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WELCOME

Introduction

During the past 30 years, the Mismatch Negativity (MMN) event related brain potential (ERP) has become one of 
the prime electrophysiological tools in studying perception, memory, and attention, as well as high level cognitive 
processes, such as understanding speech and music. As a consequence, the development and modeling of MMN 
as well as applications of MMN for detecting and monitoring cerebral and psychological dysfunctions have also 
received increasing attention. The series of meetings, which started in Helsinki in 1998, with the previous one held 
in Cambridge in 2006 have successfully covered the ever widening range of research topics the study of which has 
benefited from the use of the MMN method (see the Table of Contents of the Special MMN Issue of the Journal of 
Psychophysiology created from presentations at the Cambridge meeting) 

MMN 2009 is organized by the Institute for Psychology of the Hungarian Academy of Sciences. We wish to provide a 
forum for presenting new results and theories and for discussing all aspects of neuroscience and psychology, clinical 
as well as basic research, to which MMN studies contributed. 

Welcome to MMN 2009 in Budapest 

István Czigler and István Winkler 
                                                                                                                                                   Local Organizers 
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GENERAL INFORMATION

Conference venue
Europa Hotels & Congress Center, Budapest, Hungary

Address: Pálos utca 2., 1021, Budapest, Hungary

Conference Organisation
Scientific contact

István Czigler and István Winkler 
Institute for Psychology of the Hungarian Academy
of Sciences, Department of General Psychology and 

Department of Psychophysiology
MMN09@cogpsyphy.hu

Organizing Committee 

Kimmo Alho 
Kenneth B. Campbell

István Czigler
Leon Deouell
Carles Escera 

Catherine Fischer 
Marie-Hélène Giard
Minna Huotilainen
Thomas Jacobsen

Nina Kraus 
Teija Kujala 
Pat Michie 

Risto Näätänen 
Trevor Penney 
Curtis Ponton 

Friedemann Pulvermüller 
Dean F. Salisbury 

Erich Schröger 
Yury Shtyrov 

Elyse Sussman
Mari Tervaniemi 
István Winkler
Hirooki Yabe

Access to the venue
The hotel complex can be reached by bus number 22 
from Moszkva tér (square) within 15 minutes (the bus 
stop “Dénes street” is about 100 m from the hotel). 
 

Conference Secretary
ASSZISZTENCIA CONGRESS BUREAU

H-1136 Budapest, Hegedűs Gy. street. 20.
Tel.: +36-1-350-1854 Fax: +36-1-350-0929

E-mail: mmn@asszisztencia.hu
Website: www.asszisztencia.hu

On-site registration
4 April (Saturday)  09.30 – 18.00
5 April (Sunday)     08.00 – 18.00
6 April (Monday)   08.30 – 18.00
7 April (Tuesday)   08.30 – 18.00

On-site registration fee
 For students   350 EUR
 For participants   400 EUR
 For accompanying persons 120 EUR

Registration fees include
For participants and students
• attendance to scientific sessions and commercial
    exhibition
• congress bag with on-site congress final programme
• opening ceremony and welcome reception (April 4)
• coffee breaks
• Farewell party (April 7)

For accompanying persons
• opening ceremony and welcome reception (April 4)
• sightseeing in Budapest
• coffee breaks
• Farewell party (April 7)
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Accreditation

The MMN’09 is accreditated through the hungarian OFTEX system. Each participant will be given Certificafe of 
Attendance. Credit points for participants are 10, for presenters an additional 5 points.

Posters

Poster exhibition will be available during the whole conference in room Copenhagen.
Posters should be set up everyday from 08.00 according to the poster schedule.
For mounting your poster the organizers provide pins.
Please, dismantle your poster at the and of the poster session.

Slide check

All speakers should upload their slides to the computers in the session rooms. Slide preview and editing of 
presentations will be available at the Internet Corner.

Internet

Free Internet access will be provided for participants during the congress at the Internet Corner.

Lunch

On Sunday, Monday and Tuesday lunch will be provided for the participants for 2.000 HUF/person in Hotel Rege 
Restaurant.

SOCIAL PROGRAM

Welcome Reception
4 April, 2009
20:45-23:00
Venue: Congress Venue (Room Copenhagen)

Farewell Party
7 April, 2009 
19:30-24:00
Venue: Trófea Grill Restaurant
(II. district, Margit krt. 2.)
How to reach: Please, check the map at the cover of the program book.

Please, bring your ticket with you!

EXHIBITION

Thank you for the sponsorship!

Brain Products GmbH
Compumedics Neuroscan
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Program schedule

Saturday, April 
4 

(Day 0)

Sunday, April 5
(Day 1)

Monday, April 
6

(Day 2)

Tuesday, April 
7

(Day 3)

09:00 – 11:00

Workshop 1
Part 1 

 
 
 

Symposium 1 Symposium 3 Symposium 5

11:00 – 11:30 Coffee break Coffee break Coffee break

11:30 -12:30 Invited talk 1 Invited talk 2 Invited talk 3 

12:30 – 14:00 Lunch break Lunch break Lunch break

14:00 – 16:00

Tutorial 
session & 

Workshop 1 
Part 2

Workshop 2

Symposium 2 Symposium 4 Symposium 6

16:00 – 17:00 Review talk 1 Review talk 2

Poster session 
3 

coffee served 2 
hours17:00

Poster session 
1 

coffee served 2 
hours

Poster session 
2

coffee served 2 
hours

19:30

Opening 
lecture &
Welcome 
reception

Farewell party
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PROGRAM OUTLINE

Saturday, 4th April 2009

Workshops       The afternoon session is open for all participants. Room

10:00-13:00
Workshop 1 - Part 1
Visual mismatch negativity
organized by István Czigler

Zürich

Visual mismatch negativity: very early, early and recent research
I Czigler 
Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary 
A-0159 

Is there memory mismatch activity in the visual modality? ’Yeah  /why – Nay/whyn’t?’ 
Moderator: L. Kenemans

Two subcomponents of posterior deviant-related negativity reflecting refractory effect and memory-mismatch effect
M Kimura1,2,3,*, J Katayama4, H Ohira2, E Schröger3 
1Japan Society for the Promotion of Science, Japan, 2Department of Psychology, Nagoya University, Nagoya, Japan, 
3Institute of Psychology I, University of Leipzig, Leipzig, Germany, 4Faculty of Education,  Hokkaido University, 
Sapporo, Japan 
A-0162 

Memory-based visual mismatch negativity to orientation changes
P Astikainen 
Department of Psychology, University of Jyväskylä, Finland 
A-0160

11:05-11:15 Break

Memory trace formation underlies preattentive visual change detection
T Maekawa, S Tobimatsu, K Ogata, T Onitsuka, S Kanba 
Departments of Neuropsychiatry and Clinical Neurophysiology, Graduate School of Medical Sciences, 
Kyushu University, Japan 
A-0164 

Limits of the „primitive intelligence” : A visual mismatch negativity study
G Stefanics1,5, I Czigler1, M Kimura2,3,4 
1Institute for Psychology, Hungarian Academy of Sciences, 2Japan Society for the Promotion of Science, Japan, 
3Department of Psychology, Nagoya University, Nagoya, Japan, 4Institute of Psychology I, University of Leipzig, 
Leipzig, Germany, 5 Department of Experimental Zoology and Neurobiology, University of Pécs, Pécs, Hungary 
A-0110 

What does an analysis of oscillatory activity tell about vMMN?
K Kreegipuu 
Institution: Institute of Psychology, University of Tartu, Estonia 
A-0163 
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12:00 -13:00 Lunchtime discussion: Suggested topics:
(1) VMMN paradigms: The attention issue and other points of methodology;
(2) function of  processes underlying vMMN (if any).

     Room

14:00-18:00
Workshop 1 - Part 2
Visual mismatch negativity
organized by István Czigler

Maasrticht

14:00- 15:20 VMMN application

Visual mismatch negativity in Alzheimer’s disease and mild cognitive impairment.
A Tales1, G Wilcock, G Porter3, Butler4 
1Department of Experimental Psychology, Bristol University, Bristol, U.K., 3The Burden Institute Frenchay Hospital, 
Bristol, U.K., 4Nuffield Department of Medicine, University of Oxford, John Radcliffe Hospital Headignton, Oxford, U.K. 
A-0167

Magnocellular system and visual mismatch negativity: stimulus design and clinical findings 
J Kremlacek1,*, M Kuba1, Z Kubova1, A Urban2, J Libiger2, L Hosak2, J Langrova1, J Szany1, F Vit1, J Cizek2 
1Department of Pathological Physiology, Faculty of Medicine in Hradec Králové, Charles University in Prague, Czech 
Republic, 2Department of Psychiatry, Faculty of Medicine in Hradec Králové, Charles University in Prague and Faculty 
Hospital Hradec Králové, Czech Republic 
A-0058 

An ERP study about altered visual attentional system in bipolar disorder
T Maekawa, T Tsunoda, N Oribe, N Fukushima, T Onitsuka, S Tobimatsu, S Kanba 
Departments of Neuropsychiatry and Clinical Neurophysiology, Graduate School of Medical Sciences, 
Kyushu University, Fukuoka Japan. 
A-0165 

Visual mismatch: Some applications in pharmacology, pathology, and development
J L Kenemans 
Experimental Psychology and Psychopharmacology Utrecht University 
A-0161 

Effects of nicotine on visual pre-attentive cognition as measured by the vMMN
D J Fisher1,*, D K Shah1,2, S Prise3, T L Scott3, M Thompson3, V J Knott1,2,3 
1Department of Psychology, Carleton University, Ottawa, Canada
2University of Ottawa Institute of Mental Health Research, Ottawa, Canada
3Department of Psychology, University of Ottawa, Ottawa, Canada 
A-0054 

15:40-15:50 Break
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15:50-17:50 Recent topics of vMMN

Object-based effects in visual change detection 
D Müller1, I Winkler 2,3, E Schröger1 
1Institut für Psychologie I, Universität Leipzig, Germany, 2Institute for Psychology, Hungarian Academy of Sciences, 
Budapest, Hungary, 3Institute of Psychology, University of Szeged, Szeged, Hungary 
A-0059 

The visual mismatch made visible
CM Smit, E Schweiger, W Wittling 
Center for Neuropsychological Research, University of Trier, Trier, Germany 
A-0166 

Differential cross-modal effect of speech sounds on the vMMN elicited by letter versus non-letter deviants 
D Froyen1,2, N Van Atteveldt1,3, L Blomert1,2 
1Faculty of psychology and congnitive neuroscience, Maastricht University, Maastricht, The Netherlands,
2Maastricht Brain Imaging Center, M-BIC, Maastricht, The Netherlands, 3College of Physicians and Surgeons, Columbia 
University, New York, USA 
A-0007 

16:50-17:10 Break

VMMN to color and orientation: the non-contingent capture 
I Sulykos, I Czigler 
Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary 
A-0051 

Automatic stimulus-change detection in the visual modality in 11 years-old children 
M Gomot1,*, H Cléry1, M-H Giard2, N Bruneau1 
1UMR ‘Imagerie et Cerveau’: Inserm U930, CNRS FRE 2448, Université François Rabelais de Tours; Tours, France.
2INSERM U821 ‘Dynamique Cérébrale et Cognition’; Université Lyon 1; Lyon, France. 
A-0027 

14:30-19:00
Workshop 2 
The role of adaptation in deviance detection
co-organized by Israel Nelken and István Winkler

Room

Amsterdam + Nice

1.  Adaptation, stimulus-specific adaptation in auditory cortex, and MMN
 I Nelken 
 Department of Neurobiology and the ICNC, Hebrew University, Jerusalem, Israel 
    A-0154 

2.  Adaptation: A functionalist perspective
 K Friston 
 Wellcome Trust Centre for Neuroimaging University College London 
    A-0155 
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3.  Differential adaptation of auditory cortex neural populations as the neurophysiological basis of MMN
 I P Jääskeläinen 
 Department of Biomedical Engineering and Computational Science, Helsinki University of Technology,
  Espoo, Finland 
    A-0156 

4.  Genuine MMN, memory-based comparison, and neural adaptation
 T Jacobsen 
 Institut für Psychologie I, Universität Leipzig 
    A-0157 

5.  Can we regard adaptation as memory?
 I Winkler 
 Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary 
    A-0158

 20 minute break

 Critique presentations 
 by M Ahissar, T Baldeweg, S L Denham, E Kushnerenko, M S Malmierca, C Ponton, E Schröger, and E S Sussman 

 20 minute break

 Short replies from the presenters of the initial statements and general discussion

14:00-19:00 Tutorials
Room

Bruxelles

1. Measuring MMN
 T Jacobsen 

2. Neural bases of MMN
 L Deouell 
  
3. MMN and memory
 E Schröger 

15:30-15:40 Break

  
4. Attention effects on MMN
 E S Sussman 

5. Distraction by deviance detection
 C Escera 

16:40-16:50 Break
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6. Clinical MMN studies in individuals
 C Fischer 

7. Clinical MMN studies in patient groups
 P Michie 
 

17:50-18:00 Break

 
8. Developmental MMN studies in infants
 M Huotilainen 

9. Developmental MMN studies in children
 V Csépe 

19:30-20:45 Official opening, Opening lecture
Room

Amsterdam + Nice

The conference will be opened by prof. Dr. Valéria Csépe 
Deputy General Secretary of the Hungarian Academy of Sciences, Budapest, Hungary   
  

Opening lecture

Automatic sensory intelligence: The basis of cognitive processes?
Risto Näätänen 
Department of Psychology, University of Tartu, Tartu, Estonia Centre of Functionally Integrative Neuroscience 
(CFIN), University of Arhus, Arhus, Denmark Cognitive Brain Research Unit, Department of Psychology, University of 
Helsinki, Helsinki, Finland 
A-0114 

20:45 – 23.00 Welcome reception
Room

Copenhagen

After the opening lecture you are invited to the Welcome reception in Room Copenhagen.
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Sunday, 5th April 2009

09:00-11:00
Symposium 1 - MMN as a potential endophenotype 
in schizophrenia
by Dean Salisbury

Room

Amsterdam+Nice

1.  Automatic Sensory Discrimination Deficits in the Prodrome and First-Episode of Psychosis
 K S Cadenhead, C Jahchan, D L Braff, G A Light 
 Department of Psychiatry, UC San Diego 
    A-0122 

2.  MMN as an index of premorbid function in schizophrenia
 D.C. Javitt1, G. Bar2, M. Weiser2 
 1Nathan Kline Institute for Psychiatric Research/New York University School of Medicine, Orangeburg, NY,
 2Sheba Medical Center, Tel Hashomer, Tel Aviv, Israel 
    A-0123 

3.  Are Auditory-Evoked Frequency and Duration Mismatch Negativity (MMN) Deficits Endophenotypic
 for Schizophrenia? High-Density Electrical Mapping in Clinically Unaffected First-Degree Relatives,
 First-Episode and Chronic Schizophrenia.
 J J Foxe, E. Magno, S Yeap, S Molholm, J H Thakore, H Garavan, P De Sanctis. 
 Department of Cognitive Neuroscience, City College of New York 
   A-0124 

4.  Are Pitch and Duration MMN Differentially Sensitive to the Schizophrenia Genotype?
 Evidence from First Hospitalized Psychosis Subjects
 D F Salisbury, R W McCarley 
 Cognitive Neuroscience Laboratory, McLean Hospital, Department of Psychiatry,
 Harvard Medical School 
    A-0125 

5.  Mismatch negativity as a tool for exploring potential endophenotypes in schizophrenia.
 J Todd1,2,3,4, P T Michie1,2,3,4, U Schall2,3,4,5 
 1School of Psychology, University of Newcastle, NSW, Australia,
 2Brain and Mental Health Priority Research Centre, University of Newcastle, NSW, Australia,
 3Hunter Medial Research Institute, NSW, Australia,
 4Schizophrenia Research Institute, 
 5School of Medicine and Population Health, University of Newcastle, NSW, Australia. 
    A-0126 

6.  Dissecting the Genetic and Environmental Relationship between Schizophrenia and Duration MMN
 M H Hall1,2,3, K Schulze2, F Rijsdijk2, M Picchioni2, U Ettinger2, E Bramon2, R M Murray2, P Sham2,3 
 1Psychology Research Laboratory, Cognitive Neuroscience Laboratory, McLean Hospital,
 Department of psychiatry, Harvard Medical School, MA, USA.
 2Division of Psychological Medicine, Institute of Psychiatry, King’s College London, London, UK.
 3Department of Psychiatry, University of Hong Kong, HK, China 
    A-0127

11:00-11:30 Coffee Break
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11:30-12:30 Invited Talk 1 
Room

Amsterdam + Nice

The MMN and perception
Karl J Friston 
Wellcome Trust Centre for Neuroimaging and University College - London - London, UK
A-0115 

12:30-14:00 Lunch Break

14:00-16:00
Symposium 2 - Predictive models within
and of MMN
by Erich Schröger, Torsten Baldeweg & Sue Denham 

Room

Amsterdam + Nice

Introduction
I Winkler

1.  Predictive models of auditory processing
 S L Denham1, E Balaguer-Ballester1,2, M Coath1, K Gyimesi3,4, G Stefanics3,5, and I Winkler3,6 
 1Centre for Theoretical and Computational Neuroscience, University of Plymouth, 
 Drake Circus, Plymouth PL4 8AA, UK
 2Computational Neuroscience group, Central Institute for Mental Health (ZI), 
 Ruprecht-Karls University of Heidelberg
 3Department of General Psychology, Institute for Psychology, Hungarian Academy of Sciences,
 1394 Budapest, P.O. Box 398, Hungary
 4Department of Cognitive Science, Budapest University of Technology and Economics,
 1111 Budapest, Sztoczek u. 2, Hungary
 5Department of Experimental Zoology and Neurobiology, University of Pécs, 7624 Pécs, Ifjúság st. 6, Hungary
 6Institute of Psychology, University of Szeged, 6722 Szeged, Petőfi S. sgt. 30-34, Hungary 
    A-0128 

2.  Regularity extraction and stimulus prediction in dynamically changing acoustic environments
 A Bendixen 
 Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary 
    A-0129 

3.  A predictive coding account of MMN and brain plasticity
 M I Garrido2,*, J M Kilner1, S J Kiebel1, K E Stephan1,3, T Baldeweg4, K J Friston1 
 1Wellcome Trust Centre for Neuroimaging, University College London, London, UK
 2Department of Psychology, University California Los Angeles, Los Angeles, USA 
 3Laboratory for Social and Neural Systems Research, Institute for Empirical Research in Economics,
 University of Zurich, Switzerland
 4Developmental Cognitive Neuroscience, Institute of Child Health,
 University College London, London, UK 
    A-0130 
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4.  MMN reflections of language and attention: a neurocomputational model
 M Garagnani1,*, T Wennekers2, F Pulvermüller1 
 1Medical Research Council - Cognition & Brain Sciences Unit, 15 Chaucer Rd, Cambridge CB2 7EF, UK
 2Center for Theoretical and Computational Neuroscience, University of Plymouth,
 Drake Circus, Plymouth PL4 8AA, UK 
    A-0131 

5.  Repetition effects and MMN: a predictive coding and a clinical perspective
 T Baldeweg 
 Developmental Cognitive Neuroscience, Institute of Child Health,
 University College London, London, UK 
    A-0132 

6.  Predictive power of the auditory system
 E Schröger 
 Institute for Psychology I, University of Leipzig, Germany 
    A-0133

16:00-16:15 Break

16:15-17:15 Review talks 1 & 2 
Room

Amsterdam + Nice

1.  Reduced duration MMN and impaired temporal integration window in clinical populations
 Hirooki Yabe
 Department of Neuropsychiatry, Fukushima Medical University (FMU), Fukushima, Japan 
    A-0118 

2. Illuminating Deviance Detection: Optical Imaging and the MMN
 Trevor Penney
 Department of Psychology, National University of Singapore 
    A-0119

17:00-19:00 Poster session 1 
Room

Copenhagen

P1-01
The role of attention in discrimination of vowels based on different spectral attributes
J Tuomainen1,2, J Savela3, J Obleser4, O Aaltonen5,*

1Logopedics, Åbo Akademi University, Finland
2UCL Research Department of Speech, Hearing and Phonetic Sciences, University College London, UK
3Department of Information Technology, University of Turku, Finland
4Max Planck Institute for Human Cognitive and Brain Sciences, Germany
5Department of Speech Sciences, University of Helsinki, Finland
A-0006
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P1-02 
Processing of phrase structure violations and interaural time differences in the temporal cortex:
An MEG study 
B Herrmann1,*, A Hahne1, B Maess1, E Schröger2, A D Friederici1 
1Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany 
2Institute for Psychology I, University of Leipzig, Leipzig, Germany
A-0014
 
