates visual information into electrotactile stimulation that is
applied to the tongue. Blind subjects can learn to use the TDU in various
visual tasks, including orientation, motion and shape identification
and spatial navigation. We used the TDU in conjunction with brain
imaging techniques in order to study the cerebral correlates of crossmodal brain plasticity. The results show that when blind subjects use
the TDU to perform visual tasks that are known to activate the dorsal
and ventral visual streams in the sighted, they activate the same brain
areas. This suggests that motion and shape processing are organized in a
supramodal manner in the human brain and that vision is not necessary
for the development of the functional architecture in motion and shape
processing areas. We also used the TDU in spatial navigation tasks. The
results showed that blind but not blindfolded sighted subjects activated
their visual cortex and right parahippocampus during navigation,
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suggesting that in the absence of vision, cross-modal plasticity permits
the recruitment of the same cortical network used for spatial navigation
tasks in sighted subjects.

a shift in categorization of the voice toward the gender carried by the
face in incongruent AV conditions. No such visual effect was observed
in NHS tested with the vocoder in spite of a deficit in the A-only
categorization. Thus, in case of ambiguity in the stimuli and uncertainty
in the auditory signal, CI users perceptual decisions are based mainly on
vision their most reliable sensory channel. These results, coupled to our
brain imaging study showing in CI patient a functional colonization of
the voice sensitive areas by visual speechreading, suggest a crossmodal
reorganization of the mechanisms of face-voice integration after a
prolonged period of deafness.

Preserved Functional Specialization in Sensory
Substitution of the Early Blind
Josef P. Rauschecker (Georgetown University; rauschej@georgetown.edu)
Laurent Renier (Georgetown University, Université Catholique de Louvain;

laurent.renier@gmail.com)
Paula Plaza (Georgetown University, Université Catholique de Louvain;
paulaplazakin@gmail.com)
Anne DeVolder (Université Catholique de Louvain;
anne.de.volder@uclouvain.be)

Enhanced visual abilities in prelingual but not
postlingual cochlear implant recipients

It has long been established that the occipital cortex of early blind
animals and humans is activated by nonvisual stimuli (Rauschecker,
1995). Using functional magnetic resonance imaging we have
demonstrated recently that the middle occipital gyrus (MOG) of
early blind humans retains its function in spatial localization and is
activated in auditory and tactile spatial tasks (Renier et al., 2010).
Sound localization performance was directly correlated with amount
of activation in MOG. Currently we are using a visual-to-auditory
substitution device to investigate whether cortical areas in the visual
ventral stream also retain their function in face and object recognition,
when they are stimulated by auditory and tactile "objects". The results
should make a valuable contribution not only to further understanding
of this fundamental question regarding cortical plasticity, but also to aid
blind persons in everyday practical situations.

Elena Nava (University of Hamburg; elena.nava@uni-hamburg.de)
Francesco Pavani (University of Trento; francesco.pavani@unitn.it)
A number of studies have documented that changes in visual cognition
following profound deafness are highly specific. Among these, deaf
individuals have proved to have enhanced visual ability compared to
hearing controls when asked to rapidly detect the onset of abrupt visual
stimuli, particularly when presented towards the periphery of the visual
field.
However, no study to date has addressed the question of whether visual
compensatory changes may be reversed after reafferentation of the
auditory system through a cochlear implant. To address this question,
we measured reaction times to visually presented stimuli appearing in
central and peripheral locations in two groups of adult cochlear implant
recipients, who experienced auditory loss either early or late in life.
Results showed that prelingually deafened recipients were faster than
postlingually deafened recipients for stimuli appearing in the periphery
of the visual field. On the contrary, postlingually deafened individuals
paid a cost for stimuli presented in the periphery of the visual field, as
typically found in hearing controls adopting identical task and stimuli.
These findings lead to suggestion that compensatory changes that
occur early in life cannot be reversed in adulthood in case of sensory
reafferentation.
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Crossmodal compensation during face-voice
integration in cochlear implanted deaf patients

Transferrable Learning of Multisensory Cues in
Flight Simulation

Laure Chambaudie (Cerveau & Cognition, CNRS UMR 5549;
laure.chambaudie@cerco.ups-tlse.fr)
Pascal Belin (University of Glasgow; pascal.belin@glasgow.ac.uk)
Thibault Briere (Cerveau & Cognition, CNRS UMR 5549;
thibrierre@free.fr)
Chris James (Cochlear France SAS, 3 Impasse Chalard, F-31100 Toulouse
France; cjames@cochlear.fr)
Olivier Deguine (Cerveau & Cognition, CNRS UMR 5549;
deguine.o@chu-toulouse.fr)
Pascal Barone (Cerveau & Cognition, CNRS UMR 5549;
pascal.barone@cerco.ups-tlse.fr)

Georg F Meyer (Liverpool University; georg@liv.ac.uk)
Li Wong (Liverpool University; t.wong@liv.ac.uk)
Emma Timson (Liverpool University; E.Timson@liv.ac.uk)
Philip Perfect (Liverpool University; p.perfect@liv.ac.uk)
Mark White (Liverpool University; mdw@liv.ac.uk)
Flight simulators, which and provide visual, auditory and kinematic
(physical motion) cues are increasingly used for pilot training. We have
previously shown that kinematic cues, but not auditory cues representing
aircraft motion improve target tracking performance for novice ‘pilots’
in a simulated flying task (Meyer et al., IMRF 2010).
Here we explore the effect of learning on task performance. Our
subjects were first tested on a target tracking task in a helicopter flight
simulation. They were then trained in a simulator-simulator, which
provided full audio, simplyfied visuals, but not kinematic signals to
test whether learning of auditory cues is possible. After training we
evaluated flight performance in the full simulator again.
We show that after two hours training auditory cues are used by our
participants as efficiently as kinematic cues to improve target tracking
performance. The performance improvement relative to a condition
where no audio signals are presented is robust if the sound environment
used during training is replaced by a very different audio signal that is
modulated in amplitude and pitch in the same was as the training signal.
This shows that training is not signal specific but that our participants
learn to extract transferrable information on sound pitch and amplitude
to improve their flying performance.

Any dysfunction in the capacity of voice or face recognition can
negatively impact on the social communication of a person, this is
particularly the case in profoundly deaf patients. A cochlear implant (CI)
allows deaf patients to understand speech but because of the limitations
of the processor, patients present strong difficulties in voice recognition.
Here we investigated the possibility that the visual system can exert
in CI users a strong influence on the multimodal perception of voice
attributes. We used a speaker discrimination task between sounds taken
from a voice continuum obtained by morphing between a male and a
female voice. Proficient CI patients (n=10) were tested under auditoryonly or audiovisual conditions in which a female or male face was
simultaneously presented. Their performance was compared to those
of normal hearing subjects (NHS n=50) tested with a vocoded voice
stimuli that simulate the processing of an implant. A visual impact index
computed from the A and AV psychometric functions revealed that CI
users are significantly influenced by visual cues. This is expressed by
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Sometimes we feel animacy for artificial objects and their motion.
Animals usually interact with environments through multiple sensory
modalities. Here we investigated how the sensory responsiveness
of artificial objects to the environment would contribute to animacy
judgment for them. In a 90-s trial, observers freely viewed four
objects moving in a virtual 3D space. The objects, whose position
and motion were determined following Perlin-noise series, kept
drifting independently in the space. Visual flashes, auditory bursts, or
synchronous flashes and bursts appeared with 1–2 s intervals. The first
object abruptly accelerated their motion just after visual flashes, giving
an impression of responding to the flash. The second object responded
to bursts. The third object responded to synchronous flashes and bursts.
The forth object accelerated at a random timing independent of flashes
and bursts. The observers rated how strongly they felt animacy for each
object. The results showed that the object responding to the auditory
bursts was rated as having weaker animacy compared to the other
objects. This implies that sensory modality through which an object
interacts with the environment may be a factor for animacy perception
in the object and may serve as the basis of multi-modal and cross-modal
inference of animacy.

Auditory influences in V1 of mice induced by
varying anesthesia level
Rüdiger Land (Medical University Hannover;
land.ruediger@mh-hannover.de)

Andreas Engel (Medical University Hamburg-Eppendorf;

ak.engel@uke.uni-hamburg.de)
Andrej Kral (Medical University Hannover; akral@mac.com)

Anesthesia affects cortical response properties and induces changes
in functional network connectivity. Many studies in sensory
neurophysiology do not explicitly differentiate between anesthetic
states and possibly underestimate the effect of anesthetic level on
cortical response properties. To investigate this question we performed
simultaneous multisite recordings in V1 of C57bl/6 mice under
continuously changing inspiratory isoflurane concentration from low
to high dosage. During the continuous change of anesthesia level we
presented visual and auditory stimuli. At all levels of anesthesia, visual
stimulation evoked responses in V1. However, during light anesthesia
auditory stimulation slightly suppressed ongoing LFP activity in
V1. With increasing anesthesia levels this suppression vanished, and
at a specific point a discrete change in sensory responsiveness of
V1 to auditory stimulation appeared. At this discrete point auditory
suppression was reversed into auditory induced activation of V1. This
transition in properties was coincident with the appearance of burstsuppression. The responses during burst suppression state had long
latency and resembled spontaneous bursts. This presumably unspecific
auditory effect in V1 disappeared as soon as isoflurane concentration
level dropped below a certain level. The results demonstrate that in the
extreme case heteromodal effects can be induced by varying anesthesia
level.

Consistency between modalities enhances
visually induced self-motion (vection)
Takeharu Seno (Kyushu University; seno@design.kyushu-u.ac.jp)
Hiroyuki Ito (Kyushu University; ito@design.kyushu-u.ac.jp)
Shoji Sunaga (Kyushu University; sunaga@design.kyushu-u.ac.jp)
Emi Hasuo (Kyushu University; emi8513@yahoo.co.jp)
Yoshitaka Nakajima (Kyushu University; nakajima@design.kyushu-u.ac.jp)
Masaki Ogawa (Kyushu University; ago-galfy-wax@hotmail.co.jp)
Visually induced illusory self-motion (vection) is generally facilitated
by consistent
information of self-motion from other modalities. We provide three
examples that consistent information between vision and other
proprioception enhances vection, i.e. locomotion, air flow and
sounds. We used an optic flow of expansion or contraction created by
positioning 16,000 dots at random inside a simulated cube (length 20 m),
and moving the observer’s viewpoint to simulate forward or backward
self-motion of 16 m/s. First, We measured the strength of forward or
backward vection with or without forward locomotion on a treadmill
(2 km/h). The results revealed that forward vection was facilitated by
the consistent locomotion whereas vections in the other directions were
inhibited by the inconsistent locomotion. Second, we found that forward
vection intensity increased when the air flow to subjects’ faces produced
by an electric fan (the wind speed was 6.37 m/s) was provided. On
the contrary, the air flow did not enhance backward vection. Finally,
we demonstrated that sounds which increased in loudness facilitated
forward vection and the sounds which ascended (descended) in pitch
facilitated upward (downward) vection.

1-02
Neural architecture of auditory object
categorization
Yune-Sang Lee (University of Pennsylvania; yslee@mail.med.upenn.edu)
Michael Hanke (Otto-von-Guericke University; michael.hanke@gmail.com)
David Kraemer (University of Pennsylvania; dkraemer@psych.upenn.edu)
Samuel Lloyd (Dartmouth College; Samuel.M.Lloyd@dartmouth.edu)
Richard Granger (Dartmouth College; richard.granger@dartmouth.edu)
We can identify objects by sight or by sound, yet far less is known about
auditory object recognition than about visual recognition. Any exemplar
of a dog (e.g., a picture) can be recognized on multiple categorical
levels (e.g., animal, dog, poodle). Using fMRI combined with machinelearning techniques, we studied these levels of categorization with
sounds rather than images. Subjects heard sounds of various animate
and inanimate objects, and unrecognizable control sounds. We report
four primary findings: (1) some distinct brain regions selectively
coded for basic (dog) versus superordinate (animal) categorization; (2)
classification at the basic level entailed more extended cortical networks
than those for superordinate categorization; (3) human voices were
recognized far better by multiple brain regions than were any other
sound categories; (4) regions beyond temporal lobe auditory areas
were able to distinguish and categorize auditory objects. We conclude
that multiple representations of an object exist at different categorical
levels. This neural instantiation of object categories is distributed across
multiple brain regions, including so-called "visual association areas,"
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indicating that these regions support object knowledge even when the
input is auditory. Moreover, our findings appear to conflict with prior
well-established theories of category-specific modules in the brain.

1-05
Temporal multisensory processing and its
relationship to autistic functioning
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Leslie Dowell Kwakye (Vanderbilt University;
leslie.e.dowell@vanderbilt.edu)

Enhanced audiovisual processing in people
with one eye: Unaltered by increased temporal
load

Brittany C Schneider (Vanderbilt University;
brittany.c.schneider@vanderbilt.edu)

Mark T Wallace (Vanderbilt University; mark.wallace@vanderbilt.edu)
Autism spectrum disorders (ASD) form a continuum of
neurodevelopmental disorders characterized by deficits in
communication and reciprocal social interaction, repetitive behaviors,
and restricted interests. Sensory disturbances are also frequently
reported in clinical and autobiographical accounts. However, few
empirical studies have characterized the fundamental features of sensory
and multisensory processing in ASD. Recently published studies have
shown that children with ASD are able integrate low-level multisensory
stimuli, but do so over an enlarged temporal window when compared to
typically developing (TD) children. The current study sought to expand
upon these previous findings by examining differences in the temporal
processing of low-level multisensory stimuli in high-functioning (HFA)
and low-functioning (LFA) children with ASD in the context of a
simple reaction time task. Contrary to these previous findings, children
with both HFA and LFA showed smaller gains in performance under
multisensory (i.e., combined visual-auditory) conditions when compared
to their TD peers. Additionally, the pattern of performance gains as
a function of SOA was similar across groups, suggesting similarities
in the temporal processing of these cues that runs counter to previous
studies that have shown an enlarged “temporal window.” These findings
add complexity to our understanding of the multisensory processing of
low-level stimuli in ASD and may hold promise for the development of
more sensitive diagnostic measures and improved remediation strategies
in autism.

Stefania Siera Moro (York University; smoro@yorku.ca)
Jennifer K. E Steeves (York University; steeves@yorku.ca)
We investigate whether the loss of one eye leads to enhanced
multisensory processing. Previously, we measured speeded detection
and discrimination of auditory, visual and audiovisual targets presented
as a stream of paired objects and familiar sounds in people with one eye
compared to controls viewing binocularly or with one eye patched. All
participants were equally able to detect the presence of auditory, visual
or bimodal targets, however when discriminating between the unimodal
and bimodal targets both control groups demonstrated the Colavita
visual dominance effect, preferential processing of visual over auditory
information for the bimodal stimuli. People with one eye, however,
showed no Colavita effect but rather equal preference for processing
visual and auditory stimuli. In the current experiment we increased the
temporal processing load in an attempt to favour auditory processing
and thereby reverse Colavita visual dominance with a one-back stimulus
repetition detection and discrimination paradigm. The Colavita effect
was reduced in both control groups but people with one eye continued
to show no Colavita effect. People with one eye display equal auditory
and visual processing suggesting better multisensory processing, likely
as a form of cross modal adaptation and compensation for their loss of
binocularity.
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Sensory attribute identification time cannot
explain the common temporal limit of binding
different attributes and modalities

The multisensory temporal binding window:
Perceptual fusion, training, and autism

Waka Fujisaki (National Institute of Advanced Industrial Science and

Ryan Andrew Stevenson (Vanderbilt University;
ryan.andrew.stevenson@gmail.com)
Mark T. Wallace (Vanderbilt University; mark.wallace@vanderbilt.edu)

Technology; w-fujisaki@aist.go.jp)
Shin'ya Nishida (NTT Communication Science Labotatories;
nishida@brl.ntt.co.jp)

The process of integrating information across sensory modalities
is highly dependent upon the temporal coincidence of the inputs.
Audiovisual information is integrated within a range of temporal offsets,
known as the temporal binding window (TBW), which varies between
individuals. Three particular findings relating to TBW have led us to a
novel approach to address sensory integration impairments in children
with autism. The first is that autistic children have an atypically wide
TBW, as measured through manipulations of audiovisual illusions.
Second, an individual’s TBW is related to their ability to perceptually
fuse audiovisual inputs, particularly as seen in the McGurk effect; the
narrower the right TBW, the stronger the McGurk effect. The third
finding is that the TBW is plastic. Through perceptual feedback training,
our lab showed that individual’s right TBW can be narrowed. These
three findings, which we will present, lead to a study of perceptual
feedback training in autistic children may have the ability to narrow
their TBW, with a possible positive impact on their ability to integrate
multisensory information, specifically speech. We will conclude with the
presentation of behavioral and electrophysiological data illustrating an
atypical relationship between the TBW and perceptual fusion in ASD.

An informative performance measure of the brain’s integration across
different sensory attributes/modalities is the critical temporal rate
of feature alternation (between, e.g., red and green) beyond which
observers could not identify the feature value specified by a timing
signal from another attribute (e.g., a pitch change). Interestingly, this
limit, which we called the critical crowding frequency (CCF), is fairly
low and nearly constant (~2.5 Hz) regardless of the combination of
attributes and modalities (Fujisaki & Nishida, 2010, IMRF). One may
consider that the CCF reflects the processing time required for the brain
to identify the specified feature value on the fly. According to this idea,
the similarity in CCF could be ascribed to the similarity in identification
time for the attributes we used (luminance, color, orientation, pitch,
vibration). To test this idea, we estimated the identification time of each
attribute from [Go/ No-Go choice reaction time – simple reaction time].
In disagreement with the prediction, we found significant differences
among attributes (e.g., ~160 ms for orientation, ~70 ms for pitch). The
results are more consistent with our proposal (Fujisaki & Nishida, Proc
Roy Soc B) that the CCF reflects the common rate limit of specifying
what happens when (timing-content binding) by a central, presumably
postdictive, mechanism.
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Selective adaptation for temporal information:
Evidence from the classification of visual
Ternus apparent motion

Perceived congruence between the changing
patterns of a visual image and pitch of a sound
Ki-Hong Kim (Kyushu University; kimkihong@kyudai.jp)
Xun Su (Guangdong University of Technology; suxun3@yahoo.co.jp)
Shin-ichiro Iwamiya (Kyushu University; iwamiya@design.kyushu-u.ac.jp)

Huihui Zhang (Peking University; zhanghuihui.cn@gmail.com)
Lihan Chen (Peking University; clh20000@gmail.com)
Xiaolin Zhou (Peking University; xz104@pku.edu.cn)

Perceived congruence between the changing patterns of a visual image
and pitch of a sound was examined by a series of rating experiments.
Vertical correspondence of direction between the movement of an
image and the pitch shift of a sound had a strong effect on the perceived
congruence; the combination of a rising image and an ascending pitch,
and that of a falling image and a descending pitch created higher
congruence than the alternative combinations.
The combination of an enlarging image and an ascending pitch, and
that of a reducing image and a descending pitch also created higher
congruence.
Furthermore, the combination of a movement sliding from left to right
and an ascending pitch, and that of a movement sliding from right to left
and a descending pitch created higher congruence.
When the visual transformation pattern was a complex of these three
kinds of movements, the vertical direction transformation was the
most effective factor in determining congruent pitch pattern. The next
most effective transformation factor was the enlarging and reducing
image. The transformation of right and left direction movement was
not strongly effective in determining the perceived congruence between
complex visual movements and pitch patterns.

Repeated exposure to apparent motion in one direction may cause
the observer to perceive a subsequently presented stationary/moving
stimulus as moving in the opposite direction (Mather et al,1998;
Konkle et al., 2009). Here we demonstrate that aftereffect of adaptation
take place not only in the spatial dimension but also in the temporal
dimension. We employed a visual Ternus display and randomly varied
the inter-stimulus-interval (ISI) between the two frames (from 50 to
200 ms) in the display to determine the transition threshold between
“group motion” and “element motion". In Experiment 1, participants
saw 7~9 presentations of Ternus display with an ISI of either 50 ms
(for element motion) or 200 ms (for group motion) followed by a probe
Ternus display with an ISI equivalent to the transition threshold. In
Experiment 2, participants heard 7~9 presentations of paired beeps with
an ISI of either 50 or 200 ms and saw the same probe as in Experiment
1. Adaptation to the visual or auditory stimuli with short ISI led to more
reports of “group motion” for the probe while adaptation to stimuli with
long ISI had no effect. This temporal adaptation contrasts with the usual
bi-directional effects for spatial adaptation.
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Conditioning influences audio-visual
integration by increasing sound saliency

Effect of size change and brightness change
of visual stimuli on loudness perception and
pitch perception of auditory stimuli

Fabrizio Leo (Max Planck Institute for Biological Cybernetics;
fabrizio.leo@tuebingen.mpg.de)

Uta Noppeney (Max Planck Institute for Biological Cybernetics;

Syouya Tanabe (Niigata University; t07f434k@mail.cc.niigata-u.ac.jp)
Mamoru Iwaki (Niigata University; iwaki@eng.niigata-u.ac.jp)

uta.noppeney@tuebingen.mpg.de)

We investigated the effect of prior conditioning an auditory stimulus on
audiovisual integration in a series of four psychophysical experiments.
The experiments factorially manipulated the conditioning procedure
(picture vs. monetary conditioning) and multisensory paradigm (2AFC
visual detection vs. redundant target paradigm). In the conditioning
sessions, subjects were presented with three pure tones (= conditioned
stimulus, CS) that were paired with neutral, positive or negative
unconditioned stimuli (US, monetary: +50 euro cents, -50 cents, 0 cents;
pictures: highly pleasant, unpleasant and neutral IAPS). In a 2AFC
visual selective attention paradigm, detection of near-threshold Gabors
was improved by concurrent sounds that had previously been paired with
a positive (monetary) or negative (picture) outcome relative to neutral
sounds. In the redundant target paradigm, sounds previously paired with
positive (monetary) or negative (picture) outcomes increased response
speed to both auditory and audiovisual targets similarly. Importantly,
prior conditioning did not increase the multisensory response facilitation
(i.e. (A+V)/2-AV) or the race model violation. Collectively, our results
suggest that prior conditioning primarily increases the saliency of the
auditory stimulus per se rather than influencing audiovisual integration
directly. In turn, conditioned sounds are rendered more potent for
increasing response accuracy or speed in detection of visual targets.

People obtain a lot of information from visual and auditory sensation on
daily life. Regarding effect of visual stimuli on perception of auditory
stimuli, studies of phonological perception and sound localization
have been made in great numbers. This study examined effect of visual
stimuli on perception in loudness and pitch of auditory stimuli. We used
the image of figures whose size or brightness was changed as visual
stimuli, and the sound of pure tone whose loudness or pitch was changed
as auditory stimuli. Those visual and auditory stimuli were combined
independently to make four types of audio-visual multisensory stimuli
for psychophysical experiments. In the experiments, participants judged
change in loudness or pitch of auditory stimuli, while they judged
the direction of size change or the kind of a presented figure in visual
stimuli. Therefore they cannot neglect visual stimuli, while they judged
auditory stimuli. As a result, perception in loudness and pitch were
promoted significantly around their difference limen, when the image
was getting bigger or brighter, compared with the case which the image
has no changes. This indicates that perception in loudness and pitch
were affected by change in size and brightness of visual stimuli.
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Multisensory enhancement in auditory and
visual noise in adults

A cross-linguistic ERP examination of
audiovisual speech perception between
English and Japanese

Harriet Challen Downing (La Trobe University; hcdowning@gmail.com)
Ayla Barutchu (La Trobe University; A.Barutchu@latrobe.edu.au)
Sheila Crewther (La Trobe University; s.crewther@latrobe.edu.au)

Satoko Hisanaga (Kumamoto University; satton1014@yahoo.co.jp)
Kaoru Sekiyama (Kumamoto University; sekiyama@kumamoto-u.ac.jp)
Tomohiko Igasaki (Kumamoto University; iga@cs.kumamoto-u.ac.jp)
Nobuki Murayama (Kumamoto University;

Although, multisensory signals often occur in noise in natural settings,
few studies have compared the effect of noise on multisensory
enhancement over unisensory stimulation. Twenty-two young adults
completed an audiovisual discrimination task, in which targets were
presented in quiet and in auditory, visual and audiovisual noise
conditions. Stimuli comprised auditory, visual and audiovisual domestic
animal exemplars. Motor reaction times (MRTs) and error rates (<7%
for all stimulus types) were recorded. Multisensory enhancement was
evident in all noise conditions. MRTs to audiovisual targets were slowed
in visual and audiovisual noise compared to quiet. Percentage gain in
audiovisual over unisensory MRTs was higher in visual and audiovisual
noise than in auditory noise alone. Although, there were fewer violations
of the predicted inequality in the race model in audiovisual (.15-.25
probabilities) compared to visual (.15-.65 probabilities) and auditory
noise and quiet (both .05-.65 probabilities). Increased variability could
not explain reduced coactivation in audiovisual noise, suggesting that
targets are processed differently in multisensory than unisensory noise
or quiet. The multisensory advantage in visual and audiovisual noise
can be explained by a greater increase in reaction times to unisensory
than audiovisual targets. The findings of the study suggest an increasing
interaction between multisensory integration and crossmodal attention
in noise with a high visuoperceptual load.

murayama@cs.kumamoto-u.ac.jp)

According to recent ERP (event-related potentials) studies, the visual
speech facilitates the neural processing of auditory speech for speakers
of European languages in audiovisual speech perception. We examined
if this visual facilitation is also the case for Japanese speakers for whom
the weaker susceptibility of the visual influence has been behaviorally
reported. We conducted a cross-linguistic experiment comparing ERPs
of Japanese and English language groups (JL and EL) when they
were presented audiovisual congruent as well as audio-only speech
stimuli. The temporal facilitation by the additional visual speech was
observed only for native speech stimuli, suggesting a role of articulating
experiences for early ERP components. For native stimuli, the EL
showed sustained visual facilitation for about 300 ms from audio
onset. On the other hand, the visual facilitation was limited to the first
100 ms for the JL, and they rather showed a visual inhibitory effect at
300 ms from the audio onset. Thus the type of native language affects
neural processing of visual speech in audiovisual speech perception.
This inhibition is consistent with behaviorally reported weaker visual
influence for the JL.
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Audiovisual speech perception: acoustic and
visual phonetic features contributing to the
McGurk effect

Audio-visual peripheral localization disparity
Ryota Miyauchi (Japan Advanced Institute of Science and Technology;

Kaisa Tiippana (University of Helsinki; kaisa.tiippana@helsinki.fi)
Martti Vainio (University of Helsinki; martti.vainio@helsinki.fi)
Mikko Tiainen (University of Helsinki; mikko.o.tiainen@helsinki.fi)

ryota@jaist.ac.jp)

Dae-Gee Kang (Tohoku University; dkrehd@ais.riec.tohoku.ac.jp)
Yukio Iwaya (Tohoku University; iwaya@riec.tohoku.ac.jp)
Yôiti Suzuki (Tohoku University; yoh@riec.tohoku.ac.jp)

In the best-known example of the McGurk effect, an auditory consonant
/b/ that is presented with a face articulating /g/ is heard as a fusion /d/.
However, sometimes this kind of stimulus is heard as /g/, i.e. a visualdominant percept. We explored the stimulus features giving rise to these
percepts by using two different stimuli at various levels of acoustic
noise. The stimulus auditory /apa/ presented with visual /aka/ was most
often heard as /aka/ even without noise, and the proportion of visualdominant percepts increased with noise level. The stimulus auditory/epe/
presented with visual/eke/ was heard mostly as a fusion /ete/, except
at the highest noise level where also /eke/ was heard. The differences
in the quality of the McGurk effect were accounted for by the features
of the unisensory stimuli. A phonetic analysis showed that the auditory
and visual stimulus features were close to those of /t/ in the /e/-context,
but not in the /a/-context stimuli. Thus, the type of the McGurk effect fusion or visual dominance - depended on the quality of the constituent
stimulus components, obeying a modality-precision rule: the more
reliable the unisensory stimulus, the greater its contribution to the final
percept.

In localizing simultaneous auditory and visual events, the brain
should map the audiovisual events onto a unified perceptual space
in a subsequent spatial process for integrating and/or comparing
multisensory information. However, there is little qualitative and
quantitative psychological data for estimating multisensory localization
in peripheral visual fields. We measured the relative perceptual direction
of a sound to a flash when they were simultaneously presented in
peripheral visual fields. The results demonstrated that the sound and
flash were perceptually located at the same position when the sound was
presented in 5°-periphery from the flash. This phenomenon occurred,
even excluding the trial in which the participants’ eyes moved. The
measurement of the location of each sound and flash in a pointing task
showed that the perceptual location of the sound shifted toward the
frontal direction and conversely the perceptual location of the flash
shifted toward the periphery. Our findings suggest that unisensory
perceptual spaces of audition and vision have deviations in peripheral
visual fields and when the brain remaps unisensory locations of auditory
and visual events into unified perceptual space, the unisensory spatial
information of the events can be suitably maintained.
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Syllable congruency of audio-visual speech
stimuli facilitates the spatial ventriloquism only
with bilateral visual presentations

Attention effects on letter-speech sound
integration
Maria Mittag (University of Helsinki; maria.mittag@helsinki.fi)
Tommi Makkonen (University of Helsinki; tommi.makkonen@helsinki.fi)
Kimmo Alho (University of Helsinki; kimmo.alho@helsinki.fi)
Rika Takegata (University of Helsinki; rika.takegata@helsinki.fi)
Teija Kujala (University of Helsinki; teija.m.kujala@helsinki.fi)

Shoko Kanaya (The University of Tokyo; skanaya@l.u-tokyo.ac.jp)
Kazuhiko Yokosawa (The University of Tokyo; yokosawa@l.u-tokyo.ac.jp)
Spatial ventriloquism refers to a shift of perceptual location of a
sound toward a synchronized visual stimulus. It has been assumed
to reflect early processes uninfluenced by cognitive factors such as
syllable congruency between audio-visual speech stimuli. Conventional
experiments have examined compelling situations which typically
entail pairs of single audio and visual stimuli to be bound. However,
for natural environments our multisensory system is designed to select
relevant sensory signals to be bound among adjacent stimuli. This
selection process may depend upon higher (cognitive) mechanisms.
We investigated whether a cognitive factor affects the size of the
ventriloquism when an additional visual stimulus is presented with a
conventional audio-visual pair. Participants were presented with a set of
audio-visual speech stimuli, comprising one or two bilateral movies of
a person uttering single syllables together with recordings of this person
speaking the same syllables. One of movies and the speech sound were
combined in either congruent or incongruent ways. Participants had to
identify sound locations. Results show that syllable congruency affected
the size of the ventriloquism only when two movies were presented
simultaneously. The selection of a relevant stimulus pair among two or
more candidates can be regulated by some higher processes.

Previous studies suggested that attention modulates how well we
integrate sounds with visual cues. In the present study, we examined
attention effects on integration of written and heard syllables in fluent
readers. Subjects were presented with auditory stimuli (consonant-vowel
syllables) together with synchronized visual stimuli, which differed
between conditions. The auditory stimuli included consonant and pitch
changes. Visual stimuli were sound-congruent written syllables or their
scrambled images. In 4 different attention conditions, subjects pressed
a button to duration changes in 1) the visual modality, 2) auditory
modality or 3) either modality, or 4) counted mentally backwards
and ignored the auditory and visual stimuli. Preliminary analysis
showed in event-related potentials to spoken syllables larger mismatch
negativities (MMNs) to pitch changes during audiovisual, auditory and
visual tasks than during mental counting indicating that attention to
either one or both modalities facilitated MMN elicitation, that is, even
during the visual task, attention spread covertly to coinciding speech
sounds, integrating written syllables with their spoken counterparts.
Additionally, these MMNs were larger in all four conditions when the
visual stimuli were syllables than when they were scrambled images
indicating that written syllables facilitated processing of coinciding
spoken syllables independent of attention.
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Context information on the McGurk effect
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Masayo Kajimura (Kyoto University; kajimura.m@gmail.com)
Haruyuki Kojima (Kanazawa University;

Self-Voice, but not Self-Face, reduces the
McGurk Effect

hkojima@kenroku.kanazawa-u.ac.jp)
Hiroshi Ashida (Kyoto University; ashida@psy.bun.kyoto-u.ac.jp)

Christopher Aruffo (McMaster University; aruffocc@mcmaster.ca)
David I Shore (McMaster University; dshore@mcmaster.ca)

We examined whether the McGurk effect depends on context. A syllable
that is expected to produce the effect was embedded in Japanese simple
sentences containing a three-syllable noun. The noun was either a real
word or a non-word, including /ba/, /da/, or /ga/ as the second syllable.
A stimulus consisted of an auditory speech sentence with a simultaneous
video of its production by a speaker. Participants were asked to report
the noun as they heard by filling in the blanks in printed sentences.
The error rates in reporting the nouns were low when only the audio
stimuli were presented. In the critical conditions, a voice and a video
were congruently or incongruently combined and shown to participants,
who judged the noun word by hearing. McGurk effect occurred in
both real- and non-word conditions, but the error rates were larger for
the real words. For the real words, the error rate was higher when the
visual syllable matched the context. The rate of this context-matched
errors was higher than the rate of comparable errors for non- words.
This finding suggests that audio-visual integration in speech recognition
is influenced by higher cognitive processes that are sensitive to the
semantic context.

The McGurk effect represents a perceptual illusion resulting from the
integration of an auditory syllable dubbed onto an incongruous visual
syllable. The involuntary and impenetrable nature of the illusion is
frequently used to support the multisensory nature of audiovisual speech
perception. Here we show that both self-speech and familiarized speech
reduce the effect. When self-speech was separated into self-voice and
self-face mismatched with different faces and voices, only self-voice
weakened the illusion. Thus, a familiar vocal identity automatically
confers a processing advantage to multisensory speech, while a familiar
facial identity does not. When another group of participants were
familiarized with the speakers, participants’ ability to take advantage
of that familiarization was inversely correlated with their overall
susceptibility to the McGurk illusion.