P1-03 
The obligatory phonotactic constraint of Dorsal Fricative Assimilation in German is activated and applied during 
automatic speech processing 
J Steinberg1,*, H Truckenbrodt2, T Jacobsen1 
1Institute of Psychology 1, University of Leipzig, Leipzig, Germany 
2Centre for General Linguistics (ZAS), Berlin, Germany
A-0017
 
P1-04 
Localizing the Auditory Syntactic Mismatch Negativity Using Whole Head Magnetoencephalography 
B Maess, B Herrmann, A S Hasting, A D Friederici 
Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany
A-0018
 
P1-05 
Discrimination of native and non-native vowel contrasts in Turkish-German and German children:
Insight from Mismatch Negativity 
T Rinker1,2,3, P Alku4, S Brosch3, M Kiefer2 
1Transfercenter for Neuroscience and Learning, University of Ulm, Germany 
2Section for Cognitive Electrophysiology, Department of Psychiatry, University of Ulm, Germany 
3Section of Phoniatrics and Pedaudiology, Ear, Nose and Throat Clinic, University of Ulm, Germany 
4Department of Signal Processing and Acoustics, Helsinki University of Technology, Finland
A-0024

P1-06 
Hemispheric interactions during for the pre-attentive change detection of different acoustic features in speech and 
non-speech sounds 
C Jacquier1, R Takegata2, S Pakarinen2, T Kujala2, R Näätänen2,3,4 
1Laboratoire Dynamique Du Langage, CNRS UMR5596 and Université Louis Lumière Lyon 2, France 
2Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Finland 
3Department of Psychology, University of Tartu, Estonia 
4Center for Functionally Integrative Neuroscience , Aarhus University, Denmark
A-0029

P1-07 
Word-elicited MMN is sensitive to gap insertion 
A Tavano1,*, S Grimm2, J Costa-Faidella2, L Slabu2, C Escera2 
1Department of Child Neuropsychiatry and Neurorehabilitation,
“Eugenio Medea” Scientific Institute, Bosisio Parini, Lecco - Italy 
2Cognitive Neuroscience Research Group, Department of Psychiatry and Clinical Psychobiology,
University of Barcelona, Catalonia - Spain
A-0030
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P1-08 
Effects of native language on phonetic processing in Dutch and American listeners 
A Brandmeyer1, P Desain1, J M McQueen1,2,3 
1Donders Institute for Brain, Cognition and Behaviour, Centre for Cognition,
Radboud University Nijmegen, Nijmegen, The Netherlands 
2Behavioural Science Institute, Radboud University Nijmegen, Nijmegen, The Netherlands 
3Max Planck Institute for Psycholinguistics, Nijmegen, The Netherlands
A-0032
 
P1-09 
Vowel-speech versus pure-tone processing in healthy subjects 
H Iino1, M Miyajima2, K Hara1, K Ohta2,3, M Matsuura1 
1 Department of Life Sciences and Bio-informatics, Tokyo Medical and Dental University 
2 Section of Liaison Psychiatry and Palliative Medicine, Graduate School of Medical and Dental Sciences, Tokyo 
Medical and Dental University 
3 Onda-daini Hospital
A-0039
 
P1-10 
MMN to phonetic contrasts along different feature dimensions 
S Cornell1, A Lahiri2, C Eulitz1 
1Department of Linguistics, University of Konstanz, Germany 
2Department of Linguistics, Philology and Phonetics, University of Oxford, England
A-0045
 
P1-11 
Different kinds of bilinguals - different kinds of brains 
M S Peltola1,2, H Tamminen1,2, H Lehtola1,2, T Kujala3, R Näätänen3,4,5 
1Department of Phonetics, University of Turku, Turku, Finland 
2Centre for Cognitive Neuroscience, University of Turku, Turku, Finland 
3Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland 
4Department of Psychology, University of Tartu, Tartu, Estonia 
5Center of Functionally Integrative Neuroscience, University of Aarhus, Aarhus, Denmark 
A-0055

P1-12 
Two languages in one brain - slower phonological processing 
M S Peltola1,2, H Tamminen1,2, H Lehtola1,2, T Kujala3, R Näätänen3,4,5 

1Department of Phonetics, University of Turku, Turku, Finland 
2Centre for Cognitive Neuroscience, University of Turku, Turku, Finland 
3Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland 
4Department of Psychology, University of Tartu, Tartu, Estonia 
5Center of Functionally Integrative Neuroscience, University of Aarhus, Aarhus, Denmark 
A-0056

P1-13
Acoustic, Phonetic and Phonological Mismatch in Adolescents 
B Albrecht1, E Keller2, W Woerner3, A Rothenberger1, T Banaschewski4 
1Child and Adolescent Psychiatry, University of Göttingen, Germany 
2University of Lausanne, Switzerland 
3German Institute for International Educational Research, Frankfurt/Main, Germany 
4Department of Child and Adolescent Psychiatry and Psychotherapy,
Central Institute of Mental Health Mannheim, Germany
A-0066
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P1-14 
The influence of word meaning on central auditory processing indicated by late MMN in children 
C Thomas1,2,*, S E Lee1, N Thoma1, K Hennighausen1, M Schecker1 
1Neurolinguistic Laboratory, Department of Child and Adolescent Psychiatry and Psychotherapy,
University of Freiburg, Freiburg, Germany 
2Experimental Neurolingustics Group, University of Bielefeld, Bielefeld, Germany
A-0067
 
P1-16 
Mismatch negativity responses to parametrically varied speech and music sounds 
B Osnes1, H Nordby1, T Eichele1, K Specht1,2 

1Department of Biological and Medical Psychology, University of Bergen, Bergen, Norway 
2Clinical Engineering Department, Haukeland University Hospital, Bergen, Norway
A-0071
 
P1-17 
Are phrasal verbs treated by the brain as words or as phrases? Magnetic MMN solves long-standing linguistic 
puzzle. 
Y Shtyrov1,*, B Cappelle2, F Pulvermüller1 
1MRC Cognition and Brain Sciences Unit, Cambridge, UK 
2University of Leuven, Belgium
A-0073
 
P1-18 
Spatiotemporal Signatures Of Large-Scale Synfire Chains For Speech Processing As Revealed By MEG 
F Pulvermüller*, Y Shtyrov 
MRC Cognition and Brain Sciences Unit, Cambridge, UK
A-0075

P1-19 
MMN to stress change in speech: rule or regularity? 
F Honbolygó, V Csépe 
Research Institute for Psychology, Hungarian Academy of Sciences
A-0087
 
P1-20 
The quest for natural, finely controlled speech stimuli for MMN experiments: Is it possible? 
W Hutch1,*, C M Pettigrew1, R Fourie1, P Alku2 
1Department of Speech and Hearing Sciences, Brookfield Health Sciences Complex, 
University College Cork, Ireland 
2Department of Signal Processing and Acoustics, Helsinki University of Technology, Finland
A-0092
 
P1-21 
The influence of word meaning on central auditory processing indicated by late MMN 
S-E Lee1,*, C Thomas1,2, K Hennighausen1, M Schecker1 
1Neurolinguistic Laboratory, Department of Child and Adolescent Psychiatry and Psychotherapy,
University of Freiburg, Freiburg, Germany 
2Experimental Neurolingustics Group, University of Bielefeld, Bielefeld, Germany
A-0096
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P1-22 
A change of meaning causes connectivity changes within higher levels of the auditory cortical heirarchy 
T Schofield, P Iverson, S J Kiebel, K E Stephan, J M Kilner, K J Friston, J TCrinion, C J Price, A P Leff 
Wellcome Trust Centre for Neuroimaging, 12 Queen Square, London and 
UCL Division of Psychology and Language Sciences, Chandler House, 2 Wakefield Street, London
A-0101
 
P1-23 
Deviant standards: Effects of stimuli and oddball status on the MMN in speech sound discrimination of monolingual 
and bilingual speakers 
M Molnar, K Steinhauer 
McGill University, Montreal, Canada
A-0102
 
P1-24 
Word frequency effect on mismatch negativity in human brain 
D O Belyaeva, A A Alexandrov 
Saint Petersburg State University, Department of Higher Nervous Activity and 
Psychophysiology, Faculty of Biology and Soil Science, Faculty of Medicine, Saint Petersburg, Russia
A-0107 

P1-25 
The MMN as an indicator for the functionality of auditory speech perception 
K Pusch1,2, W Sommer1, R Dietrich2 
1Institute for Psychology, Humboldt University of Berlin, Berlin, Germany
2Institute for German Language and Linguistics, Humboldt University of Berlin, Berlin, Germany
A-0113

P1-26 
Auditory mismatch responses to dynamic and static amplitude changes in typically developing and dyslexic 
children 
T Fosker*, M Huss, N Fegan, D Szucs, U Goswami 
Centre for Neuroscience in Education, University of Cambridge, Cambridge, UK
A-0012

P1-27 
Audiovisual speech integration in adolescents with Specific Language Impairment (SLI): A mismatch between 
modalities is not detected 
E Kushnerenko1,2, O Tuomainen3, D G Moore2, H K van der Lely1 
1Centre for Developmental Language Disorders and Cognitive Neuroscience, University College London, London, UK 
2Institute for Research in Child Development, School of Psychology, University of East London, London, UK 
3Department of Phonetics, University of Turku, Finland
A-0016
 
P1-28 
ERPs to stimulus trains in adults with dyslexia and adults with typical reading skills 
J A Hämäläinen1,2,*, T Fosker1, D Szucs1, U Goswami  
1Centre for Neuroscience in Education, Faculty of Education, University of Cambridge, UK 
2Department of Psychology, University of Jyväskylä, Finland
A-0076
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P1-29 
Does syllable discrimination lead to cortical overload in dyslexia ? 
N Bruneau1, C Hommet1, M A Barthez2, C Barthelemy1, M Gomot1 
1UMR INSERM U930 - CNRS ERL 3106, Université François-Rabelais de Tours, CHRU de Tours, France 
2Service de Neurologie et neurochirurgie pédiatrique, CHRU de Tours, France
A-0083
 
P1-30 
cross-modal effects of letters on the MMN to speech sounds reveals deficient letter - speech sound processing in 
children with dyslexia 
D Froyen1,2, G Willems1,2, A Walter1,2, L Blomert1,2 
1Faculty of Psychology and Neuroscience, Maastricht University, Maastricht, The Netherlands 
2Maastricht Brain Imaging Center, M-BIC, Maastricht, The Netherlands
A-0090
 
P1-31 
Meaningful novelty processing during sleep 
J B Eichenlaub, P Ruby, D Morlet 
INSERM U821, Brain Dynamics and Cognition, Lyon, France and 
Université Lyon 1, France
A-0022 

P1-32 
Standardization of the measurement error in ERP recordings 
A Paukkunen1,2,*, M Järvenpää1,3,4, R Sepponen1 
1Electronics Department, Helsinki University of Technology, Espoo, Finland 
2Graduate School of Electrical and Communications Engineering, Helsinki University of Technology, Espoo, Finland 
3Department of Psychology, Helsinki University, Helsinki, Finland 
4Finish Centre of Excellence in Interdisciplinary Music Research, Finland
A-0060
 
P1-33 
The effects of temporal synchrony and visual material on audio-visual integration 
M Mittag*, R Takegata, T Kujala 
Cognitive Brain Research Unit, University of Helsinki, Helsinki, Finland
A-0061

P1-34 
ERP correlates of memory load and congruency in processing familiar songs 
H Jolsvai1,2, E Sussman1 
1Department of Neuroscience, Albert Einstein College of Medicine, Bronx, New York, USA 
2Research Group of Developmental Psychophysiology, Institute for Psychology, Hungarian Academy of Sciences, 
Budapest, Hungary
A-0091
 
P1-35 
Intermodal attention effects of the Auditory steady-state response and the Event-related potential evoked by 
artificial and natural sounds 
K Saupe*, A Widmann, A Bendixen, M M Müller, E Schröger 
Institut of Psychology I, University of Leipzig
A-0103
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P1-36 
Explaining Attention and Language interactions: magnetic MMN validation of neurocomputational predictions 
M Garagnani, Y Shtyrov, F Pulvermüller 
Medical Research Council and Cognition and Brain Sciences Unit, Cambridge, United Kingdom
A-0079

P1-37 
Event-related potential study to aversive environmental sounds 
K Gyimesi1,2, I Czigler1, T J Cox, J Horváth1 
1Institute for Psychology of the Hungarian Academy of Sciences, Budapest, Hungary 
2Budapest University of Technology and Economics, Budapest, Hungary
A-0065
 
P1-38 
Differentiating musicians using a fast, musical multi-feature paradigm 
P Vuust1,2, E Brattico3,4, M Seppänen3,4, S Pakarinen3,4, R Näätänen1,3,5, E Glerean3,4, M Tervaniemi3,4 
1Center of Functionally Integrative Neuroscience, Aarhus University, Denmark 
2Royal Academy of Music, Aarhus, Denmark 
3Cognitive Brain Research Unit, Department of Psychology, University of Helsinki 
4Finnish Centre of Excellence in Interdisciplinary Music Research, University of Jyväskylä, Finland 
5Department of Psychology, University of Tartu, Tartu, Estonia
A-0109
 
 



 2009 MMN Conference                                                                             Program outline

21

 2009 MMN Conference                                                            Program outline, 6th April

Monday, 6th April 2009

09:00-11:00
Symposium 3 - Pharmachological and animal 
correlates of the MMN
by Pat Michie & Carles Escera  

Room

Amsterdam+Nice

1.  Stimulus-specific adaptation in subcortical regions of the central auditory system
 M S Malmierca1,*, F M Antunes1, D Pérez-González1,2 & E Covey1,2 
 1Auditory Neurophysiology Unit, Institute for Neuroscience of Castilla y Leon, Univ. Salamanca (Spain) 
 2Dept. of Psychology, University of Washington, Seattle (USA). 
    A-0134

2.  The coding of surprise in auditory cortex of rats
 I Nelken* & N Ta’aseh 
 Dept. of Neurobiology and the ICNC, Hebrew University of Jerusalem (Israel) 
    A-0135 

3.  Effects of high- and low-affinity NMDA-receptor antagonists on an auditory MMN-like response
 recorded in anesthetized rats
 D Tikhonravov1,*, T Neuvonen , A Pertovaara1,2, K Savioja1, T Ruusuvirta1, R Näätänen1,4,5 & S Carlson1,3,6 
 1University of Helsinki, Helsinki, Finland;
 2University of Turku, Turku, Finland;
 3University of Tampere, Tampere, Finland;
 4University of Tartu, Estonia;
 5University of Aarhus, Aarhus, Denmark;
 6Helsinki University of Technology, Espoo, Helsinki, Finland 
    A-0136 

4.  The role of serotonin and acetylcholine in mismatch negativity generation
 A Sambeth1,2, A Blokland1, S Kähkönen2 & W J Riedel1 
 1Department of Neuropsychology and Psychopharmacology, Maastricht University (Netherlands);
 2BioMag Laboratory, Helsinki University Central Hospital (Finland) 
    A-0137 

5.  A neurophysiological correlate of animal novelty neurons recorded from the human scalp?
 S Grimm*, L Slabu, J Costa-Faidella & C Escera 
 Cognitive Neuroscience Research Group, Department of Psychiatry and Clinical Psychobiology,
 Faculty of Psychology, University of Barcelona (Catalonia-Spain) 
    A-0139 

11:00-11:30 Coffee Break
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11:30-12:30 Invited talk 2  
Room

Amsterdam + Nice

Neural markers of early language development
Angela D Friederici 
Max Planck Institute for Human Cognitive and Brain Sciences - Leipzig, Germany
A-0116 

12:30-14:00 Lunch Break

14:00-16:00 Symposium 4 – Music and musical development  
by Mari Tervaniemi & Minna Huotilainen

Room

Amsterdam + Nice

1.  Development of pitch representations in infancy
 L J Trainor 
 McMaster University 
    A-0140 

2.  Musical perceptive profiles in children
 M Huotilainen 
 Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Finland 
    A-0141 

3. Processing of rhythmic structures in adults and newborn babies
 G P Háden1,2,*, O Ladinig3, I Sziller4, H Honing3 and I Winkler1,5 
 1Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary
 2Department of Cognitive Science, Budapest University of Technology and Economics, Budapest, Hungary
 3Music Cognition Group, Institute for Logic, Language and Computation, University of Amsterdam, Amsterdam, Netherlands
 4First Department of Obstetrics and Gynecology, Semmelweis University, Budapest, Hungary
 5Institute of Psychology, University of Szeged, Szeged, Hungary 
    A-0142 

4.  Neurocognitive profile of musicians - MMN evidence
 M Tervaniemi 
 Cognitive Brain Research Unit, Department of Psychology, University of Helsinki,
 Finland and Finnish Centre of Excellence in Interdisciplinary Music Research, Department of Music, 
 University of Jyväskylä, Finland 
    A-0143

16:00-16:15 Break
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16:15-17:15 Review talk 3 & 4
Room

Amsterdam+Nice

1.  Auditory ERPs in unresponsive patients
 Catherine Fischer1,2 and Dominique Morlet2 

 1Hospices Civils de Lyon, Neurological Hospital, Lyon, France
 2INSERM U821 (Brain Dynamics and Cognition), Lyon, France 
    A-0120 

2.  Individualized training protocols for cochlear implant users based on mismatch negativity
 Curtis W Ponton
 Compumedics Neuroscan, Santa Fe, New Mexico USA 
    A-0121

17:00-19:00 Poster session 2
Room

Copenhagen

P2-01 
Mismatch negativity and discrimination of the auditory motion in human 
L Shestopalova, E A Petropavlovskaia, S Ph Vaitulevich 
Pavlov Institute of Physiology, Russian Academy of Sciences,St.Petersburg, Russia
A-0003
 
P2-02 
Mismatch negativity elicited by the moving sound images not differentiated behaviorally 
L Shestopalova, Yu A Vasilenko 
Pavlov Institute of Physiology, Russian Academy of Sciences, St.Petersburg, Russia
A-0004
 
P2-03 
The automatic sound representation relies on salient segmentation of the acoustic input 
A Weise1, S Grimm2, D Müller1, E Schröger1 
1Institute of Psychology I, University of Leipzig, Germany 
2Faculty of Psychology, University of Barcelona, Spain
A-0010 

P2-04 
MMN: emotional dimension of distractor task in a simple duration mismatch paradigm 
G Otte1,*, G De Bruecker2, W Waegeman3, P-J Geerts4, B Wyns5 
1P.C. Dr. Guislain, Neurolab, 9000 Ghent 
2P.C.  Zoete Nood Gods, 9340 Lede 
3UGent, dept. of Applied Mathematics, Biometrics and Process Control, 9000 Ghent 
4UGent, dept. of Medicine, UZ, 9000 Ghent 
5UGent, dept. of Electrical Energy, Systems and Automation, 9052 Zwijnaarde
A-0011
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P2-05 
Cerebral asymmetry in electrophysiological (mismatch negativity) measures of temporal processing determines per-
formance on a between-channel gap detection task. 
J Todd1-4, U Schall2-5, T B Budd1-4 
1School of Psychology, University of Newcastle. 
2Brain and Mental Health Priority Research Centre, University of Newcastle. 
3Hunter Medical Research Institute. 
4Schizophrenia Research Institute 
5School of Medicine and Population Health, University of Newcastle.
A-0013
 
P2-06 
Correlation analysis among single trials in frequency-domain for raw recordings and wavelet filtered MMN 
F Cong1, T Ristaniemi1, H Lyytinen2 
1Department of Mathematical Information Technology, University of Jyväskylä, Jy-väskylä, Finland 
2Department of Psychology, University of Jyväskylä, Jyväskylä, Finland
A-0015
 
P2-07 
Stimulus expectation modulates sensory-driven responses to deviant stimuli 
P M Briley, K Krumbholz 
MRC Institute of Hearing Research, Nottingham, United Kingdom. 
A-0026

P2-08 
Breaking the rule: mismatch negativity is affected by top-down predictive information 
A Widmann, E Schröger 
Institute of Psychology I, University of Leipzig, Germany
A-0033
 
P2-09 
Hemispheric Specialization during Discrimination of Sound Sources reflected by MMN 
N Richter1,2,*, E Schröger1, R Rübsamen2 
1Institute for Psychology I, University of Leipzig, Leipzig, Germany 
2Institute for Biology II, University of Leipzig, Leipzig, Germany
A-0034
 
P2-10 
MMN reveals hyper sensitivity to manipulation of the standard’s consistency 
L Daikhin1,2, M Ahissar2,3 
1Hadassah Medical School - The Institute of Medical Sciences, Jerusalem, Israel 
2Department of Psychology, Hebrew University, Jerusalem, Israel 
3Interdisciplinary Center for Neural Computation, Hebrew University, Jerusalem, Israel 
A-0036

P2-11 
Omission MMN builds up late 
J Horváth1,*, D Müller2, A Weise2, E Schröger2 
1Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary 
2Institute of Psychology I, University of Leipzig, Leipzig, Germany
A-0042
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P2-12 
Brief natural sounds in the passive oddball paradigm: good temporal control plus ecological validity 
J Horváth1,*, U Roeber2, E Schröger2 
1Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary 
2Institute of Psychology I, University of Leipzig, Leipzig, Germany
A-0043
 
P2-13 
Differential replicabilty of the magnetic mismatch negativity to length and frequency deviants over the early and 
later response phases 
M L Smith1, Y Shtyrov1, R Henson1, S Christensen2, P Nathan2, E Bullmore3, F Pulvermuller1 
1MRC Cognition & Brain Sciences Unit, Cambridge 
2GSK Clinical Unit, Cambridge 
3Brain Mapping Unit & Behavioural and Clinical Neurosciences Institute, University of Cambridge, Cambridge
A-0044
 
P2-14 
Frequency sweep contrasts reveal a major dissociation between MMN parameters and behavioral performances 
C Colin1, E Markessis2, I Hoonhorst1,3, G Collet1,3,4, P Deltenre5 
1Unité de Recherches en Neurosciences Cognitives, Université Libre de Bruxelles, Belgique 
2Fondation Gosset & Laboratoire de Neurophysiologie Clinique & Hôpital Brugmann, Bruxelles, Belgique 3 FNRS, 
Bruxelles, Belgique 
4Laboratoire Cognition, Langage et Développement, Université Libre de Bruxelles, Belgique 
5Laboratoire de Neurophysiologie Clinique, Hôpital Brugmann, Bruxelles, Belgique
A-0047

P2-15 
ERPs indicate the detection of a personally significant sound 
A Roye, T Jacobsen, E Schröger 
Institute for Psychology I, University of Leipzig, Leipzig, Germany
A-0048
 
P2-16 
Rule establishment for an higher-order sound feature: Sound familiarity 
U Kirmse, T Jacobsen, E Schröger 
Institute for Psychology I, University of Leipzig, Leipzig, Germany
A-0049
 
P2-17 
Rule establishment for an higher-order sound feature: Lexicality 
A Muller-Gass1, A Roye2, U Kirmse2,*, K Saupe2, T Jacobsen2, E Schröger2 
1Defence Research and Development Canada, Toronto, ON, Canada 
2Institute for Psychology I, University of Leipzig, Leipzig, Germany
A-0088
 
P2-18 
Effects of visually induced expectations on auditory processing: dependency on expectancy and rule complexity 
R Lindström, P Paavilainen, T Kujala, M Tervaniemi 
Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland
A-0050
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P2-19 
The MMN attention effect revisited: Forming the standard or detecting the deviant? 
G P Háden 1,2,*, E S Sussman 3, I Czigler 1, I Winkler 1,4 
1Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary 
2Department of Cognitive Science, Budapest University of Technology and Economics, Budapest, Hungary 
3Cognitive Neurophysiology Laboratory, Albert Einstein College of Medicine, New York, USA 
4Institute of Psychology, University of Szeged, Szeged, Hungary
A-0057
 
P2-20 
The role of temporal and frequency structure of tones in forming sensory memory representations 
J Rimmele1,2,*, E Sussman1 
1Albert Einstein College of Medicine, New York, USA 
2Institute of Psychology I, University of Leipzig, Leipzig, Germany
A-0072
 
P2-21 
The binaural interaction component: the processing of interaural time and level differences 
B Edmonds, K Krumbholz 
MRC Institute of Hearing Research
A-0082
 
P2-22 
Electrophysiological correlates of multiple acoustic regularities in the human brain 
J Costa-Faidella*, S Grimm, P Díaz-Santaella, L Slabu, C Escera 
Cognitive Neuroscience Research Group, Department of Psychiatry and Clinical Psychobiology, Faculty of Psychology, 
University of Barcelona, Catalonia-Spain
A-0089
 
P2-23 
Multisensory Integration: Visual influences on auditory cortical processing 
L Swamy, E Sussman 
Department of Neuroscience, Albert Einstein College of Medicine, Bronx, NY, USA
A-0093
 
P2-24 
The processing of self-initiated but unexpected sounds: Evidence for an internal prediction mechanism 
P Baess1, A Schimming 2, P E Keller2, E Schröger1 
1University of Leipzig, Institute of Psychology, BioCog - Cognitive including biological psychology, Leipzig, Germany 
2Max-Planck-Institute for human cognitive and brain sciences, Independent Junior Research Group “Music Cognition 
and Action
A-0100
 
P2-25
Event-related potentials associated with alternative sound organizations and a dominant organization 
R Takegata1,*, K Junttila1, R Näätänen1,2,3 
1Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Finland 
2Department of Psychology, University of Tartu, Estonia 
3Center for Functionally Integrative Neuroscience, Aarhus University, Denmark

 



 2009 MMN Conference                                                                             Program outline

27

 2009 MMN Conference                                                            Program outline, 6th April

P2-26 
Effects of the visual attentional blink on the auditory mismatch negativity 
K Haroush1, L Y Deouell2, S Hochstein1 
1Department of Neurobiology, The Hebrew University of Jerusalem 
2Department of Psychology, The Hebrew University of Jerusalem
A-0078

P2-27 
Ambulatory MMN profile recording 
M Järvenpää1,2,3,*, A Paukkunen3,4 
1Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland 
2Finnish Centre of Excellence in Interdisciplinary Music Research, Finland 
3Department of Electronics, Helsinki University of Technology, Espoo, Finland 
4Graduate School of Electrical and Communications Engineering, Helsinki University of Technology, Espoo, Finland 
A-0106

P2-28 
Temporal-frontal network underlying pre-attentive change detection: A lagged correlation path model of the event-
related optical signal (EROS) 
Ch-Y Tse1, E K K Ng2, T Rinne3, T B Penney2 
1University of Illinois at Urbana Champaign, USA 
2National University of Singapore, Singapore 
3University of Helsinki, Finland
A-0019
 
P2-29 
General or specific language impairment? Electrophysiological and neuropsychological study of Landau-Kleffner 
syndrome 
L Szabó1, F Honbolygó2, R Kálmánchey1, V Csépe2 
12nd Department of Pediatrics, Semmelweis University, Budapest 
2Research Institute for Psychology of the Hungarian Academy of Sciences, Budapest
A-0025

P2-30 
Comparison between mismatch negativities before and after surgery in a patient with left temporal lobe epilepsy - A 
case report 
K Hara1,2, M Miyajima3, H Iino1, T Maehara4, M Inaji4, K Ohta1,3,5, M Matsuura1 
1Department of Lice Sciences and Bio-informatics, Medical and Dental University 
2Hara Clinic 
3Department of Comprehensive Diagnosis and Therapeutics, Tokyo Medical and Dental University 
4Department of Neurosurgery, Tokyo Medical and Dental University 
5Onda-Daini Hospital 
A-0040

P2-31 
Processing vowel-speech and pure-tone sounds in patients with temporal lobe epilepsy 
M Miho1,*, K Hara2, H Iino2, T Maehara3, M Inaji3, K Ohta1,2,4, M Matsuura2, E Matsushima1 
1Section of Liaison Psychiatry and Palliative Medicine, Graduate School of Medical and Dental Sciences, Tokyo 
Medical and Dental University 
2Division of Biomedical Laboratory Sciences, Tokyo Medical and Dental University 
3Department of Neurosurgery, Tokyo Medical and Dental University 
4Onda-daini Hospital 
A-0041
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P2-32 
Cortical discrimination of speech sounds in children with Asperger syndrome as determined with the multi-feature 
mismatch negativity paradigm 
S Kuuluvainen1, T Kujala1, S Saalasti1,2, E Jansson-Verkasalo3,4, L von Wendt2, T Lepistö1,2 
1Cognitive Brain Research Unit, Helsinki, Finland 
2Department of Child Neurology, Helsinki University Central Hospital, Helsinki, Finland 
3Cognitive Laboratory, Clinical Neurophysiology, Oulu University Hospital, Oulu, Finland 
4Faculty of Humanities, Logopedics, University of Oulu, Finland
A-0084

P2-33 
Late parietal positive waves to a subject’s own name in unresponsive patients 
D Morlet1,2, I Holeckova3, P Ruby1,2, J B Eichenlaub1,2, C Fischer1,2,4 
1INSERM U821, Brain Dynamics and Cognition, Lyon, France 
2Université Lyon 1, France 
3Medical Faculty Plzen, Charles IV University Prague, Csech Republic 
4Neurological Hospital, Department of Clinical Neurophysiology, Lyon, France
A-0086
 
P2-34 
Duration Mismatch Negativity is impaired in the Schizophrenia Prodrome 
R Atkinson1,2, U Schall1,2,3, W Stojanov1, R Inkpen1, S Hunt1, K Helmbold1, S Halpin1,3, V Carr1,2,3, J Todd1,2, P Michie1,2,* 

1Centre for Brain & Mental Health Research, University of Newcastle, Newcastle, Australia 
2Schizophrenia Research Institute, Sydney, Australia 
3Hunter New England Area Health, New South Wales, Australia
A-0095
 
P2-35 
Malfunctioning of new word learning in SLI children as indexed by Mismatch Negativity 
S-E Lee1,*, C Thomas1,2, K Hennighausen1, M Schecker1 
1Neurolinguistic Laboratory, Department of Child and Adolescent Psychiatry and Psychotherapy, University of 
Freiburg, Freiburg, Germany 
2Experimental Neurolingustics Group, University of Bielefeld, Bielefeld, Germany 
A-0097

P2-36 
Structure underlying the mismatch negativity revealed by independent component and time / frequency analysis. 
M J Hardiman1, J G Barry2, D V M Bishop1 
1Department of Experimental Psychology, University of Oxford, Oxford, UK. 
2Max Planck Institute of Human Cognition and Brain Sciences, Leipzig, Germany
A-0104

P2-37 
High-frequency evoked oscillations during pitch and duration deviance detection are differentially altered in schizophrenia 
G Csifcsák1,2,*, N Domján2, E A Garab3, I Szendi2, Z Janka2 
1Institute of Psychology, University of Szeged, Szeged, Hungary 
2Department of Psychiatry, University of Szeged, Szeged, Hungary 
3Department of Cognitive Science, University of Technology and Economics, Budapest, Hungary 

P2-38 
Differential impact of listener age on early versus late components of magnetic MMN response to spoken words. 
L M Brindley*, R Holland, K Tavabi, F Pulvermüller, K Patterson, Y Shtyrov 
MRC Cognition & Brain Sciences Unit, Cambridge, UK
A-0077



 2009 MMN Conference                                                                             Program outline

29

 2009 MMN Conference                                                            Program outline, 7th April

Tuesday, 7th April 2009

09:00-11:00 Symposium 5 – Language and language deficits
by Friedemann Pulvermüller, Yuri Shtyrov & Teija Kujala

Room

Amsterdam + Nice

1.  MMN and mapping the fine structure of phonological representations
 C Eulitz 
 Department of Linguistics, University of Konstanz, Germany 
    A-0144 

2.  Attenuation of the phonological mapping negativity (PMN) by stimulus repetition
 J F Connolly1,3, E Service1,2,3, C Lefebvre3, D Habib4, P Jolicoeur3 
 1McMaster University, Hamilton, Canada
 2University of Helsinki, Helsinki, Finland
 3Université de Montréal, Montreal, Canada 4 Queen’s University, Kingston, Canada 
    A-0145 

3.  Lexis, semantics, attention and MMN: Are there any news since the Cambridge meeting?
 Y Shtyrov 
 MRC Cognition & Brain Sciences Unit, Cambridge, UK 
    A-0146 

4.  The brain’s grammar: Can the Mismatch Negativity read it?
 F Pulvermüller 
 MRC Cognition and brain Sciences Unit, Cambridge 
    A-0147 

5.  Auditory impairments in developmental language disorders as reflected by the mismatch negativity
 T Kujala 
 Cognitive Brain Research Unit, Department of Psychology, University of Helsinki 
    A-0148 

11:00-11:30 Coffee Break

11:30-12:30 Invited talk 3
Room

Amsterdam + Nice

Studying infant cognition by EEG and ERP
Gergely Csibra 
Central European University - Budapest, Hungary
A-0117 
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12:30-14:00 Lunch Break

14:00-16:00 Symposium 6 – Attention and consciousness
by Kenneth Campbell & Leon Deouell

Room

Amsterdam + Nice

1.  Automaticity, Attention, and Executive Control, and their relation to Mismatch Negativity
 L Y Deouell 
 Department of psychology and the interdisciplinary center for neural computation,
 The Hebrew University of Jerusalem, Israel 
    A-0149 

2.  Interaction between active and passive processes in auditory perception: The link to MMN
 E S Sussman 
 Department of Neuroscience, Albert Einstein College of Medicine, Bronx, NY USA 
    A-0150 

3.  fMRI signs of involuntary and voluntary auditory attention
 K Alho 
 Department of Psychology, University of Helsinki, Helsinki, and Advanced Magnetic Imaging Centre,
 Helsinki University of Technology, Espoo, Finland 
    A-0151 

4.  Visual mismatch negativity: pre-attentive, pre-conscious or non-conscious?
 I Czigler*, L Pató, G Stefanics, I Sulykos 
 Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary 
    A-0152 

5.  Does the detection of acoustic change reflect pre-conscious processing?
 The influence of natural sleep on the MMN
 K Campbell* and L Sculthorpe 
 School of Psychology, University of Ottawa 
    A-0153

16:00-18:00 Poster session 3
Room

Copenhagen

P3-01 
Visual mismatch negativity and P300 to a windmill stimulus in schizophrenia 
T Maekawa, T Tsunoda, N Fukushima, T Onitsuka, S Tobimatsu, S Kanba 
Departments of Neuropsychiatry and Clinical Neurophysiology, Graduate School of Medical Sciences, Kyushu 
University, Fukuoka Japan.
A-0005
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P3-02 
Differential cross-modal effect of speech sounds on the vMMN elicited by letter versus non-letter deviants 
D Froyen1,2, N Van Atteveldt1,3, L Blomert1,2 
1Faculty of psychology and congnitive neuroscience, Maastricht University, Maastricht, The Netherlands
2Maastricht Brain Imaging Center, M-BIC, Maastricht, The Netherlands 
3College of Physicians and Surgeons, Columbia University, New York, USA
A-0007
 
P3-03 
Voice discrimination process as indexed by mismatch negativity 
O Rogier, M Gomot, C Barthelemy, N Bruneau 
UMR INSERM U930 - CNRS ERL 3106, Université François-Rabelais de Tours, CHRU de Tours, France
A-0081

P3-04 
Brain correlates of automatic stimulus-change detection in the visual modality: an fMRI study 
H Cléry1, P Fonlupt2, N Bruneau1, M Gomot1 
1UMRS Imagerie et Cerveau: Inserm U930, CNRS FRE 2448, Université François Rabelais de Tours, CHRU de Tours, 
Tours, France 
2Inserm U821, Dynamique cérébrale et Cognition, Université Lyon I, Lyon, France
A-0035
 
P3-05 
Visual MMN elicited by post-deviant stimuli: Evidence for the regularity-violation hypothesis of visual MMN 
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19:30 -24:00 Farewell Party
Trófea Grill Resataurant 

(Please, check the map at the cover of the program book.)
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A-0003 
Mismatch negativity and discrimination of the auditory motion in human 
L Shestopalova, E A Petropavlovskaia, S Ph Vaitulevich 
Pavlov Institute of Physiology, Russian Academy of Sciences, St.Petersburg, Russia 

A number of studies have investigated the mismatch negativity (MMN) elicited by spatial changes simulated through 
either manipulating interaural time/level differences or using head-related transfer functions. The MMN amplitude 
increased with magnitude of spatial displacement of a stationary sound source. Similar results have been recently 
obtained using an array of loudspeakers. However, little is known about properties of MMN elicited by moving 
sound sources. The aim of the present study was to obtain the parameters of MMNs evoked by sounds that moved 
horizontally at different velocities and to compare the spatial discrimination measured by MMN in normally hearing 
subjects with the behavioral data. 
The EEG was recorded from 32 scalp electrodes while the sound stimuli were presented in the odd-ball paradigm. 
The apparent auditory motion was simulated through manipulating interaural time differences (ITDs). The standard 
stimuli consisted of low pass noise bursts localized near the head midline. The deviants consisted of the same noise 
bursts that moved gradually to the left/right from the head midline at different angular distances. The duration of 
standards and deviants was the same and amounted to either 100 ms or 200 ms. The velocities of the deviant stimuli 
were determined by their duration and magnitude of angular displacement and ranged from 11 to 225 deg/s. 
The MMN increased monotonically in magnitude and decreased in latency with growing angular distances travelled 
by the deviant stimuli. The deviants that traveled over the same angular distances at different velocities caused 
MMNs that agreed in magnitude but differed in latency. These results show clearly that the angular distance rather 
than sound image velocity was the most essential cue involved in the MMN generation. 
To test the behavioral performance, a two-interval forced-choice task was employed, in which the ITD was the 
main dependent variable. The subjects were asked to discriminate a stationary midline sound from moving sound 
traveling to the left/right from the head midline. The deviants with angular displacements below the mean behavioral 
threshold evoked significant MMNs, indicating that the spatial discrimination of the hearing system was better at 
the preattentive level.
This study was supported by the grants NS-3866.2008.4 and RFBR 08-04-00006. 

A-0004 
Mismatch negativity elicited by the moving sound images not differentiated behaviorally 
L Shestopalova, Yu A Vasilenko 
Pavlov Institute of Physiology, Russian Academy of Sciences, St.Petersburg, Russia 

The mismatch negativity (MMN) has been usually regarded as an objective index of the discrimination accuracy for 
the different acoustic dimensions, including spatial sound features. The MMN amplitude was shown to correlate 
with the magnitude of spatial deviance of stationary sound source. In a few studies of MMNs elicited by acoustic 
differences not differentiated behaviorally, the spatial stimulus changes were never employed. We expected that 
the auditory motion could be an appropriate acoustic feature to study the correlation of MMN with the behavioral 
performance. The intent of the present study was to compare the spatial discrimination of moving sound images 
measured by means of both MMN and psychoacoustic procedure.
The apparent auditory motion was simulated through manipulating interaural time differences (ITDs). The study 
was conducted in two experiments. Experiment 1 contrasted the MMNs elicited by two different deviant stimuli 
against the same standard. The standard was the stationary noise burst located at the head midline. The deviant 
noise burst either moved gradually to the left/right from the head midline or shifted abruptly by the same azimuth. 
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The only acoustic difference between deviant stimuli was the ITD time pattern represented by either linear or 
step function. Both deviants were discriminated behaviorally from standards by 100% correct. One could expect 
that they should elicit similar MMNs but the MMN evoked by abrupt sound shift appeared greater and earlier. 
Experiment 2 explored the MMN elicited by the abrupt sound shift taken as deviant against gradual sound motion 
taken as standard. The discrimination of these stimuli tested using a two-alternative forced-choice procedure was 
far below the threshold level: the stimuli simulating gradual and abrupt sound movement were not identified by any 
of the subjects. Nevertheless, significant MMNs were obtained.
These findings are in line with the point of view that MMN should not be considered as a direct index of behavioral 
discrimination accuracy. A possible reason why MMN may be dissociated from the behavioral performance of 
auditory motion is that the earlier cortical stages of sound processing reflected by MMN are probably less sluggish 
than higher levels of auditory perception.
This study was supported by the grants NS-3866.2008.4 and RFBR 08-04-00006. 

A-0005 
Visual mismatch negativity and P300 to a windmill stimulus in schizophrenia 
T Maekawa, T Tsunoda, N Fukushima, T Onitsuka, S Tobimatsu, S Kanba 
Departments of Neuropsychiatry and Clinical Neurophysiology, Graduate School of Medical Sciences, Kyushu 
University, Fukuoka Japan. 