1-19
Face is not visually but auditorily and visually
represented
Masaharu Kato (Doshisya University; maskato@mail.doshisha.ac.jp)
Ryoko Mugitani (NTT Communication Science Laboratories;

mugitani.ryoko@lab.ntt.co.jp)

We can discriminate face from non-face even in infancy, but it is not
clear based on what kind of features we discriminate them.
One hypothesis, termed CONSPEC, posits that infants possess innate
information concerning the structure of faces, specifically, three blobs
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constituting the corners of an inverted triangle (Morton & Johnson,
1991). However, an alternative view, top-heavy bias, posits that the
preference for faces can be explained by a general visual preference of
more features on the upper part of an object (Simion et al., 2001).
In this experiment, four blobs constituting a virtual diamond were
presented with and without a beep, and the looking time to each blob
was measured. The ratio of looking time to blobs were not significantly
different between beep-present/-absent conditions except the blob at the
lowest position, where the ratio of looking time increased with a beep.
This result suggests that the lowest blob is regarded as the mouth,
favoring CONSPEC and against top-heavy bias hypothesis. Our
result also indicates the importance of auditory information for the
representation of face, although facial representation is usually discussed
in terms of visual perception.
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Recording and validation of audiovisual
expressions by faces and voices
Sachiko Takagi (Waseda University; sachiko.cleo@gmail.com)
Saori Hiramatsu (Waseda University; saorin_0830@yahoo.co.jp)
E.M.J. Huis in't Veld (Tilburg University;

e.m.j.huisintveld@tilburguniversity.edu)
Beatrice de Gelder (Tilburg University; b.degelder@uvt.nl)
Akihiro Tanaka (Waseda University; a.tanaka@aoni.waseda.jp)

This study aims to further examine the cross-cultural differences in
multisensory emotion perception between Western and East Asian
people. In this study, we recorded the audiovisual stimulus video of
Japanese and Dutch actors saying neutral phrase with one of the basic
emotions. Then we conducted a validation experiment of the stimuli.
In the first part (facial expression), participants watched a silent video
of actors and judged what kind of emotion the actor is expressing by
choosing among 6 options (i.e., happiness, anger, disgust, sadness,
surprise, and fear). In the second part (vocal expression), they listened
to the audio part of the same videos without video images while the
task was the same. We analyzed their categorization responses based
on accuracy and confusion matrix, and created a controlled audiovisual
stimulus set.
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Contribution of Prosody in Audio-visual
Integration to Emotional Perception of Virtual
Characters
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Audiovisual Modulation of Attention Towards
Fearful Stimuli

Recent technology provides us with realistic looking virtual characters.
Motion capture and elaborate mathematical models supply data for
natural looking, controllable facial and bodily animations. With the
help of computational linguistics and artificial intelligence, we can
automatically assign emotional categories to appropriate stretches of text
for a simulation of those social scenarios where verbal communication
is important.
All this makes virtual characters a valuable tool for creation of versatile
stimuli for research on the integration of emotion information from
different modalities.
We conducted an audio-visual experiment to investigate the differential
contributions of emotional speech and facial expressions on emotion
identification. We used recorded and synthesized speech as well as
dynamic virtual faces, all enhanced for seven emotional categories. The
participants were asked to recognize the prevalent emotion of paired
faces and audio.
Results showed that when the voice was recorded, the vocalized
emotion influenced participants’ emotion identification more than the
facial expression. However, when the voice was synthesized, facial
expression influenced participants’ emotion identification more than
vocalized emotion. Additionally, individuals did worse on a identifying
either the facial expression or vocalized emotion when the voice was
synthesized.
Our experimental method can help to determine how to improve
synthesized emotional speech.

Earlier research has shown that, in a dot-probe experiment,
simultaneously presented vocal utterances (one with emotional prosody,
one neutral) showed faster responses to probes replacing the location
of emotional prosody, indicating a cross-modal modulation of attention
(Brosch et al, 2008).
We designed a multimodal dot-probe experiment in which: (a) fearful
and neutral face pairs were simultaneously accompanied by fearful and
neutral paired vocalisations or (b) the fearful and neutral vocalisations
without face pictures preceded a visual target probe. A unimodal visual
block was run as a control.
In addition to the expected visual-only effect, we found spatial
attentional bias towards fearful vocalisations followed by a visual probe,
replicating the crossmodal modulation of attention shown in the Brosch
et al. experiment. However, no such effects were found for audiovisual
face-voice pairs.
This absence of an audiovisual effect with simultaneous face-voice
presentation might be the consequence of the double-conflict situation;
the fuzziness of two competing stimulus presentations might have ruled
out or cancelled potential attentional biases towards fearful auditory and
visual information.

Martijn Balsters (Tilburg University; m.j.h.balsters@uvt.nl)
Emiel Krahmer (Tilburg University; e.j.krahmer@uvt.nl)
Marc Swerts (Tilburg University; m.g.j.swerts@uvt.nl)
Ad Vingerhoets (Tilburg University; Vingerhoets@uvt.nl)
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The effects of anxiety on the recognition of
multisensory emotional cues with different
cultural familiarity

Effect of denotative congruency on pleasant
impressions for audio-visual stimuli
Yuko Masakura (Tokyo University of Technology; masakura@cs.teu.ac.jp)
Makoto Ichikawa (Chiba University; ichikawa@l.chiba-u.ac.jp)

Ai Koizumi (The University of Tokyo; bellkoizumi@gmail.com)
Akihiro Tanaka (Waseda University, Tilburg University;

We examined how the denotative congruency (Masakura & Ichikawa,
2003) in audio-visual stimuli affects the pleasant and restful impressions
for the stimuli. In Experiment 1, a single sound was combined with
a single motion picture. Results showed that the pleasant and restful
impressions for the combined audio-visual stimuli determined by
averaging the impressions obtained from each of audio and visual
stimuli. In Experiment 2, two sounds were combined with a single
motion picture. Results showed that the pleasant and restful impressions
positively shifted when one of the sounds was combined with a
denotatively congruent motion picture, even if the unpleasant and
unrestful sound was combined with unpleasant and unrestful motion
picture. These results suggested that the denotative congruency between
the audio and visual stimuli would exaggerate pleasant and restful
impressions. Reduction of stimulus complexity is expected to lead to
exaggeration of pleasant impression (Berlyne, 1970). We are proposing
that the reduction of the stimulus complexity underlie the exaggerating
effect of denotative congruency on the pleasant and restful impressions
in observing the audio-visual stimuli.

a.tanaka@aoni.waseda.jp)
Hisato Imai (Tokyo Woman’s Christian University; hisato@lab.twcu.ac.jp)
Eriko Hiramoto (Tokyo Woman’s Christian University;
ericorinn@hotmail.com)
Saori Hiramatsu (Tokyo Woman’s Christian University;
saorin_0830@yahoo.co.jp)
Beatrice de Gelder (Tilburg University; degelder@uvt.nl)

Anxious individuals have been shown to interpret others’ facial
expressions negatively. However, whether this negative interpretation
bias depends on the modality and familiarity of emotional cues
remains largely unknown. We examined whether trait-anxiety affects
recognition of multisensory emotional cues (i.e., face and voice), which
were expressed by actors from either the same or different cultural
background as the participants (i.e., familiar in-group and unfamiliar
out-group). The dynamic face and voice cues of the same actors were
synchronized, and conveyed either congruent (e.g., happy face and
voice) or incongruent emotions (e.g., happy face and angry voice).
Participants were to indicate the perceived emotion in one of the cues,
while ignoring the other. The results showed that when recognizing
emotions of in-group actors, highly anxious individuals, compared
with low anxious ones, were more likely to interpret others’ emotions
in a negative manner, putting more weight on the to-be-ignored angry
cues. This interpretation bias was found regardless of the cue modality.
However, when recognizing emotions of out-group actors, low and
high anxious individuals showed no difference in the interpretation
of emotions irrespective of modality. These results suggest that traitanxiety affects recognition of emotional expressions in a modality
independent, yet cultural familiarity dependent manner.
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Individual differences on the McGurk effect:
An Examination with the Autism trait and
Schizotypal Personality
Yuta Ujiie (Chiba University; chiba_psyc_individual@yahoo.co.jp)
Tomohisa Asai (Chiba University; as@psybox.org)
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The McGurk effect is a perceptual phenomenon that demonstrates
interaction between hearing and vision in speech perception. This effect
may be experienced when a visual of the production of a phoneme
is dubbed with a sound recording of a different phoneme being
spoken,wherein the perceived phoneme is often the third,intermediate
phoneme. In the present study,we examined the potential individual
differences in the McGurk effect among 51 healthy students. The results
suggested that people with higher scores for schizophrenic or autistic
traits respectively might report less /ka/ responses (visually captured
responses) but more /ta/ responses (vision-audio mixed responses) in
the McGurk condition (visually /pa/ but auditor/ka/). This indicates
that such people might show a preference for auditory information over
visual information. Both schizophrenia and autism might have deficits
in social functioning. If an individual has a poor level of interpersonal
skills,this would reflect in the result since he/she might not be able to
read others' lips automatically.

How does temporal frequency affect
impression formation for audio-visual stimuli?
Miharu Yamada (Chiba University; y.miharu.amada@gmail.com)
Makoto Ichikawa (Chiba University; ichikawa@l.chiba-u.ac.jp)
In this study, we examined the effects of the temporal frequency of the
audio–visual stimuli on the impression formation and perception of the
temporal congruency. In our previous study (2010) with two temporal
frequency conditions (108, and 216bpm), we found that both of the
processing which underlies the impression formation of the temporal
congruency and the processing which underlies the perceptual judgment
depend not only upon the time lag between the audio and visual stimuli,
but also upon the temporal frequency of the stimuli. As visual stimulus,
we used repetitive luminance change of the computer graphic image
with a constant temporal frequency (87, 108, 146, or 216bpm). As audio
stimulus, we used periodic drum sounds consisted of a low tam and
three cymbals. There were nine conditions for asynchrony between the
visual and audio stimuli (±0, 96, 192, 288, and 384ms). We found that
the range of the audio-visual asynchrony for the temporal congruent
impression is much narrower than the range for the temporal congruent
perception. These results suggest that the perception of the temporal
congruency does not determine the impression formation for the
temporal congruency.

1-27
Audio-visual integration of emotional
information
Penny Bergman (Chalmers University of Technology;
penny.bergman@chalmers.se)

Daniel Västfjäll
Ana Tajadura-Jiménez (Royal Holloway, University of London;

ana.tajadura@rhul.ac.uk)

Emotions are central to our perception of the environment surrounding
us (Berlyne, 1971). An important aspect in the emotional response
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to a sound is dependent on the meaning of the sound, i.e. it is not the
physical parameter per se that determines our emotional response to
the sound but rather the source of the sound (Genell, 2008), and the
relevance it has to the self (Tajadura-Jiménez et al., 2010). When
exposed to sound together with visual information the information from
both modalities is integrated, altering the perception of each modality,
in order to generate a coherent experience. In emotional information this
integration is rapid and without requirements of attentional processes
(De Gelder, 1999). The present experiment investigates perception
of pink noise in two visual settings in a within-subjects design. 19
participants rated the same sound twice in terms of pleasantness and
arousal in either a pleasant or an unpleasant visual setting. The results
showed that pleasantness of the sound decreased in the negative visual
setting, thus suggesting an audio-visual integration, where the affective
information in the visual modality is translated to the auditory modality
when information-markers are lacking in it. The results are discussed in
relation to theories of emotion perception.

explicitly requiring to pose in a smiling face (Strack, Martin, & Stepper,
1988). Under the control condition, participants held the pen with lips
to inhibit those muscles. Before and after the pen-holding, participants
viewed bi-stable figures (e.g., Rubin Vase) and reported the timings
which their percept (narrow or broad perspective) flipped. The result
indicated successful mood induction: the teeth group rated comic-stimuli
funnier than the control group. None of the participants were unaware
of the purpose of the manipulation. Most importantly, the dominance of
the broad percepts of the bi-stable figures was greater under the teeth
condition. No such effect was found under the lip condition. These
results suggest that the positive mood with implicit peripheral facialmuscle control broadens the scope of visual processing.
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Relationships between cognitive functions and
mood of elders in an institute
Michiyo Ando (St. Mary's College; andou@st-mary.ac.jp)
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Hiroko Kukihara (Junshin Gakuen University; kukihara@junshin-u.ac.jp)
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Effects of Facial Expressions on Recognizing
Emotions in Dance Movements

This study examined the relationships between cognitive functions and
mood of elders in an institution. Nine elders received the POMS (Profile
of Mood Scale: Tense-Anxiety, Depression, Angry, Vigor, Fatigue,
Confusion) to measure their mood, the Stroop test and the reverseStroop test to measure their cognitive functions. The Stroop interference
shows that elders’ responses are influenced by word when they name
ink-color of an interfered color-word combination. The reverse-Stroop
interference shows that they are interfered by color when they name
word of an incongruent color-word combination. POMS scores were
under the cut-off points, and the total correct response score related
with Vigor (r=0.62, p=0.04). The Stroop interference score was at the
standard level, but, the reverse-Stroop interference score was lower than
that. The Stroop interference score related with Vigor (r=-0.65, p=0.03),
the inverse-Stroop interference score related with Tense-Anxiety
(r=-0.70, p=0.02) and Confusion (r=-0.61, p=0.04). These results
shows that, 1) mood of elders in the institution were at healthy level
and elders with high vigor responded correctly, 2) they could read word
with high level, 3)elders with high vigor treated color correctly without
interference by word, 4) elders with high tension and confusion treated
with word without inference by color.

Nao Shikanai (Ritsumeikan University; nao-shika@hotmail.co.jp)
Kozaburo Hachimura (Ritsumeikan University;
gr0053hp@ed.ritsumei.ac.jp)
Effects of facial expressions on recognizing emotions expressed in
dance movements were investigated. Dancers expressed three emotions:
joy, sadness, and anger through dance movements. We used digital
video cameras and 3D motion capturing system to record and capture
the movements. We then created full-video displays with an expressive
face, full-video displays with an unexpressive face, stick figure displays
(no face), or point-light displays (no face), from these data using 3D
animation software. To make point-light displays, 13 markers were
attached to the body of each dancer. We examined how accurately
observers were able to identify the expression that the dancers intended
to create through their dance movements. Dance experienced and
inexperienced observers participated in the experiment. They watched
the movements and rated the compatibility of each emotion with
each movement on a 5-point Likert scale. The results indicated that
both experienced and inexperienced observers could identify all the
emotions that dancers intended to express. Identification scores for
dance movements with an expressive face were higher than for other
expressions. This finding indicates that facial expressions affect the
identification of emotions in dance movements, whereas only bodily
expressions provide sufficient information to recognize emotions.
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A basic study on P300 event-related potentials
evoked by simultaneous presentation of visual
and auditory stimuli for the communication
interface
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Implicit mood induction and scope of visual
processing
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Masayoshi Nagai (National Institute of Advanced Industrial Science and
Technology; masayoshi-nagai@aist.go.jp)

We have been engaged in the development of a brain-computer interface
(BCI) based on the cognitive P300 event-related potentials (ERPs)
evoked by simultaneous presentation of visual and auditory stimuli in
order to assist with the communication in severe physical limitation
persons. The purpose of the simultaneous presentation of these stimuli
is to give the user more choices as commands. First, we extracted P300
ERPs by either visual oddball paradigm or auditory oddball paradigm.
Then amplitude and latency of the P300 ERPs were measured. Second,

The present study examined the impact of implicit mood manipulation
on the scope of visual processing. Previous studies have shown that
the scope expands when participants explicitly receive positive mood
manipulation. Thus it is unclear whether the same principle applies to
the case in which participants’ mood is induced implicitly. We adopted
an implicit mood manipulation in which participants held a pen in their
teeth so that the muscles associated with smiling are activated without
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greater activity for the Vw condition versus the Aw condition (k > 10, p
< .001, uncorrected). Taken together, the left superior temporal region
could play an essential role in the retrieval process of auditory-word
associations.
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Theoretical model comparison in cross-modal
sensory substitution
Tzu-Chun Chen (Queen Mary University of London;
tcchen@dcs.qmul.ac.uk)
Mu-Yun Wang (Queen Mary University of London; muyunwang@gmail.com)
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Animal brain is able to replace the function of one sensory modality
into another, which is known as sensory substitution. This cross-modal
plasticity has mainly been studied to replace the lost of certain animal
sensation, such as visual or auditory perception. The most studied
fields are Braille reading and visual information transportation for blind
people. Recent studies have developed non-invasive simulation systems
using audio or electrotactile signals for visual substitution.
However, how to theoretically assure that one sensory modality can
simulate the other is a fundamental question and has been rarely studied
in literatures. With experiments and real-life data, this work aims to
establish formal syntax and semantics for sensory modality to capture
the behaviours of tactile/audition and visual sensations. Based on picalculus, a famous behavioural theory in computer science, we prove
that targeted modality models are bisimilar or even equivalent. As
a contribution, our theory provides the key basis for reasoning and
constructing sensory substitution.

Different Neural Networks Are Involved in
Cross-modal Non-spatial Inhibition of Return
(IOR): The effect of the Sensory Modality of
Behavioral Targets
Qi Chen (South China Normal University; qi.chen27@gmail.com)
Lihui Wang (South China Normal University; lihui.wang28@gmail.com)
We employed a novel cross-modal non-spatial inhibition of return (IOR)
paradigm with fMRI to investigate whether object concept is organized
by supramodal or modality-specific systems. A precue-neutral cue-target
sequence was presented and participants were asked to discriminate
whether the target was dog or cat. The precue and the target could be
either picture or vocalization of a dog or cat. The neutral cue (bird)
was always from the same modality as the precue. Behaviorally, for
both visual and auditory targets, the main effect of cue validity was
the only significant effect, p<0.01, with equivalent effects for withinand cross-modal IOR. Neurally, for visual targets, left inferior frontal
gyrus and left medial temporal gyrus showed significantly higher neural
activity in cued than uncued condition irrespective of the precue-target
relationship, indicating that the two areas are involved in inhibiting
a supramodal representation of previously attended object concept.
For auditory targets, left lateral occipital gyrus and right postcentral
gyrus showed significantly higher neural activity in uncued than cued
condition irrespective of the cue-target relationship, indicating that the
two areas are involved in creating a new supramodal representation
when a novel object concept appears.
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Cross-modal Correspondence between
Brightness and Chinese Speech Sound with
Aspiration
Sachiko Hirata (Kobe University; shirata@lit.kobe-u.ac.jp)
Shinichi Kita (Kobe University; kita@lit.kobe-u.ac.jp)
Phonetic symbolism is a phenomenon that speech sound evokes
images based on sensory experiences and thus often discussed with
the similarity for cross-modal correspondence. By using Garner’s task,
Hirata, Kita, and Ukita (2009) showed the cross-modal congruence
between brightness and voiced/voiceless consonants in Japanese speech
sound, which is known as phonetic symbolism. In the present study, we
examined the effect of the meaning of mimetics (lexical words which
has relationship between its sound and meaning, like “ding-dong”) in
Japanese language on the cross-modal correspondence. We conducted
an experiment with Chinese speech sounds with or without aspiration
and the same task to Chinese people. Chinese vocabulary also contains
mimetics but the existence of aspiration doesn’t relate to the meaning of
Chinese mimetics. As a result, Chinese speech sounds with aspiration,
which resemble voiceless consonants, were matched with white color,
whereas those without aspiration were matched with black. This result is
identical to its pattern in Japanese people and consequently suggests that
cross-modal correspondence occurs without the effect of the meaning of
mimetics. The problem that whether these cross-modal correspondences
are purely based on physical properties of speech sound or affected from
phonetic properties remains for further study.
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Superior Temporal Activity for the Retrieval
Process of Auditory-Word Associations
Toshimune Kambara (Tohoku University; toshimune@idac.tohoku.ac.jp)
Takashi Tsukiura (Tohoku University; t-tsukiura@idac.tohoku.ac.jp)
Rui Nouchi (Tohoku University; rnouchi@idac.tohoku.ac.jp)
Yayoi Shigemune (Tohoku University; gemune@idac.tohoku.ac.jp)
Yukihito Yomogida (Tohoku University; yomogita@idac.tohoku.ac.jp)
Akitake Kanno (Tohoku University; akik@idac.tohoku.ac.jp)
Ryuta Kawashima (Tohoku University; ryuta@idac.tohoku.ac.jp)
Previous neuroimaging studies have reported that learning multisensory associations involves the superior temporal regions (Tanabe et
al., 2005). However, the neural mechanisms underlying the retrieval of
multi-sensory associations were unclear. This functional MRI (fMRI)
study investigated brain activations during the retrieval of multi-sensory
associations. Eighteen right-handed college-aged Japanese participants
learned associations between meaningless pictures and words (Vw),
meaningless sounds and words (Aw), and meaningless sounds and
visual words (W). During fMRI scanning, participants were presented
with old and new words and were required to judge whether the words
were included in the conditions of Vw, Aw, W or New. We found that
the left superior temporal region showed greater activity during the
retrieval of words learned in Aw than in Vw, whereas no region showed
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visual and auditory stimuli were presented simultaneously, we measured
the P300 ERPs varying the condition of combinations of these stimuli.
In this report, we used 3 colors as visual stimuli and 3 types of MIDI
sounds as auditory stimuli. Two types of simultaneous presentations
were examined. The one was conducted with random combination. The
other was called group stimulation, combining one color such as red
and one MIDI sound such as piano in order to make a group and three
groups were made. Each group was presented to users randomly. We
evaluated the possibility of BCI using these stimuli from the amplitudes
and the latencies of P300 ERPs.

greatest care of exact alignment of sound-sources and visual objects
using ambisonic-encoded audio processed by a HRTF-filterbank.
We present empirical data that confirm ecological realism of this setup
and discuss its suitability for multi-sensory-motor research.
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The sense of verisimilitude has different
spatial-temporal characteristics from those
producing the sense of presence in the
evaluation process of audiovisual contents
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Video Conference System That Keeps Mutual
Eye Contact Among Participants
Masahiko Yahagi (The University of Electro-Communications;
yamasa@kje.biglobe.ne.jp)
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Realization of high-definition multimodal displays is keenly required for
the advancement of information and communications technologies. As
an index of high- definition display systems, the sense of presence has
been widely investigated. Both theoretically and empirically, such sense
has been found to relate more dominantly to background components
contained in a scene. In contrast, the appreciative role of foreground
components in multimodal contents has not been investigated in detail.
Therefore, we have been focusing on the sense of verisimilitude as
another index. We recently studied how the sense of verisimilitude and
the sense of presence were affected by temporal asynchrony between
foreground audio-visual components of a Japanese garden and suggested
that the sense of verisimilitude has significantly different characteristics
from the sense of presence. To investigate whether this result would be
valid more generally, we conducted an experiment using other audiovisual content, namely, a clip of western orchestral music. Similar
results were observed the sense of verisimilitude is more sensitive to
audiovisual synchronicity than display size, while the sense of presence
is more sensitive to the spatial size than the temporal property. Hence,
the sense of verisimilitude can be another useful index, distinguishable
from the sense of presence.

A novel video conference system is developed. Suppose that three
people A, B and C attend the video conference, the proposed system
enables eye contact among every pairs. Furthermore, when B and C
chats, A feels as if B and C were facing each other ( Eye contact seems
to be kept among B and C.)
In case of triangle video conference, respective video system is
composed of a half mirror, two video cameras and two monitors. Each
participant watches other participant’s images that are reflected by the
half mirror. Cameras are set behind the half mirror. Since participant’
s image (face) and the camera position are adjusted to be the same
direction, eye contact is kept and conversation becomes very natural
comparing conventional video conference systems where participant’s
eye does not point to the other participant.
When 3 participants sit at the vertex of an equilateral triangle, eyes can
be kept even for the situation mentioned above (Eye contact between B
and C from the aspect of A ).
Eye contact can be kept not only for 2 or 3 participants but also any
number of participants as far as they sit at the vertex of a regular
polygon.
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Multi-Sensory-Motor Research: Investigating
Auditory, Visual and Motor Interaction in Virtual
Reality Environments

Audio-visual cross-modal association in color
and sound perception
Tomoaki Nakamura (Kobe University; yellow198484@gmail.com)
Yukio Pegio Gunji (Kobe University; yukio@kobe-u.ac.jp)

Thorsten Kluss (Bremen University; tox@uni-bremen.de)
Niclas Schult (Bremen University; nschult@informatik.uni-bremen.de)
Tim Hantel (Bremen University; thantel@informatik.uni-bremen.de)
Christoph Zetzsche (Bremen University;

Previous studies have shown that there are similar straightforward
relationship between lightness and pitch in synaesthetes and
nonsynaesthetes (Mark, 1974; Hubbard, 1996; Ward et al., 2006).
These results indicated that nonsynaesthetes have similar lightnesspitch mapping with synaesthetes. However, in their experimental
paradigm such a similarity seems to stem from not so much sensory
phenomena as high-level memory associations in nonsynaesthetes.
So, we examined what process in perception and/or cognition relates
lightness-pitch synaesthesia-like phenomena in nonsynaethetes. In our
study we targeted perceived colors (luminance) per se rather than the
imagery of color (luminance) via memory association.Results indicated
that the performance in color selection were interfered by taskirrelevant stimuli (auditory information) but there were little significant
correlation between color and auditory stimuli (pitch) in simple color
conditions. However, in subjective figures conditions, result showed
different tendency and partly showed correlations. Recent work
indicated synaesthesia need selective attention (Rich et al., 2010) and
some research showed perception of subjective contours need attention
(Gurnsey, 1996). We conjecture that lightness-pitch synaesthesia-like
phenomena may need some kind of attention or the other higher brain
activity (e.g., memory association, cognition).

zetzsche@informatik.uni-bremen.de)
Kerstin Schill (Bremen University; kschill@informatik.uni-bremen.de)

Perception in natural environments is inseparably linked to motor
action. In fact, we consider action an essential component of perceptual
representation. But these representations are inherently difficult to
investigate: Traditional experimental setups are limited by the lack of
flexibility in manipulating spatial features. To overcome these problems,
virtual reality (VR) experiments seem to be a feasible alternative
but these setups typically lack ecological realism due to the use of
“unnatural” interface-devices (joystick).
Thus, we propose an experimental apparatus, which combines
multisensory perception and action in an ecologically realistic way. The
basis is a 10-foot hollow sphere (VirtuSphere) placed on a platform that
allows free rotation. A subject inside can walk in any direction for any
distance immersed into virtual environment. Both the rotation of the
sphere and movement of the subject’s head are tracked to process the
subject’s view within the VR-environment presented on a head-mounted
display. Moreover, auditory features are dynamically processed taking
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The effects of listener's familiarity about a
talker on the free recall task of spoken words

Freezing in touch: Sound enhances tactile
perception

Chikako Oda (Kyoto University; chikako.0219@hotmail.co.jp)
Naoshi Hiraoka (Kyoto University; naoshi@media.kyoto-u.ac.jp)
Shintaro Funahashi (Kyoto University;

Ya-Yeh Tsai (National Taiwan University; b96207040@ntu.edu.tw)
Su-Ling Yeh (National Taiwan University; suling@ntu.edu.tw)
Perceptual segregation in rapidly changing visual displays can be
facilitated by a synchronized salient sound that segregates itself from
other sounds in the sequence (Vroomen & de Gelder, 2000). We
examined whether this “freezing” phenomenon can also be found
in tactile perception. Three vibrators were placed on the participant’
s palm to produce four different tactile patterns. Four sounds were
presented separately and simultaneously with each of the four tactile
patterns. Among the three same-pitch tones, an abrupt high-pitch tone
was presented simultaneously with the designated temporal position of
the target pattern in the sequence of tactual stimuli that was presented
rapidly and repeatedly. The task was to identify the tactile pattern of
the target. Results showed that participants responded faster and more
accurately with the high-pitch tone, compared to the condition when all
the tones were of the same pitch. However, the result reversed when an
extra tactile cue was presented on the wrist. This suggests that a salient
auditory signal can improve perceptual segregation not only in vision
but also in touch. That is, it is a cross-modal facilitation, not an alerting
or attentional cueing effect.

funahashi.shintaro.2z@kyoto-u.ac.jp)

Several recent studies have examined an interaction between talker’
s acoustic characteristics and spoken word recognition in speech
perception and have shown that listener’s familiarity about a talker
influences an easiness of spoken word processing. The present study
examined the effect of listener’s familiarity about talkers on the free
recall task of words spoken by two talkers. Subjects participated in
three conditions of the task: the listener has (1) explicit knowledge, (2)
implicit knowledge, and (3) no knowledge of the talker. In condition (1),
subjects were familiar with talker’s voices and were initially informed
whose voices they would hear. In condition (2), subjects were familiar
with talker’s voices but were not informed whose voices they would
hear. In condition (3), subjects were entirely unfamiliar with talker’
s voices and were not informed whose voices they would hear. We
analyzed the percentage of correct answers and compared these results
across three conditions. We will discuss a possibility whether a listener’s
knowledge about the individual talker’s acoustic characteristics stored in
long term memory could reduce the quantity of the cognitive resources
required in the verbal information processing.
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See you, feel me: Watching tactile events on an
actor's body modifies subjective sensation of
tactile events on one's own body
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and visual distractors

Richard Thomas (St Mary's University College; thomasr@smuc.ac.uk)
Daniel Curran (St Mary's University College; currand@smuc.ac.uk)

Malika Auvray (Laboratoire d’Informatique pour la Mécanique et les Sciences

de l’Ingénieur (LIMSI), CNRS UPR 3251, Orsay; malika@malika-auvray.com)
Alberto Gallace (Universita’ degli Studi di Milano Bicocca;
alberto.gallace1@unimib.it)
Takako Yoshida (Oxford University; takako.yoshida@psy.ox.ac.uk)
Charles Spence (Oxford University; charles.spence@psy.ox.ac.uk)

Change blindness studies have revealed people’s inability to detect
changes between two consecutively presented scenes when they are
separated by a distractor. This failure has been reported within vision,
audition, and touch but also crossmodally. In particular, participants’
performance in detecting changes in position between two tactile scenes
is impaired not only when a tactile mask is introduced between the two
to-be-compared displays but also when a visual mask is used instead.
Interestingly, with similar procedure, there is no effect of auditory
masks on a tactile task or of tactile masks on a visual task (Auvray et
al., 2007, 2008; Gallace et al., 2006). Such crossmodal change blindness
effect also occurs when participants perform a different task. In a
recent experiment, participants had to detect changes in the frequency
of presentation of tactile stimuli. The two to-be-compared sequences
of three tactile stimuli were presented either at a same or at a different
rate. They were presented either consecutively, separated by an empty
interval, a tactile, visual, or auditory mask. The visual and tactile masks
significantly impaired participants’ performance whereas the auditory
mask had no effect on performance. These findings are discussed in
relation to the crossmodal nature of attention.

In recent work Thomas et al (under review) examined the subjective
effects of action observation on sensory perception. They found that
when we watch the actions of an actor, subjective sensory experience is
enhanced at the equivalent location on the subject’s body. In the present
study we looked at whether this sensory transfer might also occur for
more specific sensations such as roughness/unpleasantness and softness/
pleasantness. We found that when participants watched another person
being stroked with a soft/pleasant object (e.g. velvet), their sensation of
pleasantness was increased when they were simultaneously stimulated
with more pleasant (i.e., higher frequency) stimuli on the corresponding
area of their own body. We concluded that seeing a person being touched
with stimuli perceived as pleasant or unpleasant amplifies judgements
about stimuli when they are presented to the same body location
on another person, and therefore suggests a cross modal interaction
between vision and touch. This mechanism might allow transfer of
affective dimensions of touch, a mechanism we suggest could impact on
the nature of advertising and influence how organisations produce and
market their products.
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The coupling between gamma and theta
oscillation and visuotactile integration process
Noriaki Kanayama (The University of Tokyo;
kanayama@ardbeg.c.u-tokyo.ac.jp)

Kenta Kimura (Kwansei Gakuin University; kkimura@kwansei.ac.jp)
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Some researches revealed the relationship between multisensory
integration and EEG oscillations. Previous studies revealed that the
visuotactile integration process could be explained by gamma and theta
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band oscillation. In addition, recent studies have showed the possibility
that a coupling between oscillations at the different frequency bands
plays an important role on the multisensory integration system. This
study aimed to investigate whether the gamma and theta oscillations
show the coupling during the visuotactile integration. Using congruency
effect paradigm only for left hand, we measured scalp EEG during
simultaneous presentation of “spatially congruent” or “spatially
incongruent” visuotactile stimuli. In Experiment 1, the proportion of
the spatially congruent trials (80% vs 20%) was changed across the
experimental blocks. The results showed that the relationship between
gamma power and theta phase at the parietal area was modulated by
the proportion. In Experiment 2, the saliency of the vibration stimulus
(0dB vs -20dB) was changed across trials. The results showed that the
relationship between gamma power and theta phase was immune to the
saliency. These results suggest that multisensory integration process has
a plasticity, which is modulated by the proportion of congruent trial, and
the process could be explained by the coupling between gamma/theta
oscillations.

target positions as experimental results. The experiments showed all of
volunteers became able to actively control independent visual axes and
correctly understood two different views by using Virtual Chameleon,
even though two independent view fields yielded binocular rivalry to
volunteers and binocular rivalry reduced human capabilities compared
to cases without Virtual Chameleon.

1-47
Critical factors for inducing curved
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We are able to make a saccade toward a tactile stimuli to one hand, but
trajectories of many saccades curved markedly when the arms were
crossed (Groh & Sparks, 2006). However, it remains unknown why
some curved and others did not. We therefore examined critical factors
for inducing the curved somatosensory saccades. Participants made a
saccade as soon as possible from a central fixation point toward a tactile
stimulus delivered to one of the two hands, and switched between armscrossed and arms-uncrossed postures every 6 trials. Trajectories were
generally straight when the arms were uncrossed, but all participants
made curved saccades when the arms were crossed (12-64%). We found
that the probability of curved saccades depended critically on the onset
latency: the probability was less than 5% when the latency was larger
than 250 ms, but the probability
increased up to 70-80% when the onset latency was 160 ms. This
relationship was shared across participants. The results suggest that a
touch in the arms-crossed posture was always mapped to the wrong
hand in the initial phase up to 160 ms, and then remapped to the correct
hand during the next
100 ms by some fundamental neural mechanisms shared across
participants.

1-45
Digging up von Békésy: Funneling of touches
around the body
Lisa Marie Pritchett (York University; lmpritch@yorku.ca)
Laurence R Harris (York University; harris@yorku.ca)
We investigated a technique that can be used to place tactile stimuli
on a continuum between two points using two tactors placed several
centimeters apart. As von Békésy first described in 1959, when two
pieces of skin several centimeters apart are simultaneously stimulated, a
single touch is perceived at an intermediate location. When the relative
intensity of the vibration of the two tactors is slowly adjusted from 1:0
to 0:1 a sensation is created of a touch moving across the skin. This has
come to be known as the funneling illusion. We have characterized the
funneling illusion on a variety of body parts including the hand, arm,
wrist, head, torso, and legs. We show that the illusion is robust to a
variety of vibration parameters, and demonstrate how it may be used for
within modality touch discrimination and adjustment procedures.
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To investigate flexible adaptation of visual system, we developed a
system to provide a user an artificial oculomotor function to control
directions of both eyes. The system named “Virtual Chameleon”
consists of two CCD cameras independently controlled and a headmounted display. The user can control each tracking directions
of two cameras with sensors set to both hands so that the user can
get independent arbitrary view fields for both eyes. We performed
fundamental experiments to evaluate capability to evaluate adaptation
to use of Virtual Chameleon and effects on the user’s capabilities.
Eleven healthy volunteers with normal and corrected-to-normal vision
participated in the experiments. The experiments were tests to find out
each position of targets put in both side of a subject. In the experiments,
a condition using Virtual Chameleon and a condition without it was
adopted. We obtained accuracy rates and time intervals to find out
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The spatial modulation effect has been reported in somatosensory spatial
judgments when the task-irrelevant auditory stimuli are given from the
opposite direction.
Two experiments examined how the spatial modulation effect on
somatosensory spatial judgments is altered in various body regions and
their spatial locations.
In experiment 1, air-puffs were presented randomly to either the left or
right cheeks,hands (palm versus back) and knees while auditory stimuli
were presented from just behind ear on either the same or opposite side.
In experiment 2, air-puffs were presented to hands which were aside of
cheeks or placed on the knees.
The participants were instructed to make speeded discrimination
responses regarding the side (left versus right) of the somatosensory
targets by using two footpedals.
In all conditions, reaction times significantry increased when the
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Is there audio-tactile interaction in perceptual
organization?
I-Fan Lin (NTT Communication Science Laboratories;
ifan1976@hotmail.com)
Makio Kashino (NTT Communication Science Laboratories;
kashino.makio@lab.ntt.co.jp)

arai@ei.nagano-nct.ac.jp)

We have been engaged in the development of a new support device for
subjects whose independent daily activities are limited due to severe
progressive neuromuscular disease. In this study, we examined the
possibility of developing a P300-type BCI (brain–computer interface)
using orientation discrimination of stimulus sound with auditory
lateralisation using a virtual sound source for air-conducted sound
presented to the subject bitemporally. Sound stimulation with sound
localization used in the study had a level difference of approximately
10 dB and time difference of approximately 0.6 ms, and was fixed at
60° to the left and to the right from the median. It was suggested that a
virtual sound source with sound image fixed in left and right directions
with added difference between the left and right ears can be used for
development of a P300-type BCI by applying auditory stimulation.
To further proceed to the development of a P300-type BCI system
using auditory stimulation with comfort and convenience with the aim
of reducing user burden in a clinical setting, we will reexamine the
extraction algorithm for the target waveform, and examine the effects
of the interval between stimulus presentation to make this a daily
life supporting system to realise a faster and more efficient multiple
command sending mechanism.