BACKGROUND. Cognitive dysfunction of schizophrenia (Scz) may result from abnormal attentional processing in the 
brain. Attentional processing consists of two streams: One is involuntary attention (automatic) processing and the 
other is voluntary attention processing. The former is assessed by mismatch negativity (MMN) while the latter is 
evaluated by P300. The aim of this study was to clarify abnormality of visual attention system in Scz.
Methods: Eighteen patients with Scz were instructed to listen to a story and to also pay attention to a visual target. 
Black-white circular windmill patterns consisting of a standard, a deviant, and a target stimulus whose ratios were 
8:1:1 were presented randomly. The difference in the three stimuli was the number of vanes. Visual MMN (vMMN) 
was obtained by subtracting ERPs to the deviant stimulus from that to the standard. P300 was recorded by the 
response of the target stimulus.
RESULTS. Sixteen patients with Scz completed the experiment. P300 was evoked in all of them but their P300 was 
smaller than that of normal controls (NCs). vMMN was evoked in 12 patients. The mean amplitude of vMMN was 
not significantly different from that of NCs, but the latency of vMMN was more prolonged than that of NCs. The 
latencies of P300 and vMMN were linearly related to age and dose of antipsychotics. The latency of P300 was 
related to negative symptoms.
CONCLUSIONS. Like in the auditory system, the visual MMN and P300 were declined in Scz. Our results suggest that 
there exists a common mechanism of abnormal sensory attentional processing in Scz. 

A-0006 
The role of attention in discrimination of vowels based on different spectral attributes 
J Tuomainen1,2, J Savela3, J Obleser4, O Aaltonen5

1Logopedics, Ĺbo Akademi University, Finland
2UCL Research Department of Speech, Hearing and Phonetic Sciences, University College London, UK
3Department of Information Technology, University of Turku, Finland
4Max Planck Institute for Human Cognitive and Brain Sciences, Germany
5Department of Speech Sciences, University of Helsinki, Finland 

Speech contains a variety of acoustic cues to phonetic contrasts that are exploited by the listener in decoding the 
acoustic signal. In three experiments, we tried to elucidate whether listeners rely on formant peak frequencies, 
whole spectrum representations or phonological features when they discriminate vowels. Experiment I investigated 
discrimination performance when listeners made speeded responses to vowel targets from two synthetic continua. 
The results indicated that the performance of the listeners was based on the whole spectrum attributes of the vowel, 
and not on formant peaks or distinctive features. Experiment II showed that when the vowel targets were presented 
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in noise eliminating the differences in the spectral moments between continua the subjects employed formant peak 
frequencies. In Experiment III using the same stimuli as in Experiment I, we measured an automatic brain response, 
the mismatch negativity (MMN), when subjects did not attend to the auditory stimuli. Results showed that the 
MMN was sensitive only to the formant structure of the vowels. We suggest that the auditory cortex automatically 
and pre-attentively encodes formant peak frequencies, whereas attention can allocate resources for processing 
additional spectral information, which enhances vowel discrimination. 

A-0007 
Differential cross-modal effect of speech sounds on the vMMN elicited by letter versus non-letter deviants 
D Froyen1,2, N Van Atteveldt1,3, L Blomert1,2 
1Faculty of psychology and congnitive neuroscience, Maastricht University, Maastricht, The Netherlands
2Maastricht Brain Imaging Center, M-BIC, Maastricht, The Netherlands
3College of Physicians and Surgeons, Columbia University, New York, USA 

Appropriate development of letter - speech sound associations is considered crucial for reading acquisition. Brain 
imaging evidence indicated that heteromodal areas in superior temporal sulcus and modality-specific auditory 
cortex are involved in letter - speech sound processing. The role of early visual areas, however, remains unclear.
In a previous auditory MMN (aMMN) study a cross-modal effect of letters on speech sound processing was 
observed. aMMN-amplitude to speech sounds presented simultaneously with letters was higher in comparison 
with aMMN amplitude to speech sounds presented in isolation, indicating early and automatic letter - speech sound 
integration.
In the present study the visual counterpart of the aMMN, the vMMN, is used to investigate the influences of speech 
sounds on letter processing. Letter and non-letter deviants were infrequently presented in a train of standard letters 
either in isolation or simultaneously with a speech sound. As early as 150-220 ms after stimulus onset, influences 
of the speech sound on visual processing were observed. However, these influences were similar for letter and 
non-letter processing and thus not letter-specific. In a later time-window, between 240 and 350 msec, a differential 
effect of the speech sound on letter and non-letter processing was observed. Interestingly, the speech sound did not 
influence letter processing but suppressed non-letter processing. 
The present results support previous fMRI findings on letter - speech sound processing, in which the early visual 
areas were not involved when passively processing letters and speech sounds. This implies that, although letter - 
speech sound processing might rely on the evolutionarily older audiovisual speech processing system, both systems 
recruit early visual areas by means of a different mechanism. 
The present study furthermore provides an appropriate tool to investigate, with a high temporal resolution and non-
invasively, cross-modal effects on visual processing. 

A-0010 
The automatic sound representation relies on salient segmentation of the acoustic input 
A Weise1, S Grimm2, D Müller1, E Schröger1 
1Institute of Psychology I, University of Leipzig, Germany
2Faculty of Psychology, University of Barcelona, Spain 

The automatic sound representation can be investigated by utilizing the mismatch negativity (MMN) component of 
the event-related potential. Several findings revealed that the automatic representation of pure sinusoidal tones is 
limited to the initial 300-ms. This temporal constraint was reflected in the absence of MMN to deviations occurring 
beyond the initial 300-ms. However, a salient transient (gap, noise burst) segmenting such tones re-gained MMN 
and thus, resulted in a full-fledged automatic sound representation. The present study examined whether the 
salient segmentation of the acoustic input is pivotal for the entire automatic sound representation. We tested for 
MMN to duration deviants (40 % decrement) embedded in a sequence of 1000 ms long standard tones with linear 
increasing frequency (sweeps). In different conditions standards and deviants contained (I) no segmenting event, 
(II) a non-salient plateau (short sequence with the tone frequency remaining constant), or (III) a salient noise burst. 
No MMN was elicited to unstructured sweeps and to sweeps containing the plateau. Hence, neither permanent 
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gradual changes characterizing sweeps nor a non-salient event within the sweeps can improve the automatic sound 
representation. Importantly, the sweeps segmented by a noise burst evoked MMN. Moreover, the salient noise 
burst itself elicited the P1-N1-P2 complex (which is associated with structuring elements) whereas the non-salient 
element (i.e., the plateau) did not. Consequently, salient segmentation of the acoustic input is essential for an entire 
automatic sound representation. 

A-0011 
MMN: emotional dimension of distractor task in a simple duration mismatch paradigm 
G Otte1,*, G De Bruecker2, W Waegeman3, P-J Geerts4, B Wyns5 
1P.C Dr. Guislain, Neurolab, 9000 Ghent
2P.C. Zoete Nood Gods, 9340 Lede
3UGent, dept. of Applied Mathematics, Biometrics and Process Control, 9000 Ghent
4UGent, dept. of Medicine, UZ, 9000 Ghent
5UGent, dept. of Electrical Energy, Systems and Automation, 9052 Zwijnaarde 

The use of the Mismatch negativity (MMN) in clinical cognitive neuropsychiatry has been promoted by the fact that 
its execution is largely independent on the voluntary cooperation of the patient. In fact conscious awareness of the 
presence of deviancy in a set of acoustic stimuli activates other components such as P3a and especially N2b that in 
it can be confusing as the latter has a time window and morphology that overlaps with MMN. So it has been custom 
practice to turn away the patient’s attention from the deviant stimuli by offering a distraction such as reading a 
book or viewing a silent movie. However as we know that in higher order deviances the emotional dimension of 
the stimulus can influence the parameters of the MMN response and realizing that personality traits (Hansenne et 
al.) such as avoidance or BIS in Cloningers model also has clear impact on MMN amplitude, we wanted to find out 
if emotional elements of the distraction content could have any influence on the amplitude or latency of the MMN 
response in a clinical low order acoustic stimulation paradigm.
In a pilot study, 30 normal volunteers were tested in a duration deviant paradigm (Cecile Colin, et al.) while viewing 
5 silent movies (each test lasted 5 minutes) whose theme was selected from the quadrants of valence and arousal 
taken from the IAPS database. Each participant rated the 5 movies on visual manikin scale from 0-9 for arousal and 
valence. Using standard data analysis tools such as correlation analysis, PCA and LDA and advanced data mining 
algorithms like support vector machines, no connection between MMN parameters and emotional dimensionality 
of the distraction task was found. A net influence of gender was withheld with women scoring higher amplitude 
MMN. 
CONCLUSION. The relative insensitivity or “immunity” of the main MMN parameters in the simple duration deviance 
paradigm, in relation to the emotional dimensionality of the distracter task enhances the robustness of this test in 
the clinical theater as it lowers some of the biological variance for establishing its normal values. Further testing 
should now involve patients with well defined conditions such as schizophrenics, anxiety, OCD, depression, autism, 
addiction and some well defined personality phenotypes. 

A-0012 
Auditory mismatch responses to dynamic and static amplitude changes in typically developing and dyslexic 
children 
T Fosker*, M Huss, N Fegan, D Szucs, U Goswami
Centre for Neuroscience in Education, University of Cambridge, Cambridge, UK 

Phonological awareness deficits as measured by tasks requiring syllable, onset-rime and phoneme segmentation 
and/or manipulation are a core characteristic of developmental dyslexia. However, relatively little is known about the 
auditory antecedents of this phonological impairment. One auditory precursor to the development of phonological 
awareness may be the dynamic amplitude changes present at the onset of syllables that signal vowel onsets and 
therefore aid syllabic detection and onset-rime segmentation. In fact, rise-time perception has been shown to be 
impaired in dyslexic children and to predict phonological abilities in good and poor readers (Goswami et al., 2002, 
Goswami et al., submitted).
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We measured the ERPs of 22 dyslexic and 24 typically developing children, all part of an ongoing longitudinal 
study investigating auditory processing in developmental dyslexia. The auditory thresholds of each child were also 
measured on a range of discrimination measures including amplitude rise-time and peak intensity discrimination. 
ERPs were recorded to 4 separate oddball streams (deviant probability of 0.1). Two amplitude rise-time changes 
(90 ms, 120 ms) and two peak intensity changes (61 dB, 68 dB) were presented. The deviant stimuli were held 
constant across the 4 conditions (15 ms rise, 75 dB) with the standard stimuli changed to create the oddball context. 
This allowed for a direct comparison of the mismatch responses to each of the four discriminations recorded. 
We hypothesized that dyslexic children would show a significant reduction in mismatch response to the smallest 
rise-time discrimination condition, commensurate with their poor behavioral discrimination of rise-time. Most 
behavioral studies have failed to find differences in discrimination of non-dynamic intensity cues, so we predicted 
no differences in the MMN responses for peak intensity across groups. While a classical frontally distributed MMN 
was observed in adult pilots across all conditions, a smaller frontal but right distributed mismatch response was 
observed in typically developing children. The same response was not found in dyslexic children. Links between the 
auditory discrimination thresholds, phonological awareness skills and mismatch responses of the children will be 
discussed.

A-0013 
Cerebral asymmetry in electrophysiological (mismatch negativity) measures of temporal processing determines 
performance on a between-channel gap detection task 
J Todd1-4, U Schall2-5, T B Budd1-4

1School of Psychology, University of Newcastle.
2Brain and Mental Health Priority Research Centre, University of Newcastle.
3Hunter Medical Research Institute.
4Schizophrenia Research Institute
5School of Medicine and Population Health, University of Newcastle. 

There is evidence of a left-hemisphere advantage for processing temporal information in sound that can be observed 
as a right-ear advantage on auditory tasks. This study was designed to determine whether a right-ear advantage 
could be observed in mismatch negativity (MMN) measures of central auditory temporal discrimination, and the 
extent to which this is related to behavioral measures of temporal discrimination ability. Forty-seven adults (18-73 
years) completed behavioral and MMN measures of temporal discrimination for sounds presented monaurally to 
the left and right ear. Temporal discrimination was assessed using between-channel gap-detection - the ability to 
detect a gap between non-overlapping frequency bands of sound. Temporal discrimination performance showed 
a positive function of MMN measures of gap-detection, where larger right-ear advantage in MMN to gap sounds 
correlated with better temporal discrimination ability (rs= -.51, p<.005). Furthermore, only participants with low 
gap-detection thresholds exhibited significant right-ear advantage in MMN to gap sounds. The association between 
right-ear advantage in MMN and temporal discrimination ability may reflect the importance of the left-hemisphere 
in determining the resolution of auditory temporal processing. The results raise the possibility that groups showing 
impaired temporal processing (e.g. aged, schizophrenia, language disorders) may exhibit altered functional 
asymmetry in temporal processing. 

A-0014 
Processing of phrase structure violations and interaural time differences in the temporal cortex: An MEG study 
B Herrmann1,*, A Hahne1, B Maess1, E Schröger2, A D Friederici1

1Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany
2Institute for Psychology I, University of Leipzig, Leipzig, Germany 

Previous investigations of early syntax processing in auditory sentences report the generators underlying the 
magnetic early left anterior negativity (ELANm) in anterior parts of the superior temporal gyrus and in the inferior 
frontal gyrus. Using visually presented sentences, a recent study questioned these results by introducing a “sensory 
hypothesis” of syntax processing, which postulates that sensory cortices are involved in early syntax processing. 
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When considering auditory perception as such, previous studies showed activation within the auditory cortex to 
changes in interaural time differences (ITDs). Only a few studies, however, investigated ITDs with speech stimuli. 
The goal of the present MEG study was twofold, first to investigate the sensory syntactic processing hypothesis 
in the auditory domain and second to investigate the processing of infrequently occurring ITDs within a naturally 
spoken language. For these purposes, we contrasted sentences which were syntactically correct, included a phrase 
structure violation (marked by closed class morphology), an interaural time difference or the combination of both. 
Our results reveal stronger activation for syntactically incorrect compared to syntactically correct sentences around 
140 ms in the primary auditory cortex (PAC) / planum temporale (PT) and in the middle part of the superior temporal 
sulcus (mSTS), maximal in the PAC/PT. Infrequent changes of the ITD within naturally spoken sentences elicited even 
stronger activation in the PAC/PT and mSTS, irrespectively of their grammaticality. In addition, very early effects, 
localized in the PAC/PT and mSTS, were found around 70 ms for syntactically incorrect sentences and sentences 
including an ITD. The combination of both violations resulted in even stronger activation compared to these violations 
alone. The observed neuronal source localization to processing ITDs in naturally spoken sentences is compatible 
with previous findings using simpler stimuli. Our syntax-related findings speak in favor of the sensory hypothesis in 
auditory sentence processing. The very early effects are interpreted to reflect the amount of preferential attention 
to specific stimulus information. 

A-0015 
Correlation analysis among single trials in frequency-domain for raw recordings and wavelet filtered MMN 
F Cong1, T Ristaniemi1, H Lyytinen2 
1Department of Mathematical Information Technology, University of Jyväskylä, Jy-väskylä, Finland
2Department of Psychology, University of Jyväskylä, Jyväskylä, Finland 

In the research of event-related potentials (ERPs), the single-trial study has become more and more attractive. 
This contribution is denoted to analyze the correlation among single trials in the frequency-domain for ERPs. It 
is interesting to compare such a correlation from the raw recordings and the wavelet filtered signal. Naturally, 
higher signal-to-noise ratio and better temporal structure of recordings should correspond to higher correlation. 
An auditory ERP, mismatch negativity (MMN), is taken as an example, but the method in this study is not limited to 
MMN.
In the current experiment with 102 children MMN was elicited by two auditory deviants. Four children’s data were 
excluded due to too severe noise. With Electro-Cap International 20-electrode cap 350 trials of each deviant were 
recorded at C3,C4, Cz, F3, F4, Fz, Pz, M1 and M2 electrodes. Each trial last 650ms and the sampling rate was 200Hz. 
Usu-ally, single-trial recordings are noisy and not well structured in ERPs experiments, more-over, ERP is time-
locked, and hence these drive us to use the wavelet filter to remove noise and interferences. Reverse biorthogonal 
6.8 wavelet and 7 levels were utilized for the decomposition, and coefficients of D4, D5, and D6 were adopted to 
reconstruct the desired signal under this wavelet. The raw recordings and wavelet filtered signals were transformed 
into the frequency-domain. We constructed a new complex-valued vector at each frequency bin, and the variable 
for the vector was the trial, and this vector had 350 elements. As a result, the correlation between the real and 
imaginary parts reflects the correlation among trials. For each subject, the correlation coefficient was averaged over 
channels, deviants, and frequency bins within the optimal frequency band of MMN (2-8.5Hz).
The grand averaged correlation coefficients over all subjects for the raw recordings and wavelet filtered signals 
were 0.178. and 0.365, respectively. The statistical tests among the two groups of correlation coefficients were 
F(1,97)=5966.0, P<0.000. This means that the difference was significant.
In this study, the correlation among single trials was exploited in the frequency domain. In the raw recordings, the 
correlation was very small. After some noise and interferences were removed by the wavelet filter, the correlation 
became much higher. This implies that the quality of recordings has been improved by the wavelet filter. The 
correlation coefficient defined in this study would be a new parameter to qualify recordings in the ERPs experiment 
and data processing methods for EEG. 
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A-0016 
Audiovisual speech integration in adolescents with Specific Language Impairment (SLI): A mismatch between 
modalities is not detected 
E Kushnerenko1,2, O Tuomainen3, D G Moore2, H K van der Lely1 
1Centre for Developmental Language Disorders and Cognitive Neuroscience, University College London, London, UK
2Institute for Research in Child Development, School of Psychology, University of East London, London, UK
3Department of Phonetics, University of Turku, Finland 

The Mismatch Negativity (MMN) reflects the expectation violation when current auditory input does not match an 
anticipated one. The anticipation of the ensuing auditory event may be based on the immediate auditory past but 
also on the long-term memory traces. Our study (Kushnerenko et al, 2008, PNAS) suggested that a similar kind of 
a mismatch response can be elicited in infants when speech processing initiated by visual articulation was violated 
by an unexpected speech sound. 
An integration of auditory and visual cues sometimes leads to illusory effects (the McGurk effect): when an auditory 
/ba/ is dubbed onto a visual /ga/, the illusory /da/ is often reported. Less studied is the reverse incongruent 
combination of an auditory /ga/ and a visual /ba/ which is not fused to a coherent percept. Apparently, the visual 
/ba/ exerts much more predictive power on the ensuing auditory event, than /ga/ and, therefore, disallows its 
fusion with the auditory /ga/ input. In 5-month old infants, this incongruent audiovisual combination elicits a brain 
response with timing and scalp distribution similar to that of the infant’s auditory mismatch response. 
We aimed 1) to identify whether the violation of audiovisual speech relations results in a similar mismatch response 
in adolescents and 2) to explore perception of incongruent audiovisual speech input in adolescents with atypical 
language development (Specific Language Impairment, SLI). 
We recorded the ERPs of 8 SLI subjects (13-19 years) and 8 controls in response to 4 types of audiovisual (AV) 
syllables: congruent /ba/ and /ga/ syllables, and 2 incongruent generated by crossing the auditory and visual 
components of these stimuli.
In order to control for different auditory and visual inputs two types of difference waves were analyzed. In the 
control group but not the SLI group both difference waves revealed a frontocentral negative peak at about 230 
ms from sound onset (main effect for group (F(1,14)=8.72; p<.0105). In addition, the amplitudes of auditory N1 
responses to all the stimuli were smaller in the SLI group and there was a right hemisphere predominance (Group 
x Hemisphere interaction F(2,28)=3.49; p<.0442). In contrast, occipitally recorded visual N1 responses to /ga/ and /
ba/ articulation were similar in both groups. 
These results suggest that SLI do not detect mismatch between incongruent auditory and visual speech input. We 
will discuss the possible roles of auditory perception and integration processes to account for the data. 