Sounds often accompany tactile stimulation. The present study
investigated if the temporal coherent auditory and tactile stimuli can
be grouped together to form a perceptual stream. The experiments
measured listeners' sensitivity to detect synchrony between a pair of
auditory or tactile stimuli (in a 2I-2AFC task), either in isolation or
embedded in a sequence of stimuli in the same modality (i.e., 'captors')
that was designed to perceptually 'capture' the target stimulus into
a sequential stream. In some conditions, the captors were presented
together with stimuli from the same or different modality. Results
show that these accompanying tones did improve auditory synchrony
detection when the captors were presented, but the accompanying taps
did not, no matter whether the test tone pairs were separated by 6 or 11
semitones. On the other hand, the accompanying tones did not improve
tactile synchrony detection when the captors were presented, no matter
whether the test tap pairs were on the same hand or different hands.
The observations did not find significant audio-tactile interactions in
streaming at or below the level of synchrony detection across auditory
filters and across hands. Nevertheless, the interactions may occur at
higher-level processing of perceptual organization.
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Rapid auditory system adaptation using a
virtual auditory environment

Event-related potentials reflect speech-relevant
somatosensory-auditory interactions

Gaëtan Parseihian (LIMSI-CNRS; Gaetan.Parseihian@limsi.fr)
Brian FG Katz (LIMSI-CNRS; brian.katz@limsi.fr)

Takayuki Ito (Haskins Laboratories; taka@haskins.yale.edu)
Vincent L. Gracco (McGill University; vincent.gracco@mcgill.ca)
David J. Ostry (McGill University; david.ostry@mcgill.ca)

Various studies have highlighted plasticity of the auditory system
from visual stimuli, limiting the trained field of perception. The aim
of the present study is to investigate auditory system adaptation using
an audio-kinesthetic platform. Participants were placed in a Virtual
Auditory Environment allowing the association of the physical position
of a virtual sound source with an alternate set of acoustic spectral cues
or Head-Related Transfer Function (HRTF) through the use of a tracked
ball manipulated by the subject. This set-up has the advantage to be not
being limited to the visual field while also offering a natural perceptionaction coupling through the constant awareness of one’s hand position.
Adaptation process to non-individualized HRTF was realized through
a spatial search game application. A total of 25 subjects participated,
consisting of subjects presented with modified cues using nonindividualized HRTF and a control group using individual measured
HRTFs to account for any learning effect due to the game itself. The
training game lasted 12 minutes and was repeated over 3 consecutive
days. Adaptation effects were measured with repeated localization tests.
Results showed a significant performance improvement for vertical
localization and a significant reduction in the front/back confusion rate
after 3 sessions.

An interaction between orofacial somatosensation and the perception
of speech was demonstrated in recent psychophysical studies (Ito et al.
2009; Ito and Ostry 2009). To explore further the neural mechanisms
of the speech-related somatosensory-auditory interaction, we assessed
to what extent multisensory evoked potentials reflect multisensory
interaction during speech perception. We also examined the dynamic
modulation of multisensory integration resulting from relative timing
differences between the onsets of the two sensory stimuli. We recorded
event-related potentials from 64 scalp sites in response to somatosensory
stimulation alone, auditory stimulation alone, and combined
somatosensory and auditory stimulation. In the multisensory condition,
the timing of the two stimuli was either simultaneous or offset by 90
ms (lead and lag). We found evidence of multisensory interaction with
the amplitude of the multisensory evoked potential reliably different
than the sum of the two unisensory potentials around the first peak of
multisensory response (100 – 200 ms). The magnitude of the evoked
potential difference varied as a function of the relative timing between
the stimuli in the interval from 170 to 200 ms following somatosensory

[41]
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stimulation. The results demonstrate clear multisensory convergence
and suggest a dynamic modulation of multisensory interaction during
speech.

irrelevant stimuli were presented from the opposite side rather than from
the same side.
We found that the back of the hands were more influenced by
incongruent auditory stimuli than cheeks, knees and palms,and that
the hands were more influenced by incongruent auditory stimuli when
placed at the side of cheeks than on the knees.
These results indicate that the auditory-somatosensory interaction differs
in various body regions and their spatial locations.
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Distortion of auditory space during linear selfmotion

Influence of auditory and haptic stimulation in
visual perception
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This study investigated how auditory space was represented during
linear self-motion. Participants were passively transported forward or
backward at constant accelerations by a robotic wheelchair. A short
noise burst (30 ms) was presented during self-motion via a loudspeaker
aligned parallel with the traveling direction. In Experiment 1, the
participants judged in which direction (incoming or outgoing) the noise
burst was presented (i.e., two alternative forced choice task).
The auditory stimulus perceived to be aligned with the subjective
coronal plane shifted in the traveling direction only during forward selfmotion. The amount of shift increased with increasing acceleration. In
Experiment 2, we examined the accuracy of sound localization during
forward self-motion by employing a pointing method. Whereas the
auditory stimulus located on the physical coronal plane was almost
accurately perceived, those well located in the incoming space were
perceived closer to the participants than the physical positions during
forward self-motion. These results suggest that the representation of
auditory space in the traveling direction was compressed during forward
accelerations.

ykazu@be.kagoshima-u.ac.jp)

John Rothwell (University College London; j.rothwell@ion.ucl.ac.uk)
While many studies have shown that visual information affects
perception in the other modalities, little is known about how auditory
and haptic information affect visual perception. In this study, we
investigated how auditory, haptic, or auditory and haptic stimulation
affects visual perception.
We used a behavioral task based on the subjects observing the
phenomenon of two identical visual objects moving toward each other,
overlapping and then continuing their original motion. Subjects may
perceive the objects as either streaming each other or bouncing and
reversing their direction of motion. With only visual motion stimulus,
subjects usually report the objects as streaming, whereas if a sound or
flash is played when the objects touch each other, subjects report the
objects as bouncing (Bounce-Inducing Effect).
In this study, “auditory stimulation”, “haptic stimulation” or “haptic
and auditory stimulation” were presented at various times relative
to the visual overlap of objects. Our result shows the bouncing rate
when haptic and auditory stimulation were presented were the highest.
This result suggests that the Bounce-Inducing Effect is enhanced by
simultaneous modality presentation to visual motion. In the future, a
neuroscience approach (e.g. TMS, fMRI) may be required to elucidate
the brain mechanism in this study.
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movement deteriorate during sound
localization
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Analyses of spatiotemporal information of
human imitated motion after visual learning of
other person's `darts' throwing

Although a sound position without head movement localized, front-back
confusion frequently occurs. Moreover, sound localization accuracy,
especially front-back confusion, can be dramatically improved by
listener head movement. This clearly shows that in sound localization
both static cues involved in the sound signal input to the two ears and
dynamic cues caused by listener motion are used. However, there
have been few studies concerning spatial hearing dynamic situations.
In this study, therefore, listener detection thresholds of movement of
a sound stimulus during a sound localization task with head rotation
were measured. Participants were first trained to rotate their heads at
an indicated speed. Then during a sound localization trial, they were
instructed to rotate their heads the direction of a sound stimulus at the
speed. As a 2AFC paradigm was used, in one of two successive trials,
the sound position (azimuthal angle) slightly moved during the rotation.
Participants were asked to judge in which trial the sound stimuli moved.
Results revealed that detection thresholds were dynamically raised when
participants rotated their heads. Moreover, this effect did not depend
on the velocities. These findings may suggest that a process similar to
saccadic suppression in vision exists in dynamic sound localization.

Yuya Akasaka (Kogakuin University; j207002@ns.kogakuin.ac.jp)
Miyuki G. Kamachi (Kogakuin University; miyuki@cc.kogakuin.ac.jp)
Humans recognize other persons’ motion and sometimes move our
own body including arms, foots and face, imitating the other’s motion.
A previous study[1] reported that it was more natural for humans to
imitate others’ ipsilateral hand than their contralateral hand. Previous
studies reported that the reaction times for identifying objects depend
on perceivers’ viewpoint, suggesting that human imitation can also be
considered as the process of mental rotation. The purpose of this study
is to investigate the spatiotemporal kinetic information in imitated
action. We focused on the arm-movement of ‘darts’ action while people
were moving their body after learning a specific model’s darts action.
All the motion data was obtained by the motion capture system. Right
handed participants observed videos of a model and imitated the model
with their right hand. Learned videos had following two types. The one
was the original video direction, and the other was a horizontally-rotated
video of the original clips. The data analysis reported here was focused
on the time length of whole/part of each movement. The result suggests
that the time of imitated others’ contralateral hand is longer than that
of ipsilateral hand, due to the process of mental rotation of their arm
direction.

[42]

Adaptation to delayed speech feedback
induces temporal recalibration between vocal
sensory and auditory modalities
Kosuke Yamamoto (Keio University; ko11skey@gmail.com)
Hideaki Kawabata (Keio University; kawabata@flet.keio.ac.jp)
We ordinarily perceive our voice sound as occurring simultaneously
with vocal production, but the sense of simultaneity in vocalization can
be easily interrupted by delayed auditory feedback (DAF). DAF causes
normal people to have difficulty speaking fluently but helps people
with stuttering to improve speech fluency. However, the underlying
temporal mechanism for integrating the motor production of voice and
the auditory perception of vocal sound remains unclear. In this study, we
investigated the temporal tuning mechanism integrating vocal sensory
and voice sounds under DAF with an adaptation technique. Participants
read some sentences with specific delay times of DAF (0, 30, 75,
120 ms) during three minutes to induce ‘Lag Adaptation’. After the
adaptation, they then judged the simultaneity between motor sensation
and vocal sound given feedback in producing simple voice but not
speech. We found that speech production with lag adaptation induced
a shift in simultaneity responses toward the adapted auditory delays.
This indicates that the temporal tuning mechanism in vocalization
can be temporally recalibrated after prolonged exposure to delayed
vocal sounds. These findings suggest vocalization is finely tuned by
the temporal recalibration mechanism, which acutely monitors the
integration of temporal delays between motor sensation and vocal
sound.
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Norman D Cook (Kansai University; cook@res.kutc.kansai-u.ac.jp)

1-58
The effect of auditory stimuli on cognitive
tasks: Objective performance and subjective
ratings
Michiko Miyahara (Kyoto Seibo college; miyahara@jc.seibo.ac.jp)
Two experiments were conducted to examine the relationship between
the objective and subjective effects of disruption caused by auditory
stimuli on daily cognitive tasks. Reading with/without proofreading task
(for Experiment 1) and reading with/without map task (for Experiment 2)
were used as cognitive activities. The speech and office noise were used
as auditory stimuli for Experiment 1 and 2. The increase of recall error
rate under each auditory condition was used as an objective index of
disruption. Two subjective indexes, self estimated performance and self
rated annoyance under each auditory stimulus were used as a subjective
index to assess the perceived adverse effect of the auditory stimuli. The
error rate increased significantly under the auditory stimuli conditions
in the reading with proofreading task (Experiment 1) and reading with/
without map tasks (Experiment 2). The error rate increased significantly
in the reading with proofreading task only under the office noise
condition. The results show that estimated performance was generally
in agreement with the recall error rate pattern. On the other hand, the
annoyance ratings did not match recall performance. The agreement and
discrepancy of objective and subjective indexes should be investigated
in future experiments.
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The effect of oddball events on time perception
Qiongyao Shao (Hokkaido university; shaoqiongyao@yahoo.co.jp)
Tadayuki Tayama (Hokkaido University; tayama@let.hokudai.ac.jp)
Many studies indicated that factors such as attention and motion play a
critical role in time perception. However, it is not clear how subjective

[43]

The fossil record shows a four-fold increase from the australopithecine
brain to that of Homo sapiens, but modern comparative neuroanatomy
indicates a variety of relative changes from the chimp to the human
brain: decreases (olfactory, visual, motor cortex), small increases
(auditory cortex) and large increases (prefrontal, polymodal association
cortex)(1). Posterior polymodal association cortex evolved prior to
the expansion of the frontal lobe(2), leading Oppenheimer(3) to ask:
What were the perceptions that drove the emergence of brain regions
where visual, tactile and auditory sensory pathways first converge at
the neocortical level(4). The empirical evidence indicates that, during
the first 2 million years of expansion of the primate brain, our ancestors
were involved in making unhafted, simple stone tools by repeatedly
striking one stone with another. The evolutionary puzzle is why the
new visuomotor coordination and new conceptual insights necessary
for stone-tool making did not lead immediately to more complex tools?
The answer lies in the difficulty of triadic associations(5). Unlike
dyadic associations, that can be rapidly learned in unsupervised neural
networks, triadic associations are inherently complex. The mechanisms
of trimodal (truly multimodal, as distinct from cross-modal) perception,
three-way associations, conditional associations and triadic cognition
are explained using neural network simulations(6).
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Cross-Modal Perception in the Framework of
Non-Riemannian Sensory Space
Masaru Shimbo (Retired; shimbo.masaru@gmail.com)
Jun Toyama (Hokkaido University; jun@main.ist.ac.jp)
Masashi Shimbo (Nara Institute of Science and Technology;
shimbo@is.naist.jp)

Though human sensations, such as the senses of hearing, sight, etc.,
are independent each other, the interference between two of them is
sometimes observed, and is called cross-modal perception[1]. Hitherto
we studied unimodal perception of visual sensation[2] and auditory
sensation[3] respectively by differential geometry[4]. We interpreted
the parallel alley and the distance alley as two geodesics under different
conditions in a visual space, and depicted the trace of continuous vowel
speech as the geodesics through phonemes on a vowel plane.
In this work, cross-modal perception is similarly treated from the
standpoint of non-Riemannian geometry, where each axis of a crossmodal sensory space represents unimodal sensation. The geometry
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time for an unexpected event will be changed, compared with that for
an expected event. The present study investigated this question by using
two kinds of stimuli, one of them is the low-frequency oddball as the
unexpected event and the other is the high-frequency standard as the
expected event. In all trials, the standard was a square in line drawing
and the duration was fixed to 1000 ms, whereas the oddball was a
circle and the duration was set to one of seven durations from 500ms
to 1100ms. After the standard was presented successively 4 times to 8
times (6 times on average), the oddball was presented once. Therefore,
one session consisted of 34 oddballs intermixed with the 204 standards.
Participants were required to estimate the duration for each oddball by
using numeric keypad based on the magnitude estimation method. The
results showed that durations for oddballs were estimated longer than
those for standards. These suggest that an unexpected event causes
subjective expansion of time.
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allows us to treat asymmetric metric tensor and hence a non-Euclidean
concept of anholonomic objects, representing unidirectional property
of cross-modal perception. The McGurk effect in audiovisual
perception[5] and ‘rubber hand’ illusion in visual tactile perception[6]
can afford experimental evidence of torsion tensor. The origin of
'bouncing balls' illusion[7] is discussed from the standpoint of an
audiovisual cross-modal sensory space in a qualitative manner.

enhancement is not uniform throughout the response, but can speed
physiological response latencies and commonly show "superadditive"
(greater than the predicted sum) enhancements near response onset
(Initial Response Enhancement). Closer examination of the temporal
profiles of the responses suggests two underlying principles: incoming
signals appear to be integrated as soon as they arrive at the target neuron,
and most significant multisensory enhancements occur when one or both
of the signals are near threshold. This analysis supports a simple neural
network model in which time-varying sensory signals interact with each
other and other random inputs to produce unisensory and multisensory
responses that can account for a great deal of the extant observations.
Supported by NIH Grants NS036916 and EY016716 and the Tab
Williams Family Foundation.
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factors on human performance
Laura Rossi (Istituto Nazionale di Ricerca Metrologica; l.rossi@inrim.it)
Alessandro Schiavi (Istituto Nazionale di Ricerca Metrologica;

A computational model of the SC multisensory
neurons: integrative capabilities, maturation
and plasticity
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Arianna Astolfi (Politecnico di Torino; arianna.astolfi@polito.it)
Our research is part of "Soft Metrology" that is defined as "the set
of techniques and models that allow objective quantification of the
properties determined by perception in the domain of all five senses." [1].
We set an experimental session investigating the influence of different
light sources and background noise on the perceived contrast, using self
luminous images of a target on a monitor in a semi-anechoic room.
Target dimension and testing luminance values satisfy the constraints
of the CIE model for glare [2] and of the so called “Adrian model” [4],
able to calculate the threshold contrast in a context with several sources
in the field of view.
Twentyfive subjects, with no distinction of sex, has been tested.
WIth this test we investigate:
• The contribution of disturbing background noise, the contribution of
glare due to a specific light source (and the combination of both factors)
on perceived contrast, in order to delineate the perceptual threshold,
with particular attention to the specific influence of light with different
spectrum and different angular extension;
• The influence of glare on the ability of subjects in discriminating little
differences between target with different contrast;
•The influence of noise on reaction time [4].

Different cortical and subcortical structures present neurons able to
integrate stimuli of different sensory modalities. Among the others, one
of the most investigated integrative regions is the Superior Colliculus
(SC), a midbrain structure whose aim is to guide attentive behaviour
and motor responses toward external events. Despite the large amount
of experimental data in the literature, the neural mechanisms underlying
the SC response are not completely understood. Moreover, recent data
indicate that multisensory integration ability is the result of maturation
after birth, depending on sensory experience. Mathematical models and
computer simulations can be of value to investigate and clarify these
phenomena.
In the last few years, several models have been implemented to shed
light on these mechanisms and to gain a deeper comprehension of
the SC capabilities. Here, a neural network model (Cuppini et al.,
2010) is extensively discussed . The model considers visual-auditory
interaction, and is able to reproduce and explain the main physiological
features of multisensory integration in SC neurons, and their acquisition
during postnatal life. To reproduce a neonatal condition, the model
assumes that during early life: 1) cortical-SC synapses are present
but not active; 2) in this phase, responses are driven by non-cortical
inputs with very large receptive fields (RFs) and little spatial tuning;
3) a slight spatial preference for the visual inputs is present. Sensory
experience is modeled by a “training phase” in which the network is
repeatedly exposed to modality-specific and cross-modal stimuli at
different locations. As results, Cortical-SC synapses are crafted during
this period thanks to the Hebbian rules of potentiation and depression,
RFs are reduced in size, and neurons exhibit integrative capabilities
to cross-modal stimuli, such as multisensory enhancement, inverse
effectiveness, and multisensory depression.
The utility of the modelling approach relies on several aspects: i) By
postulating plausible biological mechanisms to complement those that
are already known, the model provides a basis for understanding how
SC neurons are capable of engaging in this remarkable process. ii) The
model generates testable predictions that can guide future experiments
in order to validate, reject, or modify these main assumptions. iii) The
model may help the interpretation of behavioural and psychophysical
responses in terms of neural activity and synaptic connections.
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Multisensory integration from
neurons to behavior; bridging the
gap via computational models
Monday, October 17, 16:30 - 18:00
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Modeling the temporal profile of multisensory
integration
Benjamin A. Rowland (Wake Forest University; browland@wfubmc.edu)
Terrence R. Stanford (Wake Forest University; stanford@wfubmc.edu)
Barry E. Stein (Wake Forest University; bestein@wfubmc.edu)
The brain integrates information from multiple sensory systems for signal
enhancement, and the mammalian superior colliculus (SC) is a popular
model system in which many of the principles of this phenomenon
have been described. Recent observations suggest that multisensory
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Optimal time windows of integration

Monday, October 17

Hans Colonius (University of Oldenburg; hans.colonius@uni-oldenburg.de)
Adele Diederich (Jacobs University Bremen; a.diederich@jacobs-university.
de)

The spatiotemporal window of integration has become a widely
accepted concept in multisensory research: crossmodal information
falling within this window is highly likely to be integrated, whereas
information falling outside is not. Making explicit assumptions about
the arrival time difference between peripheral sensory processing times
triggered by a crossmodal stimulus set, we derive a decision rule that
determines an optimal window width as a function of (i) the prior odds
in favor of a common multisensory source, (ii) the likelihood of arrival
time differences, and (iii) the payoff for making correct or wrong
decisions. Empirical support for this approach will be presented.

Modeling multisensory integration across
different experimental paradigms
Adele Diederich (Jacobs University Bremen;
a.diederich@jacobs-university.de)

Hans Colonius (Oldenburg University; hans.colonius@uni-oldenburg.de)
The time-window-of-integration (TWIN) model (Diederich & Colonius,
2008) describes and predicts multisensory integration effects in
(saccadic) reaction time as a function of the spatial, temporal, and
intensity conditions of the stimulus set. Here we show that using
identical stimulus conditions but different instructions about target/
nontarget modality (redundant target vs. focused attention paradigm)
TWIN makes different predictions that are supported empirically. Thus,
TWIN is able to account for both bottom-up and tow-down effects.

[45]
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Somatosensory Changes Accompanying Motor
Learning

Human Movement, Motor Learning
and Sensory Plasticity

Paul L Gribble (The University of Western Ontario; paul@gribblelab.org)
We describe experiments that test the hypothesis that changes in
somatosensory function accompany motor learning. We estimated
psychophysical functions relating actual and perceived limb position
before, and after two kinds of motor learning: directional motor learning
(learning to reach in the presence of novel forces applied by a robot),
and non-directional learning (learning to reach quickly and accurately
to visual targets, without forces). Following force-field learning, sensed
limb position shifted reliably in the direction of the applied force. No
sensory change was observed when the robot passively moved the
hand through the same trajectories as subjects produced during active
learning. Perceptual shifts are reflected in subsequent movements:
following learning, movements deviate from their pre-learning paths
by an amount similar in magnitude and in the same direction as the
perceptual shift. After nondirectional motor learning in the absence of
forces, we observed improvements in somatosensory acuity following
learning. Acuity improvement was seen only in the region of the
workspace explored during learning, and not in other locations. No
acuity changes were observed when subjects were passively moved
through limb trajectories produced during active learning. Taken
together, our findings support the idea that sensory changes occur in
parallel with changes to motor commands during motor learning, and
that the type of sensory change observed depends on the characteristics
of the motor task during learning.
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Self-Movement Perception is Violated by
Implicit Sensorimotor Processing
Hiroaki Gomi (NTT Communication Science Labs; gomi@idea.brl.ntt.co.jp)
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We usually think of well-learned daily limb movements, such as
reaching and walking, as being fully controlled by our action intentions.
Typically, the sensory outcomes of our movements would be recognized
as self-actions (as opposed to movements of the external world) due
to an internal model prediction using 'efference copy' of our motor
commands. Here we describe a series of exceptions to this rule, which
can be observed in implicit motor processes. One is the 'manual
following response' that is induced by visual motion applied during
reaching movements of the arm. This implicit visuomotor response
alters our perception of self-movement. Even though the manual
following response is self-generated, subjects tend to perceive it as an
externally generated movement. Another example is the clumsy body
and leg movements that occur when we step onto a stationary escalator,
and the associated odd sensation that subjects frequently report. Even
though we completely understand the environmental state of the
stopped escalator, we cannot avoid behaving clumsily, and feeling an
odd sensation before adaptation. Experiments involving the systematic
manipulation of visual information of an escalator and the surrounding
visual motion further indicate that endogenous motor responses may
be triggered by the expectation that the escalator is in fact moving. In
addition, exogenous postural changes elicited by visual motion can
induce a similarly odd sensation, suggesting that the implicit behavior
itself is a key factor in the perception of movement.

Functionally Specific Changes in Sensorimotor
Networks Following Motor Learning
David J Ostry (McGill University, Haskins Laboratories;
ostry@motion.psych.mcgill.ca)
The perceptual changes induced by motor learning are important in
understanding the adaptive mechanisms and global functions of the
human brain. In the present study, we document the neural substrates
of this sensory plasticity by combining work on motor learning using a
robotic manipulandum with resting-state fMRI measures of learning and
psychophysical measures of perceptual function. We show that motor
learning results in long-lasting changes to somatosensory areas of the
brain. We have developed a new technique for incorporating behavioral
measures into resting-state connectivity analyses. The method allows
us to identify networks whose functional connectivity changes with
learning and specifically to dissociate changes in connectivity that are
related to motor learning from those that are related perceptual changes
that occur in conjunction with learning. Using this technique we identify
a new network in motor learning involving second somatosensory
cortex, ventral premotor and supplementary motor cortex whose
activation is specifically related to sensory changes that occur in
association with learning. The sensory networks that are strengthened
in motor learning are similar to those involved in perceptual learning
and decision making, which suggests that the process of motor learning
engages the perceptual learning network.

Sensorimotor Interactions in Speech Learning
Douglas M Shiller (Université de Montréal, CHU Sainte-Justine Research
Centre, Centre for Research on Brain, Language and Music;
douglas.shiller@umontreal.ca)

Auditory input is essential for normal speech development and plays
a key role in speech production throughout the life span. In traditional
models, auditory input plays two critical roles: 1) establishing the
acoustic correlates of speech sounds that serve, in part, as the targets of
speech production, and 2) as a source of feedback about a talker's own
speech outcomes. This talk will focus on both of these roles, describing
a series of studies that examine the capacity of children and adults to
adapt to real--time manipulations of auditory feedback during speech
production. In one study, we examined sensory and motor adaptation to
a manipulation of auditory feedback during production of the fricative
"s". In contrast to prior accounts, adaptive changes were observed
not only in speech motor output but also in subjects' perception of the
sound. In a second study, speech adaptation was examined following
a period of auditory--perceptual training targeting the perception of
vowels. The perceptual training was found to systematically improve
subjects' motor adaptation response to altered auditory feedback during
speech production. The results of both studies support the idea that
perceptual and motor processes are tightly coupled in speech production
learning, and that the degree and nature of this coupling may change
with development.
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Haptic Influence on Visual Search
Marcia Grabowecky (Northwestern University; mgrabowecky@gmail.com)
Alexandra List (Northwestern University; a-list@northwestern.edu)
Lucica Iordanescu (Northwestern University; luci.iordanescu@gmail.com)
Satoru Suzuki (Northwestern University; satoru@northwestern.edu)

Efficient cross-modal transfer of shape
information in visual and haptic object
categorization
Nina Gaissert (Max Planck Institute for Biological Cybernetics;
nina.gaissert@tuebingen.mpg.de)
Steffen Waterkamp (Max Planck Institute for Biological Cybernetics;
steffen.waterkamp@tuebingen.mpg.de)
Loes van Dam (Max Planck Institute for Biological Cybernetics;
loes.vandam@tuebingen.mpg.de)
Heinrich Buelthoff (Max Planck Institute for Biological Cybernetics;
heinrich.buelthoff@tuebingen.mpg.de)
Christian Wallraven (Korea University; wallraven@korea.ac.kr)
Categorization has traditionally been studied in the visual domain with
only a few studies focusing on the abilities of the haptic system in
object categorization. During the first years of development, however,
touch and vision are closely coupled in the exploratory procedures used
by the infant to gather information about objects. Here, we investigate
how well shape information can be transferred between those two
modalities in a categorization task. Our stimuli consisted of amoebalike objects that were parametrically morphed in well-defined steps.
Participants explored the objects in a categorization task either visually
or haptically. Interestingly, both modalities led to similar categorization
behavior suggesting that similar shape processing might occur in
vision and haptics. Next, participants received training on specific
categories in one of the two modalities. As would be expected, training
increased performance in the trained modality; however, we also found
significant transfer of training to the other, untrained modality after only
relatively few training trials. Taken together, our results demonstrate
that complex shape information can be transferred efficiently across
the two modalities, which speaks in favor of multisensory, higher-level
representations of shape.

Head displacement shifts the perceived
location of touches in opposite directions
depending on the task
Lisa M Pritchett (York University; lmpritch@yorku.ca)
Michael J Carnevale (York University; mikecarn@yorku.ca)
Laurence R Harris (York University; harris@yorku.ca)
The perceived location of a touch shifts with eye or head position,
suggesting touch is coded in a visual reference frame. Our lab has
previously reported shifts in the direction of eccentricity, but Ho &
Spence (2007, Brain Res. 1144: 136) reported head-related shifts in
the opposite direction. These studies differed by body part touched
(arm vs. torso), the nature of the touch (tap vs. vibration) and whether
perceived touch location was recorded with head centered or eccentric.
We performed a series of experiments applying vibration to the torso
and measuring perceived location using a visual scale. We replicated Ho
& Spence using trials blocked by head position and recording perceived
position with the head displaced. A second experiment used randomized
head displacements with the head centered before responding. In a
control experiment head was centered during the touch and eccentric
for response. Perceived touch location shifted in the direction opposite
to head position under the blocked design, in the same direction as head
position in the randomized design and not at all in the control. Results
are discussed in terms of allocentric and egocentric coding mechanisms
needed to complete each condition.

Visual and haptic mental rotation
Satoshi Shioiri (Tohoku University; shioiri@riec.tohoku.ac.jp)
Takanori Yamazaki (Tohoku University; t-yamaz@riec.tohoku.ac.jp)
Kazumichi Matsumiya (Tohoku University; kmat@riec.tohoku.ac.jp)
Ichiro Kuriki (Tohoku University; ikuriki@riec.tohoku.ac.jp)
It is well known that visual information can be retained in several
types of memory systems. Haptic information can also be retained in
a memory because we can repeat a hand movement. There may be a
common memory system for vision and action. On one hand, it may be
convenient to have a common system for acting with visual information.
On the other hand, different modalities may have their own memory and
use retained information without transforming specific to the modality.
We compared memory properties of visual and haptic information.
There is a phenomenon known as mental rotation, which is possibly
unique to visual representation. The mental rotation is a phenomenon
where reaction time increases with the angle of visual target (e.g., a
letter) to identify. The phenomenon is explained by the difference in
time to rotate the representation of the target in the visual sytem. In this
study, we compared the effect of stimulus angle on visual and haptic
shape identification (two-line shapes were used). We found that a typical
effect of mental rotation for the visual stimulus. However, no such effect
was found for the haptic stimulus. This difference cannot be explained
by the modality differences in response because similar difference was
found even when haptical response was used for visual representation
and visual response was used for haptic representation. These results

Tactile working memory outside our hands
Takako Yoshida (University of Oxford; takako.yoshida@psy.ox.ac.uk)
Hong Tan (Purdue University; hongtan@purdue.edu)
Charles Spence (University of Oxford; charles.spence@psy.ox.ac.uk)
The haptic perception of 2D images is believed to make heavy demands
on working memory. During active exploration, we need to store not
only the current sensory information, but also to integrate this with
kinesthetic information of the hand and fingers in order to generate a
coherent percept. The question that arises is how much tactile memory
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Information from different sensory modalities influences perception
and attention in tasks such as visual search. We have previously
reported identity-based crossmodal influences of audition on visual
search (Iordanescu, Guzman-Martinez, Grabowecky, & Suzuki, 2008;
Iordanescu, Grabowecky, Franconeri, Theeuwes, & Suzuki, 2010;
Iordanescu, Grabowecky & Suzuki, 2011). Here, we extend those
results and demonstrate a novel crossmodal interaction between haptic
shape information and visual attention. Manually-explored, but unseen,
shapes facilitated visual search for similarly-shaped objects. This effect
manifests as a reduction in both overall search times and initial saccade
latencies when the haptic shape (e.g., a sphere) is consistent with a
visual target (e.g., an orange) compared to when it is inconsistent with
a visual target (e.g., a hockey puck)]. This haptic-visual interaction
occurred even though the manually held shapes were not predictive
of the visual target's shape or location, suggesting that the interaction
occurs automatically. Furthermore, when the haptic shape was consistent
with a distracter in the visual search array (instead of with the target),
initial saccades toward the target were disrupted. Together, these results
demonstrate a robust shape-specific haptic influence on visual search.

we have for tactile stimuli that are no longer in contact with the skin
during active touch? We examined working memory using a tactile
change detection task with active exploration. Each trial contained two
stimulation arrays. Participants engaged in unconstrained active tactile
exploration of an array of vibrotactile stimulators. In half of the trials,
one of the vibrating tactors that was active in the first stimulation turned
off and another started vibrating in the second stimulation. Participants
had to report whether the arrays were the same or different. Performance
was near-perfect when up to two tactors were used and dropped linearly
as the number of the vibrating tactors increased. These results suggest
that the tactile working memory off the hand is limited and there is little
or no memory integration across hand movements.

2-02
Interaction between space and effectiveness
in multisensory integration: behavioral and
perceptual measures
Aaron R Nidiffer (Vanderbilt University; aaron.r.nidiffer@vanderbilt.edu)
Ryan A Stevenson (Vanderbilt University;

ryan.andrew.stevenson@gmail.com)
Juliane Krueger-Fister (Vanderbilt University;
juliane.krueger@vanderbilt.edu)
Zachary P Barnett (Vanderbilt University; zachary.barnett@Vanderbilt.Edu)
Mark T Wallace (Vanderbilt University; mark.wallace@vanderbilt.edu)

Previous research has described several core principles of multisensory
integration. These include the spatial principle, which relates the
integrative product to the physical location of the stimuli and the
principle of inverse effectiveness, in which minimally effective stimuli
elicit the greatest multisensory gains when combined. In the vast
majority of prior studies, these principles have been studied in isolation,
with little attention to their interrelationships and possible interactions.
Recent neurophysiological studies in our laboratory have begun to
examine these interactions within individual neurons in animal models,
work that we extend here into the realm of human performance and
perception. To test this, we conducted a psychophysical experiment in
which 51 participants were tasked with judging the location of a target
stimulus. Target stimuli were visual flashes and auditory noise bursts
presented either alone or in combination at four locations and at two
intensities. Multisensory combinations were always spatially coincident.
A significant effect was found for response times and a marginal effect
was found for accuracy, such that the degree of multisensory gain
changed as a function of the interaction between space and effectiveness.
These results provide further evidence for a strong interrelationship
between the multisensory principles in dictating human performance.
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2-01
How sounds shape visual processing–acoustic
modulation of primary and higher visual
cortices
Christoph Kayser (Max-Planck-Institute for Biological Cybernetics;
kayser@tuebingen.mpg.de)

Current understanding posits that the different senses interact on
multiple stages of processing. We investigated this notion using
a combination of high-resolution fMRI and electrophysiological
recordings in non-human primates. In particular we study how acoustic
stimulation affects neural responses in low-level (areas V1 and V2) and
higher-tier visual areas (area TE).
In primary visual cortex we find that the presentation of sounds reduces
the fMRI-BOLD signal to values below pre-stimulus baseline, but
enhances evoked response to visual stimuli above the level attained by
pure visual stimulation. This finding is well consistent with previous
results in humans, and suggests a modulatory and gain changing
mechanism of acoustic stimuli on visual cortex. Noteworthy, the
acoustic influence was stronger in peripheral visual representations, in
good concordance with prior reports on anatomical projections from
auditory areas to peripheral representations in occipital cortex.
Similarly, we find that acoustic stimuli modulate neural responses in
visual temporal association cortex (area TE). Recordings of neural
activity in alert animals demonstrate a modulatory influence on neural
responses, but only minimal responses to acoustic stimulation alone.
Using computational tools to characterize this acoustic influence we find
that the presence of sounds enhances the trial to trial reliability of neural
responses and increases the ability to correctly decode which of a set
of visual scenes was presented. This result hence suggests that sounds
increase the encoded visual information.

2-03
Sensory Dominance Depends on Locus of
Attentional Selection: Cross-modal Distraction
at Different Levels of Information Processing
Qi Chen (South China Normal University; qi.chen27@gmail.com)
Ming Zhang (Northeast Normal University; zhangm@nenu.edu.cn)
Xiaolin Zhou (Peking University; xz104@pku.edu.cn)
Which one, ‘looking without seeing’ or ‘listening without hearing’, is
more effective? There have been ongoing debates on the direction of
sensory dominance in case of cross-modal distraction. In the present
study, we assumed that the specific direction of sensory dominance
depends on the locus of attentional selection. Visual dominance may
occur at the earlier stages while auditory dominance may occur at the
later stages of cognitive processing. In order to test this hypothesis, we
designed the present two (modality attended) by three (cross-modal
congruency) experiment. Participants were asked to attend to either
visual or auditory modality while ignore stimuli from the other modality
during bimodal (visual and auditory) stimulation. More importantly,
we explicitly differentiated the cross-modal distraction into the preresponse and the response level by manipulating three levels of crossmodal congruency: congruent, incongruent response-ineligible (II), and
incongruent response-eligible (IE). Our behavioural data suggested that
visual distractors caused more interferences to auditory processing than
vice versa at the pre-response level while auditory distractors caused
more interferences to visual processing than vice versa at the response
level, indicating visual dominance at the pre-response level while
auditory dominance at the response level. At the neural level, dissociable
neural networks were also revealed. The default mode network of the
human brain underlies visual dominance at the pre-response level, while
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the prefrontal executive regions, left posterior superior temporal sulcus
and left inferior occipital cortex underlie auditory dominance at the
response level.

2-06
Retroactive Adjustement of Perceived Time
Maria Chait (University College London; m.chait@ucl.ac.uk)

2-04
Multisensory interactions across spatial
location and temporal synchrony
Ryan Andrew Stevenson (Vanderbilt University;
ryan.andrew.stevenson@gmail.com)
Juliane Krueger Fister (Vanderbilt University;
juliane.krueger@vanderbilt.edu)
Zachary P. Barnett (Vanderbilt University; zachary.barnett@vanderbilt.edu)
Aaron R. Nidiffer (Vanderbilt University; aaron.r.nidiffer@vanderbilt.edu)
Mark T. Wallace (Vanderbilt University; mark.wallace@vanderbilt.edu)
The process of integrating information across sensory modalities is
highly dependent upon a number of stimulus characteristics, including
spatial and temporal coincidence, as well as effectiveness. Typically,
these properties have been studied in isolation, but recent evidence
suggests that they are interactive. This study focuses on interactions
between the spatial location and temporal synchrony of stimuli.
Participants were presented with simple audiovisual in parametrically
varied locations, and with parametrically varied stimulus onset
asynchronies (SOAs). Participants performed spatial location and
perceived simultaneity tasks (PSS). Accuracies and response times
were measured. Accuracies of spatial localization were dependent
upon spatial location, with no effect of SOA and interaction seen,
however, RT analysis showed an effect of SOA and an interaction; more
peripheral presentations showed greater slowing of RT in asynchronous
conditions, and fewer violations of the race model. With the PSS tasks,
effects of SOA and spatial location were found in the responses, as
well as an interaction between the two. Peripheral stimuli were more
likely to be judged as synchronous, a difference seen particularly with
long SOAs. These results suggest that the commonly studied principles
of integration are indeed interactive, and that these interactions have
measureable behavioral implications.

2-07
Temporal aspects of sound induced visual
fission and fusion in the double-flash illusion
paradigm
Lars T Boenke (University of Sydney; lars.boenke@gmail.com)
Richard Höchenberger (Leibniz Institut for Neurobiology;

rhoechen@ifn-magdeburg.de)
Frank W. Ohl (Leibniz Institute for Neurobiology;
frank.ohl@ifn-magdeburg.de)
David Alais (University of Sydney; davida@psych.usyd.edu.au)

2-05
Spatial-specific and object-specific audiovisual
temporal recalibration

The sound-induced flash illusion (SIFI) is thought to be due to early
audiovisual connections which allow rapid interplay between early
auditory and visual cortices. However, the temporal relationship
between the perception of physically presented and additional illusory
flashes has not yet been directly addressed.
We presented participants with a stream of four brief auditory white
noise bursts separated by gaps of 60ms (SOA=70ms) and one or two
brief flashes which could appear in any of the gaps between noise bursts
(positions 1-4) or before the auditory stream (position 0). All possible
combinations were randomized and presented equally often. First,
participants were asked to indicate the perceived number of flashes,
and second, to indicate the perceived position of the flash(es). Thus we
could compare the physical separation of the flashes with the perceived
separation. We report the following results: 1) In illusory-fission trials
the average perceived distance between the perceived flashes is ~100ms.
2) SIFI is strongest when the flash is presented at position 1 and 2. 3)
The extent of experienced fission-illusion depends on performance in
aligning flashes with auditory gaps. 4) We observed auditory induced
de-fusion which is strongest at position 1 and again correlated to overall
task performance.

Xiangyong Yuan (Southwest University; yuan.xiangy@gmail.com)
Xiting Huang (Southwest University; xthuang@swu.edu.cn)
A previous research has revealed that audiovisual temporal recalibration
was spatial specific(Hanson, Roach, Heron, & McGraw, 2008). In
the present study, we explored whether the spacial-specific temporal
recalibration was modulated by the exact audiovisual stimulus pairs used
in the exposure and test phase. For the end, two different audiovisual
pairs was designed in the study, but only one for the exposure phase
which was presented in the left or right side. In the test phase, either
the same audiovisual pair was put in the exposed space(left or right)
with the distinguished one in the unexposed space(Experiment1), or
the same audiovisual pair was put in the unexposed space with the
distinguished one in the exposed space(Experiment2). Given such
spatial specificity, we conclude that if exposure occurs in certain space,
the aftereffect should be restricted in the same space rather than transfer
to other unrelevant space. This was comfirmed in Experiment1 but
violated in Experiment2. In Experiment2, the aftereffect was observed
in the unexposed space as well, due to the exact adapting audiovisual
pair which changed its location. In summary, the results suggest such
spatial-specific temporal recalibration could be modulated by adapting
audiovisual objects, probablly via a top-down manner, which we named
object specificity.
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We investigated how subjects perceive the temporal relationship of
a light-flash and a complex acoustic signal. The stimulus mimics
ubiquitous events in busy scenes which are manifested as a change
in the pattern of ongoing fluctuation. Detecting pattern emergence
inherently requires integration over time; resulting in such events being
detected later than when they occurred. How does delayed detectiontime affect the perception of such events relative to other events in the
scene?
To model these situations, we use sequences of tone-pips with a timefrequency pattern that changes from random to regular (‘REG-RAND’)
or vice versa (‘RAND-REG’). REG-RAND transitions are detected
rapidly, but RAND-REG take longer to detect (~880ms post nominaltransition). Using a Temporal Order Judgment task, we instructed
subjects to indicate whether the flash appeared before or after the
acoustic transition. The point of subjective simultaneity between the
flash and RAND-REG does not occur at the point of detection (~880ms
post nominal-transition) but ~470ms closer to the nominal acoustictransition. This indicates that the brain possesses mechanisms that
survey the proximal history of an ongoing stimulus and automatically
adjust perception to compensate for prolonged detection time, thus
producing more accurate representations of cross-modal scene
dynamics. However, this re-adjustment is not complete.

2-08

2-10

Audiovisual interaction in time perception

Perceived non-overlap of objects in an
audiovisual stream/bounce display

Kuan-Ming Chen (National Taiwan University; kmchen@ntu.edu.tw)
Su-Ling Yeh (National Taiwan University; suling@ntu.edu.tw)

Yousuke Kawachi (Tohoku Fukushi University;
yousuke.kawachi@gmail.com)
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We examined the cross-modal effect of irrelevant sound (or disk) on
the perceived visual (or auditory) duration, and how visual and auditory
signals are integrated when perceiving the duration. Participants
conducted a duration discrimination task with a 2-Interval-ForcedChoice procedure, with one interval containing the standard duration
and the other the comparison duration. In study 1, the standard and
comparison durations were either in the same modality or with another
modality added. The point-of-subjective-equality and threshold were
measured from the psychometric functions. Results showed that sound
expanded the perceived visual duration at the intermediate durations
but there was no effect of disk on the perceived auditory duration. In
study 2, bimodal signals were used in both the standard and comparison
durations and the Maximum-Likelihood-Estimation (MLE) model
was used to predict bimodal performance from the observed unimodal
results. The contribution of auditory signals to the bimodal estimate of
duration was greater than that predicted by the MLE model, and so was
the contribution of visual signals when these signals were temporally
informative (i.e., looming disks). We propose a hybrid model that
considers both the prior bias for auditory signal and the reliability of
both auditory and visual signals to explain the results.

In a stream/bounce display in which two identical visual objects move
toward each other, coincide (completely overlap), and then move apart,
the objects can be perceived as either streaming through or bouncing
off each other. Despite the perceptual ambiguity in this display, the
streaming percept is dominant. However, a sound burst presented at the
time that the objects coincide facilitates the bouncing percept. Herein,
we report a perceptual phenomenon in which the overlap between
objects is illusorily perceived as a non-overlap in the stream/bounce
display accompanied with sound. In the experiment, the amount of
overlap between two objects was systematically manipulated in the
presence/absence of a sound. Observers were asked to judge whether
the two objects overlapped with each other and then asked whether
the objects appeared to stream through or bounce off each other. The
results were consistent with those of previous studies showing that
sound promoted the bouncing percept. Most importantly, the sound
presentation facilitated the perception of a non-overlap between the
objects instead of a physical overlap, suggesting that the momentary
overlap was inadequately perceived. We discuss the possibility that
an abrupt sound temporally interrupts visual processing such as the
formation of dynamic object representations.

2-09

2-11

Influence of auditory stimulation on visual
action perception

Stream/bounce phenomenon in audition:
change in the perceptual organization by an
abrupt event in vision and audition

Matthias Bischoff (Justus Liebig University Giessen;
matthias.bischoff@psychol.uni-giessen.de)
Britta Lorey (Justus Liebig University Giessen;
britta.lorey@sport.uni-giessen.de)
Sebastian Pilgramm (Justus Liebig University Giessen;
sebastian.pilgramm@psychol.uni-giessen.de)
Karen Zentgraf (University of Bern; karen.zentgraf@ispw.unibe.ch)
Rudolf Stark (Justus Liebig University Giessen; stark@bion.de)
Dieter Vaitl (Justus Liebig University Giessen; vaitl@bion.de)
Jörn Munzert (Justus Liebig University Giessen;
joern.munzert@sport.uni-giessen.de)

Hidekazu Yasuhara (Kobe University; yasuhara@lit.kobe-u.ac.jp)
Shinichi Kita (Kobe University; kita@lit.kobe-u.ac.jp)
Do vision and audition have a similar manner in the perceptual
organization? Previous research demonstrated that a brief sound changes
the perceptual organization in auditory stream/bounce phenomenon as
well as in vision (Yasuhara, Hongoh, Kita, 2010). In order to investigate
another similarity between vision and audition, we here examined
whether a flash event alters the perceptual organization in audition. In
the present study, we used mixture of two glide tones ascending and
descending in frequency that could be perceived as either streaming or
bouncing. The experimental condition employed a flash event when the
ascending and descending tones crossed, whereas the control condition
did not present flash. As a result, a flash event did not increase rates of
bouncing perception, of which the direction of pitch change switched
in the mid-course but slightly decreased rates of streaming perception,
of which the direction of pitch change stayed constantly. These results
suggest that a flash event has a subtler effect on the change of the
perceptual organization in audition than the auditory event.

Auditory information is important for the perception of object-related
biological motion and the prediction of action effects. How does
audiovisual temporal congruency influence visual action perception?
Observers of a table tennis stroke may gain vital information about the
intended action from the point in time, that marks the contact of racket
and ball. If the contact occurs too early, the movement more probably
runs not like intended.
Twenty-six observers were examined with fMRI while they watched
point-light displays of an opposing table tennis player. The racket and
the ball were not displayed. Only the shoulders, the right elbow and
wrist were represented by markers. The contact of racket and ball was
only detectable by a sound. The sound was presented congruent in time,
moved 120ms forward in time, moved to the start of the motion or
was skipped at all. The participants were asked to detect the ball flight
direction.
Participants performed better in the congruent condition. fMRI data
showed that multisensory integration areas in the temporooccipital
middle temporal gyrus and the anterior intraparietal sulcus were
sensitive to congruency. Most notably the recruitment of internal
models of movement in the bilateral ventral premotor cortex and the
pars opercularis of the inferior frontal gyrus benefited from congruent
audiovisual information.

2-12
Localisation of moving audio-visual objects in
free-field
Kristina Schmiedchen (University of Leipzig;
k.schmiedchen@uni-leipzig.de)
Nicole Richter (University of Leipzig; colle@rz.uni-leipzig.de)
Claudia Freigang (University of Leipzig; freigang@rz.uni-leipzig.de)
Ines Nitsche (University of Leipzig; nitsche@rz.uni-leipzig.de)
Rudolf Rübsamen (University of Leipzig; rueb@uni-leipzig.de)
The dominance of one modality over the respective other plays an
important role in dealing with conflicting situations between sensory
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streams. The ventriloquism illusion provides striking evidence for a
visual dominance in the spatial domain. So far, perception of spatially
disparate information has been mainly studied with stationary objects
focusing on frontal directions. However, mutual influences of vision and
audition in the periphery are scarcely investigated.
The present free-field study investigated crossmodal interactions during
audio-visual motion perception in both frontal and peripheral spatial
regions. In randomly presented trials moving audio-visual stimuli were
congruent or differed with respect to their final position. Subjects were
instructed to selectively attend to either the visual or the acoustic part of
the stimulus and to indicate the perceived final position.
The data suggest that in frontal regions the perception of acoustic motion
is shifted to a greater extent towards the visual stimulus than vice versa.
However, at peripheral positions this mutual influence is inverted, i.e.
the auditory modality rather biases visual motion perception. The results
are in accordance with the information reliability hypothesis stating that
the modality which provides more beneficial information contributes to
the perception of a stabilized object.

stimulus with such a visual effect concurrently presented was rated as
an absolute numerical value by using the Magnitude Estimation method.
The reference of the bar length is determined so as to correspond to the
Zwicker's loudness calculated for the given audio stimulus. As a result,
the visual stimulus did not affect the loudness perception, when the bar
was presented with its length same as the reference. On the other hand,
the rating of the loudness for the same audio stimulus was significantly
increased when the bar length was longer than the reference. This
indicates that the change in the correspondence between the audio and
the visual stimuli affect the loudness perception.

2-15
Visual target localization, the effect of
allocentric audiovisual reference frame

2-13
Effects of auditory stimuli on visual velocity
perception

psandor@imassa.fr)

Visual allocentric references frames (contextual cues) affect visual
space perception (Diedrichsen et al., 2004; Walter et al., 2006). On
the other hand, experiments have shown a change of visual perception
induced by binaural stimuli (Chandler, 1961; Carlile et al., 2001). In
the present study we investigate the effect of visual and audiovisual
allocentred reference frame on visual localization and straight ahead
pointing. Participant faced a black part-spherical screen (92cm radius).
The head was maintained aligned with the body. Participant wore
headphone and a glove with motion capture markers. A red laser point
was displayed straight ahead as fixation point. The visual target was a
100ms green laser point. After a short delay, the green laser reappeared
and participant had to localize target with a trackball. Straight ahead
blind pointing was required before and after series of 48 trials. Visual
part of the bimodal allocentred reference frame was provided by a
vertical red laser line (15° left or 15° right), auditory part was provided
by 3D sound. Five conditions were tested, no-reference, visual reference
(left/right), audiovisual reference (left/right). Results show that the
significant effect of bimodal audiovisual reference is not different from
the visual reference one.

Michiaki Shibata (Tohoku Fukushi University; michiaki.shibata@gmail.com)
Jiro Gyoba (Tohoku University; gyoba@sal.tohoku.ac.jp)
We investigated the effects of auditory stimuli on the perceived velocity
of a moving visual stimulus. Previous studies have reported that the
duration of visual events is perceived as being longer for events filled
with auditory stimuli than for events not filled with auditory stimuli, i.e.,
the so-called “filled-duration illusion.” In this study, we have shown that
auditory stimuli also affect the perceived velocity of a moving visual
stimulus.
In Experiment 1, a moving comparison stimulus (4.2~5.8 deg/s) was
presented together with filled (or unfilled) white-noise bursts or with no
sound. The standard stimulus was a moving visual stimulus (5 deg/s)
presented before or after the comparison stimulus. The participants had
to judge which stimulus was moving faster. The results showed that the
perceived velocity in the auditory-filled condition was lower than that
in the auditory-unfilled and no-sound conditions. In Experiment 2, we
investigated the effects of auditory stimuli on velocity adaptation. The
results showed that the effects of velocity adaptation in the auditoryfilled condition were weaker than those in the no-sound condition. These
results indicate that auditory stimuli tend to decrease the perceived
velocity of a moving visual stimulus.

2-16
How auditory information influences volitional
control in binocular rivalry: Modulation of a
top-down attentional effect

2-14
A fundamental study on influence of
concurrently presented visual stimulus upon
loudness perception

Manuel Vidal (Laboratoire de Physiologie de la Perception et de l'Action;
manuel.vidal@college-de-france.fr)

Victor Barrès (Laboratoire de Physiologie de la Perception et de l'Action,

Koji Abe (Akita Prefectural University; koji@akita-pu.ac.jp)
Shota Tsujimura (Akita Prefectural University; koji@akita-pu.ac.jp)
Shouichi Takane (Akita Prefectural University; takane@akita-pu.ac.jp)
Kanji Watanabe (Akita Prefectural University; kwatanabe@akita-pu.ac.jp)
Sojun Sato (Akita Prefectural University; sojun_sato@akita-pu.ac.jp)

UMR7152 CNRS/Collège de France; victor.barres@gmail.com)

Although multistable perception has long been studied, in recent years,
paradigms involving ambiguous visual stimuli have been used to assess
phenomenal awareness. Indeed, for such stimuli, although the sensory
input is invariant, a perceptual decision occurs bringing to awareness
only one of the possible interpretations. Moreover, the observer
experiences inevitable oscillations between these percepts. Only few
studies have tackled bistability for multimodal percepts. Conrad et al.
[1] presented dot fields going in opposite direction to each eye, they
found that lateral sound motion prolongs the dominance duration of
the coherent visual motion percept and not the other. In this study, the

As a basic study on the influence of the dynamic properties of the audiovisual stimuli upon interaction between audition and vision, the effect
of the simple movement involved in the visual stimulus on the loudness
perception of the audio stimulus was investigated via psychophysical
experiment. In this experiment, the visual stimulus given to subjects
along with the audio stimulus is a bar appeared on a display, one side of
which is flexibly expanding and contracting. The loudness of the audio
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volitional control – the capacity to promote a given percept – was not
assessed. Van Ee et al. [2] tested how sensory congruency influences
volitional control using looming motion stimuli that could be seen,
heard or sensed on the hand. They found that attention to the additional
modality (sound or touch) has to be engaged to promote visual
dominance and that only temporal congruency is required in the end. In
both studies such low-level stimuli could have reduced the possibility
of finding passive interactions and limited the congruency to temporal
features, which motivated the use of higher-level audio-visual speech
processing in our experiments.
Accordingly, we used the McGurk effect [4] involving robust audiovisual integration to investigate multimodal rivalry. After measuring the
perceptual oscillation dynamics of rivaling videos (lips pronouncing
/aba/ vs. /aga/), we added the sound /aba/ in order to assess the
influence of audio-visual integration on the perceptual dynamics.
Adding the sound /aba/ increased the dominance durations of both
percepts when viewed passively. For McGurk sensitive participants,
it also increased the capacity to promote lips uttering /aba/ percept as
compared to the same situation without sound; but not for lips uttering
/aga/ although it could be equivalent to promoting lips uttering /ada/.
Our findings suggest that at higher-level processing stages, auditory
cues do interact with the perceptual decision and with the dominance
mechanism involved during visual rivalry. These results are discussed
according to the individual differences in the audio-visual integration
for speech perception. We propose a descriptive model based on known
characteristics of binocular rivalry, which accounts for most of these
findings. In this model, the top-down attentional control (volition) is
modulated by lower-level audio-visual matching.
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Multidimensional attributes of the sense of
presence in audio-visual content
Kazutomo Fukue (University of Yamanashi; g09mk030@yamanashi.ac.jp)
Kenji Ozawa (University of Yamanashi; ozawa@yamanashi.ac.jp)
Yuichiro Kinoshita (University of Yamanashi; ykinoshita@yamanashi.ac.jp)
The sense of presence is crucial for evaluating audio-visual equipment
and content. To clarify the multidimensional attributes of the sense,
we conducted three experiments on audio, visual, and audio-visual
content items. Initially 345 adjectives, which express the sense of
presence, were collected and the number of adjectives was reduced to
40 pairs based on the KJ method. Forty scenes were recorded with a
high-definition video camera while their sounds were recorded using a
dummy head. Each content item was reproduced with a 65-inch display
and headphones in three conditions of audio-only, visual-only and
audio-visual. Twenty-one subjects evaluated them using the 40 pairs of
adjectives by the Semantic Differential method with seven-point scales.
The sense of presence in each content item was also evaluated using a
Likert scale. The experimental data was analyzed by the factor analysis
and four, five and five factors were extracted for audio, visual, and
audio-visual conditions, respectively. The multiple regression analysis
revealed that audio and audio-visual presences were explained by the
extracted factors, although further consideration is required for the
visual presence. These results indicated that the factors of psychological
loading and activity are relevant for the sense of presence. [Work
supported by NICT]
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Eye movement during silent and oral
reading: How can we compensate the loss of
multisensory process during silent reading?

Semantic congruency in audiovisual
integration as revealed by the continuous flash
suppression paradigm

Maiko Takahashi (The University of Tokyo;

Yung-Hao Yang (National Taiwan University; yunghaoyang@gmail.com)
Su-Ling Yeh (National Taiwan University; suling@ntu.edu.tw)
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Sachiko Kiyokawa (Chubu University; kiyo@isc.chubu.ac.jp)

Despite several demonstrations of crossmodal semantic-congruency
effect, it remains controversial as to whether it is a genuine perceptual
phenomenon or instead it actually results from post-perceptual response
bias such as decision or strategies (de Gelder & Bertelson, 2003). Here
we combine the invisible stimuli with sounds to exclude the participants’
awareness of the relation between visual and auditory stimuli. We
render the visual events invisible by adopting the continuous flash
suppression paradigm (Tsuchiya & Koch, 2005) in which the dynamic
high-contrast visual patches were presented in one eye to suppress the
target that was presented in the other eye. The semantic congruency
between visual and auditory stimuli was manipulated and participants
had to detect any parts of visual target. The results showed that the time
needed to detect the visual target (i.e., the release from suppression)
was faster when it was accompanied by a semantically congruent
sound than with an incongruent one. This study therefore demonstrates
genuine multisensory integration at the semantic level. Furthermore,
it also extends from previous studies with neglect blindsight patients
(e.g., de Gelder, Pourtois, & Weiskrantz, 2002) to normal participants
based on their unawareness of the relation between visual and auditory
information.
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While reading texts orally, we process the multisensory language
information. Accordingly, in the context of reading aloud, we process the
visually presented text and produce the auditory information of the text
through articulatory movement. These multisensory processing activities
are assumed to facilitate the memory and comprehension of textual
information. Conversely, while reading silently, we process only the
visual information of the text. Although we cannot use the multisensory
language information while reading silently, several researchers have
found that there is little difference between the degree of comprehension
based on silent and oral reading for adult readers. The purpose of this
study is to explain how we compensate the loss of multisensory process
during silent reading by comparing the visual processing process during
silent and oral reading. By conducting two experiments, we measured
and compared the eye movement during silent and oral reading. The
results showed that silent reading took shorter time for comprehension
than oral reading, and readers had more visual fixation points and
read back frequently during reading silently than orally. These reading
strategies during silent reading seemed to compensate the loss of
multisensory process and support the text comprehension.

multisensory integration system. Object detection network areas such
as left IPS seems to rely mostly on visual input when auditory shape
information cannot be conveyed, but demonstrate shift to context
dependent multisensory characteristics. Other areas which are part of
audiovisual integration, such as the right Insula, relay primarily on
temporal relations between auditory and visual stimuli, and then shift
to non phase locked response to auditory stimulus after learning SSA,
when visual shape information is redundant. When an audiovisual plus
detection task is introduced this area response is phase locked to the
plus detection.
These results demonstrate the flexibility of audiovisual perception, its
dependency on previous world knowledge and context, and the speed of
which these changes take place.
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Crossmodal activation of visual object regions
for auditorily presented concrete words
Jasper Jacobus Franciscus van den Bosch (Goethe University
Frankfurt; vandenBosch@med.uni-frankfurt.de)
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Dual-coding theory (Paivio, 1986) postulates that the human mind
represents objects not just with an analogous, or semantic code, but with
a perceptual representation as well. Previous studies (e.g. Fiebach &
Friederici, 2004) indicated that the modality of this representation is not
necessarily the one that triggers the representation. The human visual
cortex contains several regions, such as the Lateral Occipital Complex
(LOC), that respond specifically to object stimuli.
To investigate whether these principally visual representations regions
are also recruited for auditory stimuli, we presented subjects with
spoken words with specific, concrete meanings (‘car’) as well as words
with abstract meanings (‘hope’). Their brain activity was measured with
functional magnetic resonance imaging. Whole-brain contrasts showed
overlap between regions differentially activated by words for concrete
objects compared to words for abstract concepts with visual regions
activated by a contrast of object versus non-object visual stimuli. We
functionally localized LOC for individual subjects and a preliminary
analysis showed a trend for a concreteness effect in this region-ofinterest on the group level. Appropriate further analysis might include
connectivity and classification measures. These results can shed light on
the role of crossmodal representations in cognition.
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Shen-Yuan Su (National Taiwan University; b90607013@ntu.edu.tw)
Su-Ling Yeh (National Taiwan University; suling@ntu.edu.tw)
The conventional view that perceived emotion in music is derived
mainly from auditory signals has led to neglect of the contribution of
visual image. In this study, we manipulated mode (major vs. minor)
and examined the influence of a video image on emotional judgment
in music. Melodies in either major or minor mode were controlled
for tempo and rhythm and played to the participants. We found that
Taiwanese participants, like Westerners, judged major melodies as
expressing positive, and minor melodies negative, emotions. The major
or minor melodies were then paired with video images of the singers,
which were either emotionally congruent or incongruent with their
modes. Results showed that participants perceived stronger positive or
negative emotions with congruent audio-visual stimuli. Compared to
listening to music alone, stronger emotions were perceived when an
emotionally congruent video image was added and weaker emotions
were perceived when an incongruent image was added. We therefore
demonstrate that mode is important to perceive the emotional valence in
music and that treating musical art as a purely auditory event might lose
the enhanced emotional strength perceived in music, since going to a
concert may lead to stronger perceived emotion than listening to the CD
at home.
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Learning novel visual to auditory sensory
substitution algorithm (SSA) reveal fast,
context dependent plasticity in multisensory
perception system
Uri Hertz (Hebrew universirty of Jerusalem; uri.hertz@mail.huji.ac.il)
Multisensory perception is a cognitive process involving multiple
components and cognitive faculties. Cortical areas involved in the
reception of unisensory input must take place along with other
components such as previous world knowledge about audiovisual
coupling, for example between speech and lips movement, or
when looking for a specific audiovisual event. In order to examine
multisensory integration under different context, without altering
the physical stimuli, we used visual to auditory Sensory Substitution
Algorithm (SSA) which translates visual images to auditory
soundscapes, aimed to provide visual information to the blind. We
employed a multisensory experimental design and spectral analysis
to assess the effect of training with SSA on audiovisual perception.
Subjects watched images and listened to soundscapes, which were
getting in and out of synchronization, before and after an hour of
training with the SSA. Subjects were then asked to look for an
audiovisual combination of soundscape and image which creates an
audiovisual plus (+) shape.
Our method uncovers unisensory and multisensory components of
multisensory perception under different experimental conditions. We
detect changes in amplitude of response which tells how strong a
cortical area is associated with the component, and phase of response
which convey the preferred latency of response within a stimulus block.
Our results demonstrate the fast and context dependent plasticity of
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A Multi-Technique Source Localization
Approach of “Tactile” Lasers in Peri-Personal
Space
Katsumi Minakata (North Dakota State University; kminakata@gmail.com)
Wolfgang A. Teder (North Dakota State University;

wolfgang.teder@ndsu.edu)

In an event-related potential (ERP) experiment, laser dots were
either projected onto a table such that they appeared in a participant’
s peripheral field of view (FOV) or they were projected onto the
participant’s hands that were also placed within their peripheral FOV. An
oddball paradigm was utilized where participants had to detect a laser
deviant that appeared in a stream of standard laser stimuli. Participants
were instructed to fixate on a central crosshair and to selectively attend
to their left or right hand. In the hands-off condition, participants’
ERPs waveform and topographical iso-potential map analyses revealed
a typical contra-lateral primary visual activation. In the hands-on
condition, the visual activation obtained in the hands-off condition
shifted significantly toward anterior primary somatosensory areas.
Localization techniques such as independent components analysis,
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Audio-visual integration modifies emotional
judgment in music

facilitates the tactile encoding is more advocated by many researches.
However, the timing issue between two modalities is critical in
order to insist that attention across modality enhances perceptual
sensitivity(detection threshold). So, the aim of this study is how vision
influences on tactile sensitivity according to temporal synchrony. Total
15 subjects were given to perform the 2FAC task whether tactile pulse
is felt. Even 6 points of tactile sub-threshold including none condition
are randomly set to observe psychophysical detection performance.
Visual stimuli are simultaneously provided with SOAs (0,±50,±100,
±300) and no visual stimulus was given to Tactile Only condition.
Discriminability between visual and tactile stimulus shows better when
two stimuli are apart so does not interrupt each other(SOA±300 or
Tactile Only). However, the tactile threshold is more sensitive when
providing with visual stimulus, especially when visual stimulus precedes
50ms than tactile one. The change of detection sensitivity at a certain
time period(vision is presented forward 50ms) implies that attention is
drawn across sensory modality and it facilitates perceptual sensitivity.
Therefore, it is hard to say that multisensory input leads perception of
other sensory modality and would rather say attention across modality
enhances perceptual sensitivity.

dipole fitting, and sLORETA yielded results that were convincingly
convergent with the ERP waveform and topographical map data. That is,
visual laser stimuli appeared to possess tactile qualities when they were
projected onto visible haptic regions of participant observers.
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Crossmodal contextual effects of tactile
flankers on the detection of visual targets
Yuichi Wada (Tohoku University; yu1wada@gmail.com)
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It is well known that detection of a central Gabor stimulus is modulated
by the presence of collinear flanker stimuli. Target detection is
facilitated when flanker stimuli are iso-oriented and aligned with the
target at adequate spatial separations, suggesting the involvement of
lateral interactions in early visual processing. Can such contextual
effects of flankers on the target detection occur in a cross-modal setting (a
central visual target and tactile flankers)? To address this, I investigated
a variant of the lateral flanker paradigm using the visually presented line
targets and tactile flanker lines. The results showed that tactile flankers
facilitated the detection of visual target when the tactile flankers were
collinear with the visual target, indicating the occurrence of cross-modal
contextual modulation between vision and touch. The findings suggest
that the integration process could occur at a relatively early perceptual
processing stage of perceptual grouping.
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Red is no warmer than blue: A challenge to the
semantic coding hypothesis
George Van Doorn (Monash University; george.vandoorn@monash.edu)
Mark Symmons (Monash University; mark.symmons@monash.edu)
Barry Richardson (Monash University; barry.richardson@monash.edu)
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Cross-modal learning between visual and
vibration signals in zebrafish Danio rerio

Participants were simultaneously presented with a colour square on a
monitor – red, black or blue – and a temperature at their fingertip using
a peltier tile – warm, room temperature or cool. Each stimulus pair
was presented in congruent (red-warm and blue-cool) and incongruent
(red-cool and blue-warm) combinations. Latencies were recorded for
each participant’s verbal response when naming the colour and the
temperature. The semantic coding hypothesis proposes that although
input patterns and types are different for different sense organs,
interactions can occur after these inputs have been recoded at postperceptual levels. For example, reaction times to a simultaneously
presented high-pitched tone and light source above head height might
be shorter than those to a low-pitched tone and light source above
head height because the recoded inputs of the former share the postperceptual format “high”, whereas the later do not (i.e., the later are
incongruent). In our experiment, response times were similar regardless
of whether the stimulus pair was “congruent” or “incongruent”,
suggesting that while it is commonly believed that red is a warm colour
and blue is cold, this kind of correspondence did not facilitate shorter
latencies as it should according to the semantic coding hypothesis.