A-0017 
The obligatory phonotactic constraint of Dorsal Fricative Assimilation in German is activated and applied during 
automatic speech processing 
J Steinberg1,*, H Truckenbrodt2, T Jacobsen1 
1Institute of Psychology 1, University of Leipzig, Leipzig, Germany
2Centre for General Linguistics (ZAS), Berlin, Germany 

In auditory speech processing, implicit linguistic knowledge is activated and applied on phonetic and segment-
related phonological processing even if the perceived sound sequence is outside the focus of attention. In this study, 
the effects of obligatory language-specific phonotactic restrictions on pre-attentive auditory speech processing 
were investigated. To this end the Mismatch Negativity component of the human event-related brain potential was 
used. In German grammar, the occurrence of the velare [+back] and the palatal [-back] dorsal fricatives is limited 
by the phonotactic restriction of Dorsal Fricative Assimilation (DFA). DFA demands a vowel and a following dorsal 
fricative to agree in articulatory backness [±back], e.g. “Koch” (cook) or “echt” (real). Combinations of a back vowel 
and a following palatal dorsal fricative within a syllable lead to phonotactically incorrect sequences. For the passive 
oddball stimulation, three phonotactically correct VC syllables and one phonotactically incorrect syllable violating 
DFA were used. Stimuli were contrasted pair-wise in oddball blocks such that they differed regarding their vowel 
while sharing the fricative. Oddball contrast 1: [e + coronal sibilant (as in “fresh”)] versus [o + coronal sibilant (as in 
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“posh”)]; Oddball contrast 2: [e + palatal dorsal fricative (as in German “echt”)] versus [o + palatal dorsal fricative 
(which is incorrect in German)]. Apart from an early MMN response which is attributable to the change of the 
initial vowel and which was elicited by all deviants as predicted, we observed another negative deflection in the 
event-related potential elicited by the phonotactically violated deviant only. This negativity occurs approximately 
about 250ms after the phonotactic violation became detectable. Since it can not be attributed to any phonetic 
or segmental difference between standard and deviant we consider this late negativity to reflect the effect of a 
phonotactic evaluation process. Our finding suggests that implicit phonotactic knowledge is activated and applied 
even outside the focus of the participants’ attention. 

A-0018 
Localizing the Auditory Syntactic Mismatch Negativity Using Whole Head Magnetoencephalography 
B Maess, B Herrmann, A S Hasting, A D Friederici 
Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany 

Recent auditory oddball studies using syntactic stimuli report a syntactic effect on the mismatch negativity (sMMN) 
around 100 - 250 ms. More specifically, these studies compare morphosyntactic violations versus correct word pairs 
and localize the sMMN in the left superior temporal cortex. Independently, a recent visual sentence processing 
study introduced a “sensory hypothesis” of syntax processing which postulates that early syntax-related processes 
have their origin in sensory cortex. We intended to extend these previous findings by localizing the neuronal sources 
of the sMMN to phrase structure violations, and by testing the sensory hypothesis in the auditory modality using 
whole head magnetoencephalography. Two-word phrases which were syntactically correct, syntactically uncommon 
or included a word category violation were presented in an auditory oddball paradigm.
The noun ‘plan’ and the inflected verb ‘plant’ were placed in a context with either a pronoun ‘er’, a preposition 
‘am’ or a determiner ‘der’ resulting in six different stimuli. Within a single recording block only stimuli of the same 
context were presented, e.g. ‘am Plan’ and ‘am plant’. Hence, syntactic structures were always disambiguated at the 
end of each stimulus. 20 subjects were recorded in two sessions each comprising six blocks. All data sets were first 
corrected for subjects´ head movements via the Maxfilter® algorithm and bandpass filtered (1 to 20 Hz). Averages 
were computed for each of the six conditions time-locked to word category decision point, which is onset of the suffix 
‘t’ for the verb. The noun did not elicit strong evoked responses. As a consequence, there were neither significant 
differences between conditions nor could the activity be localized. The verb conditions, however, produced rather 
prominent evoked field changes. 
In the sMMNm time window, incorrect phrases elicited strongest activation in the left Sylvian fissure (including the 
primary auditory cortex) and in the left superior temporal sulcus. In addition, a very early grammaticality effect, most 
pronounced in the left Sylvian fissure, was found around 60 ms. In a later time window, activation was observed in 
the anterior part of the superior temporal gyrus, the planum polare. Processing of an uncommon phrase did not 
differ from processing of a correct phrase in any of the time windows, indicating the genuinely grammatical nature 
of the sMMN effect. Our results complement previous studies localizing the sMMN to morphosyntactic violations. 
Furthermore, they support the hypothesis that early syntax processing, when marked morphologically is effected in 
the sensory cortices already. 

A-0019 
Temporal-frontal network underlying pre-attentive change detection: A lagged correlation path model of the event-
related optical signal (EROS) 
Ch-Y Tse1, E K K Ng2, T Rinne3, T B Penney2 
1University of Illinois at Urbana Champaign, USA
2National University of Singapore, Singapore
3University of Helsinki, Finland 

Event-related potential (ERP), magnetic encephalogram (MEG), and functional magnetic resonance imaging (fMRI) 
studies suggest that a temporal-frontal network is involved in pre-attentive change detection. The event-related 
optical signal (EROS) is an excellent tool to study the temporal dynamics of this putative network because it provides 
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measures of neural activity with high temporal (milliseconds) and spatial (millimeters) resolution. In our previous 
EROS experiments, which used mean amplitude measures of the optical signal across participants, we consistently 
found a sequence of temporal and frontal cortex activations. However, we could not unequivocally conclude that the 
activation pattern was a consequence of temporal cortex activity preceding frontal cortex activity in all participants. 
In the present study, we applied a lagged correlation path model (a type of dynamic structural equation model 
- SEM) to study the correlation of temporal and frontal activations across time in the EROS data. The data was 
obtained in a typical MMN paradigm. Standard sounds (75 ms in duration) and infrequent deviant sounds (4% 
each; 15 ms - large deviant, 25 ms - medium deviant, and 35 ms - small deviant) were presented via headphones 
while the participants (N = 32) watched a video. Statistical brain maps of EROS results suggested temporal-frontal, 
frontal-temporal-frontal, and temporal-frontal activation sequences in large, medium, and small deviant conditions, 
respectively. Further analysis by lagged correlation path modeling revealed that the sequential activation patterns 
were found reliably across participants. The present results suggest that the activation of the temporal-frontal 
network is dynamically modulated depending on the magnitude of the sound change. 

A-0020 
Mental ability and pre-attentive processing: An analysis of mismatch negativity 
S J Troche1, M E Houlihan2, R M Stelmack3, T H Rammsayer1 
1Department of Psychology, University of Bern, Bern, Switzerland
2Department of Psychology, St. Thomas University, Fredericton, New Brunswick, Canada
3School of Psychology, University of Ottawa, Ontario, Canada 

The association of higher discrimination ability with higher mental ability is a well-established effect. In the present 
study, mismatch negativity (MNN) was derived during acoustic frequency and duration discrimination tasks to 
determine whether the mental ability effects are extant at a pre-attentive level of discrimination processing. MMN 
was recorded from 83 participants. Deviant tones were of a longer duration in one sequence and a higher frequency 
in the other. In both conditions, there were three levels of discrimination difficulty. Participants were instructed 
to ignore the tones and to attend to an animated movie. All three frequency MMN amplitudes but none of the 
duration MMN amplitudes were significantly related to MA. Larger frequency MMN amplitudes went with higher 
mental ability. Overall, frequency MMN amplitudes explained 18% of variance of the performance scores of the 
Multidimensional Aptitude Battery. Because MMN amplitude decreased with task difficulty, one could argue that 
the greater MMN amplitude for higher MA is indicative of their greater discrimination ability. However, this view is 
challenged by the failure to observe a relation between MMN amplitude and the 75% difference threshold in any 
condition. 

A-0021 
MMN to sound duration deviance during sleep 
P Ruby, A Caclin, S Boulet, C Delpuech, D Morlet 
INSERM U821, Brain Dynamics and Cognition, Lyon, France and Université Lyon 1, France 

How does the sleeping brain process external stimuli? Are low levels of sensory information processing functional 
during sleep? For example, is sensory memory maintained when we sleep? In order to address this issue, we 
investigated brain reactivity to simple auditory stimulations during sleep in 10 young healthy subjects. EEG signal 
was acquired continuously during a whole night of sleep while a classical oddball paradigm with duration deviance 
(p=0.14) was applied (simple tones: 800Hz, 50 dB SL; standard duration = 75ms; deviant duration = 30ms). We 
studied the difference event-related potential (ERP) between the rare (deviant) sound and the frequent (standard) 
sound. We searched for the presence of two different types of brain responses in this difference ERP: the Mismatch 
Negativity (MMN), which indexes sensory memory representations, and subsequent positive waves (frontal P3a 
and parietal P3b), which indicate attention orienting and other elaborated cognitive processing. In all sleep stages 
except sleep stage 4, a MMN was unquestionably found in response to deviant tones, revealing for the first time 
preserved sensory memory processing during almost the whole night. Unexpectedly, during sleep stage 2 and Rapid 
Eye Movement sleep (REM), both a P3a and a P3b-like component were identified after the MMN in the difference 
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ERP, whereas a P3a alone followed the MMN in wakefulness and in sleep stage 1. This surprising result suggests 
elaborated processing of external stimulation during sleep. One may conclude from the P3a detection in stage 2 
and REM sleep that an orientation of the subjects’ attention to the deviant tone is maintained even when he/she is 
deeply asleep. The P3b-like response could be associated to an active processing of the deviant tone in the dream’s 
consciousness, which may subserve the incorporation of external stimuli into dream. 

A-0022 
Meaningful novelty processing during sleep 
J B Eichenlaub, P Ruby, D Morlet 
INSERM U821, Brain Dynamics and Cognition, Lyon, France and Université Lyon 1, France 

An MMN to duration deviance could be elicited in almost all sleep stages, proving persistent sensory memory 
processing during sleep (cf Poster: MMN to sound duration deviance during sleep). Up to which extent does the 
sleeping brain process auditory events in its sensory environment? To address this issue, we investigated brain 
reactivity to meaningful sounds during sleep in healthy subjects. EEG, EOG and EMG were recorded during 
wakefulness and all-night sleep, while a passive oddball paradigm (standards, deviants and rare novels) was applied. 
Novel sounds were first-names uttered by a neutral voice: the subject’s own name OWN and an unfamiliar first-name 
OTHER. During wakefulness recordings, subjects watched a silent movie with subtitles. During sleep recordings, 
stimuli were presented continuously. 
During wakefulness, OWN and OTHER evoked N1 and P3a components. The P3a component peaked significantly 
earlier (15 ms) for OWN. Only OWN elicited a large parietal positivity peaking at 550 msec. During sleep (stages 2, 
4 and REM sleep), an enhanced response to OWN was also detected, at late latencies, with a similar topography as 
the one observed during wakefulness.
Theses results demonstrate that, during wakefulness, OWN induces an earlier attention orienting than OTHER, 
possibly due to its greater familiarity or to its meaning. OWN subsequently evokes a late positivity which may 
be interpreted as a complex cognitive processing e.g. recall of memory associated to the own name. Only late 
positivities were found in sleep stages 2, 4 and REM for OWN, suggesting that only the latter effect is preserved 
during sleep. In conclusion this study demonstrates verbal discrimination for the first time in all sleep stages and 
suggests a possible preservation of stimulus-driven recollection during sleep. 

A-0024 
Discrimination of native and non-native vowel contrasts in Turkish-German and German children: Insight from 
Mismatch Negativity 
T Rinker1,2,3, P Alku4, S Brosch3, M Kiefer2 
1Transfercenter for Neuroscience and Learning, University of Ulm, Germany
2Section for Cognitive Electrophysiology, Department of Psychiatry, University of Ulm, Germany
3Section of Phoniatrics and Pedaudiology, Ear, Nose and Throat Clinic, University of Ulm, Germany
4Department of Signal Processing and Acoustics, Helsinki University of Technology, Finland 

The development of native-like memory traces for foreign phonemes can be measured by using the Mismatch 
Negativity (MMN), a component of the auditory event-related potential. Previous studies have shown that the 
MMN is sensitive to changes in neural organization depending on language experience. Here we measured the 
MMN-response in five to six year-old monolingual German children and in bilingual Turkish-German children 
growing up in Germany. Using MMN the discrimination of a German and a Turkish vowel contrast was investigated. 
The results show that compared to a German control group, the MMN-response to the German vowel contrast is 
less prominent in the Turkish-German children. The response to the Turkish-Turkish contrast is more prominent 
in the Turkish-German children in a later time window, but delayed with regard to its onset. Overall, the results 
suggest that the Turkish-German children have not yet fully acquired the German phonetic inventory despite living 
in Germany since birth and being immersed in a German-speaking environment. Furthermore, their native Turkish 
vowel discrimination is also delayed which may presumably reflect the cost of second language acquisition. 
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A-0025 
General or specific languaga impairment? Electrophysiological and neuropsychological study of Landau-Kleffner 
syndrome 
L Szabó1, F Honbolygó2, R Kálmánchey1, V Csépe2 
12nd Department of Pediatrics, Semmelweis University, Budapest
2Research Institute for Psychology of the Hungarian Academy of Sciences, Budapest 

Our study aimed to investigate the neurocognitive correlates of a rare speech disorder of epileptic origin called 
Landau-Kleffner Syndrome (LKS) or acquired childhood aphasia. The electrophysiological investigation has focused 
on two basic processes contributing to speech comprehension: the automatic processing of segmental (phonemic) 
and suprasegmental (word stress) features. 
Methods: Six children suffering from LKS have been participating in the study. Neuropsychological assessment 
(NEPSY®, Hungarian version used for research purposes with permission) providing comparable scores in five 
domains (language, attention and executive functions, sensorimotor function, memory and learning, visuospatial 
processing) as well as event-related brain potential (ERP) measures were performed. The Mismatch Negativity 
(MMN) ERP component was recorded in a passive oddball paradigm using bisyllabic words with phonemic (initial ’b’ 
vs. ’p’) and word stress (stressed vs. unstressed syllabic variations) contrasts. Eight children with Benign Childhood 
Epilepsy with Centro-temporal Spikes (BECTS) served as clinical control. The BECTS children showed partly similar 
neurological symptoms without having any speech disorder. 
Result: The NEPSY profile of the BECTS group did not deviate from the normal range, while the LKS children produced 
below normal scores with a weighted deficit in language and attention functions. The MMN responses elicited by 
phonemic contrasts were similar in the two groups. In contrast, the MMN to word-stress-pattern violations revealed a 
particular deficit in processing suprasegmental features in LKS. Moreover, the course of processing of stress deviants 
correlated with atypical pattern characterized by missing MMN to the lack of salient acoustic features assigned to 
the legally stressed syllable that is the first one as default in Hungarian.
Conclusion: The neuropsychological dissociation found in the cognitive domain - impaired language and attention 
functions (especially auditory) as compared to the relatively preserved other domains - points to a specific 
deterioration effect of the slow spike and wave activity in sleep in LKS. Moreover, the MMN results reveal dissociated 
language processes already at the perceptual level. The intact processing of phoneme contrasts and the deficient 
processing of stress pattern let us conclude that while the cortical areas responsible for the comparison and 
representation of phoneme categories are reserved, those that are involved in stress processing, especially in rule 
application Hungarians rely on when processing word stress, is not intact. This corresponds to the results of our 
previous case study that revealed hypermetabolism in the temporo-parietal cortex in LKS.
Supported by OTKA T 47381 (PI: Valéria Csépe) 

A-0026 
Stimulus expectation modulates sensory-driven responses to deviant stimuli 
P M Briley, K Krumbholz 
MRC Institute of Hearing Research, Nottingham, United Kingdom. 

The auditory mismatch response (MR), which can be evoked by presenting infrequent deviant stimuli in a sequence 
of frequent standards, is traditionally thought to reflect the output of a change-detection mechanism, which 
actively monitors the incoming stimulus stream for regularities, forms an expectation of the next stimulus and 
elicits a response when the actual stimulus deviates from this expectation. According to this hypothesis, the neural 
generators of the MR are distinct from the generators of the sensory-driven response to the deviants. Recently, 
however, it has been suggested that the MR is based solely on stimulus-specific adaptation to the standard stimulus. 
In contrast to the putative change-detection mechanism, adaptation is a passive rather than an active process and 
inherently involves the sensory-driven response, rather than being distinct from it. The aim of the current study 
was to test this hypothesis by examining whether the MR to a deviant can be explained by the added adaptational 
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effects of the preceding standards. For that, we measured the responses to probe stimuli that were preceded either 
by single or by multiple standards and estimated the adaptational effect of the standards in the multi-standard 
conditions using the probe responses from the single-standard conditions. We found that, when the probe stimulus 
was identical to the standards, its response could be fully accounted for by adaptation. However, when the probe was 
a deviant (i.e. differed from the standards), its response was considerably larger than predicted based on adaptation 
alone, suggesting the contribution of an additional, expectation-related mechanism. However, contrary to previous 
thinking, this expectation-related contribution to the deviant response seemed to reflect a modulation of the 
sensory-driven response to the deviants, rather than the output of distinct change-detection generators. A special 
baseline-correction procedure was applied to search for possible neural correlates of the executive mechanism 
responsible for mediating the observed expectation-related sensory modulation. This procedure revealed a sustained 
response which was active throughout each stimulus sequence and seemed to arise from a source outside of the 
classical (unimodal) auditory cortical areas. These findings suggest the existence of an expectation mechanism in 
the auditory system, which monitors the incoming stimulus stream and modulates sensory-driven responses to 
novel or infrequent events. This expectation mechanism would be assumed to play a crucial role in facilitating the 
auditory system’s early-warning function. 

A-0027 
Automatic stimulus-change detection in the visual modality in 11 years-old children 
Marie Gomot1,*, H Cléry1, M-H Giard2, N Bruneau1 
1UMR ‘Imagerie et Cerveau’: Inserm U930, CNRS FRE 2448, Université François Rabelais de Tours; Tours, France.
2INSERM U821 ‘Dynamique Cérébrale et Cognition’; Université Lyon 1; Lyon, France. 

INTRODUCTION. Although the significance of a visual analog of the auditory MMN (vMMN) has been disputed, 
a number of studies support the existence of an automatic process of deviance detection in the visual system. 
However most of these studies have been carried out in adults and little is known about development of this 
visual ERP component. The present study aims to examine the maturation of the electrophysiological response to 
unattended visual deviant stimuli in 11 years-old children.
METHOD. 9 healthy children aged 11, and 10 adults participated in the experiment. Stimuli consisted in the 
deformation of a circle into an ellipse either in the horizontal (standard) or in the vertical (deviant, p=0.15) direction. 
In order to present the visual stimuli outside the focus of attention, a distractive task was required in which subjects 
had to stare at the fixation cross and to respond to its random disappearance.
RESULTS. Adults showed a visual MMN clearly identifiable in the difference waveform over occipito-parietal 
electrodes sites at around 210 ms after the stimulus onset. Topographical analysis of the vMMN showed bilateral 
posterior negative potential fields, and scalp current densities (SCD) maps allowed to distinguish between two 
sinks on each hemiscalp, located at parietal and at occipito-temporal sites. Bilateral inferior frontal sinks with right 
hemispheric dominance were also evidenced at around 250ms after deviant stimuli.
In children the vMMN response began around the same latency but lasted longer than in adults (duration 200 
ms, possibly involving 2 subsequent components). Topographical analysis performed in the vMMN latency range 
showed bilateral occipital negative potential fields progressively spreading over temporal areas and followed by a 
second bilateral occipital negative component. SCD maps allowed to distinguish between occipital and temporal 
sinks, but also showed that a bilateral frontal component was involved in the visual deviancy process.
DISCUSSION/CONCLUSION. This study allowed to evidence major developmental changes associated with passive 
detection of infrequently occurring visual deviant stimuli. The findings show that the organization of the vMMN 
response is not yet mature in eleven-years-old children, and that several steps are necessary to process simple 
visual deviancy at this age. As found in the auditory modality, preattentional processing of visual changing events 
involves, in both age groups, modality-specific sensory cortices, but also nonspecific frontal areas. 
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A-0028 
Diverting attention with tactile stimuli: an MMN study on audiovisual processing 
H T Ho1,*, D T Nguyen2, B Pleger2, S A Kotz1 
1Research Group Neurocognition of Rhythm in Communication,
Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany
2Department of Neurology, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany 

Audiovisual processing has recently received increased attention in neuropsychological research. Of particular 
interest is the question whether the binding of auditory and visual information can occur outside the focus of 
attention. In this context, the Mismatch Negativity (MMN) proves to be a useful measure as its elicitation has been 
shown to be mainly unaffected by attention. However, the mere elicitation of the MMN is insufficient to prove that 
a certain process occurs pre-attentively. In addition, participants’ attention must be directed away from the stimuli 
at test. This is usually achieved by asking the participants to perform a task in another modality, e.g. reading a book, 
while being stimulated auditorily. When investigating audiovisual processing, controlling participants’ attentional 
state poses a problem, as conventional methods involve either the auditory or visual modality. Therefore, to divert 
participants’ attention in an audiovisual MMN experiment we employed tactile stimulation. The tactile stimuli were 
generated with a 4x4 Grid Braille-Module (ca. 70 mm2) consisting of 16 extendable plastic pins (width: ca. 1mm, 
height: up to 1.5 mm, not pointy). In four blocks the participants were presented (1) auditory (standards: 400 Hz, 
600 Hz; deviants: 480 Hz, 680 Hz), (2) visual (standards: black square, black circle; deviants: grey square, grey circle), 
and (3-4) audiovisual stimuli (standards: black square + 400 Hz, black circle + 600 Hz; deviants: black square + 600 Hz, 
black circle + 400 Hz; standards and deviants were then switched) according to an oddball paradigm (85% standards, 
15 % deviants). At the same time they performed a one-back task on tactile stimuli (vertical and horizontal lines 
presented in random order). The participants were instructed to respond as fast as possible whenever a horizontal 
or vertical line was repeated. In two additional blocks (5-6), the participants carried out a one-back task in the visual 
and auditory modality, while receiving stimulation in the auditory and visual modality respectively. Similar to the 
one-back task on tactile stimuli, they had to respond whenever a black square or a black circle was repeated in the 
case of the visual one-back task. For the auditory one-back task, the participants had to react whenever a tone (400 
Hz or 600 Hz) was repeated. The successful diversion of participants’ attention through tactile stimulation may be a 
new venue for studies that want to explore the pre-attentive nature of audiovisual processing. 

A-0029 
Hemispheric interactions during the pre-attentive change detection of different acoustic features in speech and 
non-speech sounds 
C Jacquier1, R Takegata2, S Pakarinen2, T Kujala2, R Näätänen2,3,4 

1Laboratoire Dynamique Du Langage, CNRS UMR5596 and Université Louis Lumičre Lyon 2, France
2Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Finland
3Department of Psychology, University of Tartu, Estonia
4Center for Functionally Integrative Neuroscience , Aarhus University, Denmark. 

Human brain shows a functional hemispheric asymmetry for auditory processing. Different acoustic features 
activate the left and right hemispheres differently depending on their nature. In addition, speechness (speech vs. 
non-speech) may also influence the dominant hemisphere for processing the feature. Anomalous asymmetry for 
a certain acoustic feature, therefore, may provide a clue to identify the source of deteriorated speech perception. 
It was shown that dyslexic adults have an abnormal asymmetry of the efferent auditory pathways that may cause 
their difficulties in speech perception (e.g., voicing discrimination) (Jacquier, 2008). The present study examined the 
effects of the speechness (speech or non-speech) and the ear (left vs. right) of stimulation for pre-attentive change 
detection of four types of auditory features, using the mismatch negativity (MMN) as an index. Furthermore, speech 
and non-speech sounds were presented either alone (monaural condition) or in parallel (dichotic condition) to 
investigate possible interference effects. 
Speech and non-speech stimulus sequences each comprised a frequent sound (standard: S) and four types 
of infrequent sounds (deviant: D) that differed from the standard in one acoustic feature: duration, frequency, 
intensity, or vowel (or an equivalent temporal-spectral change in non-speech stimuli). The standard and the deviant 
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stimuli appeared alternately in one sequence (e.g., S Dfrequency S Dduration S…), according to the multi-feature 
paradigm developed by Näätänen et al. (2004). In dichotic condition, speech and non-speech stimuli were presented 
alternately, with speech stimuli to the right ear and non-speech stimuli to the left ear. The stimulus-ear relation was 
reversed for half of the experiment. In monaural condition, either the speech or non-speech stimuli alone were 
presented to a single ear. Subjects watched silent films with subtitles and ignored the stimulus sounds.
Speechness enhanced MMN amplitude for the vowel change but had no significant effect on the MMN for other 
features. In addition, the amplitude of the vowel-change MMN did not change between conditions although the 
overall MMN amplitude was significantly smaller in the dichotic than monaural condition. Whereas stimulation ear 
did not have influence on MMN amplitude in monaural condition, the left-ear stimuli elicited larger MMNs than 
right-ear in dichotic condition although this effect did not reach significant. The observed effects may reflect (1) 
the robustness of processing phonologically important features and (2) differential hemispheric interactions for the 
processing of different acoustic features embedded in speech and non-speech sounds. 

A-0030 
Word-elicited MMN is sensitive to gap insertion 
A Tavano1,*, S Grimm2, J Costa Faidella2, L Slabu2, C Escera2

1Department of Child Neuropsychiatry and Neurorehabilitation, “Eugenio Medea” Scientific Institute,
Bosisio Parini, Lecco - Italy.
2Cognitive Neuroscience Research Group, Department of Psychiatry and Clinical Psychobiology,
University of Barcelona, Catalonia - Spain. 

The phenomenon of lexical Representational Negativity (RN) refers to MMN to words being higher in amplitude 
than MMN to pseudowords. The nature of such enhancement is currently under investigation. To advance the 
discussion, in Experiment 1 we replicated the finding of lexical RN with bisyllabic words and pseudowords in fourteen 
Spanish native speakers, using an orthogonal oddball paradigm to match the physical features of a word deviant 
in the context of a pseudoword standard with respect to a pseudoword deviant in the context of a word standard. 
Results confirm the detection of a lexical RN for Spanish in the time window 160-180 ms after deviant onset, with 
the MMN to a word deviant being more frontally distributed than MMN to a non-word deviant. In experiments 
2 and 3, we probed the nature of lexical RN by testing its sensitivity to the insertion of an intersyllabic silent gap 
in two gap duration conditions: 20 ms and 120 ms. We hypothesized that the lexical RN would resist the silent 
20 ms gap if it was reflecting higher-order, lexical-conceptual processes, but not the 120 ms gap condition which 
perceptually violates language-specific constraints. Results confirm that with a 120 ms gap no significant difference 
in amplitude between MMNs to words and pseudowords is evident, and they present with a similar more central 
distribution. Further, a 20 ms silent gap seems to be sufficient to cancel out the lexical RN effect, suggesting that it 
might reflect a first stage of trace matching in long-term memory driven by phonological and prosodic rather than 
lexical-conceptual information. 

A-0031 
Mismatch response polarity in infants: Type and magnitude of acoustic change 
E Kushnerenko 
Institute for Research in Child Development, University of East London, London, UK 

Inconsistency in mismatch component polarity in infants has been most consistently related to maturational level, 
though several other factors, such as magnitude of auditory change (difficulty of the contrast) and methodological 
issues (high-pass filtering) have also been discussed. 
The mismatch response (MMR) follows the maturation of obligatory auditory event-related potential (ERP): a broad 
negativity in preterm and immature newborns turns into a predominantly positive response at the same time as 
positive ERP components grow during first months of life. The next step in maturation is the development of the 
N250 during the second half of the first year. Correspondingly, the early negative MMR starts to be observed at the 
same latency. This early negative discriminative response can be observed even earlier in development in response 
to a robust spectral change in stimuli, but not to more fine acoustic contrasts (small frequency changes or changes 
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in speech syllables). 
Some studies employing very large spectral change (white-noise deviants or harmonic tones with 50 % pitch change) 
reported early negativity even in newborns.
In this study, the MMRs were elicited in 20-24 month old infants in four experimental conditions: a) large frequency 
change - harmonic tones, standard 500 Hz FF, deviant 750 Hz; b) small CV change (deviant /ga/ and standard /ka/) c) 
large duration change (harmonic tones, standard 200 ms, deviant 100 ms) d) control condition.
In the control condition, the 750-Hz ‘deviant’ was presented randomly and equiprobably among two other tones 
(500 and 625 Hz FF). This was performed in order to compare responses to deviant and to an identical stimulus 
presented at a comparable presentation rate to avoid adaptation if presented repetitively or orienting if presented 
against silent background. 
The results showed that, the ERP to deviant was significantly more negative than that to standard in response 
to the large frequency change (F(1,11)=15.64; p<.0023), but more positive to syllable (F(1,11)=10.41; p<.0081) 
and duration changes (F(1,11)=6.47; p<.0273) within the same latency window (200-300 ms from change onset). 
There were no significant differences between the N250 amplitude of the frequency deviant and of identical tone 
presented in a control condition. 
This suggests that while the positive MMR appears to be more general response to auditory violation in infants, the 
fast early negative one (<250 ms) might be specific to large frequency changes irrespective of whether they violate 
auditory expectations or not and thus, may not represent an adult-like MMN. 

A-0032 
Effects of native language on phonetic processing in Dutch and American listeners 
A Brandmeyer1, P Desain1, J M McQueen1,2,3 

1Donders Institute for Brain, Cognition and Behaviour, Centre for Cognition, Radboud University Nijmegen, Nijmegen, 
The Netherlands
2Behavioural Science Institute, Radboud University Nijmegen, Nijmegen, The Netherlands
3Max Planck Institute for Psycholinguistics, Nijmegen, The Netherlands 

Behavioral and electrophysiological studies have revealed differences in the processing of speech sounds stemming 
from language differences. For example, although mismatch-negativity (MMN) ERP components are elicited 
by phonetic contrasts which are phonemic in the listener’s native language, the same contrast may fall within a 
phonemic category and hence not elicit an MMN in nonnative listeners. These differences are also reflected in 
behavioral experiments, such as those using the two-alternative forced-choice (2AFC) categorization task. Such 
experiments have shown that Dutch and American listeners differ in their processing of stop consonants. The 
presence or absence of prevoicing is for Dutch listeners the most salient cue for distinguishing voiced and unvoiced 
stops. In contrast, the amount of aspiration prior to voice onset is the primary cue for American listeners. The present 
study tested 2 Dutch and 2 American listeners using EEG and behavioral paradigms to investigate how changes in 
Voice Onset Time (VOT) are processed by native and nonnative listeners. A token of the syllable /pa/, spoken by a 
male, native American English speaker, was used to create a /pa/-/ba/ test continuum. The amount of aspiration 
prior to voicing (i.e. VOT) was successively reduced, but syllable duration was kept constant by inserting additional 
periods of voicing from the steady-state portion of the vowel. These manipulated tokens were then used as semi-
random deviant stimuli in an oddball paradigm task which measured the EEG signal of the participants while they 
watched a silent film. The original /pa/ token was presented as a standard, occurring 85% of the time. Following 
EEG measurement, participants completed a 2AFC task in which the deviant stimuli had to be categorized as either 
/pa/ or /ba/. We hypothesized that the American participants would show a successively increasing MMN response 
to deviant stimuli with more reduced aspiration, while Dutch listeners would have no response, or a significantly 
reduced response compared to their American counterparts. We also hypothesized that the strength of the MMN 
response to a deviant stimulus would correlate with the certainty of judgments made for the same stimulus in the 
behavioral task. Implications of the results for the representation and processing of speech sounds by native and 
nonnative listeners will be discussed. 
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A-0033 
Breaking the rule: mismatch negativity is affected by top-down predictive information 
A Widmann, E Schröger 
Institute of Psychology I, University of Leipzig, Germany 

The mismatch negativity component (MMN) of the human event related brain potential reflects neural processes 
related to the detection of irregularities in acoustic stimulation. MMN was supposed to be unaffected by top-down 
predictive information as it is also elicited when participants have full knowledge about an upcoming deviation, e.g. 
when it was predicted by an attended visual cue. Here, however, we show that top-down predictive information 
can affect the processes underlying MMN generation. MMN amplitude was found to be smaller in response to 
self-generated expected deviants compared to unexpected deviants and deviants where no top-down predictive 
information was available. It is argued that the processes underlying MMN generation, in particular the generation 
of the memory trace serving for the memory comparison, are accessible to top-down predictive information and 
not restricted to bottom-up driven regularity violations. 

A-0034 
Hemispheric Specialization during Discrimination of Sound Sources reflected by MMN 
N Richter1,2,*, E Schröger1, R Rübsamen2 
1Institute for Psychology I, University of Leipzig, Leipzig, Germany
2Institute for Biology II, University of Leipzig, Leipzig, Germany 

The present study reports the hemispheric specificity of spatial auditory processing in 15 healthy subjects by 
measuring location-mismatch negativity (MMN) under free field stimulation. The aim was to decide between the 
partly inconsistent hypotheses of contralateral and/or right-hemispheric dominance in spatial processing in the 
auditory cortex. The laterality of deviant-standard positions were systematically varied covering the whole of the 
frontal hemifield from 90° left to 90° right, while the spatial separations of deviants and standards were fixed at 17°. 
This enabled the evaluation of the specific location-MMNs relating to distinct cortical processing of acoustic space. 
The inter-hemispheric comparison of the amplitudes of MMNs showed that spatial deviation towards the periphery 
elicited a prominent contralateral activation: Positional changes in frontal positions at -/+17° (relative to 0°-standard) 
elicited contralaterally higher MMN amplitudes and the respective positional changes at -/+90° (relative to -/+ 73°-
standard) elicited both contralaterally pronounced MMN amplitudes and shortened MMN latencies. In contrast, 
positional changes towards front at -/+56° positions (relative to -/+ 73°-standard) resulted equal bilateral MMNs. 
Further, MMN latencies became longer with increasing laterality of respective deviant-standard pairs. Thus, the 
present study provides evidence for a contralateral pre-attentive cortical processing of acoustic space information 
in the free field. The direction of positional changes (‘towards periphery’ vs. ‘towards front’) seems to augment or 
reduce this contralateral effect. The sound source discrimination performance across space is also mirrored by the 
location-MMN latency. 

A-0035 
Brain correlates of automatic stimulus-change detection in the visual modality: an fMRI study 
H Cléry1, P Fonlupt2, N Bruneau1, M Gomot1 
1UMRS Imagerie et Cerveau: Inserm U930, CNRS FRE 2448, Université François Rabelais de Tours, CHRU de Tours, 
Tours, France
2Inserm U821, Dynamique cérébrale et Cognition, Université Lyon I, Lyon, France 

INTRODUCTION. Although the existence of an automatic detection of deviancy in the auditory system is recognized 
since several decades, the significance of its visual analog still contentious. Even if a number of studies support the 
presence of a visual MMN (vMMN), little is know about the brain generators involved in this processing. The present 
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study was designed to localize the brain activations elicited by unattended visual deviant stimuli by fMRI.
METHOD. Twelve healthy, right-handed adult volunteers participated in the study. The experiment consisted of an 
event-related fMRI paradigm in which stimuli consisted in the deformation of a circle into an ellipse either in the 
horizontal (standard) or in the vertical (deviant, p = 0,15) direction. In order to present the visual stimuli outside the 
focus of attention, a concurrent task was required in which subjects had to stare at the fixation cross and to respond 
to its random disappearance.
RESULTS. Changes in BOLD response were evidenced bilaterally in different parts of the occipital cortex when deviant 
stimuli were presented to the subjects, but also in the superior parietal gyri and in the right frontal gyrus.
CONCLUSION. This study allowed to evidence regional brain activity associated with passive detection of infrequently 
occurring visual deviant stimuli. Results showed activity in the modality-specific sensory cortex, but also in non specific 
areas involved in preattentional processing of changing events. Moreover these findings suggest the involvement of 
both the ventral and the dorsal visual pathway during such preattentive change-detection processing. 

A-0036 
MMN reveals hyper sensitivity to manipulation of the standard’s consistency 
L Daikhin1,2, M Ahissar2,3 

1Hadassah Medical School - The Institute of Medical Sciences, Jerusalem, Israel 
2Department of Psychology, Hebrew University, Jerusalem, Israel
3Interdisciplinary Center for Neural Computation, Hebrew University, Jerusalem, Israel 

Learning the environment by means of adapting to its repetitive aspects is a fundamental characteristic of our 
nervous system. Extracting and monitoring regularities of the input is beneficial because it allows us to predict 
future events. Accordingly, one should expect that at higher consistencies of the incoming information more reliable 
predictions regarding the future event can be achieved. We studied the processes of adaptation and its sensitivity 
to consistency by measuring MMN to frequency deviants. 
We asked whether a slight jitter of the repeated standard affects the MMN beyond that expected by the frequency 
tuning that characterizes the auditory system. The stimulus specific adaptation account predicts that slightly jittering 
the standard, to an extent that does not affect its degree of adaptation, would not affect the response to the deviant 
either. Therefore: 
1) MMN would not be affected either.
2) The degree of deviance would not impact the jitter effect. 
We measured MMN signals using a fixed standard (1000Hz) and a jittered standard (9 frequencies taken from the 
±2% range around 1000Hz). These two conditions (Fixed and Jittered Standard, respectively) were tested with three 
degrees of deviance - 8% (1080Hz), 40% (1400Hz), and 100% (2000Hz) in three separate sessions, respectively. 
We found that the response to the standard was the same for jittered and fixed conditions and for the various 
sessions with different deviants. The response to the deviant increased with increasing degrees of deviance, as 
expected. However, it was smaller in the jittered condition. This reduction was large for 8% deviance, smaller and 
yet highly significant for 40% deviance, and disappeared at 100% deviance. 
These results can not be accounted for by stimulus-specific adaptation processes. The sensitivity to the variability 
of the standard showed hyper-resolution in modifying the response to the deviant but not to the standard itself. 
Moreover, this sensitivity was modulated by the deviant’s degree of deviance. 
These results are in line with the idea that stimulus’ degree of regularity is calculated with hyper-resolution on top 
of stimulus specific adaptation, and is scaled with the general range of the stimuli. 
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A-0037 
Visual MMN elicited by post-deviant stimuli: Evidence for the regularity-violation hypothesis of visual MMN 
M Kimura1,2,3, E Schröger3, I Czigler4, H Ohira2 
1Japan Society for the Promotion of Science, Japan
2Department of Psychology, Nagoya University, Nagoya, Japan
3Institute of Psychology I, University of Leipzig, Leipzig, Germany
4Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary 

Visual MMN is a negative-going ERP component that peaks at around 150-250 ms with a posterior scalp distribution 
and that has been typically observed in response to infrequent deviant compared to frequent standard stimuli 
in the visual oddball sequence. Concerning the underlying process of the visual MMN generation, it has been 
proposed that visual MMN is elicited when a current stimulus input mismatches the memory representation 
formed by the preceding stimulus sequence. In the present study, we investigated the nature of the underlying 
memory representation by comparing two possible hypotheses: the trace-mismatch hypothesis and the regularity-
violation hypothesis. According to the trace-mismatch hypothesis, visual MMN is based on a sensory memory 
trace of standard stimuli and is elicited by a mismatch between the sensory memory trace and the current deviant 
stimulus. In contrast, according to the regularity-violation hypothesis, visual MMN is based not only on a sensory 
memory trace but also on sequential regularities extracted from the repetitive standard stimuli and is elicited when 
the regularity is violated by incoming stimuli. To dissociate these hypotheses, we conducted a sequential analysis 
of visual MMN in the oddball sequence and tested the visual MMN generation by four types of stimuli: (1) 1ST-
DEVIANT (deviant stimuli following at least one standard stimulus), (2) 2ND-DEVIANT (deviant stimuli immediately 
following 1ST-DEVIANT), (3) 1ST-STANDARD (standard stimuli immediately following 1ST-DEVIANT), and (4) 2ND-
STANDARD (standard stimuli immediately following 1ST-STANDARD). It was hypothesized that if visual MMN is 
based only on a sensory memory trace of standard stimuli (trace-mismatch hypothesis), then it would be elicited 
by 1ST-DEVIANT and 2ND-DEVIANT, since 1ST-DEVIANT and 2ND-DEVIANT mismatch the sensory memory trace 
of standard stimuli. In contrast, if visual MMN is based on sequential regularities extracted from the repetitive 
standard sequence (regularity-violation hypothesis), then it would be elicited by 1ST-DEVIANT, 2ND-DEVIANT, and 
1ST-STANDARD, since 1ST-DEVIANT (i.e., standard is followed by deviant), 2ND-DEVIANT (deviant is followed by 
deviant), and 1ST-STANDARD (deviant is followed by standard) violate sequential regularities extracted from the 
repetitive standard sequence (standard is followed by standard) (for this logic, see Winkler, 2007). Results showed 
that visual MMN was elicited by 1ST-DEVIANT, 2ND-DEVIANT, and 1ST-STANDARD. These results are consistent with 
the regularity-violation hypothesis, suggesting that visual MMN is based not only on a sensory memory trace but 
also on sequential regularities extracted from the repetitive standard stimuli. 