Mu-Yun Wang (Queen Mary University of London; muyunwang@gmail.com)
Lars Chittka (Queen Mary University of London; muyun.wang@qmul.ac.uk)
Animals are always integrating environmental information from
multiple sensory modalities, but the mechanisms underneath are highly
underexploited. Crossmodal interactions in animal perception have
been found in several species including human, mice and flies. Here
we subjected zebrafish as model because its genetic effects on brain
and sense organ development are well studied, but the attentional
processes are mainly unexplored. Zebrafish show impressive behaviour
capabilities with relatively small or “simple” brains which make
their nervous system relatively more accessible to experimentation
than large-brained mammals. When conditioned with both vision and
vibration signals, zebrafish were able to make higher correct choices
than only one sensation. After multimodal training, zebrafish were also
able to transfer the memory to unimodal conditioning when only given
vision or vibration signals. This study provided basic findings for how
animals process multimodal sensory from the environment, and showed
crossmodal interactions in zebrafish for the first time.
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Somatotopic representation of visual stimuli–
Evidence from the Simon effect

Tactile detection threshold is changed
according to temporal synchrony with visual
stimulus

Jared Medina (University of Pennsylvania; jared.medina@uphs.upenn.edu)
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H. Branch Coslett (University of Pennsylvania; hbc@mail.med.upenn.edu)
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Cross-talk between visual and tactile modalities influences on very
different levels from neural activities, perception to higher cognition
and behaviour. Many researches showed that one modality alters the
other modality perception. There are some plausible explanations for
those perceptual changes by multisensory inputs. The viewpoint of “Preattention effect” which is attention drawn by another modality(vision)

On a non-spatial task, individuals respond more slowly when the
stimulus and response are on different sides of space versus the same
side of space (the Simon effect). Past Simon effect studies have shown
that visual stimuli are represented based on external reference frames.
In contrast, we have found that tactile stimuli in a Simon effect task
are encoded based on a somatotopic reference frame (e.g. stimuli
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presented to the left hand are always encoded as left regardless of the
hand’s location in space). In order to understand how visual stimuli
are represented on or near the body, we presented individuals with
a visual Simon effect experiment. Using foot pedals, participants
responded to visual stimuli projected on, near, or far from the hands in
three conditions – hands uncrossed, hand crossed, and no hands. In the
no hands condition, visual stimuli were encoded based on an external
reference frame. However, we find that as with tactile stimuli, visual
stimuli presented on or near the hands (crossed condition) were encoded
based on a somatotopic frame of reference. These novel results provide
evidence that visual stimuli on or near the hands can be encoded based
on body representations.

of the point where they are touching the physical object. This makes
up a haptic illusion as if they were touching the virtual shape. By our
proposed system, users perceive visual and haptic sensation as if they
were touching various virtual shapes, without any complicated physical
devices.
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Does looking between the legs elongates or
shortens perceived distance–comparing the
two tasks
Oliver M Toskovic (Belgrade; otoskovi@f.bg.ac.rs)

Plasticity in body and space representations
after amputation and prosthesis implantation
Elisa Canzoneri (Centro studi e ricerche in Neuroscienze Cognitive, Polo
Scientifico-Didattico di Cesena; elisa.canzoneri3@unibo.it)
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In this study we investigated how multisensory representations of the
body (Body Schema; BS) and of the Peripersonal Space (PPS) adapt to
changes in the structure of the physical body. Amputation and prosthesis
implantation were tested as models of plasticity in upper limb amputees.
We studied the BS, by means of a tactile distance perception task,
measuring the perceived length of the arm, and the PPS by means
of an audio-tactile interaction task, measuring the extension of the
multisensory space surrounding the arm. Subjects performed the tasks
with the healthy and with the amputated limb, while wearing or not
their prosthesis. BS and PPS representations for the healthy limb were
comparable to those of controls; when patients performed the tasks
without the prosthesis, the perception of the arm length was reduced
and the boundaries of the PPS shifted towards the stump. Conversely,
wearing the prosthesis increased the perceived length of the arm and
extended PPS boundaries so to include the prosthetic hand. These results
suggest that when amputees wear their prosthesis, they incorporate
the prosthetic hand such as it belongs to their own body, thus partially
restoring the boundaries of body and space representations for the
amputated side.
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A multi-sensory illusion: Hong Kong Peak
Tram Illusion
Chiahuei Tseng (The University of Hong Kong; CH_Tseng@alumni.uci.edu)
We report a multi-sensory illusion observed in a tram climbing up the
Peak of Hong Kong. The skyscrapers nearby appear to spectacularly fall
towards the Peak at night as the tram ascends or descends the slope. We
investigated the contribution to this illusion from the vestibular system.
Five observers sat in a row of a compartment and marked the perceived
tilt of the skyscrapers with a rotary pitch (which reads the angle relative
to gravity). The slope of the mountain was measured simultaneously
with the observers’ report by an assistant with an identical pitch. In two
separate trips, observers sat with a wedge of 18.7 degrees at their back
or stood up thereby changing the self-position information from the
otolith system. The skyscrapers appeared to tilt away by an average of
12 degrees during normal seating in the tram. This subjective tilt illusion
was reduced by an average of 20% when the wedge was inserted and by
more than 50% when observers stood up.
Our results show that self-position information profoundly modulates the
perceived tilt of buildings observed from a moving tram. The noticeable
individual differences we observed also suggested the weighting from
each sensory modality may differ for different observers.
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Basic study on the visual-haptic system to give
a sense of shape using pseudo-haptic effects
Yuki Ban (The University of Tokyo; ban@cyber.t.u-tokyo.ac.jp)
In our research, we aim to construct the visual-haptic system which
generate haptic feedback as if they were touching on the surface of
various virtual objects, even though they are touching only a static
shape. We focus on the cross modal effect between our vision and
haptic sense, which is generally called Pseudo-Haptics, and make up a
illusionary haptics only using visual feedback, without any complicated
physical devices. In our system, user touches the physical object behind
the LCD, and sees the virtual object through the LCD using video seethrough methodology. We put two web cameras to provide the different
image for each eye and maintain the optical conjugation between
viewpoint and cameras using the mirror in the back of the LCD. From
images captured by these cameras, we compose visual feedback as
if they were touching another virtual shape, based on the detection
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Visual-haptic integration: cue weights are
varied appropriately, to account for changes in
haptic reliability introduced by using a tool
[55]
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Higashiyama used verbal judgement task and showed that distances
observed between the legs are perceived as shorter than distances
viewed from an upright position. Using distance matching task, we
showed that distances observed between the legs are perceived as longer,
but we didn’t control for retinal image orientation. The aim of present
research was to compare verbal judgement and distance matching task,
with constant retinal image orientation. The experiment was performed
in a dark room, without retinal image orientation change. First task
for the 14 participants was to equalize the distances of two luminous
stimuli, one of which was placed in front of them, and the other one
behind, on three distances, 1m, 3m and 5m. Second task was to give
verbal judgements for stimuli distances, one observed by standing, and
the other one by looking between the legs. For the first task, results
have shown significant effect of body position (F(1,13)=26.14,p<0.01),
standard distance (F(2,26)=3343.11,p<0.01), and their interaction
(F(2,26)=12.42,p<0.01). For the second task, results have shown
significant effect of body position (F(1,13)=8.76,p<0.01), standard
distance (F(2,26)=42.94,p<0.01), and no interaction. In both tasks
distances viewed between the legs were perceived as larger that the
distances viewed from an upright position.
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of S1-rTMS on visual attention could have been caused by a spread
of current to adjacent parietal areas. Here we manipulated the EOM
proprioceptive signal directly using passive eye rotation (Knox et al.,
2000), which shifts perceived gaze direction of the contralateral eye
in the direction of the rotation (Gauthier et al, 1990). Using a visual
detection task we found that among retinally equidistant objects,
those presented nearer the perceived direction of gaze were detected
more accurately. Thus, in addition to its role in visuomotor control,
eye proprioception is involved in the allocation of visual attention,
facilitating the processing of objects located in the direction of gaze.

Chie Takahashi (Bangor University; c.takahashi@bangor.ac.uk)
Simon J Watt (Bangor University; s.watt@bangor.ac.uk)
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Tools such as pliers systematically change the relationship between an
object’s size and the hand opening required to grasp it. Previous work
suggests the brain takes this into account, integrating visual and haptic
size information that refers to the same object, independent of the
similarity of the ‘raw’ visual and haptic signals (Takahashi et al., VSS
2009). Variations in tool geometry also affect the reliability (precision)
of haptic size estimates, however, because they alter the change in hand
opening caused by a given change in object size. Here, we examine
whether the brain appropriately adjusts the weights given to visual and
haptic size signals when tool geometry changes. We first estimated each
cue’s reliability by measuring size-discrimination thresholds in visionalone and haptics-alone conditions. We varied haptic reliability using
tools with different object-size:hand-opening ratios (1:1, 0.7:1, & 1.4:1).
We then measured the weights given to vision and haptics with each
tool, using a cue-conflict paradigm. The weight given to haptics varied
with tool type in a manner that was well predicted by the single-cue
reliabilities (MLE model; Ernst & Banks, 2002). This suggests that the
process of visual-haptic integration appropriately accounts for variations
in haptic reliability introduced by different tool geometries.
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Biphasic Alpha Lateralization in Pro- and AntiSaccade task: Electrophysiological Evidence
of Overlapping Attentional Mechanisms
Daniel Belyusar (Albert Einstein College of Medicine; belyusar@gmail.com)
Adam C Snyder (City College of New York; asnyder@gc.cuny.edu)
Hans-Peter Frey (City College of New York; hfrey@einstein.yu.edu)
John J Foxe (Albert Einstein College of Medicine; foxe@nki.rfmh.org)
The transition between covert and overt attention is exemplified in
visual saccades. While some electrophysiological evidence suggests a
common mechanism for shifting attention and eyes (Eimer et al., 2007)
other results favors unique cortical mechanisms (Van der Lubbe et al.,
2006). To address the seemingly contradictory results we considered a
known electrophysiological correlate of covert attention in a saccade
paradigm. Previous research suggests that changes in alpha-band
(8-14Hz) power correlate to preparatory states when one is required to
suppress activation in tasks involving attentional shifts (Worden et al.,
2000). Increases in alpha levels have also been associated with active
attentional suppression (Kelly et al., 2006). Our results indicate Alphaband modulations to both cue and target location across auditory and
visual modalities. This design eliminates the potential working-memory
confounds in traditional cue-delay saccade tasks and isolating the effects
specifically related to a saccade reaction. Results suggest a biphasic
pattern of oscillatory activity with rapid ipsilateral increases in alpha
power in response to stimulus onset. The Alpha coherency quickly
shifts to saccade-related laterialization. This second phase appears
topographically similar across stimulus modality. These results suggest
multiple roles for alpha rhythms in both sensory and motor processes.
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Similarity and difference in symmetry between
the visual and haptic motional representations
Mitsumasa Takahashi (Tohoku University; mit@riec.tohoku.ac.jp)
Kazumichi Matsumiya (Tohoku University; kmat@riec.tohoku.ac.jp)
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Rumi Tokunaga (Tohoku University; rumi.tokunaga@riec.tohoku.ac.jp)
Satoshi Shioiri (Tohoku University; shioiri@riec.tohoku.ac.jp)
In this research, we focus on symmetry to investigate the difference
between visual and haptic motional representations. It is known in
vision that symmetry about vertical or horizontal axis is easier to
detect comparing with the other axis. We conducted a psychophysical
experiment to examine whether symmetry process in haptic motion
depends on axis orientation as in visual process. The observer’s task was
to respond symmetry pattern of a memorized image and the accuracy
of the response was measured. Results showed similar effect of axis
orientation on symmetry judgment both in visual and haptic motional
perception, suggesting similarity in the two modalities. However, there
were also a clear difference in axis orientation effect between visual and
haptic motion conditions. Less superiority of horizontal axis was found
in the haptic motion condition. This suggests that haptic motion system
has a representation process independently of the one for vision.

2-37
Integration of visual and vestibular information
used to discriminate rotational self-motion
Florian Soyka (Max Planck Institute for Biological Cybernetics;
florian.soyka@tuebingen.mpg.de)
Ksander de Winkel (Utrecht University; ksander.dewinkel@tno.nl)
Michael Barnett-Cowan (Max Planck Institute for Biological Cybernetics;
michael.barnett-cowan@tuebingen.mpg.de)
Eric Groen (TNO – Perceptual & Cognitive Systems; eric.groen@tno.nl)
Heinrich H. Bülthoff (Max Planck Institute for Biological Cybernetics, Korea
University; heinrich.buelthoff@tuebingen.mpg.de)

2-35
Eye muscle proprioceptive manipulation
confirms spatial bias in visual attention
towards the perceived direction of gaze
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Do humans integrate visual and vestibular information in a statistically
optimal fashion when discriminating rotational self-motion stimuli?
Recent studies are inconclusive as to whether such integration occurs
when discriminating heading direction.
In the present study eight participants were consecutively rotated twice
(2s sinusoidal acceleration) on a chair about an earth-vertical axis in
vestibular-only, visual-only and visual-vestibular trials. The visual
stimulus was a video of a moving stripe pattern, synchronized with the
inertial motion. Peak acceleration of the reference stimulus was varied
and participants reported which rotation was perceived as faster. Just-

william.newman@nhs.net)
Paul Knox (University of Liverpool; pcknox@liverpool.ac.uk)

Extraocular muscle (EOM) proprioception is thought to help locate
visual stimuli relative to the head and body and thus assist visuomotor
control. Because 1 Hz rTMS over EOM proprioceptive representation
in somatosensory cortex causes not only error in visual localization
(Balslev & Miall, 2008), but also a spatial bias in the accuracy of visual
detection, it has recently been suggested that eye proprioception plays
a role in visual attention (Balslev et al., 2011). The link between eye
proprioception and visual attention is however indirect, e.g. the effect
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on TV often causes confusion of the spatial cognition and it becomes
hard to understand where surrounding objects are. Our aim of this
work is to investigate the mechanism of constructing spatial cognition
from image flows and self-motion. In our experiments, we evaluated
the performance of the spatial cognition abilities in VR environments
according to the amounts of visual and motion information. Motion and
visual information are closely related to each other since it is possible
to estimate motion from the image flows of background. To modulate
visual information, two kinds of head-mounted displays (32x24
and 90x45 deg.) were used. To compensate for motion information
explicitly, a marker that indicates viewpoint movement of images was
added in display and the effect was tested. As a result it is found that the
maker significantly improved the performance and larger FOV could
compensate for the lack of motion information however the effect was
not significant when the marker was added. We will discuss these results
with the image stabilization method to maintain a consistency between
motion and image flows.

noticeable differences (JND) were estimated by fitting psychometric
functions.
The visual-vestibular JND measurements are too high compared to
the predictions based on the unimodal JND estimates and there is no
JND reduction between visual-vestibular and visual-alone estimates.
These findings may be explained by visual capture. Alternatively, the
visual precision may not be equal between visual-vestibular and visualalone conditions, since it has been shown that visual motion sensitivity
is reduced during inertial self-motion. Therefore, measuring visualalone JNDs with an underlying uncorrelated inertial motion might yield
higher visual-alone JNDs compared to the stationary measurement.
Theoretical calculations show that higher visual-alone JNDs would
result in predictions consistent with the JND measurements for the
visual-vestibular condition.
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Previous studies have shown that modifying visual information
contributes to the on-line control of self-motion, and that vection can
be induced by modifying the velocity of optical flow. In this study, we
investigate whether velocity modulation of optical flow affects selfmotion perception during whole-body motion. In our experiments,
visual stimuli were provided by a virtual wall consisting of dots on
a screen. The participants are asked to move their own head from a
starting point to a goal in 1.5 sec (about 33 cm/s). We compared three
conditions of visual feedback (optical flow) with/without modifications,
i.e., accelerated, decelerated, and no change in optical flow. The rates of
change in velocity were between 0.5 and 2 times the control condition.
As a result, we found that the accelerated condition induced undershooting, while the decelerated condition induced over-shooting relative
to the control condition’s goal point. Moreover, the positioning errors
became largest with a change rate of 1.5 times. Our findings suggest that
self-motion perception during body motion is influenced by the velocity
change of the optical flow, and that there is an optimal rate of velocity
change for perceiving a self-motion. Finally, we discuss the mechanism
of integrating visual and proprioceptive information.

Since all motion bases of simulator involve intrinsic physical limits, the
lack of coupling between visual and inertial cues may be responsible for
visuo-vestibular conflict, lowering presence in the virtual environment
and increasing simulator sickness. In order to proportion the movements
of the motion base and of the visual scenery, the present study aimed
at characterizing the coupling between visual and inertial cues that
generates a believable and realistic illusion of roll movement in a
motorcycle simulator. In the experiment, participants (n=29) actively
tuned the visual and physical tilt to achieve the best sensation of leaning,
while the theoretical tilt of a real motorcycle (in a similar situation), the
road curvature as well as the horizontal field of view (i.e., 60deg vs.
180deg) were manipulated. The results revealed different patterns of
use of the visual scenery among riders (e.g., in tilting the visual horizon
in the same or in the opposite direction of the displayed curve, or in
keeping the visual horizon straight). The results are discussed in terms
of the differential roles of tilting the visual and physical dimensions in
creating a reliable illusion of riding among motorcyclists.
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Our previous study (Takahashi, Fukuda, Kaneko, 2010) reported that for
the perception of the gravitational vertical (up-down) of visual images,
the information processed in the early stage of visual system, such as
the luminance distribution and edges, seemed to have large effects when

Spatial cognition requires integration of visual perception and selfmotion. The lack of motion information in vision like image flows
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Riding a motorcycle simulator: how do visual
and non-visual cues contribute to the illusion
of leaning in a bend

the stimulus was presented for a short time. When the presentation time
increased, this tendency decreased with the increase of the influence
of the information processed in a relatively higher stage of visual
system such as knowledge or inference. The information regarding the
gravitational vertical is also important in our actions such as walking
and standing upright.
In this study, we aimed to identify the visual factors to affect our action
related to the gravitational vertical. We manipulated the factors such
as the luminance distribution, motion, edges and meaning in natural
pictures. As an indicator of action, we measured the observers’ body
sway induced by rotating the pictures periodically clockwise and
counterclockwise. The results showed the motion and edges had large
effects and the luminance distribution had little effect on body sway. We
discuss the difference between perception and action in the processing
of the information regarding the gravitational vertical.

types of 3D rest frames were created. For verifying the rest frames'
effects in reducing cybersickness, twenty subjects were exposed to two
different rest frame conditions and a non-rest frame condition after an
interval of three days in 3D VE. We observed the characteristic changes
in the physiology of cybersickness in terms of autonomic regulation.
Psychophysiological signals including EEG, EGG, and HRV were
recorded and a simulator sickness questionnaire (SSQ) was used for
measuring the intensity of the sickness before and after the exposure to
the different conditions. In the results, the SSQ was reduced significantly
in the rest frame conditions. Psychophysiological responses changed
significantly in the rest frame conditions compared to the non-rest
frame condition. The results suggest that the rest frame conditions have
condition-specific effects on reducing cybersickness by differentially
alleviating aspects of visual and vestibular sensory conflicts in 3D VE.
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Integration of visual, vestibular and
somatosensory information for the perception
of gravitational vertical and forward selfmotion
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We investigated how human perceives forward self-motion from the
information produced by the vestibular, somatosensory and visual
systems.
In the experiments, we manipulated vestibular and somatosensory
information by changing the direction of the subject’s body. The subject
sat in a drum which was tilted about the pitch axis of the subject.
We also manipulated the visual information by presenting optic flow of
dots on the display in front of the subject.
In Exp.1, the pitch of subject was fixed at a certain angle for each trial.
In Exp.2, the pitch angle was changed temporally, and the acceleration
of the optic flow was synchronized with the angle to simulate the flow
produced by the forward self-motion of the acceleration.
During the trials, the subject continuously responded the gravitational
vertical.
In the condition of fixed pitch angle (Exp.1), subjects’ responses of the
gravitational vertical almost corresponded to the real direction and were
not affected by the visual stimulus.
In the condition of changing pitch angle (Exp.2), the responses were
close to the direction of their foot.
These results suggest that, the temporal correspondence between
vestibular, somatosensory and visual information is important for the
perception of forward self-motion.

Mixed reality (MR) is the technology which merges real and virtual
worlds in real-time. In MR space, a real object can be changed its visual
appearance by superimposing a CG image (CGI) on it. Because it is said
that the feeling of the weight is affected strongly by visual stimulation,
we believe that it is affected similarly, in the case of presenting MR
visual stimulation. If the behavior and extent of such an influence are
well investigated, one real object can be perceived differently. In this
study, we focus on the center-of-gravity (COG), and verify the influence
of MR visual stimulation on sense of COG in MR environment. In this
paper, we describe the systematic experiments of the influence. As the
result, we obtained the interesting and promising result: (1) the sense
of COG can be changed by MR visual stimulation, and (2) although the
different feelings of COG between vision and sense of force, the feeling
of COG can be represented by MR visual stimulation under certain
conditions, (3) the influence from MR visual stimulation becomes
smaller when COG positions of a real object and a CG image is distant.
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Neural correlates of realistic and unrealistic
auditory space perception
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A virtual environment (VE) presents several kinds of sensory stimuli
for creating a virtual reality. Some sensory stimuli presented in the
VE have been reported to provoke cybersickness, which is caused by
conflicts between sensory stimuli, especially conflicts between visual
and vestibular sensations. Application of a rest frame has been known to
be effective on reducing cybersickness by alleviating sensory conflict.
The form and the way rest frames are presented in 3D VEs have
different effects on reducing cybersickness. In this study, two different

Binaural recordings can simulate externalized auditory space perception
over headphones. However, if the orientation of the recorder's head
and the orientation of the listener's head are incongruent, the simulated
auditory space is not realistic. For example, if a person lying flat
on a bed listens to an environmental sound that was recorded by
microphones inserted in ears of a person who was in an upright position,
the sound simulates an auditory space rotated 90 degrees to the real-
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world horizontal axis. Our question is whether brain activation patterns
are different between the unrealistic auditory space (i.e. the orientation
of the listener's head and the orientation of the recorder's head are
incongruent) and the realistic auditory space (i.e. the orientations are
congruent). River sounds that were binaurally recorded either in a
supine position or in an upright body position were served as auditory
stimuli. During fMRI experiments, participants listen to the stimuli and
pressed one of two buttons indicating the direction of the water flow
(horizontal/vertical). Behavioral results indicated that participants could
not differentiate between the congruent and the incongruent conditions.
However, neuroimaging results showed that the congruent condition
activated the planum temporale significantly more than the incongruent
condition.

(3) training with the feedback dominantly decreased the rate of vertical
localization errors in sound localization performance.
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The somatic sensation and the special sensation have some relation
each other. For example, some kind of visually-induced self-motion
perceptions are caused as an influence of the visual sensation on the
somatic sensation that monitors posture. Meanwhile, some acousticallyinduced self-motion perceptions have been investigated. For linearly
moving sound images receding from listener, Sakamoto et al. (Acoust.
Sci. & Tech., 25, 1, 2004) reported that the perceived self-motion was
generally opposite to the direction of the moving sound images. In this
study, we investigated an acoustically-induced self-motion perception
for linearly moving sound images crossing in front of listener. In this
experiment, the track of the sound image was 5m far from listener in
the front. Subjects were instructed to keep stand upright and listen
carefully moving sounds through headphone. Self-motion was evaluated
subjectively by the rating scale method for perceived direction and
level, and objectively by measuring the center-of-pressure through the
experiment. As a result, auditory-induced self-motion was observed
in the same direction of the moving sound images especially when the
sound image was receding. The above self-motion settled in the initial
position after the sound image disappeared. This may mean that auditory
vection is sensitive to sounds receding from listener.
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We report the modulation of tactile motion perception by presenting
static sounds with two alternately and repeatedly presented vibrotactile
stimuli for the perception of tactile apparent motion. Previous research
on tactile motion perception has used direction judgment tasks for
apparent motion that consist of two non-repeating, or more than two
repeating stimuli. However, the direction of two repeating apparent
motion stimuli has been considered too ambiguous to be judged. The
present study shows that the additional presentation of sounds with
manipulated timings could help to determine the perceived direction
of tactile motion despite the ambiguity in the interpretation of tactile
stimuli at ipsilateral locations. Furthermore, we found that there is a
limited alternation rate for tactile stimuli that can be used to achieve
significant modulation using sound. We relate the temporal properties
observed during crossmodal effects in tactile motion perception, to those
observed during some other crossmodal phenomena.
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We investigated the effects of listener ’s head movement and
proprioceptive feedback on the accuracy of sound localization. The
effects were examined under the conditions that their head movement
was restricted (study 1) or unrestricted (study 2) on the sound
localization training. In both experiments, participants divided into
two groups: training group performed the sound localization training
with accurate proprioceptive feedback, while control group conducted
the training with no-feedback. The results indicated that: (1) sound
localization training under active head movements increased the
accuracy of sound localization; (2) accurate proprioceptive feedback
facilitated the sound localization during the initial training phase; and
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During movement, the position of a sound object relative to an observer
continuously changes. Nevertheless, the sound source position can
be localized. Thus, self-motion information can possibly be used to
perceive stable sound space. We investigated the effect of self-motion
perception induced by visual stimuli, i.e., vection and/or vestibular
information, on sound localization. To enable perception of vection,
random dots moving laterally on a wide screen were presented. For
presentation of vestibular stimuli, a three-degree of freedom (3 DOF)
motion platform which inclines right or left was employed. Sound
stimuli were presented behind a screen when an observer perceived selfmotion induced by visual stimuli and/or the platform. The observer’
s task was to point to the position of the sound image on the screen.
Experimental results showed that the perceived sound position shifted
to the direction opposite the perceived self-motion induced by visual
information, regardless of the direction of vestibular information.
Moreover, this tendency was observed only on the side of the median
sagittal plane whose direction was the same as that of the movement of
visual information. Thus, auditory spatial perception is possibly changed
by self-motion due to the coexistence of visually induced self-motion
and vestibular information.

We examined whether a consistent haptic cue suggesting forward selfmotion facilitated vection. We used a fan with no blades (Dyson, AM01)
providing a wind of constant strength and direction (wind speed was
6.37 m/s) to the subjects’ faces with the visual stimuli visible through
the fan. We used an optic flow of expansion or contraction created by
positioning 16,000 dots at random inside a simulated cube (length 20 m),
and moving the observer’s viewpoint to simulate forward or backward
self-motion of 16 m/s. we tested three conditions for fan operation,
which were normal operation, normal operation with the fan reversed
(i.e. no wind), and no operation (no wind and no sound). Vection was
facilitated by the wind (shorter latency, longer duration and larger
magnitude values) with the expansion stimuli. The fan noise did not
facilitate vection. The wind neither facilitated nor inhibited vection with
the contraction stimuli, perhaps because a headwind is not consistent
with backward self-motion. We speculate that the consistency between
multi modalities is a key factor in facilitating vection.

Twenty flavors (such as sea weed, bonito, onion, garlic, ginger etc. by
courtesy of YAMAHO CO. Ltd.) were used as flavor stimuli. Taste
stimuli are monosodium glutamate (umami substance, MSG), miso
soup, and Katsuo Dashi (bonito soup stock). Participants tasted these
stimuli, 12~20 stimuli in a day, and evaluated the strength of umami
taste, the palatability, congruity between taste and flavor with 100 mm
visual analogue scales.
The results of evaluations analyzed with the participants’ daily eating
experience showed the interactions between taste and flavor are
developed by their own daily intake of traditional Japanese cuisine,
especially dashi soup.
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In our previous experiments, it was shown that odors (rose, sandalwood)
might influence the haptic perception (stiffness, roughness). In
particular, subjects felt a smooth surface even smoother with rose
odor and a stiff surface even harder with sandalwood odor. This study
investigated whether the effects of odors could be explained by their
categories that are derived from the verbal descriptions of odors. We
used jasmine that is categorized as “flower”, which includes rose, and
peppermint that is categorized as “herb” close to sandalwood for our
experiments. Subjects were requested to adjust the roughness or stiffness
of a test surface to match that of a standard surface just shown before it
using a force-feedback device. Standard surfaces were presented with
different odors (jasmine, peppermint, odorless) which was projected to
the noses of subjects. The results showed that jasmine made subjects feel
the surfaces softer than those in odorless condition, but had no effect on
roughness perception. Meanwhile peppermint did not show significant
effect on either stiffness or roughness perception. According to the
inconsistency between the results of present and previous experiments,
we argue that odors in similar categories do not necessarily influence
haptic perception in the same way.
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Three-dimensional (3D) television sets are available in the market
and are becoming increasingly popular among consumers. However,
viewing 3D films has potential adverse effects such as asthenopia and
visually induced motion sickness (VIMS). The phenomenon of VIMS
is not fully understood yet. One cause of VIMS has been considered
to be sensory conflict, i.e., the disagreement between vergence and
visual accommodation, while viewing a stereoscopic film. VIMS can be
analyzed in subjective and physiological terms. The aim of this study is
to evaluate the effect of viewing a long stereoscopic film on the human
body. An electrocardiogram was obtained for subjects viewing an
hour-long stereoscopic film. We also conducted stabilometric analysis
for the subjects in the Romberg posture, flicker tests, and subjective
questionnaires to detect fatigue and eye strain every 20 minutes.
Statistical significance was observed for subjective averages of the test
results obtained before exposure to the film and 40 minutes after the
initiation of the measurement (p < 0.05). Symptoms of VIMS could be
detected during the exposure to the hour-long 3D film. Based on this
result, guidelines will be devised to ensure safety in viewing 3D movies.
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Interactions between flavor and taste: Using
dashi soup as a taste stimulus

The determinants of synesthetic colors for Japanese scripts were
studied in six Japanese grapheme-color synesthetes. We investigated
the influence of linguistic properties such as phonology, orthography,
and meaning on synesthetic colors for logographic characters (Kanji),
phonetic characters (hiragana and katakana), and digits. From a palette
of 138 colors, the synesthetes selected colors for 79 Kanji, 71 hiragana,
and 71 katakana characters, and 9 digits. The results revealed that the
color choices for hiragana and katakana characters representing the
same sound were remarkably consistent, indicating that color selection
depended on phonology and not visual form. On the other hand,
synesthetic colors for Kanji characters, which are usually learned later,
depended on meaning and phonology. Kanji characters representing
concepts that are highly related to colors (e.g., names of objects
with typical colors) were associated with those colors. Digits and

Nobuyuki Sakai (Tohoku University; nob-sakai@shoin.ac.jp)
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There are many researches showing interactions between olfaction and
taste. Many of them supported that the interactions are not innate, but
are learned through our daily eating experiences. Stevenson (2009)
called this phenomenon as “learned synesthesia”. The authors also
showed the interactions between flavor and taste are learned and
processed by higher cognitive systems in rats and humans (Sakai et al.,
2001; Sakai and Imada, 2003). Here the interactions between umami
taste and dashi flavors are developed by the daily eating experience of
Japanese traditional cuisine.
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corresponding Kanji numerals elicited strikingly similar colors. Colors
for Kanji and hiragana characters sharing the same sound were likely to
be similar. These results suggest that synesthetic colors are generalized
from digits and phonetic scripts to Kanji characters via meaning and
phonology. This study provides insights into the generalization of
synesthetic colors to later acquired sets of graphemes within a language.
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of faces and objects and the role of gaze
direction in the impression-forming
Keiichi Horibata (Chiba University; keiichi6415@gmail.com)
Qian Shang (Chiba University; bm33453319@hotmail.com)
Kanami Narita (Chiba University; kanaminarita3@gmail.com)
Haruo Hibino (Chiba University; hibino@faculty.chiba-u.jp)
Shinichi Koyama (Chiba University; skoyama@faculty.chiba-u.jp)

2-55
The effect of the presence of an observer on
prefrontal cortex during a driving video game:
A near-infrared spectroscopy study
Tao Liu (Nagoya University; liu@cog.human.nagoya-u.ac.jp)
Hirofumi Saito (Nagoya University; saito@is.nagoya-u.ac.jp)
Misato Oi (Nagoya University; oi@cog.human.nagoya-u.ac.jp)

2-58
Manipulating intent alters perception of depthfrom-rotation display
Masahiro Ishii (University of Toyama; ishii@eng.u-toyama.ac.jp)
Daishi Nakamura (University of Toyama; ishii@eng.u-toyama.ac.jp)

2-56
Multimodal Social networks Video content
indexing
Feryel Souami (Computer Department - Faculté d'Electronique et
d'Informatique - USTHB; fsouami@usthb.dz)

Evolution has proven to be a very powerful mechanism in finding
good solutions to difficult problems. One of these problems is video
content clustering. The unsupervised classification method we propose
use Genetic algorithms. We present a genetic clustering algorithm for
video sequence key image quantization as a prior process. A fitness
function with a smallest number of variables is proposed. It’s based on
the objective function reformulated by Bezdek and the one proposed by
Frigui and Krishnapuram in their Competitive Agglomeration algorithm.
The proposed clustering genetic algorithm allows the initial population
solutions to converge to good results in relatively less run-time. In
addition, variable chromosome length is used to determine the clusters’
number by including an audio index. This multimodal description allows
us to classify the online videos regarding their offensive nature.

Imagine that a 3D object is illuminated from behind, and its shadow is
cast into a translucent screen viewed by an observer. When stationary,
it looks like a flat 2D figure, but when rotated, it appears as a 3D
rotating object (depth-from-rotation). The relative motion of the points
of shadow gives depth information but perspective information is
not present. So, the relative depth of points can be perceived but not
their depth order. It is impossible to tell which is the front and which
is the back of the objects. The 3D object is ambiguous with respect
to its reflection in the projection plane. As a result the object appears
to reverse in depth periodically as well as direction of rotation. This
study investigated if manipulating intent of subject alters perception
of depth-from-rotation display. In the experiment, the stimulus change
was coincided with the rotation of a crank handle rotated rightward or
leftward by the observer. The result showed that the perceived direction
of rotation from the display coincided the manual control at a high rate.
Prolonged viewing, however, made reverse the apparent rotation. We
measured duration of initial rotation. The manual control extended the
mean duration.

2-59
Affective Priming caused by Lying
Megumi Sato (Tohoku University; s-megumi@cog.is.tohoku.ac.jp)
Typically, arousal increases when telling a lie, as indicated in
psychophysiological studies about lie detection. But the emotional
valence induced by lying is unknown, though intuition indicates that
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It has been reported that the presence of others facilitates or inhibits an
individual’s performance. To investigate the neural bases of the effect
of the presence of others, using near-infrared spectroscopy (NIRS), we
measured bilateral prefrontal activation (BA 10) in humans while they
performed a simulated driving task. Participants were divided into four
groups according to the combination of the presence of others (Single
vs. Paired) and the game experience (High vs. Low): S-H, S-L, P-H,
and P-L groups. The participant’s task was to drive from start to goal
using a route map either driving alone without a paired partner (single
condition) or driving with a paired partner as an observer (paired
condition). The results revealed that the single groups (S-H, S-L)
yielded more errors than the paired groups (P-H, P-L) regardless of the
game experience. However, the NIRS data demonstrated an interaction
between the presence of others (S, P) and the game experience (H, L):
The P-H showed higher brain activity than the S-H, whereas the P-L
showed lower brain activity than the S-L. These results suggest that
the presence of others functions distinctively in the prefrontal cortex in
participants according to their prior experience in the relevant task.

We examined whether lighting direction, left or right, has an influence
on the impression of faces and objects, and the role of gaze direction
in the impression-forming. In the first experiment, we examined how
lighting directions influenced the impression of faces and objects. On
each trial, a pair of faces or objects was presented on top of each other.
Left side was brighter in one and right side was brighter in the other.
The participants were asked to answer which face or object was more
preferable. The results showed that the participants preferred leftbrighter faces and objects significantly more frequently than rightbrighter stimuli (p < .05, chi-square test). The effect was especially
strong in the upright faces. The results suggested that faces and objects
give better impressions when they are lit from the left. In the second
experiment, we examined whether eye-movement would play a role
in our preference for left-brighter faces and objects. We recorded eyemovements of the participants while doing the same task as the first
experiment. The results showed that the participants’ preference for leftbrighter faces were stronger when the participant started viewing from
the left. The gaze direction may modulate our impression-formation
(Shimojo et al. 2003).

Implicit and Explicit Auditory Modulation on
Perceptual Decision in Vision

it may be negative. Indeed, the Electrodermal Activity (EDA), used in
such studies, only shows arousal changes during an emotional response.
In this study, we examined the emotional valence induced by lying
using two tasks. First, in the deceptive task, participants answered
“no” to every question regarding the nature of displayed playing cards.
Therefore, they told a lie about specific cards. During the task, their
EDA was recorded. Secondly, in the figure estimation task, they assessed
pictures by “like” or “dislike” after looking at playing cards visibly or
subliminally as prime stimuli. We expected them to tend to estimate
figures by “dislike” when cards relevant to deception were previously
shown. This would mean that an affective priming effect due to telling
a lie happened. Actually, this effect was found only when prime stimuli
were displayed visibly. This result suggests that lying per se induces
negative emotions even without motivation or punishment due to lying.
Furthermore, we found that such effect was more blatant in participants
whose EDA changes were salient while lying.

Kohske Takahashi (The University of Tokyo, Japan Society for the
Promotion of Science; takahashi.kohske@gmail.com)

Katsumi Watanabe (The University of Tokyo, JST CREST;
kw@fennel.rcast.u-tokyo.ac.jp)

Tuesday, October 18

Given ambiguity in visual inputs, human chooses one among diverse
possible interpretation. Perceptual decision in visual competition is
susceptible to inputs into the modalities other than vision. Here we
will review recent investigation conducted in our laboratory. The
studies mainly aimed to examine how auditory inputs implicitly and/
or explicitly affect temporal characteristics of perceptual decision.
Here is the summary of our findings: (1) Synchronization: perceptual
alternation for bi-stable visual patterns can be synchronized with
implicit auditory events after experiencing synchronized audio-visual
event. (2) Destabilization: auditory transients immediately collapse
current percepts of bi-stable visual patterns. (3) Suppression/restoration:
auditory transients immediately reveal and/or conceal masked visual
patterns in continuous flash suppression. These results would imply that
temporal patterns of perceptual decision in vision might be, implicitly
and explicitly, related to other sensory modalities.