A-0038 
Visual MMN and automatic registration of large-scale regularities 
M Kimura1,2,3, A Widmann3, E Schröger3 
1Japan Society for the Promotion of Science, Japan
2Department of Psychology, Nagoya University, Nagoya, Japan
3Institute of Psychology I, University of Leipzig, Leipzig, Germany 

Visual MMN is an ERP correlate of memory mismatch processes in the visual system that has been typically observed 
in response to infrequent deviant stimuli randomly inserted among frequent standard stimuli in the visual oddball 
sequence. It has been shown that the memory representation underlying visual MMN generation registers not only 
a sensory memory trace of standard stimuli, but also sequential regularities extracted from the preceding standard 
stimulus sequence (i.e., repetition of standard stimuli). The purpose of the present study was to investigate how 
large a scale of regularity can be automatically registered in the memory representation. For this purpose, we 
applied the paradigm of Sussman et al. (1998, 2005) and compared visual MMN elicited by infrequent deviant stimuli 
(20%, low-luminance stimuli) inserted among frequent standard stimuli (80%, high-luminance stimuli) in fixed (i.e., 
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SSSSDSSSSD…) and randomized manners (SSSDSSSSSD…) at three different stimulus onset asynchronies (SOAs, 160, 
480, and 800 ms) in separate blocks. It was hypothesized that if the large-scale regularity of five stimuli (i.e., SSSSD) 
is registered in the memory representation, then visual MMN in the fixed sequence would be reduced compared 
to that in the randomized sequence. In contrast, if the large-scale regularity is not registered and only the sensory 
memory trace of standard stimuli or the small-scale regularity (i.e., repetition of standard stimuli) is registered in 
the memory representation, then visual MMN in the fixed sequence would not differ from that in the randomized 
sequence. Results showed that at the 160-ms SOA, visual MMN in the fixed sequence was reduced compared to 
that in the randomized sequence, while at the 480- and 800-ms SOAs, visual MMN did not differ between the fixed 
and randomized sequences. These results imply that at the 160-ms SOA, the large-scale regularity of five stimuli 
was registered in the memory representation, while at the 480- and 800-ms SOAs, the large-scale regularity was not 
registered in the memory representation. These results suggest that within a limitation of the temporal proximity 
of stimulus presentation affecting the perceptual organization of the successive stimuli or the duration of memory 
representation, a large-scale regularity embedded in successive visual stimuli can be automatically registered at the 
level of the visual system. 

A-0039 
Vowel-speech versus pure-tone processing in healthy subjects 
H Iino1, M Miyajima2, K Hara1, K Ohta2,3, M Matsuura1 
1Department of Life Sciences and Bio-informatics, Tokyo Medical and Dental University
2Section of Liaison Psychiatry and Palliative Medicine, Graduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University
3Onda-daini Hospital 

OBJECTIVE. The mismatch negativity (MMN) is an objective index for preattentive detection of acoustic changes in 
human. The goal of this study was to detect differences in information processing between Japanese vowel speech 
and pure-tone stimulation using MMN in healthy adult volunteers.
METHOD. We examined seven right-handed healthy adults (mean age 23.0±0.6 years, 2 females). The stimuli 
consisted of constant Japanese vowel-speech pairs (standard /a/ vs. deviant /o/) and pure-tone pairs (standard 
1000Hz vs. deviant 1050Hz). Electrodes were placed at four midline sites (Fz, Cz, Pz, and Oz), and the left and 
right mastoid (LM/RM). MMN waveforms were derived by point-by-point subtraction of standard from deviant 
stimulation waveforms. Each individual MMN peak was determined within a window of 42-142ms for vowel-speech 
and of 64-164 ms for pure-tone according to the method described by Kasai (a 100-msec time window around the 
peak latency of the grand-averaged global field power). MMN parameters measured were mean amplitudes, peak 
amplitudes, and peak latency. Three- and two-way repeated measures analyses of variance (ANOVA) were carried 
out using the super ANOVA program (Abacus).
RESULTS. ANOVA for the MMN amplitudes revealed a significant main effect of stimulus condition, indicating 
that MMN amplitudes at Fz and Cz for vowel-speech were larger than those for pure-tone. In contrast, the MMN 
amplitudes at both mastoids did not differ between the two stimuli. MMN amplitudes were greatest from Fz 
and amplitudes from the left and the right mastoid were similar. The MMN latency for vowel-speech was shorter 
than that for pure-tone stimulus (91msec at Fz versus 109msec at Fz, respectively). No hemispheric laterality for 
processing of vowel-speech or pure-tone was observed.
CONCLUSIONS. The present findings demonstrate that MMN for vowel-speech is larger and earlier than MMN for 
pure-tone. These findings are in accord with prior reports suggesting that vowel-speech is differentially processed 
from pure-tone. 
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A-0040 
Comparison between mismatch negativities before and after surgery in a patient with left temporal lobe epilepsy - A 
case report 
K Hara1,2, M Miyajima3, H Iino1, T Maehara4, M Inaji4, K Ohta1,3,5, M Matsuura1 
1Department of Lice Sciences and Bio-informatics, Medical and Dental University
2Hara Clinic
3Department of Comprehensive Diagnosis and Therapeutics, Tokyo Medical and Dental University
4Department of Neurosurgery, Tokyo Medical and Dental University
5Onda-Daini Hospital 

RATIONALE. Neuropsychological examinations are potentially affected by patient motivation. We utilized the 
Mismatch Negativity (MMN) paradigm to objectively evaluate cognitive function in a patient with temporal lobe 
epilepsy due to cavernous angioma, before and after surgical intervention.
PATIENT AND METHOD. We examined MMN in a 39 year-old, right-handed male without any past or family history. 
The patient had his first seizure at the age of 31 accompanied by aural automatism and secondary generalized 
tonic seizure. MRI presented with cavernous angioma in the left temporal lobe. EEG showed left anterior and mid 
temporal epileptic discharges. Wada testing demonstrated left dominant language, and that memory was right or 
bilateral. At the age of 39 the patient had a surgical removal of cavernous angioma along with a left hippocampal 
transection to alleviate the epileptic discharges recorded in that region after removing angioma. 
MMN was evaluated before and 45 days after surgery. Stimuli were pure-tones (1000Hz and 1050Hz) and speech 
(`a` and `o`). A total of 22 electrodes were utilized, including mastoid electrodes and EOG and scalp electrodes as 
specified by the international 10/20 system. Control data were collected from 7 healthy subjects.
RESULTS. Prior to surgery, the patient did not show a clear single peak to pure-tone. In contrast, after surgery a clear 
single peak was apparent. The MMN of the patient after surgery was similar to MMN in healthy control participants. 
The peak latencies were 98 and 85ms and the amplitudes were 1.13: 1.13μV, after surgery and in healthy control 
participants, respectively. Responses to speech were minimal before surgery. After surgery, however, speech evoked 
larger amplitude responses compared to pure tones, which was similar to responses in healthy control participants. 
The peak latencies were 110ms:87ms:91ms, and the peak amplitude was 0.36:2.22:2.38μV (before/after surgery/
healthy control). The patient has been seizure free for 2 months after surgery. Verbal Intelligence quotient (IQ) in 
Wechsler Adult Intelligence Scale recovered to normal levels and performance IQ was not changed.
CONCLUSION. Abnormal MMN responses in a patient with temporal lobe epilepsy became more similar to control 
participants after surgery, especially to speech. The MMN change between before and after surgery was accompanied 
by recovery of verbal memory. Abnormal responses to speech before surgery may have reflected dysfunction of left 
temporal area by epileptic activities. These results suggest that MMN can be a useful in the objective evaluation of 
temporal lobe function before and after surgery. 

A-0041 
Processing vowel-speech and pure-tone sounds in patients with temporal lobe epilepsy 
M Miho1,*, K Hara2, H Iino2, T Maehara3, M Inaji3, K Ohta1,2,4, M Matsuura2, E Matsushima1 
1Section of Liaison Psychiatry and Palliative Medicine, Graduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University
2Division of Biomedical Laboratory Sciences, Tokyo Medical and Dental University
3Department of Neurosurgery, Tokyo Medical and Dental University
4Onda-daini Hospital 

RATIONALE. Cognitive dysfunction in epileptic patients may develop due to the neurophysiological changes related 
to seizures or antiepileptic drugs. Mismatch negativity (MMN) is a well established objective index of auditory cortex 
function. MMNs elicited by vowel-speech and pure-tone sounds are widely used to investigate the pathophysiological 
mechanisms of neuropsychiatric disorders. The aim of this study was to evaluate cognitive dysfunction in patients 
with temporal lobe epilepsy (TLE) by using MMNs from a vowel-speech and pure-tone paradigm.
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PATIENTS AND METHODS. This study included 7 healthy controls and 3 right-handed patients with TLE. Two patients 
were diagnosed with left TLE and one patient with right TLE. MRI demonstrated cavernous angiomas in one patient 
on the left and one patient on the right side. All patients with epilepsy were under antiepileptic drug therapy and 
had monthly or weekly seizures. Using scalp electrodes referred to as international 10/20 system and bilateral 
mastoid electrodes, we recorded MMN in response to changes between the Japanese vowels /a/ and /o/ and to 
changes between pure tones of 1000Hz and 1050 Hz.
RESULTS. In healthy controls, the MMN amplitudes for vowels were larger than those for pure tones. However, all 
of the TLE patients showed smaller MMN amplitudes for vowel changes. Furthermore, for changes between pure 
tones, all TLE patients showed a tendency of higher MMN amplitudes. One left TLE patient showed prominently large 
MMN in response to the change of pure tones (over 5 microvolt in amplitude at Fz). Additionally, the amplitudes 
were higher in recordings for the electrodes placed on the hemisphere ipsilateral to the epileptogenic focus than 
on the contralateral hemisphere.
CONCLUSION. The findings demonstrate that TLE patients have impaired pre-attentive processing of sounds 
especially in the hemisphere ipsilateral to the epileptogenic focus. Giant MMNs in response to the change between 
pure tones may reflect the hyper-excitability of the auditory cortex in TLE patients and may have a common 
mechanism with giant SEP (somatosensory evoked potential) that is considered to reflect hyper activation of the 
primary somatosensory cortex in patients with myoclonus. The current research also suggests that the MMN is a 
useful non-invasive tool for monitoring auditory cortical function in epilepsy patients. 

A-0042 
Omission MMN builds up late 
J Horváth1,*, D Müller2, A Weise2, E Schröger2 
1Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary
2Institute of Psychology I, University of Leipzig, Leipzig, Germany 

The elicitation of the mismatch negativity (MMN) by an irregular sound depends on the length of the preceding regular 
sound sequence: detecting the violation of a regularity requires the establishment of a regularity-representation. 
For simple feature repetition-regularities, like frequency- or intensity-repetitions, the regularity representation is 
rapidly established: changes following two repetitions (or maybe even only one repetition) elicit an MMN. The 
buildup of MMN amplitude with the increasing number of preceding repetitions has been interpreted to show the 
accumulation of evidence for the presence of the regularity.
In the present study, the buildup of MMN to sound omissions was investigated. In passive paradigms, infrequent, 
unpredictable omissions in a repetitive sequence elicit an MMN if the stimulus onset asynchrony (SOA) is shorter 
than approximately 200 ms. Different models have been put forward to explain this phenomenon: According to 
1) the temporal window of integration (TWI) hypothesis, sound information is integrated within approximately 
200 ms long intervals following stimulus onset. At SOAs shorter than 200 ms, the TWI starting with a stimulus 
onset regularly contains two stimuli, but only one when an irregular omission occurs. For longer SOAs, however, 
TWIs contain only one stimulus regardless of omissions. 2) The loudness summation account states that with short 
SOAs, loudness summation cannot run its full course, because the onset of the next tone interrupts the summation 
process. Thereby the tones in the regular part of the sequence are perceived as being softer than those followed by 
an omission, for which summation is uninterrupted. 3) The third model suggests that the omission MMN is actually 
a rebound response: an event-related potential emerging from free oscillations of neuronal populations tuned to 
stimulation rate.
We presented trains consisting of two to nine, 440 Hz, 50 ms long sinusoid tones separated by an SOA of 140 ms. 
Trains were separated by 700-1400 ms silent intervals. Each train “contained” an omission at the position preceding 
its last tone. In a control condition, the same tones were presented continuously with an SOA of 140 ms, with 9% 
omission probability.
Within the trains, omissions elicited no MMN regardless of the number of preceding sounds, whereas an MMN was 
elicited in the continuous stimulation condition. This shows that omission MMN builds up much slower than MMNs 
elicited by violations of simple feature-repetition regularities. In their present form, none of the omission MMN 
models can account for this finding. 
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A-0043 
Brief natural sounds in the passive oddball paradigm: good temporal control plus ecological validity 
J Horváth1,*, U Roeber2, E Schröger2 
1Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary
2Institute of Psychology I, University of Leipzig, Leipzig, Germany 

The use of simple, artificial sounds in auditory experiments allows for rigorous temporal control of the auditory 
information flow. Experiments using such stimuli, on the other hand, may not reflect the way auditory processing 
unfolds in natural auditory settings. A straightforward solution to this problem is the utilization of natural sounds. 
This, however, often leads to a loss of control over the timing of sensory information. 
In the present study, we used a passive oddball paradigm featuring very brief (20 ms long), easily distinguishable, 
dynamic natural sounds. The brief duration guarantees that the relevant auditory information is delivered wholly 
within the same 20 ms interval for all stimuli. Two of the sounds were presented as standards (45-45% probability), 
the other two as deviants (5-5%) in random sequences. Sound roles were randomized between the experimental 
blocks individually for each young adult participant. Stimulus onset asynchrony (SOA) was 1500 ms.
The deviants elicited mismatch negativity and late discriminative negativity (LDN). No N1-effect was present, which 
suggests that the brief duration combined with dynamic spectral properties causes insignificant refractoriness-
effects at the present SOA. The elicitation of LDN in an adult group can be attributed to the complexity of the 
paradigm: multiple natural sounds presented as standards and deviants provide a richer auditory environment than 
most studies investigating auditory processing. These results might indicate that LDN elicitation in adults might 
depend on high stimulation complexity. This interpretation suggests that paradigms in which an LDN is registered in 
children but not in adults may be perceived as being more complex by children than by adults. This notion supports 
the hypothesis that LDN may reflect higher-order sound change processing. 

A-0044 
Differential replicabilty of the magnetic mismatch negativity to length and frequency deviants over the early and 
later response phases 
M L Smith1, Y Shtyrov1, R Henson1, S Christensen2, P Nathan2, E Bullmore3, F Pulvermuller1 
1MRC Cognition & Brain Sciences Unit, Cambridge
2GSK Clinical Unit, Cambridge
3Brain Mapping Unit & Behavioural and Clinical Neurosciences Institute, University of Cambridge, Cambridge

Magnetic mismatch negativity (MMNm) has been long suggested to have a clinical potential. This, in turn, requires 
its validation as a stable and reliable neurophysiological measure. To address this, volunteers were tested in two 
identical MMNm experiments separated by approximately one month. The stimuli in a multi-feature MMN paradigm 
consisted of a standard 330 ms tone (275 Hz + two harmonics), a 20% longer length deviant, 20% higher-pitch 
frequency deviant, and 4 further deviants which are not analyzed here. MEG data were recorded using 306-channel 
Elekta-Neuromag system. We employed Signal Space Separation [1], in conjunction with continuous head position 
monitoring (cHPI) to minimize the effects of adjusting for movement within and between visits. Building on earlier 
findings [2] we observe good reliability of the first peak of the MMNm at ~120ms for both frequency and length 
deviants, though there is a small but non-significant reduction in amplitude in the second visit. Later, in 400-600 ms 
time range, the responses exhibited different dynamics, with significantly smaller amplitudes in the second than 
the first visit for the frequency deviants. Although a trend for this was also observed for the length deviants, it did 
not become significant. This can be potentially related to tuning of neuronal representations for the experimental 
stimuli and/or differential attention to the stimuli in the two sessions which affected their secondary processing but 
not the initial deviance detection. We conclude that the first phase of the MMN response may constitute a more 
reliable index of the brain’s auditory discrimination capacity and that length processing is less susceptible to long-
term repetition effects than frequency perception. 
[1] Taulu, S., Simola, J. & Kajola, M. (2005) ‘Applications of the Signal Space Separation Method’, IEEE Transactions 
on Signal Processing, vol. 53, no. 9, pp. 3359-3372.
[2] Tervaniemi, M., Sinkkonen, J., Virtanen, J., Kallio, J., Ilmoniemi, J., Salonen, O. & Näätänen, R. (2005) ‘Test-retest 
stability of the magnetic mismatch response (MMNm)’ Clinical Neurophysiology, vol. 116, no. 8, pp. 1897-1905. 
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A-0045 
MMN to phonetic contrasts along different feature dimensions 
S Cornell1, A Lahiri2, C Eulitz1 
1Department of Linguistics, University of Konstanz, Germany
2Department of Linguistics, Philology and Phonetics, University of Oxford, England 

So far, MMN studies of phonetic contrasts between speech sounds contrasted mainly place of articulation. Other 
phonetic features, particularly for vowels, have not been compared in a systematic fashion. The present study aimed 
at teasing apart MMN effects to phonetic contrasts by systematically manipulating two feature dimensions, place 
of articulation ([coronal] vs. [dorsal]), and manner of articulation ([nasal] vs. [strident]). Moreover, the experiment 
was set out to test predictions of mental lexicon models differing in the degree to which feature information is 
specified. 
We studied consonantal differences in VCV-syllables differing in place of articulation (e.g., [edi] vs. [egi]) while keeping 
the manner of articulation constant, as well as VCV-syllables differing in manner of articulation (e.g., [eni] vs. [ezi]), 
while keeping the place of articulation constant. All stimuli were used as both standard and deviant. The phonetic 
contrasts evoked MMNs which differed in the two feature dimensions under investigation. Interestingly, place of 
articulation differences produced smaller MMNs than the differences in manner of articulation. We conclude that 
differences in manner are perceptually more salient than differences in place of articulation. 

A-0046 
CORTICAL AND SUBCORTICAL CONTRIBUTION TO THE AUDITORY AUTOMATIC CHANGE DETECTION: AN ELECTRA 
MISMATCH NEGATIVITY STUDY. 
D Lozano-Soldevilla1, R Grave de Peralta1,2, L Fuentemilla3, C Grau1 
1Neurodynamics Laboratory. Psychiatry and Clinic Psychobiology Department. University of Barcelona. Spain. 
2Electrical Neuroimaging Group. Neurology Department. Geneva University Hospitals,Geneva. Switzerland.
3Institute of Cognitive Neuroscience. University College of London. UK. 

The brain regions that support the MMN auditory potential in humans are not fully understood. The use of classical 
noninvasive methods in humans has repeatedly identified several sparse generators of MMN, manly in supratemporal 
and frontal cortex. However, intracortical electrophysiological recordings in animals and humans support that the 
mechanisms of auditory sensory memory and change detection may also involve subcortical structures such as 
basal ganglia and hippocampus.
This study explored in 16 healthy young subjects the cerebral generators of MMN by the use of the ELECTRA inverse 
solution approach. This allows the noninvasive estimation of intracranial potentials from scalp EEG data, based on 
the irrotational character of the electrical currents generating the EEG. Indeed, ELECTRA already demonstrated to 
be sensible to deep brain electrophysiological sources in ERP studies (Grave de Peralta, 2006, IJBEM,8,1-18 ). Here, 
we found that in addition to the classic MMN cortical sources, we could non-invasively also capture in humans 
some subcortical contributions such as hippocampus, thalamus and pallidum. Having access, noninvasively and in 
humans, to additional subcortical sources contributing to MMN could help in understanding the complex circuitry 
underlying auditory sensory memory and their link to brain diseases in which MMN is altered.
This study was supported by grants of Ministerio de Ciencia y Tecnología (SEJ2006-13998) and Fundació la Marató 
(2006- 061632). 