Symposium 4
Audiovisual integration: How early
does it occur ?

What you see is what you just heard: The
effect of temporal rate adaptation on human
intersensory perception

Tuesday, October 18, 16:30 - 18:00
Event Hall
Organizer: Makio Kashino (NTT Communication Science Labs)

Carmel Levitan (Occidental College; levitan@oxy.edu)
Yih-Hsin Alison Ban (Occidental College; ban@oxy.edu)
Shinsuke Shimojo (California Institute of Technology;

Audiovisual capture with ambiguous
audiovisual stimuli

sshimojo@its.caltech.edu)

Previous studies on perception have yet to establish that psychophysical
adaptation effects transfer from one sense to another. To test for this
phenomenon, the current study examines the possible crossmodal
transfer of temporal rate adaptation from vision to audition (VA) and
from audition to vision (AV). Participants were trained, using feedback,
to discriminate the perceived rapidity of either auditory or visual stimuli
presented at a range of randomly-ordered frequencies (3.25-4.75 Hz)
as compared to that of stimuli (of the same modality) at a familiar
average frequency (4 Hz). Afterwards, subjects were repeatedly
exposed to stimuli (of the other modality) at a specific rate (3 Hz or 5
Hz). To test whether adaptation resulted from this exposure, subjects
again completed the task previously used for training, but now without
feedback. After the initial training and adaptation phases, these test and
adaptation tasks were presented in 20 alternating blocks. A comparison
of the pre- and post-adaptation responses showed crossmodal changes in
subjects’ perception of temporal rate, such that adaptation to 5 Hz led to
the subsequent stimuli seeming slower than they had before adaptation.
On the other hand, after exposure to 3 Hz stimuli, the opposite effect
was seen. This shift occurred in both VA and AV conditions. As audition
and vision were never simultaneously presented, this is suggestive of
a strong linkage between the two modalities in perceiving rate. We
propose that this is due to the presence of early, distributed, withinmodal clocks, that can vigorously modulate each other cross-modally.

Jean-Michel Hupé (Toulouse University, CNRS;

jean-michel.hupe@cerco.ups-tlse.fr)
Daniel Pressnitzer (LPP, CNRS-Paris Descartes University, DEC, ENS;
Daniel.Pressnitzer@ens.fr)

Audiovisual capture happens when information across modalities get
fused into a coherent percept. Ambiguous multi-modal stimuli have the
potential to be powerful tools to observe such effects. We used such
stimuli made of temporally synchronized and spatially co-localized
visual flashes and auditory tones. The flashes produced bistable
apparent motion and the tones produced ambiguous streaming. We
measured strong interferences between perceptual decisions in each
modality, a case of audiovisual capture. However, does this mean that
audiovisual capture occurs before bistable decision? We argue that
this is not the case, as the interference had a slow temporal dynamics
and was modulated by audiovisual congruence, suggestive of highlevel factors such as attention or intention. We propose a framework
to integrate bistability and audiovisual capture, which distinguishes
between “what” competes and “how” it competes (Hupé et al., 2008).
The audiovisual interactions may be the result of contextual influences
on neural representations (“what” competes), quite independent from
the causal mechanisms of perceptual switches (“how” it competes).
This framework predicts that audiovisual capture can bias bistability
especially if modalities are congruent (Sato et al., 2007), but that
is fundamentally distinct in nature from the bistable competition
mechanism.

Crossmodal contingent aftereffect
Wataru Teramoto (Tohoku University; teraw@ais.riec.tohoku.ac.jp)
Maori Kobayashi (Tohoku University; maori@ais.riec.tohoku.ac.jp)
Souta Hidaka (Rikkyo University; hidaka@rikkyo.ac.jp)
Yoichi Sugita (National Institute of Advanced Industrial Science and
Technology; y.sugita@aist.go.jp)

Sounds containing no motion or positional cues could induce illusory
visual motion perception for static visual stimuli. Two identical visual
stimuli placed side by side were presented in alternation producing
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apparent motion perception and each stimulus was accompanied by a
tone burst of a specific and unique frequency. After prolonged exposure
to the apparent motion, the tones acquired driving effects for motion
perception; a visual stimulus blinking at a fixed location was perceived
as lateral motion. The effect lasted at least for a few days and was only
observed at the retinal position that was previously exposed to apparent
motion with the tones. Furthermore, the effect was specific to ear and
sound frequency presented in the exposure period. These results indicate
that strong association between visual motion and sound sequence is
easily formed within a short period and that very early stages of sensory
processing might be responsive loci for the current phenomenon.

Classification of real and imagined sounds in
early visual cortex
Petra Vetter (University of Glasgow; petra.vetter@glasgow.ac.uk)

Tuesday, October 18

Early visual cortex has been thought to be mainly involved in the
detection of low-level visual features. Here we show that complex
natural sounds can be decoded from early visual cortex activity, in
the absence of visual stimulation and both when sounds are actually
displayed and when they are merely imagined. Blindfolded subjects
listened to three complex natural sounds (bird singing, people talking,
traffic noise; Exp. 1) or received word cues (“forest”, “people”, ”
traffic”; Exp 2) to imagine the associated scene. fMRI BOLD activation
patterns from retinotopically defined early visual areas were fed into
a multivariate pattern classification algorithm (a linear support vector
machine). Actual sounds were discriminated above chance in V2 and V3
and imagined sounds were decoded in V1. Also cross-classification, i.e.
training the classifier to real sounds and testing it to imagined sounds
and vice versa, was successful. Two further experiments showed that
an orthogonal working memory task does not interfere with sound
classification in early visual cortex (Exp. 3), however, an orthogonal
visuo-spatial imagery task does (Exp. 4). These results demonstrate that
early visual cortex activity contains content-specific information from
hearing and from imagery, challenging the view of a strict modalityspecific function of early visual cortex.
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sequence persists when proprioceptive information is consistent with
streaming.

Effects of proprioceptive and
vestibular processing on visual
perception

Influence of active manipulation of an object
on visual motion perception

Wednesday, October 19, 9:00 - 10:30
Event Hall
Organizer: Makoto Ichikawa (Chiba University)

When we manipulate an object by hand, the movements of the object
are produced with the visual and haptic movements of our hands.
Studies of multimodal perception show the interaction between touch
and vision in visual motion perception(1,2). The influence of touch on
visual motion perception is shown by the fact that adaptation to tactile
motion across the observer’s hand induces a visual motion aftereffect,
which is a visual illusion in which exposure to a moving visual pattern
makes a subsequently viewed stationary visual pattern appear to move
in the opposite direction(2). This visuo-tactile interaction plays an
important role in skillful manipulation(3). However, it is not clear how
haptic information influences visual motion perception. We measured
the strength of a visual motion aftereffect after visuo-haptic adaptation
to a windmill rotated by observers. We found that the visual motion
aftereffect was enhanced when observers actively rotated the windmill.
The motion aftereffect was not enhanced when the observer’s hand was
passively moved. Our results suggest the presence of a visual motion
system that is linked to the intended haptic movements.

Kazumichi Matsumiya (Tohoku University; kmat@riec.tohoku.ac.jp)
Satoshi Shioiri (Tohoku University; shioiri@riec.tohoku.ac.jp)

Effects of proprioceptive processing on
the illusory flash-lag effect in motion and
luminance change
Makoto Ichikawa (Chiba University; ichikawa@L.chiba-u.ac.jp)
Yuko Masakura (Tokyo University of Technology; masakura@cs.teu.ac.jp)

Wednesday, October 19

Observer’s active control of visual stimulus movement by the use of
computer mouse reduces the flash-lag effect (Ichikawa & Masakura,
2006, Vision Research). This reduction of the flash-lag effect in visual
motion depends upon directional relationship between hand movement
and visual stimulus movement (Ichikawa & Masakura, 2010 AP&P).
These studies indicate that the reduction of the flash-lag effect depends
upon the sensory-motor learning of the directional consistency between
the hand movement and stimulus movement in everyday-computer
use. In this study, we examined how directional relationship between
hand movement and stimulus change, which is not involved in everycomputer use, affects the reduction of the flash-lag effect if there is no
inevitable directional relationship between hand movement and stimulus
change. While the luminance of the visual stimulus was controlled by
the use of computer-mouse, a flash was presented. Observer judged
which of the flash and luminance change stimulus is lighter. We found
significant reduction of the flash-lag effect only when the directional
relationship between hand movement and stimulus change was fixed.
The results suggest that the proprioceptive signal to control the visual
stimulus would facilitate the visual processing if the directional
relationship between hand movement and stimulus change is consistent.

Visual and proprioceptive contributions to the
perception of one's body
Laurence Roy Harris (York University; harris@yorku.ca)
The perception of one’s body includes distinguishing one’s body from
other objects and creating an internal body representation. In this talk
I will review evidence suggesting that localizing a tactile stimulus on
the body surface involves a body representation that is at least partially
coded in visual coordinates and that the view of one’s body needs to be
synchronous in time and aligned in space with non-visual information to
be treated as one’s own. The former claim comes from the effect of eye
and head position on localizing a touch on the arm or torso. The latter
claim comes from experiments in which the perspective from which
the hand or head was viewed was altered using an electronic mirror.
When the perspective was consistent with viewing one’s own body
(either directly or in a mirror) subjects were more sensitive at detecting
temporal asynchronies between visual and non-visual cues to movement
of that body part. These results will be discussed in terms of allocentric
and egocentric coding of the body.

The stream/bounce effect with manual control
of moving disks
Philip M Grove (The University of Queensland; p.grove@psy.uq.edu.au)
Micah Bernoff (The University of Queensland;

micah.bernoff@uqconnect.edu.au)
Kenzo Sakurai (Tohoku Gakuin University;
sakurai@mind.tohoku-gakuin.ac.jp)

Perceived direction of self-motion from
orthogonally directed visual and vestibular
stimulation in passive and active observation

Active control over visual targets has been shown to influence spatial
aspects of visual perception (e.g. flash lag effect: Ichikawa & Masakura,
2006). We investigated whether or not observers’ manual control over
target motion affects the pattern of perceptual biases in audio/visual
stream/bounce (Sekuler, Sekuler & Lau, 1997) displays. Participants
completed four conditions: 1) zero control 2) full manual control
over the targets via a concurrent left to right movement of a computer
mouse 3) participants thought they were controlling the targets but
were not 4) participants moved the mouse to accompany the target
motion but were aware this motion was unrelated to the motion on
the display. Participants responded “stream” or “bounce” at the end of
each sequence when a sound was present or absent when the targets
superimposed. Bouncing dominated when a sound was presented in
the zero control condition replicated previous stream/bounce studies.
The effect was reduced in the remaining conditions, though no sound
trials elicited significantly fewer bounce reports than sound trials. These
results support and extend our previous work (Grove & Sakurai, 2009)
showing that the influence of a sound on the resolution of a motion

Kenzo Sakurai (Tohoku Gakuin University;
sakurai@mind.tohoku-gakuin.ac.jp)
Toshio Kubodera (Tohoku Gakuin University;
ctoshio@mail.ecc.u-tokyo.ac.jp)
Philip M. Grove (The University of Queensland; p.grove@psy.uq.edu.au)
Shuichi Sakamoto (Tohoku University; saka@ais.riec.tohoku.ac.jp)
Yôiti Suzuki (Tohoku University; yoh@riec.tohoku.ac.jp)
Perceiving the direction of self-motion is typically a multisensory
process. The most effective cue to detect the observer’s heading
direction is the visual optic-flow pattern. In the initial period of body
movement, however, the vestibular sense is another effective cue to
detect the direction in which one’s body started to move. Here I report
our recent research on the perception of self-motion, 1) when observers
are passively experiencing their real somatic motion in different body
posture, and 2) when observers are actively moving their bodies forward
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and backward.
Previously, we reported that when upright observers passively
experience real linear oscillatory somatic motion (leftward/rightward
or forward/backward) while viewing orthogonal visual optic flow
patterns (translating or expanding/contracting), their perceived body
motion direction is intermediate to those specified by visual and
vestibular information individually (Sakurai et al., 2002, ACV; 2003,
ECVP; Sakurai et al., 2010, VSS; Kubodera et al., 2010, APCV).
We then generalized those findings exploring other visual/vestibular
combinations, investigating when the vertical axis of body coordinates
is orthogonal to the gravity axis. Observers lay supinely and reported
their perceived direction of self-motion, experiencing real upward/
downward or leftward/rightward motion in body coordinates, while
viewing orthogonal optic-flow patterns that were phase-locked to the
swing motion. The results are very similar to our previous reports, but
for combinations of body motion with visual expanding/contracting
optic-flow, some observers’ judgments were vision-only or vestibularonly, suggesting that multimodal integration in this context is an eitheror process for these observers. Compared to our previous reports, one
possible reason for this weighted combination failure is the discrepancy
between body coordinates and gravity coordinates (Sakurai et al., 2011,
ECVP).
We recently extended those studies to active somatic motion, measuring
the angular shift in body direction after active body motion while
viewing synchronized orthogonal optic flow. Observers viewed the
stimulus of translating leftward (rightward) random-dots for 30 seconds
through a face-mounted display, while actively stepping forward and
backward such that their forward body movement was synchronized
with the random-dot translational motion. Observers’ body direction
was measured before and after each trial, and was compared with that
of control condition (random noise). Translational optic flow induced
shifts in body direction that were opposite to shifts in perceived
direction with passive viewing in our previous reports. Observers may
have compensated their body motion in response to perceived direction
shifts similar to those we reported for passive viewing.

many stimulus features in different sensory modalities. So, for example,
people will consistently match high-pitched sounds with small, bright
objects that are located high up in space. In this talk, the latest literature
is reviewed. We will argue that crossmodal correspondences need to be
considered alongside semantic and spatiotemporal congruency, among
the key constraints that help our brains to solve the crossmodal binding
problem. Crossmodal correspondences will also be distinguished from
synaesthesia.

Oscillatory neural synchronization can
predict intensity-dependent enhancement: A
bridge between sensory binding theory and
multisensory integration
Vincent A Billock (U.S. Air Force Research Laboratory;
billocva@muohio.edu)
Brian H. Tsou (U.S. Air Force Research Laboratory;
brian.tsou@wpafb.af.mil)
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Ensemble coding in audition
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Event Hall
Chairperson: Mark T. Wallace (Vanderbilt University)

Elise Piazza (University of California, Berkeley; elise.piazza@gmail.com)
Timothy Sweeny (University of California, Berkeley; timsweeny@gmail.com)
David Wessel (University of California, Berkeley;

wessel@cnmat.berkeley.edu)
David Whitney (University of California, Berkeley; dwhitney@berkeley.edu)

Crossmodal correspondences

In vision, it is known that humans use summary statistics to efficiently
perceive and encode the ‘gist’ of groups of features. For instance, after
viewing a set of differently sized circles, people can reliably estimate
the average circle size, often more accurately than they can identify
an individual member of the set (Ariely, 2001). Summary statistical
encoding (i.e., ensemble coding) is common in visual processing,
having been demonstrated not only for low-level visual features (e.g.,
size and orientation) but also for high-level features such as facial
expression (Haberman & Whitney, 2007). Here, we present evidence
that ensemble coding is operative in audition. Specifically, participants
were able to estimate the mean frequency of a set of logarithmically
spaced pure tones presented in a temporal sequence, even though they
performed poorly when asked to identify an individual member of the
set (an identification task) or identify a tone’s position in the set (a
localization task). This suggests that ensemble coding is not limited to
visual processing and instead is an important, multisensory mechanism
for extracting useful information from groups of objects.

Charles Spence (University of Oxford; Charles.spence@psy.ox.ac.uk)
Cesare Parise (Max Planck Institute for Biological Cybernetics;

cesare.parise@psy.ox.ac.uk)
Ophelia Deroy (Université Paris-Est; ophelia.deroy@gmail.com)

In many everyday situations, our senses are bombarded by numerous
different unisensory signals at any given time. In order to gain the
most veridical, and least variable, estimate of environmental stimuli/
properties, we need to combine the individual noisy unisensory
perceptual estimates that refer to the same object, while keeping those
estimates belonging to different objects or events separate. How,
though, does the brain ‘know’ which stimuli to combine? Traditionally,
researchers interested in the crossmodal binding problem have focused
on the role that spatial and temporal factors play in modulating
multisensory integration. However, crossmodal correspondences
between various unisensory features (such as between auditory pitch and
visual size) may provide yet another important means of constraining
the crossmodal binding problem. A large body of research now shows
that people exhibit consistent crossmodal correspondences between
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Although conceptually similar, sensory binding theory is based on
oscillatory synchronization while multisensory integration is largely
grounded on multisensory neurons. Many multisensory neurons show
strong enhancement of response when both senses are stimulated, but
the mechanism is obscure. This is a potential bridge between binding
and sensory integration because oscillatory synchronization can enhance
synchronized firing rates. Consider two independent excitatory neurons,
each driven by a different sensory input. For synaptic coupling with
a small delay, they can synchronize at a firing rate that lies well above
either of their independent activities. We use this model to simulate
behavior of a pair of “Enhanced Single Modality” (ESM) neurons like
those in rattlesnake optic tectum, driven by stimulation in the eyes and
infrared pits (Newman & Hartline, 1981). If these units both drive a
common third cell, it will behave like an “Enhanced OR” neuron: it
could be driven by either infrared or visible, but will fire at a higher
rate when both of its inputs are present. Although the rattlesnake binds
two visual modalities, the binding model behaves like superadditive
multisensory units in Superior Colliculus (Stein & Meredith, 1993) and
exhibits the intensity-dependent enhancement of Meredith & Stein's
(1983) Principle of Inverse Effectiveness.

Student Award Session

Direct contribution of auditory motion
information to sound-induced visual motion
perception

(awardee names are underlined)

Souta Hidaka (Rikkyo University; hidaka@rikkyo.ac.jp)
Wataru Teramoto (Tohoku University; teraw@ais.riec.tohoku.ac.jp)
Yoichi Sugita (National Institute of Advanced Industrial Science and
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Yuko Manaka (Japan Science and Technology Agency;
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Technology; y.sugita@aist.go.jp)

manaka-yuko.6636@aist.go.jp)
Shuichi Sakamoto (Tohoku University; saka@ais.riec.tohoku.ac.jp)
Yôiti Suzuki (Tohoku University; yoh@riec.tohoku.ac.jp)

A multi-sensory illusion: Hong Kong Peak
Tram Illusion (II) – Subjective Vertical

We have recently demonstrated that alternating left-right sound sources
induce motion perception to static visual stimuli along the horizontal
plane (SIVM: sound-induced visual motion perception, Hidaka et
al., 2009). The aim of the current study was to elucidate whether
auditory motion signals, rather than auditory positional signals, can
directly contribute to the SIVM. We presented static visual flashes
at retinal locations outside the fovea together with a lateral auditory
motion provided by a virtual stereo noise source smoothly shifting
in the horizontal plane. The flashes appeared to move in the situation
where auditory positional information would have little influence on
the perceived position of visual stimuli; the spatiotemporal position
of the flashes was in the middle of the auditory motion trajectory.
Furthermore, the auditory motion altered visual motion perception in a
global motion display; in this display, different localized motion signals
of multiple visual stimuli were combined to produce a coherent visual
motion perception so that there was no clear one-to-one correspondence
between the auditory stimuli and each visual stimulus. These findings
suggest the existence of direct interactions between the auditory and
visual modalities in motion processing and motion perception.

Hiu Mei Chow (The University of Hong Kong; dorischm@gmail.com)
Ping-Hui Chiu (The University of Hong Kong; chiupinghui@gmail.com)
Chia-huei Tseng (The University of Hong Kong; CH_Tseng@alumni.uci.edu)
Lothar Spillmann (China Medical University;
lothar.spillmann@zfn-brain.uni-freiburg.de)
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Our ability to maintain orientation to the upright is a result of multisensory integration, but little is known about how our subjective vertical
interacts with our perceived world. We measured observers’ subjective
vertical in the same environment where we observed the Hong Kong
Peak Tram Illusion. We tested whether the perceived tilt of a physically
vertical building is a result of observers’ misjudgment of their subjective
vertical position.
Six observers sat in the tram and held a stick on the bench to indicate
their subjective vertical on both upward and downward trips. In a
separate trip, they did the same measurement with eyes closed. An
assistant marked the angle of the stick relative to gravity with a rotary
pitch. Observers’ reclining position, which matched with the slope of
the mountain, was measured simultaneously by another pitch.
We found observers’ subjective vertical was biased away from
gravitational vertical, which linearly increased with mountain slope.
A blind-fold reduced this bias to half, suggesting visual information
is crucial for our judgment of subjective vertical. However, observers’
illusory tilt of buildings did not reflect the same trend, implying the
illusion cannot be fully accounted for by observers’ misjudgment of
subjective vertical.

Visual distance cues amplify neuromagnetic
auditory N1m responses
Christian F Altmann (Kyoto University; altmann@cp.kyoto-u.ac.jp)
Masao Matsuhashi (Kyoto University; matuhasi@bpp2.kuhp.kyoto-u.ac.jp)
Mikhail Votinov (Kyoto University; votinoff@gmail.com)
Kazuhiro Goto (Kyoto University; kgoto@kuhp.kyoto-u.ac.jp)
Tatsuya Mima (Kyoto University; mima@kuhp.kyoto-u.ac.jp)
Hidenao Fukuyama (Kyoto University; fukuyama@kuhp.kyoto-u.ac.jp)

Context and Crossmodal Interactions: An ERP
Study

Ranging of auditory objects relies on several acoustic cues and is
possibly modulated by additional visual information. Sound pressure
level can serve as a cue for distance perception because it decreases
with increasing distance. In this magnetoencephalography (MEG)
experiment, we tested whether psychophysical loudness judgment
and N1m MEG responses are modulated by visual distance cues. To
this end, we paired noise bursts at different sound pressure levels
with synchronous visual cues at different distances. We hypothesized
that noise bursts paired with far visual cues will be perceived louder
and result in increased N1m amplitudes compared to a pairing with
close visual cues. The rationale behind this was that listeners might
compensate the visually induced object distance when processing
loudness. Psychophysically, we observed no significant modulation of
loudness judgments by visual cues. However, N1m MEG responses at
about 100 ms after stimulus onset were significantly stronger for far
versus close visual cues in the left auditory cortex. N1m responses in the
right auditory cortex increased with increasing sound pressure level, but
were not modulated by visual distance cues. Thus, our results suggest an
audio-visual interaction in the left auditory cortex that is possibly related
to cue integration for auditory distance processing.

Beatriz R. Sarmiento (University of Granada; bearsarmiento@ugr.es)
Daniel Sanabria (University of Granada; daniel@ugr.es)
In a previous behavioural study, we reported that a particular context of
stimulus congruency influenced audiovisual interactions. In particular,
audiovisual interaction, measured in terms of congruency effect, was
reduced when a high proportion of incongruent trials was presented. We
argued that this modulation was due to changes in participants’ control
set as a function of the context of congruency, with greater control
applied when most of the trials were incongruent. Since behavioural
data do not allow to specify the level at which control was affecting
audiovisual interaction, we conducted an event-related potentials (ERPs)
study to further investigate each context of audiovisual congruency.
Participants performed an audiovisual congruency task, where the
stimulus onset could be present on two different contexts mixed at
random: a high proportion congruent context and a low proportion
congruent context. The context manipulation was found to modulate
brain ERPs related to perceptual and response selection processes, i.e.
the N2 and P3 components. The N2 amplitude was larger for the less
common trials on both high and low congruent proportion contexts,
while the P3 amplitude and latency were differentially modulated by
incongruent trials on the two contexts.
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Crossmodal transfer of object information in
human echolocation

A ventral visual stream reading center
independent of sensory modality and visual
experience

Santani Teng (University of California, Berkeley; steng@berkeley.edu)
Amrita Puri (Hendrix College; puri@hendrix.edu)
David Whitney (University of California, Berkeley; dwhitney@berkeley.edu)

Lior Reich (The Hebrew University of Jerusalem; lioreich@gmail.com)
Ella Striem-Amit (The Hebrew University of Jerusalem;
ella.striem@mail.huji.ac.il)

In active echolocation, reflections from self-generated acoustic pulses
are used to represent the external environment. This ability has been
described in some blind humans to aid in navigation and obstacle
perception[1-4]. Echoic object representation has been described in
echolocating bats and dolphins[5,6], but most prior work in humans has
focused on navigation or other basic spatial tasks[4,7,8]. Thus, the nature
of echoic object information received by human practitioners remains
poorly understood. In two match-to-sample experiments, we tested
the ability of five experienced blind echolocators to identify objects
haptically which they had previously sampled only echoically. In each
trial, a target object was presented on a platform and subjects sampled
it using echolocation clicks. The target object was then removed and
re-presented along with a distractor object. Only tactile sampling was
allowed in identifying the target. Subjects were able to identify targets
at greater than chance levels among both common household objects
(p < .001) and novel objects constructed from plastic blocks (p = .018).
While overall accuracy was indicative of high task difficulty, our results
suggest that objects sampled by echolocation are recognizable by shape,
and that this representation is available across sensory modalities.

Marcin Szwed (Université Pierre et Marie Curie; mfszwed@gmail.com)
Ornella Dakwar (The Hebrew University of Jerusalem;

ornella_da@yahoo.com)
Miri Guendelman (The Hebrew University of Jerusalem;
MIRIAM.GUEN@gmail.com)
Laurent Cohen (Université Pierre et Marie Curie; laurent.cohen@psl.aphp.fr)
Amir Amedi (The Hebrew University of Jerusalem; amira@ekmd.huji.ac.il)

Attention modulates the neural processes
underlying multisensory integration of emotion
Hao Tam Ho (Max Planck Institute for Human Cognitive and Brain Sciences;
htho@cbs.mpg.de)
Erich Schröger (University of Leipzig; schroger@uni-leipzig.de)
Sonja A. Kotz (Max Planck Institute for Human Cognitive and Brain Sciences;
kotz@cbs.mpg.de)
Integrating emotional information from multiple sensory modalities
is generally assumed to be a pre-attentive process (de Gelder et al.,
1999). This assumption, however, presupposes that the integrative
process occurs independent of attention. Using event-potentials (ERP)
the present study investigated whether the neural processes underlying
the integration of dynamic facial expression and emotional prosody is
indeed unaffected by attentional manipulations. To this end, participants
were presented with congruent and incongruent face-voice combinations
(e.g. an angry face combined with a neutral voice) and performed
different two-choice tasks in four consecutive blocks. Three of the
tasks directed the participants’ attention to emotion expressions in the
face, the voice or both. The fourth task required participants to attend
to the synchronicity between voice and lip movements. The results
show divergent modulations of early ERP components by the different
attentional manipulations. For example, when attention was directed
to the face (or the voice), incongruent stimuli elicited a reduced N1 as
compared to congruent stimuli. This effect was absent, when attention
was diverted away from the emotionality in both face and voice
suggesting that the detection of emotional incongruence already requires
attention. Based on these findings, we question whether multisensory
integration of emotion occurs indeed pre-attentively.

Temporal integration of auditory stimulation
and binocular disparity signals
Marina Zannoli (Université Paris Descartes, CNRS;
marinazannoli@gmail.com)
John Cass (University of Western Sydney; j.cass@uws.edu.au)
David Alais (University of Sydney; davida@psych.usyd.edu.au)
Pascal Mamassian (Université Paris Descartes, CNRS;
pascal.mamassian@parisdescartes.fr)
Several studies using visual objects defined by luminance have reported
that the auditory event must be presented 30 to 40 ms after the visual
stimulus to perceive audiovisual synchrony. In the present study, we
used visual objects defined only by their binocular disparity.
We measured the optimal latency between visual and auditory
stimuli for the perception of synchrony using a method introduced
by Moutoussis & Zeki (1997). Visual stimuli were defined either by
luminance and disparity or by disparity only. They moved either back
and forth between 6 and 12 arcmin or from left to right at a constant
disparity of 9 arcmin. This visual modulation was presented together
with an amplitude-modulated 500 Hz tone. Both modulations were
sinusoidal (frequency: 0.7 Hz).
We found no difference between 2D and 3D motion for luminance
stimuli: a 40 ms auditory lag was necessary for perceived synchrony.
Surprisingly, even though stereopsis is often thought to be slow, we
found a similar optimal latency in the disparity 3D motion condition (55
ms). However, when participants had to judge simultaneity for disparity
2D motion stimuli, it led to larger latencies (170 ms), suggesting that
stereo motion detectors are poorly suited to track 2D motion.
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The Visual Word Form Area (VWFA) is a ventral-temporal-visual
area that develops expertise for visual reading. It encodes letter-strings
irrespective of case, font, or location in the visual-field, with striking
anatomical reproducibility across individuals. In the blind, reading
can be achieved using Braille, with a comparable level-of-expertise to
that of sighted readers. We investigated which area plays the role of
the VWFA in the blind. One would expect it to be at either parietal or
bilateral occipital cortex, reflecting the tactile nature of the task and
crossmodal plasticity, respectively. However, according to the notion
that brain areas are task specific rather than sensory-modality specific,
we predicted recruitment of the left-hemispheric VWFA, identically
to the sighted and independent of visual experience. Using fMRI we
showed that activation during Braille reading in congenitally blind
individuals peaked in the VWFA, with striking anatomical consistency
within and between blind and sighted. The VWFA was reading-selective
when contrasted to high-level language and low-level sensory controls.
Further preliminary results show that the VWFA is selectively activated
also when people learn to read in a new language or using a different
modality. Thus, the VWFA is a mutlisensory area specialized for reading
regardless of visual experience.

Evidence for a mechanism encoding
audiovisual spatial separation

investigate the crossmodal semantic modulation of visual perception
using the binocular rivalry paradigm. The participants viewed a
dichoptic figure consisting of a bird and a car presented to each eye,
while also listening to either a bird singing or car engine revving.
Participants’ dominant percepts were modulated by the presentation
of a soundtrack associated with either bird or car, as compared to the
presentation of a soundtrack irrelevant to both visual figures (tableware
clattering together in a restaurant). No such crossmodal semantic effect
was observed when the participants maintained an abstract semantic
cue in memory. We then further demonstrate that crossmodal semantic
modulation can be dissociated from the effects of high-level attentional
control over the dichoptic figures and of low-level luminance contrast of
the figures. In sum, we demonstrate a novel crossmodal effect in terms
of crossmodal semantic congruency on binocular rivalry. This effect can
be considered a perceptual grouping or contextual constraint on human
visual awareness through mid-level crossmodal excitatory connections
embedded in the multisensory semantic network.

Emily Orchard-Mills (University of Sydney; emilyorchardmills@gmail.com)
Johahn Leung (University of Sydney; slashj@gmail.com)
Maria Concetta Morrone (University of Pisa; concetta@in.cnr.it)
David Burr (University of Florence; dave@in.cnr.it)
Ella Wufong (University of Sydney; ewuf1042@uni.sydney.edu.au)
Simon Carlile (University of Sydney; simonc@physiol.usyd.edu.au)
David Alais (University of Sydney; davida@psych.usyd.edu.au)
Auditory and visual spatial representations are produced by distinct
processes, drawing on separate neural inputs and occurring in different
regions of the brain. We tested for a bimodal spatial representation using
a spatial increment discrimination task. Discrimination thresholds for
synchronously presented but spatially separated audiovisual stimuli
were measured for base separations ranging from 0° to 45°. In a
dark anechoic chamber, the spatial interval was defined by azimuthal
separation of a white-noise burst from a speaker on a movable robotic
arm and a checkerboard patch 5° wide projected onto an acoustically
transparent screen. When plotted as a function of base interval, spatial
increment thresholds exhibited a J-shaped pattern. Thresholds initially
declined, the minimum occurring at base separations approximately
equal to the individual observer’s detection threshold and thereafter rose
log-linearly according to Weber’s law. This pattern of results, known
as the ‘dipper function’, would be expected if the auditory and visual
signals defining the spatial interval converged onto an early sensory
filter encoding audiovisual space. This mechanism could be used to
encode spatial separation of auditory and visual stimuli.

Multisensory integration: When correlation
implies causation
Cesare Valerio Parise (Max Planck Institute for Biological Cybernetics,
University of Oxford; cesare.parise@psy.ox.ac.uk)
Vanessa Harrar (University of Oxford; vanessa.harrar@psy.ox.ac.uk)
Charles Spence (University of Oxford; charles.spence@psy.ox.ac.uk)
Marc Ernst (Max Planck Institute for Biological Cybernetics; marc.ernst@
tuebingen.mpg.de)
Humans are equipped with multiple sensory channels, jointly providing
both redundant and complementary information. A primary challenge
for the brain is therefore to make sense of these multiple sources of
information and bind together those signals originating from the same
source while segregating them from other inputs. Whether multiple
signals have a common origin or not, however, must be inferred from
the signals themselves (causal inference, cf. “the correspondence
problem”). Previous studies have demonstrated that spatial coincidence,
temporal simultaneity, and prior knowledge are exploited to solve the
correspondence problem. Here we demonstrate that cross-correlation,
a measure of similarity between signals, constitutes an additional cue
to solve the correspondence problem. Capitalizing on the well-known
fact that sensitivity to crossmodal conflicts is inversely proportional to
the strength of coupling between the signals, we measured sensitivity
to crossmodal spatial conflicts as a function of the cross-correlation
between audiovisual signals. Cross-correlation (time-lag 0ms)
modulated observers’ performance, with lower sensitivity to crossmodal
conflicts being measured for correlated than for uncorrelated audiovisual
signals. The current results demonstrate that cross-correlation promotes
multisensory integration. A Bayesian framework is proposed to interpret
the present results whereby stimulus correlation is represented on the
prior distribution of expected crossmodal co-occurrence.

What is sensory about multi-sensory
enhancement of vision by sounds?
Alexis Pérez-Bellido (University of Barcelona;
alexisperezbellido@gmail.com)
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Salvador Soto-Faraco (Universitat Pompeu Fabra, Institució Catalana de
Joan López-Moliner (Universitat de Barcelona; j.lopezmoliner@ub.edu)

Recerca i Estudis Avançats; salvador.soto@icrea.es)

Can auditory input influence the sensory processing of visual
information? Many studies have reported cross-modal enhancement
in visual tasks, but the nature of such gain is still unclear. Some
authors argue for ‘high-order’ expectancy or attention effects, whereas
others propose ‘low-order’ stimulus-driven multisensory integration.
The present study applies a psychophysical analysis of reaction time
distributions in order to disentangle sensory changes from other kind of
high-order (not sensory-specific) effects. Observers performed a speeded
simple detection task on Gabor patches of different spatial frequencies
and contrasts, with and without accompanying sounds. The data were
adjusted using chronometric functions in order to separate changes is
sensory evidence from changes in decision or motor times. The results
supported the existence of a stimulus unspecific auditory-induced
enhancement in RTs across all types of visual stimuli, probably mediated
by higher-order effects (e.g. reduction of temporal uncertainty).
Critically, we also singled out a sensory gain that was selective to low
spatial frequency stimuli, highlighting the role of the magno-cellular
visual pathway in multisensory integration for fast detection. The
present findings help clarify previous mixed findings in the area, and
introduce a novel form to evaluate cross-modal enhancement.

Crossmodal semantic constraints on visual
perception of binocular rivalry
Yi-Chuan Chen (University of Oxford; yi-chuan.chen@psy.ox.ac.uk)
Su-Ling Yeh (National Taiwan University; suling@ntu.edu.tw)
Charles Spence (University of Oxford; charles.spence@psy.ox.ac.uk)
Environments typically convey contextual information via several
different sensory modalities. Here, we report a study designed to
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of visual stimuli may affect the occurrence rate of the fission illusion,
since this illusion is generated in the process that copes with visual
and auditory stimuli in a short time. The present study examined the
differences in illusory occurrence rates by manipulating the complexity
of visual stimuli. We used the patterns proposed by Garner & Clement
(1963) to control the complexity. The results indicated that it was more
difficult to induce the fission illusion by using complex visual stimuli
than it was by using simple stimuli. Thus, the present study suggested
that the occurrence rate of the fission illusion differed depending on the
perceptual efficiency in the coding process of visual stimuli. This study
was supported by Grant-in-Aid for Specifically Promoted Research (No.
19001004).
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David Alais (University of Sydney; davida@psych.usyd.edu.au)
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Dynamics of multi sensory tracking
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Simon Carlile (University of Sydney; simon.carlile@sydney.edu.au)
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Ryan Andrew Stevenson (Vanderbilt University;
ryan.andrew.stevenson@gmail.com)
Raquel K. Zemtsov (Vanderbilt University;
raquel.k.zemtsov@vanderbilt.edu)
Mark T. Wallace (Vanderbilt University; mark.wallace@vanderbilt.edu)
The ability of our sensory systems to merge sensory information
from distinct modalities is remarkable. One stimulus characteristic
utilized in this operation is temporal coincidence. Auditory and visual
information are integrated within a narrow range of temporal offsets,
known as the temporal binding window (TBW), which varies between
individuals, stimulus type, and task. In this series of experiments, we
assessed the relationship within individuals between the width of their
TBW and their ability to integrate audiovisual information. The TBW
was measured through a perceived subjective simultaneity task. In
conjunction with this, we measured each individual’s ability to integrate
auditory and visual information with two multisensory illusions, the
McGurk effect and Flashbeep illusion. The results from these studies
demonstrate that the TBW is highly correlated with the individual’s
ability to integrate. These relationships were seen in only the right TBW,
in which visual presentations preceded auditory presentations, a finding
that is ecologically logical. However, differences were seen between
the two illusory conditions, where the McGurk effect was stronger in
individuals with narrow TBWs, again, an ecologically logical finding.
The opposite relationship was seen with flashbeep illusion, possibly due
to inherent asynchronies in the illusion.

3-05
Evidence for a mechanism encoding
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Emily Orchard-Mills (University of Sydney; emilyorchardmills@gmail.com)
Johahn Leung (University of Sydney; slashj@gmail.com)
Maria Concetta Morrone (University of Pisa; concetta@in.cnr.it)
David Burr (University of Florence; dave@in.cnr.it)
Ella Wufong (University of Sydney; ewuf1042@uni.sydney.edu.au)
Simon Carlile (University of Sydney; simonc@physiol.usyd.edu.au)
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The occurrence rate of the fission illusion
differs depending on the complexity of visual
stimuli
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Yasuhiro Takeshima (Tohoku University; yasuhiro.takeshima@gmail.com)
Jiro Gyoba (Tohoku University; gyoba@sal.tohoku.ac.jp)
A fission illusion (also named a double—flash illusion) is a famous
phenomenon of audio-visual interaction, in which a single brief flash is
perceived as two flashes when presented simultaneously with two brief
beeps (Shames, Kamitani, & Shimojo, 2000; 2002). The fission illusion
has been investigated using relatively simple visual stimuli like single
circle. Thus the illusion has not been examined by using complex visual
stimuli. Markovic & Gvozdenovic (2001) reported that the processing
of complex visual stimuli tends to be delayed. Therefore, the complexity
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Mislocalization of a visual flash in the direction
of subsequent auditory motion
Takahiro Kawabe (Kyushu University; takkawabe@gmail.com)
Shin'ya Nishida (NTT Communication Science Laboratories;

nishida@brl.ntt.co.jp)

The onset position of a visual moving object is mislocalized in the
direction of subsequent motion. Although recent studies have proved
that visual and auditory motion processing is closely related to each
other, the interaction of motion and position coding in a cross-modal
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These experiments examined the ability to track a moving target with
our heads under various stimulus conditions and modalities. While
previous studies [1,2] have concentrated on eye tracking within the
frontal region; we extended the modes of tracking to include auditory
and auditory-visual stimuli and in a significantly wider locus of space.
Using a newly developed system that combines high fidelity virtual
auditory space with a high speed LED strip we were able to examine
head tracking behaviour in a 100° arc around a subject with velocities
from ±20°/s to ±110 °/s. This allows us to derive behavioural norms
for head tracking, compare differences in tracking ability across the
modalities, and determine if cross modal facilitation occurs. Preliminary
results show that subjects were better able to track a visual and bimodal
target than an auditory one, as evident in the smaller average RMS error
(visual = 4°, bimodal = 4.6°, auditory = 7°) and shorter lag (visual = 5.5
°, bimodal = 5.9° and, auditory = 8.9°). Furthermore, tracking ability
was influenced by stimulus speed, especially in the unimodal auditory
situation where a significant increase in both RMS error and lag for
speeds > 80°/s was observed.

Multisensory illusions and the temporal
binding window

situation was largely unknown. The present study explored whether
the position of a visual flash was mislocalized in the direction of
subsequent auditory motion. Observers first memorized the position
of a probe and then compared this position with the position of a
visual flash, which acted as a target; the target temporally lagged the
probe by 600 ms. The auditory motion was defined on the basis of the
interaural level difference, and lasted for 100 ms. The onset of the target
was synchronized with the onset of the auditory motion. As a result,
the target location was significantly mislocalized in the direction of
subsequent auditory motion. The results indicate that the interaction of
motion and position coding occurs beyond the sensory modality.

an old woman or a young lady speaking in an unfamiliar language.
They had to report whether they saw the old woman, the young lady,
or a mixed percept. Robust crossmodal semantic congruency effects in
the measures of the first percept and the predominance duration were
observed. The possibilities that the participants simply responded to,
and/or that they fixed at the location in favor of, the percept congruent
with the sound that they happened to hear were ruled out. When the
participants were instructed to maintain their attention to a specific
view, a strong top-down modulation on the perception of bistable figure
was observed, although the audiovisual semantic congruency effect still
remained. These results thus demonstrate that top-down attention (i.e.,
selection and/or voluntary control) modulates the audiovisual semantic
congruency effect. As the alternating percepts in bistable figures
indicate competition for conscious perception, this study has important
implications for the multifaceted interactions between multisensory
processing, attention, and consciousness.
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Context and Crossmodal Interactions: An ERP
Study
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In metacontrast masking, target visibility is impaired by a subsequent
non-overlapping contour-matched mask, a phenomenon attributed to
low-level processing. Previously we found that sound could reduce
metacontrast masking (Yeh & Chen, 2010), and yet how it exerts its
effect and whether the sound-triggered attention system plays a major
role remains unsolved. Here we examine whether the sound-facilitatory
effect is caused by alertness, attentional cueing, or audiovisual
integration. Two sounds were either presented simultaneously with the
target and the mask respectively, or one preceded the target by 100 ms
and the other followed the mask 100 ms afterwards. No-sound and onesound conditions were used for comparison. Participants discriminated
the truncated part (up or down) of the target, with four target-tomask SOAs (14ms, 43ms, 114ms, and 157ms) mixedly presented.
Results showed that the attentional cueing effect was evident when
compared to the one-leading sound condition. Additionally, selective
(rather than overall) improvement in accuracy and RT as a function
of SOA was found with synchronized sound than without, suggesting
audiovisual integration but not alertness. The audio-visual integration
effect is attributed to enhanced temporal resolution but not temporal
ventriloquism.
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Spatial and semantic processing between
audition and vision: an event-related potential
study
Xiaoxi Chen (Sun Yet-sen University; chen.psy@qq.com)
Zhenzhu Yue (Sun Yat-sen University; yuezhenzhu@gmail.com)
Dingguo Gao (Sun Yat-sen University; edsgao@mail.sysu.edu.cn)
Using a crossmodal priming paradigm, this study investigated how
the brain bound the spatial and semantic features in multisensory
processing. The visual stimuli (pictures of animals) were presented after
the auditory stimuli (sounds of animals), and the stimuli from different
modalities may match spatially (or semantically) or not. Participants
were required to detect the head orientation of the visual target (an
oddball paradigm).The event-related potentials (ERPs) to the visual
stimuli was enhanced by spatial attention (150-170 ms) irrespectively
of semantic information. The early crossmodal attention effect for the
visual stimuli was more negative in the spatial-congruent condition than
in the spatial-incongruent condition. By contrast, the later effects of
spatial ERPs were significant only for the semantic- congruent condition
(250-300 ms). These findings indicated that spatial attention modulated
early visual processing, and semantic and spatial features were
simultaneously used to orient attention and modulate later processing
stages.

3-09
Interplay of multisensory processing, attention,
and consciousness as revealed by bistable
figures
Su-Ling Yeh (National Taiwan University; suling@ntu.edu.tw)
Jhih-Yun Hsiao (National Taiwan University; b93207001@ntu.edu.tw)
Yi-Chuan Chen (University of Oxford; yi-chuan.chen@psy.ox.ac.uk)
Charles Spence (University of Oxford; charles.spence@psy.ox.ac.uk)
We examined the novel crossmodal semantic congruency effect on
bistable figures in which a static stimulus gives rise to two competing
percepts that alternate over time. Participants viewed the bistable
figure "my wife or my mother-in-law" while listening to the voice of
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function at this noise level revealed that the increase in sensitivity could
not be explained by the reduction of participants’ uncertainty regarding
the onset time of the visual target. We suggest that this crossmodal
facilitatory effect may be accounted for by perceptual enhancement
elicited by a simultaneously-presented sound, and that the crossmodal
facilitation was easier to observe when the visual system encountered
a level of noise that happened to be close to the level of internal noise
embedded within the system.
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Interactive processing of auditory amplitudemodulation rate and visual spatial frequency
Marcia Grabowecky (Northwestern University; mgrabowecky@gmail.com)
Emmanuel Guzman-Martinez (Northwestern University;
emmanuelguz@gmail.com)

Laura Ortega (Northwestern University; lauraortegat@gmail.com)
Julia Mossbridge (Northwestern University; jmossbridge@gmail.com)
Spatial frequency is a visual feature coded in V1, and temporal
amplitude-modulation (AM) rate is an auditory feature coded in the
primary auditory cortex; both are fundamental building blocks of
perception. We demonstrate that processing of the auditory AM rate and
visual spatial frequency are closely associated. Observers consistently
and linearly matched a specific visual spatial frequency to a specific
auditory AM rate. In addition, AM rates modulate visual attention
and awareness in a visual frequency-specific manner. When a pair of
Gabors with different spatial frequencies was simultaneously presented
with an AM rate perceptually matched to one of the Gabors, observers
detected a change more rapidly when it occurred on the matched Gabor,
suggesting that the AM rate guided attention to the matched spatial
frequency. When a pair of Gabors with different spatial frequencies
competed to generate binocular rivalry, presenting an AM rate matched
to one of the Gabors increased the proportion of perceptual dominance
of the matched Gabor, suggesting that auditory amplitude modulation
boosts signal strength for the matched visual spatial frequency.
Additional results suggest that the association between auditory AM
rate and visual spatial frequency develops through the multisensory
experience of manually exploring surfaces.
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We examined the crossmodal effect of the presentation of a simultaneous
sound on visual detection and discrimination sensitivity using the
equivalent noise paradigm (Dosher & Lu, 1998). In each trial, a tilted
Gabor patch was presented in either the first or second of two intervals
consisting of dynamic 2D white noise with one of seven possible
contrast levels. The results revealed that the sensitivity of participants’
visual detection and discrimination performance were both enhanced by
the presentation of a simultaneous sound, though only close to the noise
level at which participants’ target contrast thresholds started to increase
with the increasing noise contrast. A further analysis of the psychometric
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A ventral visual stream reading center
independent of sensory modality and visual
experience
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Multisensory integration has seldom been examined in adolescents.
Thus, performances on an audiovisual discrimination task were
compared between 19 adolescents (M=15:00 SD=0:04 years), 20
primary school-aged children (M=11:04 years, SD=0:05 years) and 22
young adults (M=26:02 years, SD=2:07 years) in quiet and in auditory,
visual and audiovisual noise conditions. Stimuli comprised domestic
animal exemplars. Motor reaction times (MRTs) and accuracy were
recorded. Adolescents had equivalent false positive error rates but
significantly lower false negative error rates than children. Children
and adolescents had higher error rates than adults. MRTs differed
significantly between all groups, being fastest for adults and slowest for
children. Adults and children showed facilitation in all noise conditions,
while adolescents showed equivalent, faster MRTs to visual and
audiovisual than auditory targets in auditory noise. Coactivation was
evident in all noise conditions for adults (probabilities of .05-.65 in quiet
and auditory noise, .15-.65 in visual noise and .15-.25 in audiovisual
noise) but was limited to quiet and auditory noise conditions for
children (probabilities of .05-.15) and adolescents (probabilities .05-.65
and .15-.45, respectively). The results indicate that adult-like levels of
multisensory integration develop by adolescence in quiet conditions but
remain immature in unisensory and audiovisual noise.

shape perception through out his blind life, and he had verbally retarded
behavior. The experiment tasks were set up in order to form his visual
functions of shape perception for a 2-dimensional triangle, circle, or
square.
As KM’s visual scanning strategies by means of his head movement
were performed, (1) the percent of correct responses gradually went up,
and (2) gradually his tactual activities disappeared, although in the first
stage KM grasped and verified the shape by means of his hands/fingers.
The tactual systems were replaced by the visual systems in shape
perception.

This is a student award winning presentation. See the abstract in the
student award section page.
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Unimodal and multi-modal perception of
cellular phones: a multidimensional scaling
study
Yusuke Yamani (University of Illinois at Urbana-Champaign;
yamani1@illinois.edu)
Hyun Woo (University of Illinois at Urbana-Champaign;
hyunwoo1@illinois.edu)
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Deana C. McDonagh (University of Illinois at Urbana-Champaign;
mcdonagh@illinois.edu)
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Extended peripersonal space in professional
fencers
Andrea Serino (Polo Scientifico-Didattico di Cesena; Università di Bologna;
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Previous studies suggest that subjects gain modality-specific information
across vision and tactile (Newell, Ernst, Tjan, & Bülthoff, 2001) and
form a coherent percept (Ernst & Bülthoff, 2004). This study explored
potential difference in perceiving real-world objects (cellular phones)
uni-modally (visual or haptic) and bimodally. In phase 1, subjectsv
provided verbal descriptions of 9 different phones while interacting
in a visual, haptic, or cross-modal manner. In phase 2, a new group
of subjects performed a card-sorting task using on the descriptions
obtained in phase 1, with the instructions to sort descriptions based on
similarity. A multidimensional scaling (MDS) analysis was applied to
similarity matrices produced in phase 2. Stress values for MDS fits of
varying dimensionality were similar for haptic, visual, and bimodal
conditions, suggesting that different inspection conditions produced
mental representations of similar complexity. Inspection of 2D plots
of descriptors across the three condition suggests that dimensions of
usability and style. Results imply that people extract largely redundant
information across different sensory modalities while evaluating cellular
phones.
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A brief experience of using a tool to act upon far, unreachable, objects
quickly modifies the action space, extending transiently the limits of
the Peripersonal Space (PPS), i.e., a limited space surrounding the
body where stimuli from different sensory modalities are integrated.
Here we investigated whether a possible long-term extension of the
PPS could be shown in professional fencers, who train everyday with
their weapon to “invade” another person’s PPS and “defend” their own
PPS. Subjects performed an audio tactile interaction task to assess the
PPS around their right hand, either while holding a short handle or their
weapon. While holding the handle, the perception of a tactile stimulus
at the hand was affected by a sound only when this was perceived near
the hand and not in the far space. Conversely, when professional fencers
held their weapon, far auditory stimuli interacted with tactile stimuli at
the hand, thus suggesting that the boundaries of the multisensory PPS
shifted to the tip of the weapon. Preliminary results suggest that the
extension effect on the PPS varies between foil and sabre users, due to
the different functional use of these two kinds of weapon.
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A multi-sensory illusion: Hong Kong Peak
Tram Illusion (II) – Subjective Vertical
Hiu Mei Chow (The University of Hong Kong; dorischm@gmail.com)
Ping-Hui Chiu (The University of Hong Kong; chiupinghui@gmail.com)
Chia-huei Tseng (The University of Hong Kong; CH_Tseng@alumni.uci.edu)
Lothar Spillmann (China Medical University;
lothar.spillmann@zfn-brain.uni-freiburg.de)
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The long-term potentiation-like effect in the
corticomotor area after transcranial direct
current stimulation with motor imagery
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The characteristics of visual and tactual
activities after the congenital cataract
operation

Eriko Shibata (Sapporo Medical University; shiba-e@sapmed.ac.jp)
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Masaharu Sasaki (The Japanese Psychological Association, The Japanese
Psychonomic Society, The Japanese Association of Educational Psychology,

The purpose of the present study was to clarify a long-term potentiation
like effect in the corticomotor area after anodal transcranial direct
current stimulation (tDCS), which had been done with motor imagery.
Anodal tDCS was applied transcranially as an intervention to the left
hand motor area in the right hemisphere for 15 min with the intensity
of 1.0 mA during resting or motor imagery (MI) conditions. In the MI
condition, subjects performed motor imagery of index finger abduction.
Motor-evoked potentials (MEPs) were recorded from the first dorsal
interossei (FDI) of the left hand before the intervention and at 0 min, 15
min, 30 min and 60 min after the intervention. The stimulus intensities

Japan Society of Developmental Psychology; masasaki@infoaomori.ne.jp)

The visual or tactual activities for the shape perception consist of two
phases; the “grasping” phase at the beginning stage, and the following
“verifying” phase. The acquisition processes of the shape perception and
the mutual division systems between the visual activities and the tactual
activities were investigated in a congenitally blind boy (KM) after an
operation was performed to restore sight. KM underwent an aspiration
of both cataractous lenses at the age of 9. Before the operation, his
ERG was normal. KM had already established the tactual systems for
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of TMS were set at 1.05, 1.15, and 1.25 times the strength of the resting
motor threshold (RMth).
Increases of MEPs were detected with all intensities of TMS at 0 min
and 15 min after tDCS with motor imagery. However, in the resting
condition, MEP amplitudes were elevated only at 15 min after tDCS and
at the highest TMS intensity of 1.25×RMth.
The facilitatory effect induced by tDCS with motor imagery was
significantly long-lasting and definite compared to that after tDCS
without motor imagery.
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The effect of delayed visual feedback on
synchrony perception in a tapping task
Mirjam Keetels (Tilburg University; m.n.keetels@uvt.nl)
Jean Vroomen (Tilburg University; J.Vroomen@uvt.nl)
Sensory events following a motor action are, within limits, interpreted as
a causal consequence of those actions. For example, the clapping of the
hands is initiated by the motor system, but subsequently visual, auditory,
and tactile information is provided and processed. In the present study
we examine the effect of temporal disturbances in this chain of motorsensory events. Participants are instructed to tap a surface with their
finger in synchrony with a chain of 20 sound clicks (ISI 750 ms). We
examined the effect of additional visual information on this ‘tap-sound’
- synchronization task. During tapping, subjects will see a video of their
own tapping hand on a screen in front of them. The video can either
be in synchrony with the tap (real-time recording), or can be slightly
delayed (~40-160 ms). In a control condition, no video is provided. We
explore whether ‘tap-sound’ synchrony will be shifted as a function of
the delayed visual feedback. Results will provide fundamental insights
into how the brain preserves a causal interpretation of motor actions and
their sensory consequences.
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The build-up course of visuo-motor and audiomotor temporal recalibration
Yoshimori Sugano (Kyushu Sangyo University; sugano@ip.kyusan-u.ac.jp)
Mirjam Keetels (Tilburg University; m.n.keetels@uvt.nl)
Jean Vroomen (Tilburg University; j.vroomen@uvt.nl)
The sensorimotor timing is recalibrated after a brief exposure to a
delayed feedback of voluntary actions (temporal recalibration effect:
TRE) (Heron et al., 2009; Stetson et al., 2006; Sugano et al., 2010). We
introduce a new paradigm, namely 'synchronous tapping' (ST) which
allows us to investigate how the TRE builds up during adaptation.
In each experimental trial, participants were repeatedly exposed to
a constant lag (~150 ms) between their voluntary action (pressing a
mouse) and a feedback stimulus (a visual flash / an auditory click) 10
times. Immediately after that, they performed a ST task with the same
stimulus as a pace signal (7 flashes / clicks). A subjective 'no-delay
condition' (~50 ms) served as control. The TRE manifested itself as a
change in the tap-stimulus asynchrony that compensated the exposed
lag (e.g., after lag adaptation, the tap preceded the stimulus more than in
control) and built up quickly (~3-6 trials, ~23-45 sec) in both the visuoand audio-motor domain. The audio-motor TRE was bigger and builtup faster than the visuo-motor one. To conclude, the TRE is comparable
between visuo- and audio-motor domain, though they are slightly
different in size and build-up rate.

3-26
The improved sensitivity to crossmodal
asynchrony caused by voluntary action:
Comparing combinations of sensory modalities

The brain has to assess the fine temporal relationship between voluntary
actions and their sensory effects to achieve precise spatiotemporal
control of body movement. Recently we found that voluntary action
improved the subsequent perceptual temporal discrimination between
somatosensory and auditory events. In voluntary condition, participants
actively pressed a button and a noise burst was presented at various
onset asynchronies relative to the button press. The participants made
either 'sound-first' or 'touch-first' responses. We found that the temporal
order judgment performance in the voluntary condition (as indexed by
just noticeable difference) was significantly better than that when their
finger was passively stimulated (passive condition). Temporal attention
and comparable involuntary movement did not explain the improvement
caused by the voluntary action. The results suggest that predicting
sensory consequences via a ‘forward’ model enhances perceptual
temporal resolution for precise control of the body. The present study
examined whether this improved temporal sensitivity caused by the
voluntary action is also observed for the other combinations of sensory
modalities. We compared the effects of voluntary action on the temporal
sensitivity between auditory-somatosensory, visual-somatosensory, and
somatosensory-somatosensory stimulus pairs.

3-24
Attention affects the transfer of the sensorymotor recalibration in temporal order judgment
across modalities
Masaki Tsujita (Chiba University; tuppin829@hotmail.com)
Makoto Ichikawa (Chiba University; ichikawa@l.chiba-u.ac.jp)
Constant exposures to fixed lags between keypresses and sensory
stimulus affect subsequent temporal order judgments between
keypresses and sensory stimulus in the same modality. This indicates
that lag adaptation would recalibrate sensory-motor temporal
relationship, and consequently shifts the point of subjective simultaneity
(PSS). In this study, we examined the conditions for the transfer of
the sensory-motor recalibration in temporal order judgment across
modalities. In each trial, participants judged the temporal order between
voluntary keypresses and the adapted or unadapted modality stimulus
after a cue stimulus which urged them to voluntarily press a key. When
participants judged the temporal order after the cue was presented in
either of the modalities randomly, there was no significant shift in PSS.
However, when participants judged the temporal order after the cue
was presented to a fixed modality , the recalibration transferred across
modalities although the PSS shift was smaller than the shift in the
case in which the adaptation and test was restricted to a single sensory
modality. These results suggest that keeping the attention toward one
modality to trigger voluntary action is necessary condition for the
transfer of the sensory-motor recalibration in temporal order judgment
across modalities.
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of notes, so that when a pair of players detects an asynchrony, the timing
of the next note may be adjusted (Schulze, Cordes & Vorberg, 2005).
However, such feedback correction only works in the body of the music
and leaves unsolved the problem of how to synchronise entries such as
at the beginning of a piece. In such cases vision can be a useful source
of information as the movements of the players (eg bowing arm in
string players) in preparation for playing may allow others to predict the
intended timing of the next note onset. In order to investigate the role
of vision and audition in music ensemble, we prepared an avatar from
a motion capture recording of the first violinist in a leading chamber
group playing the opening of a Haydn quartet. We then selectively
edited out the left and right arms and head. When the other three
players were asked to play with the reduced cue avatar, we observed the
variance of asynchrony was smallest with left arm absent, larger with
head absent and highest with right arm absent. We conclude that bowing
arm movements provide important cues to timing in chamber music
performance. We suggest that this method has promise for investigating
other aspects of visual cue utilisation in music.

3-27
Perspective modulates temporal synchrony
discrimination of visual and proprioceptive
information in self-generated movements
Adria Erin Nicole Hoover (York University; adriah@yorku.ca)
Laurence Roy Harris (York University; harris@yorku.ca)
Temporally congruent sensory information during a movement and
the visual perspective in which we see our movement provide cues for
self-recognition. Here we measured threshold and sensitivity for delay
detection between a self-generated finger movement (proprioceptive and
efferent copy) and the visual image of that movement under differing
perspectives. Asynchrony was detected more easily (45-60 ms) when
the hand was viewed in an egocentric perspective, even if its image was
mirrored so that it appeared to be the other hand. Significantly longer
delays (80-100ms) were needed to detect asynchrony when the hand
was viewed in an allocentric (or inverted) perspective. These effects
were replicated when the movement was seen as if looking in a mirror
and when the non-dominant hand was used. We conclude that the
tolerance for temporally matching visual, proprioceptive and efferent
copy information that informs about the perceived position of body parts
depends on whether one is viewing one’s own body or someone else’s.
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Different effect of passive and active hand
movement on 3-D perception
Hiroyuki Umemura (National Institute of Industrial Science and Technology;
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Purposeful goal-directed movements give rise
to higher tactile discrimination performance

In this study, the effect of active and passive movement of hand on
depth perception was compared. In experiments, a mirror was used to
coincide a cursor position in a simulated 3-D space with a point of a
stylus on a force-feedback device located under the mirror. In ‘passive’
condition, subjects required to touch the center of a square in the visual
display by the cursor. Then the square stereoscopically protruded toward
subjects or dented. At the same time, the force toward or away from
subject was given to the stylus. While in the ‘active’ condition, the
subjects themselves push or pull the stylus after touching the square
and its surface was synchronously deformed. Although the movement
of the stylus and the surface deformation was synchronized in both the
conditions, their directions were independently manipulated. Subjects
were asked whether the square visually protruded or dented. The results
showed that the subjects’ answers were biased to the direction of forces
given to the stylus. This effect was not observed when subjects actively
moved the stylus. These results suggest that information about hand
movement or force perception would affect the visual perception when
subjects do not have expectations about following visual scenes.

Georgiana Juravle (University of Oxford; georgiana.juravle@psy.ox.ac.uk)
Charles Spence (University of Oxford; charles.spence@psy.ox.ac.uk)
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Tactile perception is inhibited during goal-directed reaching movements
(sensory suppression). Here, participants performed simple reaching
or exploratory movements (where contact with the table surface
was maintained). We measured tactile discrimination thresholds for
vibratory stimuli delivered to participants’ wrists while executing the
movement, and while at rest. Moreover, we measured discrimination
performance (in a same vs. different task) for the materials covering
the table surface, during the execution of the different movements. The
threshold and discrimination tasks could be performed either singly or
together, both under active movement and passive conditions (i.e., no
movement required, but with tactile stimulation). Thresholds measured
at rest were significantly lower than thresholds measured during both
active movements and passive touches. This provides a clear indication
of sensory suppression during movement execution. Moreover, the
discrimination data revealed main effects of task (single vs. dual),
movement execution type (passive vs. active), and movement type
(reach vs. exploration): Discrimination performance was significantly
higher under conditions of single-tasking, active movements, as well as
exploratory movements. Therefore, active movement of the hand with
the purpose of gaining tactual information about the surface of the table
gives rise to enhanced performance, thus suggesting that we feel more
when we need to; It would appear that tactual information is prioritized
when relevant for the movement being executed.
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The Effect of Fatigued External Rotator
Muscles of the Shoulder on the Shoulder
Position Sense
Naoya Iida (Sapporo Medical University; n-iida@sapmed.ac.jp)
Fuminari Kaneko (Sapporo Medical University; f-kaneko@sapmed.ac.jp)
Nobuhiro Aoki (Sapporo Medical University; n-aoki@sapmed.ac.jp)
Yoshinari Sakaki (Sapporo Medical University; 09mp03@sapmed.ac.jp)
This study aimed to investigate the effect of fatigue in shoulder external
rotator muscles on position sense of shoulder abduction, internal
rotation, and external rotation.
The study included 10 healthy subjects. Shoulder position sense was
measured before and after a fatigue task involving shoulder external
rotator muscles. The fatigue task was performed using an isokinetic
machine. To confirm the muscle fatigue, electromyography (EMG) was
recorded, and an integrated EMG and median power frequency (MDF)
during 3 sec performed target torque were calculated.
After the fatigue task, the MDF of the infraspinatus muscle significantly

3-29
Visual Influences in Temporal Coordination of
a String Quartet
Satoshi Endo (University of Birmingham; sxe690@bham.ac.uk)
In ensemble musical performance, players strive to generate
synchronous onsets for notes that are supposed to be played together.
Important cues for correcting phase are available in the acoustic onsets
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decreased. This indicates that the infraspinatus muscle was involved in
the fatigue task. In addition, the shoulder position sense of internal and
external rotation significantly decreased after the fatigue task. These
results suggest that the fatigue reduced the accuracy of sensory input
from muscle spindles. However, no significant difference was observed
in shoulder position sense of abduction before and after the fatigue
task. This may be due to the fact that infraspinatus muscle did not
act as prime movers in shoulder abduction. These results suggest that
muscle fatigue decreased position sense during movements in which the
affected muscles acted as prime movers.

3-34
The effects of body action and attentive
anticipation on oculomotor fixation stability
Hyosun Choi (Seoul National University; bluechs@hanmail.net)
Kyoung-Min Lee (Seoul National University; kminlee@snu.ac.kr)
Tiny eye movements, such as micro-saccades, ocular tremor, and drifts,
occur involuntarily during fixation. We found evidence that involvement
of body action and anticipation of visual stimuli modulates them.
While eye movements were monitored, subjects performed the working
memory task with a touch-screen display in two different conditions. In
the passive condition, each number was shown for 400-ms and spaced
in time by 500-ms automatically. In the active condition, touching
action was required to trigger the appearance of each number. The delay
between the touch and stimulus onset was constant within a block as
200, 500, or 800-ms. Subjects were prompted to type in the number
sequence after five numbers were shown.
As a measure of fixation instability, deviation of eye position was
analyzed by comparing eye positions with those during the reference
interval (0~50ms time period after the number onset). We observed
two results: first, the deviation was smaller in pre-reference time than
in post-reference time. Second, the deviation was smaller in the active
condition. These results show that micro eye movements are influenced
by attentive anticipation of upcoming events, which becomes more
pronounced with bodily interactions. These findings suggest a crossmodal interaction among visual, motor, and oculomotor systems.
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The effect of auditory stream segregation on
synchronized tapping
Yui Ashitani (Ochanomizu University; g1070302@edu.cc.ocha.ac.jp)
We can tap in synchrony with a simple sequence of auditory tones, but
our taps generally precede it by several tens of milliseconds(“negative
mean asynchrony”). A simple sequence of sounds sometimes causes
auditory perceptual organization different from the physical sequence.
However little is known about interactions between the auditory
perceptual organization and sensorimotor synchronization. The present
study aimed at investigating effects of the auditory stream segregation
(one stream or two) on the synchronized tapping. Participants listened
to a sequence of two different auditory tones presented alternately,
and were asked to tap in synchrony with one group of tones (i.e.,
high tones or low) with index fingers. After that, they were also asked
whether the tones were perceived one or two streams. The results
showed that negative mean asynchrony was caused both in perceived
one stream and two. However, the amplitude of the asynchrony was
smaller when they perceived the tones as one stream than as two. This
indicates that auditory perceptual organization affects sensorimotor
synchronization even if auditory tones were presented with the same
timing. When we synchronize bodily with auditory tones as in the case
of a motor rehabilitation, we have to take account of auditory perceptual
organization.
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Hsu Li-Chuan (China Medical University; lchsu@mail.cmu.edu.tw)
Yi-Min Tien (Chung-Shan Medical University; tien@csmu.edu.tw)
Wei-Chi Lin (China Medical University; lichuanhsu2001@yahoo.com.tw)
Parkinson’s disease (PD) is a neurodegeneration disease that caused
by neural loss in substantial nigra, leading to the neurotransmitter,
dopamine, decreases in the mid- brain. Previous studies found that
PD patients have deficits in identifying animate objects (Antal, et al.,
2002; Righi, et al., 2007) and in naming actions (Cotelli et al., s2007).
Since most animate objects are moveable and most inanimate ones
are unmovable, the main purpose here is to investigate whether PD’
s deficit in categorizing animate objects would be confounded with
movable ones. We use the object decision task in which participants
have to decide whether objects were real or not. Results showed that in
comparison to age matched controls, (1) patients responded slower for
animate objects than for inanimate ones; (2) they also responded slower
for movable objects than for unmovable ones; (3) patients responded
the worst, when animate and movable objects were presented compared
to the conditions of animate or moveable objects only. We concluded
that PD patients have deficit in object representation especially for the
animate and movable concepts. We will discuss the relationship between
PD patient’s movement and the representation of movable concepts.
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Action-induced rubber hand illusion
Pao-Chou Cho (National Taiwan University; vodka1229@hotmail.com)
Timothy Lane (National Chengchi University; tlan@nccu.edu.tw)
Su-Ling Yeh (National Taiwan University; suling@ntu.edu.tw)
In the rubber hand illusion (RHI), when a rubber hand is observed
while the real hand is occluded from view, and the two are stroked
synchronously, several illusions can be induced: proprioceptive drift
toward the rubber hand, sensation of touch on the rubber hand, and
ownership for the rubber hand. RHI has often been demonstrated for
hands that are passive. We modified the basic protocol, such that action
is required—the pressing of a button. Our device has two buttons,
allowing real and rubber hands to press, either synchronously or
asynchronously. Participants start a stopwatch when action begins or
when stroking begins; they are instructed to stop the stopwatch, as soon
as they begin to experience the illusion. Results reveal a significant
difference between synchronous and asynchronous conditions for the
act of pressing, as measured both by questionnaire and reaction time.
Difference in proprioceptive drift, however, is only exhibited in the
passive condition. This difference might be due to awareness that we are
doing something, and due to what we call, the “silencing” of a subject
of experience. We are the first to demonstrate that RHI can be induced
not only when hands remain passive, but also when they act.
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PD patients with movement problem also
showed the deficit of object representation in
movable objects

examine how visual feedback influences the performance of object
manipulation in 3D space. In our experiments virtual 3D disks in
different orientations were sequentially shown to subjects wearing stereo
shutter glasses. Subjects’ task was to touch the disks from designated
directions with the stylus of a force-feedback device as fast as possible.
Three conditions of visual feedbacks were set: (1) the subjects looked
down at their hand and the virtual stylus was shown at the location of
the actual stylus using a mirror; (2) the subjects looked straight forward
and the virtual stylus was translated to the height of eye position; and
(3) the subjects looked straight forward as in condition (2) whereas
the virtual stylus was shown from the viewpoint of condition (1). The
average performance time of condition (1) was shortest whereas that
of (3) was in between. The results suggest that mental imagery of hand
movement may be constructed from the viewpoint when looking at the
hand in current posture, and used for manipulating objects in 3D space
when the hand is not visible.
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Self-produced tickle sensation by manipulating
visual feedback
Hiroyuki Iizuka (Osaka University; iizuka@ist.osaka-u.ac.jp)
Hideyuki Ando (Osaka University; hide@ist.osaka-u.ac.jp)
Taro Maeda (Osaka University; t_maeda@ist.osaka-u.ac.jp)
The aim of the present paper was to clarify how the distinction of self(sense of agency, SOA) and other-produced behavior can be synthesized
and recognized in multisensory integration as our cognitive processes.
To address this issue, we used tickling paradigm that it is hard for us to
tickle ourselves. Previous studies show that tickle sensation by their own
motion increases if more delay is given between self-motion of tickling
and tactile stimulation (Blakemore et al. 1998, 1999). We introduced
visual feedbacks to the tickling experiments. In our hypothesis,
integration of vision, proprioception, and motor commands forms the
SOA and disintegration causes the breakdown the SOA, which causes
the feeling of others, producing tickling sensation even by tickling
oneself. We used video-see-through HMD to suddenly delay the realtime images of their hand tickling motions. The tickle sensation was
measured by subjective response in the following conditions; 1) tickling
oneself without any visual modulation, 2) tickled by others, 3) tickling
oneself with visual feedback manipulation. The statistical analysis of
ranked evaluation of tickle sensations showed that the delay of visual
feedback causes the increase of tickle sensation. The SOA was discussed
with Blakemore’s and our results.
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Eye movement-related activity in and below
the macaque auditory cortex
Yoshinao Kajikawa (Nathan Kline Institute; ykajikawa@nki.rfmh.org)
Charles Schroeder (Nathan Kline Institute; schrod@nki.rfmh.org)
Recent studies have revealed influences of viewing scenes on sound
processing and of gaze direction on sound location coding in the
auditory cortex of the macaque monkey. We examined the spontaneous
activity of auditory cortex in the darkness. During those recordings, no
sound stimuli were delivered but eye movements were recorded. We
found locally-generated field potentials related to eye movements in the
absence of sensory stimuli. Spectral power in these field potentials was
mostly concentrated in the delta-theta (~1-8 Hz) ranges. The amplitude
of field potential tends to grew larger with depth below auditory cortex,
suggestive of a contribution from far field signals generated at loci
below auditory cortex proper. Current source density (CSD) analyses
confirmed the electrical events occurred in the superior temporal
sulcus. CSD analyses also indicated the possibility that there were local
electrical events related to eye movements occurring in auditory cortex.
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Effect of visual angle on the head movement
caused by changing binocular disparity
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It has been shown that vertical binocular disparity has no or little effect
on the perception of visual direction (Banks et al., 2002). On the other
hand, our previous study has reported that a continuous change of
vertical disparity causes an involuntary sway of the head (Maekawa et
al., 2009). We predict that the difference between those results attributes
to the dissociation between the processes for perception and action in
the brain. The aim of this study is to investigate in more details the
condition that influences the process of disparity information. The
present experiment particularly varied the visual angle of stimulus
presentation and measured the head movement and body sway caused
by changing vertical disparity. Results showed that the head movement
was greater as the visual angle of the stimulus was smaller. It has been
reported that stimulus of only small visual angle affect depth perception
(Erklens et al., 1995). Thus, our result suggests that perception and
action produced by vertical disparity are consistent as far as the effect of
the stimulus size is concerned.
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Niclas Schult (Bremen University; niclasschult@googlemail.com)
Kerstin Schill (Bremen University; kschill@informatik.uni-bremen.de)
Christoph Zetzsche (Bremen University;

zetzsche@informatik.uni-bremen.de)
Manfred Fahle (Bremen University; mfahle@uni-bremen.de)

Sensory modalities are usually appropriately aligned in space: audition,
vision, and proprioception each direct actions to the same spatial
coordinates. Subjects wearing prism glasses that shift the visual input
first miss the target in a pointing task, but quickly adapt to the new
sensorimotor configuration. This adaptation may take place either
in the visual or the proprioceptive pathway, i.e. the internal visual
representation is shifted back or the proprioceptive one is shifted
towards the new configuration. Usually, the proprioceptive component
is affected, probably due to the often observed dominance of vision
over other modalities. This process is changed when auditory stimuli
are presented during prism exposure inducing a shift of the visual
representation contrary to the aforementioned results, maybe because
a cortical mechanism performs statistical reliability estimation: Both
audition and proprioception remain unaffected by prism exposure
and therefore force vision to realign. We investigated the influence of
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Effects of visual transformation on object
manipulation in 3D space
Juan Liu (Universal Communication Research Institute, NICT;
juanliu@nict.go.jp)
Hiroshi Ando (Universal Communication Research Institute, NICT;
h-ando@nict.go.jp)
People can effortlessly manipulate the cursor on 2D screen without
seeing their hands. What happens in the 3D case? This study is to
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control condition of smelling water. The order of the essential oil
condition and the water condition was counterbalanced between
participants. Three attention systems were measured: alertness, orienting
and executive control. Results showed that Chamaecyparis formosens
reduced the effect of orienting, implying that smelling this odor would
prevent involuntary attentional shift by an exogenous cue. On the other
hand, Eucalyptus globules produced a larger interference effect in the
executive control system, suggesting a larger span of spatial attention
that is associated with a positive emotion(Rowe, Hirsh, & Anderson,
2007).

sound-source-location on prism-adaptation by assessing the effects of
displaced (accordingly to the prism offset), centered and unlocalized
sound-sources. We discuss the influence of spatial properties on sensory
calibration, its implications on the notion of motor action as the binding
element between senses and its role in spatial adaptation processes.
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Crossmodal transfer of object information in
human echolocation
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Effects of compression by means of sports
socks on the ankle kinesthesia

The purpose of this study was to clarify the effects of compression by
means of sports socks (CG socks) on the ankle knesthesia. Thirteen
subjects were participated. In order to accomplish the purpose,
we assessed a position sense, movement sense, force sense, and
sensorymotor function during under three different conditions: subjects
wore the normal socks that are distributed generally (normal socks
condition), wore the CG socks (CG socks condition), and did not wear
any socks (barefoot condition).
The position sense and force sense were assessed in a reproduction
task of ankle joint angle and force output during plantar/dorsiflexion,
respectively. The movement sense was assessed by the threshold of
detection for passive movement. The sensory motor function was
assessed during our original Kinetic–Equilibrating task.
The results showed that the movement sense, force sense, and
sensorymotor function significantly improved in the CG socks condition
compared to the other two conditions.
These results suggested that the compression by means of the CG socks
might improve the perception of the changes of joint angle and the
extent of force output. Therefore, improvement of these senses enhanced
the sensorymotor function based on these senses.
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Color congruent odorant is perceived
prominently in mixture odor
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Akihiro Yagi (Kwansei Gakuin University; pff02316@nifty.com)
This study examined how olfactory perception is influenced by visual
cues (i. e., color). In Experiment 1, fourteen participants judged
perceived mixture ratio of the binary odor (citrus fruit and aromatic
tree) by using ratio estimation method under one of two color conditions
(yellow and purple). Each color was congruent with one of odor
components. Perceived mixture ratios for the odorant congruent with the
presented color were higher than those for the odorant incongruent with
the color. Experiment 2 was conducted to confirm the possible responsebias effect on their judgment with the same participants. Conditions
were same as Experiment 1 except that only one odorant was presented
at a time. The effect of color was not observed, indicating that their
judgments were not contaminated with response-bias. Thus, these
results indicate that the odorant congruent with the presented color was
perceived dominantly in a mixed odor, but this could be observed only
when the odor stimuli contained that odorant. This study suggests that
particular odorant congruent with a color cue is perceived selectively
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What you smell affects different components
of your visual attention
Chen-An Li (National Taiwan University; r99625005@ntu.edu.tw)
Su-Ling Yeh (National Taiwan University; suling@ntu.edu.tw)
It is commonly held that different essential oils produce different effects,
as reflected in various commercial advertisements. Yet, little is known
about whether smelling essential oils would affect our attention and
whether smelling different essential oils affects attentional components
differently, due to the lack of empirical data. Here we provide such
data. Participants conducted the Attention Network Test (ANT) while
smelling the essential oil of Chamaecyparis formosensis (Experiment
1, the wood usually used in shrine or furniture ) or Eucalyptus globules
(Experiment 2, smelling like camphor or mint), compared with the
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We have previously shown that priming by a given color facilitates
participant’s appetite to that color (Liao, et al., 2010). The current study
aims to further examine whether the way participant’s experiencing
the color affects the effect of color on appetite. In two experiments,
participants were primed with a particular color by conducting an active
cognitive task, or with a color paper upon which the questionnaire was
printed. Participants were asked to complete the questionnaire regarding
the sensations of taste/smell/flavor and their consumptive attitude toward
sample candies with different colors. We measured their actual initial
choice of the colored candy when they answered the questionnaire and
the total amount of candy consumption during the experiment. Results
showed that active color priming by the pre-executed cognitive task was
correlated with initial choice but not explicit attitude. By contrast, no
such direct influence of color on appetite was found when the color was
primed passively with the printed paper. We conclude that color priming
can affect appetite even without conscious evaluation of the relationship
between them and this is more so with active priming than passive
priming.

Tatsuya Hayami (Sapporo Medical University; t-hayami@sapmed.ac.jp)
Fuminari Kaneko (Sapporo Medical University; f-kaneko@sapmed.ac.jp)
Naoya Iida (Sapporo Medical University; n-iida@sapmed.ac.jp)
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Nobuhiro Aoki (Sapporo Medical University; n-aoki@sapmed.ac.jp)
Takashi Miura (Alcare Co. Ltd.; tmiura@alcare.co.jp)
Tetsuji Iwasaki (Alcare Co. Ltd.; tiwasaki@alcare.co.jp)

from a mixture odor. This finding may reflect the olfactory selective
attention in mixed odor, attracted by the color as a cue to the specific
odorant.
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Visually perceived fat content of foods affects
response time
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Whenever we eat and drink something, we experience the sense of taste.
We attribute the sense of taste to gustation without doubt, but it is not
true. The olfaction is the most important component of the flavor. On
the other hand, the gustation (basic tastes) is affected strongly by the
olfaction; when participants tasted solutions containing odors without
any tastants, they reported there were some tastes. Odors of the foods
and beverages show interaction with (potentiate and/or inhibit) basic
tastes, and determined the flavor of them.
Here, some experiments exploring about the role of the vision in
the sense of taste are shown: The color of sushi distorted (enhanced
or eliminated) the perception of fishy, the color of the packages of
chocolate distorted the perception of taste, the color of syrup determined
the participants’ ability of identification of the flavor, and so on. These
results show the vision is an important component of the sense of taste.
These visual effects on taste are supposed to be mediated by the
olfaction. It is because there are many studies showing the vision affects
the olfaction, but studies showing the vision affects gustation are very
little and inconsistent with each other.

Choosing what to eat is a complex activity. It can require combining
visual information about which foods are available at a given time
with knowledge of the foods’ palatability, texture, fat content, and
other nutritional information. It has been suggested that humans have
an implicit knowledge of a food’s fat content; Toepel et al. (2009)
showed modulations in visual-evoked potentials after participants
viewed images in three categories: high-fat foods (HF), low-fat foods
(LF) and non-food items (NF). We tested for behavioural effects of this
implicit knowledge. HF, LF, or NF images were used to exogenously
direct attention to either the left or right side of a monitor. Then a target
(a small dot) was presented either above or below the midline of the
monitor, and participants made speeded orientation discrimination
responses (up vs. down) to these targets. We found that RTs were faster
when otherwise non-predictive HF rather than either LF or NF images
were presented, even though the images were orthogonal to the task.
These results suggest that we have an implicit knowledge of the fat/
caloric/energy value of foods. Furthermore, it appears that the energy
benefit of food is present prior to its consumption, after only seeing its
image.
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Experimental Study on Subjective Evaluation
for Visual Information by Event-Related
Potential - Evaluation of Food and Its
Appearance -
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Infant visual preference to strawberry
enhanced by in-season odor
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Hiroshi Inoue (Akita University; inoueh@gipc.akita-u.ac.jp)
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Evaluating subjective judgment for visual information by event-related
potential (ERP) quantitatively was studied. Pictures of food were
displayed as visual information. And P300 component of the ERP
was focused. The P300 is related to cognition and/or judgment, and
has the latency in the range from 250 to 500 ms. As a fundamental
study, the ERP was measured when subjectively judging food and its
appearance by three-grade scale with the opinion "like", "favorite"
and "more favorite". Sushi and cooked rice were selected as typical
foods. And bottles which had almost the same shape without labels,
but the colors were different, were used for an opinion test of the food
appearance. Five pictures for each food were chosen by subjects
before measurements. And no food which the subjects disliked was
chosen because almost the same P300 amplitude appeared in both cases
where the subjects judged as "like" and "dislike". In results, the P300
amplitude by each subject's opinion was different, and the P300 area
(surrounded by ERP waveform from the latency 250 to 500 ms) became
larger when the subjects judged as "more favorite". These results
indicate the feasibility of quantitative evaluation of subjective judgment
by the ERP.
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We explored the ability of infants to recognize the smell of daily objects,
including strawberries and tomatoes, by using a preferential-lookingtechnique. Experiment 1 was conducted while strawberries were in
season. Thirty-seven infants aged 5- to 8-months were tested with a
stimulus composed of a pair of photos of strawberries and tomatoes
placed side by side and accompanied by a strawberry odor, a tomato
odor, or no odors. Infants showed a preference for the strawberry picture
when they smelled the congruent odor, but no such preference for the
tomato picture. We conducted Experiment 2 (26 infant participants)
while strawberries were out of season to reduce participant exposure
to strawberries in their daily life. In Experiment 2, the olfactory-visual
binding effect disappeared. This implies that visual-olfactory binding
is triggered by an observer's experience. Together, these results suggest
that infants can bind olfactory and visual information, and this ability
depends on daily-life experience.
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Added Mastication Sound Affects Food Texture
and Pleasantness

Similarities in affective processing and
aesthetic preference of visual, auditory and
gustatory stimuli
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When eating, specific sounds are generated depending on the food,
thus strong associations between food and mastication-sound exist. In
the present study, we investigated how the sound of chewing affects
the perceived texture and pleasantness of food. Mastication sounds
were recorded prior to the experiment for each subject while chewing
several foods. These artificial mastication sounds were then presented
to subjects during the experiment while they chewed several foods.
The onset of the artificial sound was carefully timed with the onset of
mastication. Subjects estimated the texture of each food, eaten with
added mastication sounds, and reported several components of texture
using visual analog scales. As controls, subjects estimated textures of
foods alone (without additional sounds) and mastication sounds alone
(without actually chewing). The results show that added mastication
sound affects the perceived texture of food, but the magnitude of the
effects varied among participants. Moreover, the results indicate that
added mastication sound changes the pleasantness of foods. Together,
it appears that we can control the perceived texture and pleasantness of
food by adding artificially-created mastication sound.

In the last few decades experimental aesthetics studies mainly focused
on objective features of sensory stimuli in attempts to identify
determinants of aesthetic preference. However, recent research has
addressed the role of evaluative or affective meaning in aesthetic
preference of sensory stimuli. Here we examined underlying structure of
evaluative meaning for three types of sensory stimuli and the relations
between obtained dimensions and aesthetic preference of stimuli from
different sensory modalities. In three experiments participants assessed
visual, auditory and gustatory stimuli on the aesthetic preference scale
and on three instruments involving evaluative attributes people usually
use to describe their subjective experience of visual, auditory and
gustatory domains. The results of principal component analysis showed
the same triple factorial structure for different sensory modalities:
affective evaluation (pleasant, positive, relaxing), arousal (impressive,
powerful, interesting), and cognitive evaluation (familiar, meaningful,
regular). Obtained evaluative dimensions explained most of the
variance in aesthetic preference for all three types of sensory stimuli. In
particular, there was strong relation of affective and cognitive evaluation
with aesthetic preference, while arousal demonstrated weaker relation.
Finally, we proposed the view of aesthetic preference of sensory stimuli
based on three underlying dimensions of affective meaning.
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The relationship between sensory estimation and evoked potential when
pleasant or unpleasant smell delivered to human nose was investigated.
10 healthy men participated. First, the subject was presented gammaundecalactone (pleasant smell) or isovaleric acid (unpleasant smell),
and instructed to estimate the odor magnitude and pleasantness/
unpleasantness (sensory test session). Then, evoked potentials of the
subject were measured from 19 scalp electrodes when pleasant or
unpleasant smell were delivered 100 times to the subject, respectively
(EEG measurement session). In the sensory test session, both the
evaluation of odor magnitude and pleasantness/unpleasantness were
significantly changed according to the concentration of smells. On
the Pz scalp electrode, the positive potentials at the latency of 610 ms
and 450 ms were observed in the pleasant and unpleasant stimulation,
respectively. Statistically, it was found that the variance of the positive
potential latency in unpleasant stimulation was significantly smaller
than that in pleasant stimulation. It was also found that the positive
potential latency in unpleasant stimulation was significantly earlier
than that in pleasant stimulation. The small variance of latency and the
earlier latency for unpleasant smell could be considered to reflect human
behavior, such as quick reaction for avoiding dangerous odor to save
one's life.

Despite numerous studies on cross-modal brain plasticity, it is still
unclear to what extent distinct (nonvisual) sensory modalities are
segregated in the reorganized occipital cortex (OC) of blind subjects.
In addition, little is known about the potential role of the OC in
olfactory processing that is enhanced in these subjects. Using fMRI, we
monitored the brain activity in ten early blind (EB) subjects while they
were discriminating or categorizing olfactory (fruit and flower odors)
versus auditory-verbal stimuli (fruit and flower names). Both modalities
selectively activated the ventral part of the OC and were segregated in
this cortex; the right fusiform gyrus was most activated during olfactory
conditions while part of the left ventral lateral occipital complex showed
a preference for auditory-verbal processing. No such occipital activation
was observed in sighted controls, but the same right-olfactory/leftauditory hemispheric lateralization was found overall in their brain.
These findings constitute the first evidences (1) that the OC is involved
in the processing of odors in EB subjects and (2) that sensory modalities
are (to some extent) segregated in the OC of EB subjects. Furthermore,
the ventral stream seems to develop its designated functional role in
processing stimulus identity independently of visual experience.
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Olfactory cerebral evoked potentials for
pleasant and unpleasant smells in humans
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Stimulation with an intermittent fragrance
relieves the sleepiness of a driver

Attention modulates the neural processes
underlying multisensory integration of emotion
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In this study, we showed that the presentation of an intermittent
fragrance by using a driving simulator was effective in relieving the
sleepiness of a driver. The driver who stepped on the simulator run
continually for 52 minutes. We used an air cannon for intermittently
presenting a peppermint fragrance to the driver at intervals of 24 min
and 36 min. The driver performed a visual search task after the driving
simulator was turned on. Additionally, we measured the perclos (extent
to which the eyelids are closed), which is considered an index of
sleepiness. The results of our study showed that the driver was not very
efficient in performing the visual search task. The subject was relieved
of sleepiness after the intermittent presentation of the fragrance at
36-min intervals. On the other hand, when the fragrance was presented
continuously, the sleepiness increased at time, and over 48 min, the
subject felt very sleepy. We showed that the intermittent presentation of
an appropriate fragrance to a driver relieves the sleepiness of the driver.
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Previous studies suggest that the brain network responsible for the
recognition of facial expressions of emotion (FEEs) begins to emerge
early in life. However, it has been unclear whether visual experience
of faces is necessary for the development of this network. Here, we
conducted both psychophysical and functional magnetic-resonance
imaging (fMRI) experiments to test the hypothesis that the brain
network underlying the recognition of FEEs is not dependent on
visual experience of faces. Early-blind, late-blind and sighted subjects
participated in the psychophysical experiment. Regardless of group,
subjects haptically identified basic FEEs at above-chance levels, without
any feedback training. In the subsequent fMRI experiment, the earlyblind and sighted subjects haptically identified facemasks portraying
three different FEEs and casts of three different shoe types. The sighted
subjects also completed a visual task that compared the same stimuli.
Within the brain regions activated by the visually-identified FEEs
(relative to shoes), haptic identification of FEEs (relative to shoes) by
the early-blind and sighted individuals activated the posterior middle
temporal gyrus adjacent to the superior temporal sulcus, the inferior
frontal gyrus, and the fusiform gyrus. Collectively, these results suggest
that the brain network responsible for FEE recognition can develop
without any visual experience of faces.
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Human emotions are perceived from multi-modal information including
facial expression and voice tone. We aimed to investigate development
of neural mechanism for cross-modal perception of emotions. We
presented congruent and incongruent combinations of facial expression
(happy) and voice tone (happy or angry), and measured EEG to analyze
event-related brain potentials for 8-10 month-old infants and adults.
Ten repetitions of 10 trials were presented in random order for each
participant. Half of them performed 20% congruent (happy face with
happy voice) and 80% incongruent (happy face with angry voice) trials,
and the others performed 80% congruent and 20% incongruent trials.
We employed the oddball paradigm, but did not instruct participants
to count a target. The odd-ball (infrequent) stimulus increased the
amplitude of P2 and delayed its latency for infants in comparison with
the frequent stimulus. When the odd-ball stimulus was also emotionally
incongruent, P2 amplitude was more increased and its latency was
more delayed than for the odd-ball and emotionally congruent stimulus.
However, we did not find difference of P2 amplitude or latency for
adults between conditions. These results suggested that the 8-10
month-old infants already have a neural basis for detecting emotional
incongruence of facial expression and voice tone.
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Roles of illustrators in visual communication
of scientific knowledge
Kana Okawa (Japan Advanced Institute of Science and Technology;
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Scientific knowledge is the knowledge accumulated by systematic
studies and organized by general principles. Visual, verbal, numeric,
and other types of representation are used to communicate scientific
knowledge. Scientific illustration is the visual representation of objects
and concepts in order to record and to convey scientific knowledge(Ford,
1993). There are some discussions on scientific illustrations in history,
philosophy and the sociology of science(Burri & Dumit, 2008), but little
has been done on the creation of scientific illustrations by illustrators.
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This study focuses on the creation of scientific illustrations by
illustrators. The purpose is to show how illustrators create the visual
messages in communications of scientific knowledge. Through analysis
of semi-structured interviews with 6 professional illustrators, creators
and art directors, it is showed that illustrators select and edit scientific
information, add non-scientific information, and organize information
into one visual representation of scientific knowledge. The implication
of this research will provide a new perspective to multisensory
communication of scientific knowledge.
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The effects of linguistic labels related to
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Boundary extension is the false memory beyond the actual boundary
of a picture scene. Gagnier (2011) suggested that a linguistic label
has no effect on the magnitude of boundary extension. Although she
controlled the timing of the presentation or information of the linguistic
label, the information of stimulus was not changed. In the present study,
the depiction of the main object was controlled in order to change the
contextual information of a scene. In experiment, the 68 participants
were shown 12 pictures. The stimulus consisted pictures that depicted
the main object or did not depict the main object, and half of them were
presented with linguistic description. Participants rated the object-less
pictures more closely than the original pictures, when the former were
presented with linguistic labels. However, when they were presented
without linguistic labels, boundary extension did not occur. There was
no effect of labels on the pictures that depicted the main objects. On the
basis of these results, the linguistic label enhances the representation
of the abstract scene like a homogeneous field or a wall. This finding
suggests that boundary extension may be affected by not only visual
information but also by other sensory information mediated by linguistic
representation.
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Integration and Attention on Each
Other

Multisensory Attention in Motion:
Uninformative Sounds Increase the
Detectability of Direction Changes of Moving
Visual Stimuli

Thursday, October 20, 9:00 - 10:30
Event Hall
Organizer: Durk Talsma (Ghent University)

Durk Talsma (Ghent University; Durk.Talsma@UGent.be)
It has recently been shown that spatially uninformative sounds can
cause a visual stimulus to pop-out from an array of similar distractor
stimuli when that sound is presented near simultaneously with a feature
change in the visual stimulus.Until now, this effect has only been shown
for stimuli that remain at a fixed position. Here we extend these results
by showing that auditory stimuli can also improve the detectability
of visual stimulus features related to motion.To accomplish this we
presented moving visual stimuli (small dots) on a computer screen. At a
random moment during a trial, one of these stimuli could abruptly start
moving in an orthogonal direction. Participants’ task was to indicate
whether such a change in direction had occurred or not by making a
corresponding button press. When a sound (a short 1000Hz tone pip)
was presented simultaneously with a motion change, participants were
able to detect this motion direction change among a significantly higher
number of distractor stimuli, compared to when the sound was absent.
When the number of distractor stimuli was kept constant, detection
accuracy was significantly higher when the tone was present, compared
to when it was absent. Using signal detection theory, we determined
that this change in accuracy was reflected in an increase in d”, while
we found no evidence to suggest that participants’ response bias (as
reflected nearly equal beta parameters), changed due to the presence of
the sounds.

Representing space through the interplay
between attention and multisensory integration
Emiliano Macaluso (Santa Lucia Foundation; e.macaluso@hsantalucia.it)
Multisensory integration has been traditionally thought to rely on a
restricted set of multisensory brain areas, and to occur automatically and
pre-attentively. More recently, it has become evident that multisensory
interactions can be found almost everywhere in the brain, including
areas involved in attention control and areas modulated by attention.
In a series of fMRI experiments, we manipulated concurrently the
position of multisensory stimuli and the distribution of spatial attention.
This enabled us to highlight the role of high-order fronto-parietal
areas, as well as sensory-specific occipital cortex, for multisensory
processing and spatial attention control. We found that specific task
constraints regarding the nature of attentional deployment (endogenous
vs. exogenous), the spatial relationship between stimulus position and
attended location, and attentional load shape the interplay between
attention and multisensory processing. We suggest that multisensory
integration acts as a saliency-defining process that can interact with
attentional control beyond any within-modality mechanism. We
propose that an anatomically-distributed, but functionally-integrated,
representation of space makes use of multisensory interactions to
help attention selecting relevant spatial locations. Stimuli at the
attended location undergo enhanced processing, including boosting
of multisensory signals there. In this perspective, attention and
multisensory integration operate in an interactive manner jointly
determining the activity of a wide-spread network that includes highorder fronto-parietal regions and sensory-specific areas.

The temporal window of multisensory
integration under competing circumstances
Erik Van der Burg (Vrije Universiteit Amsterdam; e.van.der.burg@psy.vu.nl)
John Cass (University of Sydney; johncassvision@gmail.com)
David Alais (University of Sydney; davida@psych.usyd.edu.au)
Jan Theeuwes (Vrije Universiteit Amsterdam; j.theeuwes@psy.vu.nl)
Our brain tends to integrate information from different sensory
modalities when presented within the so-called temporal window of
integration. Whereas other studies investigated this window using
a single audio-visual event, we examine the effect of competing
spatio-temporal circumstances. Participants saw nineteen luminancemodulating discs while hearing an amplitude modulating tone. The
luminance-modulation of each disc had a unique temporal phase
(between -380 and 380 ms; steps of 40 ms), one of which was
synchronized with the tone. Participants were instructed to identify
which disc was synchronized with the tone. The waveforms of
auditory and visual modulations were either both sinusoidal or square.
Under sine-wave conditions, participants selected disks with phase
offsets indistinguishable from guessing. In contrast, under squarewave conditions, participants selected the correct disc (phase = 0 ms)
with a high degree of accuracy. When errors did occur, they tended
to decrease with temporal phase separation, yielding an integration
window of ~140ms. These results indicate reliable AV integration
depends upon transient signals. Interestingly, spatial analysis of
confusion density profiles indicate transient elements left and right of
fixation are integrated more efficiently than elements above or below.
This anisotropy suggests that the temporal window of AV integration is
constrained by intra-hemsipheric competition.

Multisensory contributions to visual motion
parsing
Salvador Soto-Faraco (ICREA, Parc Científic Barcelona;
SALVADOR.SOTO@ICREA.ES)

Thursday, October 20

In humans, as well as most animal species, perception of object
motion is critical to successful interaction with the surrounding
environment. Yet, as the observer moves, the retinal projections of
the various motion components add to each other and extracting
accurate object motion becomes computationally challenging. Recent
psychophysical studies have demonstrated that observers use a flow
parsing mechanism to estimate and subtract self-motion from the optic
flow field. We investigated whether concurrent acoustic cues for motion
can facilitate visual flow parsing, thereby enhancing the detection of
moving objects during simulated self-motion. Participants identified an
object (the target) that moved either forward or backward within a visual
scene containing nine identical textured objects simulating forward
observer translation. We found that spatially co-localized, directionally
congruent, moving auditory stimuli enhanced object motion detection.
Interestingly, subjects who performed poorly on the visual-only task
benefited more from the addition of moving auditory stimuli. When
auditory stimuli were not co-localized to the visual target, improvements
in detection rates were weak. Taken together, these results suggest that
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issue with an eye-tracking technique. Two groups of musicians chosen
on the basis of their level of expertise (experts, non-experts) had to
read excerpts of poorly-known classical piano music and play them on
a keyboard. The experiment was run in two consecutive phases during
which each excerpt was (1) read without playing and (2) sight-read (read
and played). In half the conditions, the participants heard the music
before the reading phases. The excerpts contained suggested fingering
of variable difficulty (difficult, easy, or no fingering). Analyses of firstpass fixation duration, second-pass fixation duration, probability of
refixations, and playing mistakes validated the hypothesized modal
independence of information among expert musicians as compared
to non-experts. The results are discussed in terms of amodal memory
for expert musicians, and they extend clearly our previous findings
(Drai-Zerbib & Baccino, 2005). The paper will demonstrate that more
experienced performers are better able to transfer learning from one
modality to another, which can be in support of theoretical work by
Ericsson and Kintsch (1995): more experienced performers better
integrate knowledge across modalities. This view relies on the general
flexibility shown in the experts’ behaviour.
The paper will show the correspondence between our results and issues
recently obtained in ERPs researches and brain imaging studies (fMRI,
MEG), where cerebral structures generally associated with different
perceptual modalities were shown to be interconnected or overlap.

Thursday, October 20, 11:00 - 12:15
Event Hall
Chairperson: Charles Spence (University of Oxford)

The other in me: Interpersonal multisensory
stimulation changes the mental representation
of the self
Ana Tajadura-Jimenez (University of London; ana.tajadura@rhul.ac.uk)
Stephanie Grehl (University of London; stephaniegrehl@googlemail.com)
Manos Tsakiris (University of London; manos.tsakiris@rhul.ac.uk)
Mirror self-recognition is a key feature of self-awareness. Do we
recognize ourselves in the mirror because we remember how we look
like, or because the available multisensory stimuli (e.g. felt touch and
vision of touch) suggest that the mirror reflection is me? Participants
saw an unfamiliar face being touched synchronously or asynchronously
with their own face, as if they were looking in the mirror. Following
synchronous, but not asynchronous, stimulation, and when asked to
judge the identity of morphed pictures of the two faces, participants
assimilated features of the other’s face in the mental representation
of their own face. Importantly, the participants’ autonomic system
responded to a threatening object approaching the other’s face, as one
would anticipate a person to respond to her own face being threatened.
Shared multisensory experiences between self and other can change
representations of one’s identity and the perceived similarity of others
relative to one’s self.

Effects of Visual Food Texture on Taste
Perception
Katsunori Okajima (Yokohama National University, Oxford University;

okajima@ynu.ac.jp)

Charles Spence (Oxford University; charles.spence@psy.ox.ac.uk)

Interaction between olfaction and gustation by
using synchrony perception task

Food color affects taste perception. However, the possible effects
of the visual texture of a foodstuff on taste and flavor, without
associated changes to color, are currently unknown. We conducted a
series of experiments designed to investigate how the visual texture
and appearance of food influences its perceived taste and flavor by
developing an Augmented Reality system. Participants observed a video
of tomato ketchup as a food stimulus on a white dish placed behind a
flat LC-display on which was mounted a video camera. The luminance
distribution of the ketchup in the dynamic video was continuously
and quantitatively modified by tracking specified colors in real-time.
We changed the skewness of the luminance histogram of each frame
in the video keeping the xy-chromaticity values intact. Participants
watched themselves dip a spoon into the ketchup from the video
feed (which could be altered), but then ate it with their eyes closed.
They reported before and after tasting the ketchup on the perceived
consistency (a liquid to solid continuum) the food looked and felt and
how tasty it looked or felt. The experimental results suggest that visual
texture, independent of color, affects the taste and flavor as well as the
appearance of foods.

Tatsu Kobayakawa (National Institute of Advanced Industrial Science and
Technology; kobayakawa-tatsu@aist.go.jp)
Naomi Gotow (National Institute of Advanced Industrial Science and
Technology; nao-gotow@aist.go.jp)

A Case of Phantom Synchiric Percepts in
Touch and Vision
Jared Medina (University of Pennsylvania, Haverford College;
jared.medina@uphs.upenn.edu)

Musical sight-reading expertise: cross modality
investigations

Daniel E. Drebing (Haverford College, University of Pennsylvania;

dedrebing@gmail.com)
Roy H. Hamilton (University of Pennsylvania;
Roy.Hamilton@uphs.upenn.edu)
H. Branch Coslett (University of Pennsylvania; hbc@mail.med.upenn.edu)

Veronique Drai-Zerbib (LUTIN/CHART Cite des sciences et de l'industrie,
Avenue Corentin Cariou, Paris, France; zerbib@unice.fr)

Thierry Baccino (LUTIN/CHART Cite des sciences et de l'industrie, Avenue

After being presented with an ipsilesional stimulus, individuals with
synchiria report both ipsilesional and contralesional sensation. Most
published reports of synchiria are limited to a single modality. We
report an individual with a right frontoparietal lesion (KG_591) who
demonstrated synchiria subsequent to both visual and tactile stimulation.

Corentin Cariou, Paris, France; thierry.baccino@univ-paris8.fr)

It is often said that experienced musicians are capable of hearing what
they read (and vice versa). This suggests that they are able to process
and to integrate multimodal information. The study investigates this
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It seems that interaction between olfaction (smell sensation) and
gustation (taste sensation) will stronger than other interactions among
five senses, although no one has ever confirmed psychophysically.
In this study, we utilized synchrony perception task to confirm this
specificity comparing control condition, interaction between vision and
olfaction and one between vision and gustation. We used NaCl as taste
stimuli and flavor from bubbling chicken stock as olfactory stimuli. We
used taste stimulator which was able to present pure gustation without
tactile stimuli, and smell stimulator with original developed real time
stimulus monitoring. We used LED for vision stimuli. Timing of both
stimuli was shifted from -1000 ms to +1000ms with each other, and
participants were instructed to judge synchronicity.
Control conditions revealed that olfaction and gustation has almost
equivalent temporal resolution to other sensations. And probability
distribution between olfaction and gustation was quite different from
other interactions including vision. These results shows interaction
between olfaction and gustation is more specific.

We tested KG_591 with various tasks in which she was presented with
a stimulus on the left side, right side, both sides simultaneously, or no
stimulation. On tactile trials, she reported tactile synchiric percepts on
approximately 40% of right hand stimulation trials. Next, we projected
visual stimuli either onto or away from her hands, in order to examine
whether her phantom visual sensations were limited to personal space
on the body. KG_591’s synchiric percepts remained constant on or off
of her hands, suggesting that her deficit was not limited to her body.
Furthermore, as she does not report seeing phantoms in everyday life,
we examined the effect of stimulus length on synchiric perception.
Phantom synchiric percepts were most frequent after 250 millisecond
visual stimuli, becoming less frequent with longer stimulus times.
We discuss the implications of these and other results with regards to
multisensory perception and the functional architecture that underlies
synchiric perception.

All accepted and presented abstracts will be published in the open-access on-line journal i-Perception
(http://i-perception.perceptionweb.com/) soon after the conference.

Thursday, October 20
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Call for Papers
Special Issue “Multisensory Perception” (Guest editor: Yôiti SUZUKI) will be
published in i-Perception in association with the IMRF 2011

All authors are invited to submit their work on multisensory perception to the special issue of i-Perception that is
scheduled to appear in 2012. All submitted manuscripts will be peer-reviewed by 2 or 3 referees. The submission
deadline and details will be announced later.
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