A-0047 
Frequency sweep contrasts reveal a major dissociation between MMN parameters and behavioral performances 
C Colin1, E Markessis2, I Hoonhorst1,3, G Collet1,3,4, P Deltenre5 
1Unité de Recherches en Neurosciences Cognitives, Université Libre de Bruxelles, Belgique
2Fondation Gosset & Laboratoire de Neurophysiologie Clinique & Hôpital Brugmann, Bruxelles, Belgique
3FNRS, Bruxelles, Belgique
4Laboratoire Cognition, Langage et Développement, Université Libre de Bruxelles, Belgique 
5Laboratoire de Neurophysiologie Clinique, Hôpital Brugmann, Bruxelles, Belgique 
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In a previous study using auditory duration contrasts, we showed that, for equal Weber fractions, shorter deviants 
elicited much larger MMNs than longer deviants and that this asymmetry was particularly obvious with standard 
durations exceeding 100 ms (Colin et al., 2009). One possible account for such an asymmetry is in terms of temporal 
distance between sound and deviance onsets that was always shorter for short deviants than for long deviants. 
We used frequency sweep contrasts to assess this hypothesis as well as to examine deviance direction effects 
(ascending vs. descending sweep) on MMN parameters and to compare MMNs evoked by deviants containing a 
frequency sweep against fixed frequency standards vs. deviants containing a fixed frequency against frequency 
sweep standards.
All stimuli had an overall duration of 500 ms. Four contrasts were obtained by playing stimuli containing an ascending 
or descending frequency sweep starting at either 100 ms or 280 ms after sound onset against fixed frequency 
(1000 Hz) stimuli. For each contrast, two oddball sequences were presented: one with the stimulus containing the 
frequency sweep as deviant and one containing the fixed frequency as deviant.
Five healthy adults were exposed to each oddball sequence in an ignore condition. Hit rates and reaction times were 
recorded after the electrophysiological sessions. 
All deviants containing a frequency sweep gave rise to similar MMNs, suggesting that, within the present range of 
sound durations and using frequency sweep contrasts, the temporal distance between sound and deviance onsets 
does not modulate MMN parameters. There was no effect of sweep direction (ascending vs. descending) either. 
Surprisingly, no MMN was elicited in conditions with the fixed frequency sound as deviant, whereas hit rates (at 
ceiling values) and reaction times were not affected.
These results seem difficult to reconcile with the classical model of MMN generation (based on a comparison, in 
auditory sensory memory, between the memory trace formed by the standard stimulus and the occurrence of 
the deviant stimulus). A possible explanation for the absence of MMN to deviants with a fixed frequency is the 
alternative hypothesis proposing that the MMN is elicited by the triggering of specific neurons acting as feature 
detectors. 

A-0048 
ERPs indicate the detection of a personally significant sound 
A Roye, T Jacobsen, E Schröger 
Institute for Psychology I, University of Leipzig, Leipzig, Germany 

Fast and efficient detection of changes in the environment is important for adaptive behavior. In several studies it 
has been shown that long-term memory affects the automatic detection of unexpected sounds and may modulate 
involuntary attention switching mechanisms. Whereas those mainly used group approaches, we had shown that 
individually chosen personal significance of a sound, namely of one’s own ringtone to incoming text messages, 
elicits an event-related potential (ERP) following the deviance-related Mismatch Negativity and occurring prior to 
the initiation of an involuntary attention switch indicated by the P3a (Roye et al., 2007). The present study addressed 
the question whether the auditory system needs to rely on the extraction of a physical regularity and thus on the 
detection of a physical mismatch as a prerequisite for that processing. Therefore, we presented an acoustic train 
of physically variable standards, which were rarely interspersed by a deviating stimulus, while participants were 
watching a muted movie. That deviating stimulus could be categorized as a deviant by the auditory system solely 
based on its role as a personally significant, highly familiar stimulus, i.e. as the own ringtone presented in a sequence 
of other person’s ringtones (8.3 % personally significant stimulus among 91.7 % non-significant stimuli). Results 
revealed a replication of the previously reported ERP effect to the personally significant sound, which occurred 
around 200 ms after stimulus onset. There was no formed physical regularity that was violated by a deviant on 
a physical dimension which could have triggered deeper processing. Thus, we interpret that effect as an index of 
involuntary detection of the personally significant sound that deviated from successive previous stimuli solely with 
respect to this long-term memory dependent stimulus feature. 
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A-0049 
Rule establishment for an higher-order sound feature: Sound familiarity 
U Kirmse, T Jacobsen, E Schröger 
Institute for Psychology I, University of Leipzig, Leipzig, Germany 

Sound familiarity is a precondition to extract semantic information from the auditory environment. We tested 
whether the familiarity status of spectrally and temporally complex sounds is pre-attentively extracted and whether 
a rule is established against which non-physical familiarity changes are detected. 
Twelve different familiar sounds (animal vocalizations) and twelve specifically constructed, physically matched, yet 
unfamiliar control sounds were presented. Participants watched a silent, subtitled movie. In each block, ten of 
twelve presented sounds had a standard familiarity status (familiar or unfamiliar; 83% of the trials) and the two 
remaining sounds had a respectively opposite, deviant familiarity status (17% of the trials). As each of the twelve 
individual sounds occurred with an equal probability of 8.3%, familiarity deviants were no physical deviants.
Familiar sounds generally elicited enhanced ERP responses in the N1 and P2 range. However, the observed scalp 
distributions indicated that these effects were independent from the obligatory N1 and P2. Familiarity deviants 
elicited a negative change-detection response maximal over parietal areas. This response was observed at a latency 
of 210 to 250 ms and did not differ for familiar deviants in the context of unfamiliar standards or unfamiliar deviants 
in the context of familiar standards.
The data indicate that sound familiarity is pre-attentively accessed and that incoming sounds are pre-attentively 
matched to the existence of auditory long-term memory traces. Note that such a familiarity effect does not 
necessarily rely on the extraction of sound meaning. Remarkably, the present effects were observed for a large set 
of physically variable, spectrally and temporally complex environmental sounds. A rule for the familiarity status was 
extracted and new incoming sounds were tested against this rule, independently of the direction of change. 

A-0050 
Effects of visually induced expectations on auditory processing: dependency on expectancy and rule complexity 
R Lindström, P Paavilainen, T Kujala, M Tervaniemi 
Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland 

Our senses do not operate separately: information from one modality can influence perception in another modality. 
The present study determined by means of event-related potentials whether visual information can induce an 
expectation of a forthcoming sound. Twelve subjects were shown pairs of pictures and sounds that followed artificial 
rules. The rule pairing a sound and a picture were based either on a simple association (a particular picture was 
paired with a particular sound) or on a more abstract association (a particular picture was associated with category 
of sounds). Occasionally the rule was violated by presenting incongruent picture-sound combinations. To investigate 
whether the expectations created by visual stimuli influence the processing of the forthcoming sound, the paired 
sounds and pictures were presented either simultaneously (no possibility for expectation) or the sound 300 ms 
after the picture onset (enough time for the expectation to arise). The incongruent picture-sound pairs elicited an 
N2, presumably composed of the mismatch negativity and N2b, whose latency was shorter (from 250 ms to 500 
ms) when there was a delay between the visual and auditory stimuli. Both the delay between pictures and sounds 
and the intangibility of rule influenced the amplitude of this negative deflection. With 300 ms delay between the 
stimuli, a frontally positive and posteriorly negative P300 was elicited at 550 ms after onset of sound, suggested to 
reflect conscious recognition of the deviation. The amplitude of the P300 was also modulated by the intangibility 
of the rule linking auditory and visual stimuli together. These results show that human brain can form auditory 
expectations on the basis of visual information and, further, that both temporal aspects and cognitive demands 
during an audiovisual deviance detection task modulate the brain processes involved. 
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A-0051 
VMMN to color and orientation: the non-contingent capture 
I Sulykos, I Czigler 
Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary 

Event-related potentials were recorded to task-irrelevant frequent (standard) and rare (infrequent) visual stimuli. 
There were two kinds of deviancy: either the orientation or color of stimulus bars appearing on the visual background. 
Participants performed two tasks, either detection of the orientation-change, or the color-change of a central shape. 
Deviant stimuli elicited a posterior negative component in the 120-200 ms latency range (visual mismatch negativity; 
vMMN). Orientation-related vMMN was larger in the color task, whereas color-related vMMN was larger in the 
orientation task. Accordingly, a task sharing the dimension of the irrelevant deviant decreased the sensitivity of the 
system underlying the vMMN. A deviant event preceding the target detection had no influence on detection RT. 
However, RT was somewhat longer in sequences with irrelevant background changes sharing the dimension of the 
target change. These results show that registration background change and target detection are not independent, 
but the direction of the effect is opposite to the attention capture effect of in visual search studies. 

A-0052 
Behavioral and Electrophysiological Correlates of Novelty Detection in Mouse Auditory Cortex 
J A Garcia-Lazaro1,*, I Nelken2, J W H Schnupp1 
1Department of Physiology, Anatomy and Genetics, University of Oxford, United Kingdom.
2The Alexander Silberman Institute of Life Sciences, The Hebrew University of Jerusalem, Israel. 

In order to study the interactions between the behavioural and electrophysiological aspects of the processing of 
novel stimuli, we measured evoked epidural potentials from anesthetized (2-2-2-tribromoethanol/tert-amyl alcohol) 
C57BL6 mice in the oddball paradigm. Evoked local field potential responses were recorded epidurally from auditory 
cortex using custom-built low impedance electrodes. Acoustic stimuli consisted on 30 ms tone pips presented once 
every 300 ms. Two different frequencies, 6.67 kHz and 13.7 kHz, were presented in a randomly interleaved manner. 
In one condition, one of these frequencies was presented as a standard, with a 90% probability and the other as 
a deviant, with 10% probability. In a second condition, these probabilities were reversed. We recorded responses 
to 1000 repeats for each condition. Our preliminary data shows a strong oddball effect. Although this effect was 
observed for both frequencies, it was significantly stronger for the larger frequency.
In order to investigate the potential role of experience, we also measured electrophysiological responses from 
animals after avoidance training. Training was entirely automated using a simplified version of the Intellicage system 
(NewBehavior AG, Zurich, Switzerland). The system operates using transponder technology for individual animal 
recognition and contains an isolated test chamber where mice obtain drinking water by triggering a nose-poke 
hole. In our paradigm, on 75% of the times an animal visited the chamber, a standard (6.67 kHz) sound stimulus was 
presented. The stimulus consisted on tone pips presented at intervals of 300 ms for 5 seconds. On the remaining 
25% of the visits, a deviant (13.7 kHz) sound stimulus was presented. During a deviant visit animals did not obtain 
water, but instead a mildly aversive air-puff. Preliminary electrophysiological data from behaviorally trained 
animals shows that while potentials recorded in response to the standard (non-aversive) stimulus remained largely 
unchanged, potentials recorded in response to the aversive stimulus exhibited a two-fold increase in amplitude. 
These differences in the responses following training represent the prima facie evidence for experience induced 
changes in mouse auditory cortex.
Supported by an EU FP6 project grant (LSHM-CT-2006-037378). 
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A-0053 
Auditory ERPs at preschool age are different after extremely preterm birth and correlated to cognitive 
performance 
H Hövel1, M Lindgren2, I Rosén3, M Huotilainen4, K Stjernqvist2, V Fellman1 
1Department of Pediatrics, Lund University, Lund, Sweden
2Department of Psychology, Lund University, Lund, Sweden
3Department of Neurophysiology, Lund University Hospital, Lund, Sweden 
4Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland 

BACKGROUND AND AIMS. In children, pathological auditory event-related potentials (aERP) are associated with 
cognitive dysfunction. After extremely preterm birth, learning difficulties, dyslexia, behavioural and attention 
problems are common. Our aim was to study whether aERP - and particularly the Mismatch negativity (MMN) 
- in extremely preterm infants (EP) at preschool age are different from term-born controls (TC), and related to 
cognition.
METHODS. EP (n=68) born at (mean±SD) 26.0±1.6 gestational weeks and TC (n=15) were studied at 4-5.3 years 
using an oddball paradigm. The 75-ms harmonic standard stimulus consisted of three sinusoid components and 
was presented at a probability of 70%. Three deviants were presented pseudo-randomly at 10% probability each. 
They differed from the standard tone in frequency (10% higher), perceived sound-source location (PSSL), or sound 
duration (25 ms), respectively.
As MMN, we defined the most negative peak in the difference waves, 200-350 ms after stimulus change onset.
In a subgroup of EP (n=12) and TC (n=13), psychological testing (Wechsler Preschool and Primary Scale of Intelligence-
Revised - WPPSI-R) was performed.
RESULTS. For standard and all deviant ERPs, EP had lower amplitudes and shorter latencies for the P150 as well as 
shorter latencies for the following N250 peak.
No group differences in MMN latency or amplitude were found for the frequency deviant. An MMN for the PSSL 
deviant occurred only in 34% of EP and 33% of TC. For the sound duration deviant, a positivity concealing the MMN 
appeared at about 250 ms, with a higher amplitude for EP (frontally 2.3±0.7 vs. 1.1±0.9 µV, p=0.03) and a shorter 
latency (264±32 vs 304±37 ms, p=0.034).
TC had higher scores in WPPSI-R full-scale intelligence quotient (FSIQ) and in all subscales (FSIQ 110.6 vs 95.6; p = 
0.003, subscales p = 0.001-0.025). In regression analysis, combining both subgroups, the ERP N250 amplitude for 
the duration deviant correlated significantly with FSIQ, and Performance and Verbal IQ subscores (p=0.012-0.022). 
CONCLUSIONS. ERPs showed consistent group differences that may imply a higher sound sensitivity of EP. The 
difference waves for the duration deviant differed between EP and TC at 200-350 ms, with a positive peak instead 
of an MMN in EP, possibly due to the fact that in pre-school children, due to long loudness-summation, the impact 
of duration shortening may include perceived volume decrease.
The possible correlation between cognitive tests and the duration deviant response amplitude needs to be confirmed 
in a larger population. 

A-0054 
EFFECTS OF NICOTINE ON VISUAL PRE-ATTENTIVE COGNITION AS MEASURED BY THE vMMN. 
D J Fisher1,*, D K Shah1,2, S Prise3, T L Scott3, M Thompson3, V J Knott1,2,3 

1Department of Psychology, Carleton University, Ottawa, Canada
2University of Ottawa Institute of Mental Health Research, Ottawa, Canada
3Department of Psychology, University of Ottawa, Ottawa, Canada 

Nicotine, the main alkaloid found in tobacco, is noted to be an extremely addictive drug, in part due to its effects 
on cognition. While post-nicotine enhancement of attention has been well documented, nicotine’s effects on 
pre-attentional cognitive function are less clear. Studies examining how nicotine impacts the auditory mismatch 
negativity (MMN) have tended to disagree, depending on the dose and the paradigm used. However, despite the 
wealth of research examining nicotine’s effects on the auditory MMN, to date there has been no work examining 
how nicotine might affect its visual homologue (vMMN). 
This study aimed to elucidate nicotine’s effects on the vMMN in a randomized, double-blind, counterbalanced, 
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placebo-controlled study design in which 27 healthy, right-handed, non-smokers (7 male) were administered 6 mg 
of nicotine polacrilex. Waveforms were obtained from EEG recorded during both an inter-modal auditory selective 
attention task requiring response to rare auditory targets while ignoring visual stimuli and a uni-modal visual selective 
attention task that required participants to identify rare deviant targets in the left visual field while ignoring stimuli 
in the right visual field.
In the inter-modal selective attention task, nicotine significantly (p < .01) enhanced the vMMN at the left occipital 
site, while in the uni-modal visual selective attention task, nicotine balanced out a hemispheric asymmetry observed 
at occipital sites with placebo. 
These results point to different effects of nicotine on the vMMN across uni-modal and inter-modal selective attention 
tasks. Specifically, nicotine appears to enhance the vMMN during an inter-modal selective attention paradigm with a 
primary auditory task, and suppress the vMMN during a visual selective attention task. These results are elaborated 
on in the context of its effects on attention within and across sensory modalities. 

A-0055 
Different kinds of bilinguals - different kinds of brains 
M S Peltola1,2, H Tamminen1,2, H Lehtola1,2, T Kujala3, R Näätänen3,4,5 

1Department of Phonetics, University of Turku, Turku, Finland
2Centre for Cognitive Neuroscience, University of Turku, Turku, Finland
3Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland
4Department of Psychology, University of Tartu, Tartu, Estonia
5Center of Functionally Integrative Neuroscience, University of Aarhus, Aarhus, Denmark 

Earlier research on bilingual speech processing has suggested that bilinguals may have two separate linguistic 
systems, which preattentively respond more strongly to the language used in the immediate vicinity. Also, these two 
systems seem to have different neural representation areas. However, some studies have indicated contradictory 
results by showing that bilinguals respond equally to phonological contrasts from both languages and that the 
representations might also be identical. These discrepancies may be related to the types of bilinguals included 
in different studies. The aim of this study was to determine how different kinds of bilinguals may differ in their 
preattentive phonological discrimination. Two groups participated in the experiment: Group 1 consisted of 12 
balanced Finnish-Swedish bilinguals, who had acquired both their languages from birth, while the 9 learner bilinguals 
in Group 2 were advanced Finnish University students of Swedish. Half of the subjects participated first so that only 
Swedish was used with the Swedish speaking researcher, while the other half was first tested in the Finnish contexts 
with a Finnish researcher. The stimuli were selected individually for each subject on the basis of an identification 
experiment which covered the rounded closed vowel continuum from /y/ to /u/. The continuum is divided into two 
categories in Finnish, but Swedish has the additional fronted /u/ phoneme. We selected a vowel pair, which crossed 
the phoneme boundary in Finnish, but was within the fronted Swedish /u/. Consequently, it is possible to see 
whether the same acoustic difference results in different kinds of responses in two types of bilinguals. Our results 
showed a significant interaction between linguistic context and group. Further analysis revealed a significant effect 
of the context language in the learner bilinguals while the balanced bilinguals showed no such difference. Thus, the 
learner group showed a larger response for the same vowel pair, when the context made it relevant, while the same 
pair elicited a smaller response when it was non-significant in the light of the context language. In contrast, the 
balanced bilinguals showed no such dissociation, since similar responses were elicited by the same pair irrespective 
of contexts. This result shows that balanced bilinguals perceive speech sounds automatically from both languages, 
while learner bilinguals perceive phonemes context-specifically. This suggests that balanced bilinguals might have 
one intertwined system, which contains the categories of both languages, while learner bilinguals have two separate 
systems, which can be accessed independently. 
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A-0056 
Two languages in one brain - slower phonological processing 
M S Peltola1,2, H Tamminen1,2, H Lehtola1,2, T Kujala3, R Näätänen3,4,5 

1Department of Phonetics, University of Turku, Turku, Finland
2Centre for Cognitive Neuroscience, University of Turku, Turku, Finland
3Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland
4Department of Psychology, University of Tartu, Tartu, Estonia
5Center of Functionally Integrative Neuroscience, University of Aarhus, Aarhus, Denmark 

Phoneme perception is known to be language-specific so that mother tongue contrasts are discriminated easily and 
preattentively on the basis of long term memory traces. Behavioral and psychophysiological studies have established 
that discrimination sensitivity is at its peak at the native language phoneme boundaries and lowest near the native 
speech sound category prototypes. Bilinguals have a large amount of phonological categories that need to be kept 
apart. The aim of the present study was to determine whether monolinguals and bilinguals perceive speech sounds 
similarly or whether the two systems in bilinguals interact in a manner that one native language may be affected by 
the other. Two groups participated in the experiment: Group 1 consisted of 10 native speakers of Finnish and Group 
2 of 12 balanced Finnish-Swedish bilinguals. Both groups were tested by the same Finnish speaking researcher. The 
stimuli were individually chosen on the basis of a prior identification experiment, which covered the rounded closed 
vowel continuum ranging form /y/ to /u/. The stimulus pair crossed the Finnish phoneme boundary /y/-/u/, but it 
was within the Swedish fronted /u/ vowel. 
We analyzed both the MMN peak latency (150-300 ms) and amplitude (two consecutive time windows 180-230 ms 
and 230-280 ms). The latency analysis revealed a significant effect of group resulting from a longer MMN latency 
in the bilingual than monolingual group. Consistently, the amplitude analysis revealed a significant interaction 
between the time window and group, again showing the lateness of the bilingual response. In addition, the 
amplitude analysis showed a group main effect suggesting a reduced MMN amplitude in the bilingual group. The 
groups differed significantly in their responses in the fist time window, where the monolinguals’ response was 
larger, but no group differences were found in the second time window. These results suggest slower preattentive 
processing in bilinguals than in monolinguals. This might be due to the more extensive intertwined phonological 
system from which items are accessed more slowly. The result showing a reduced MMN amplitude in bilinguals may 
be explained by interference from the other system, where the same contrast is non-phonemic, thus resulting in a 
small response. 

A-0057 
The MMN attention effect revisited: Forming the standard or detecting the deviant? 
G Péter Háden1,2,*, E S Sussman3, I Czigler1, I Winkler1,4 
1Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary
2Department of Cognitive Science, Budapest University of Technology and Economics, Budapest, Hungary
3Cognitive Neurophysiology Laboratory, Albert Einstein College of Medicine, New York, USA
4Institute of Psychology, University of Szeged, Szeged, Hungary 

When participants detect deviations from a common feature of the sound sequence delivered to one ear, no or 
only a very small MMN is elicited by violating the same feature regularity of sound sequence delivered to the other 
ear (Näätänen et al., 1993; Sussman et al., 2003; Woldorff et al., 1991, 1998). Sussman et al. (2003) interpreted 
these results in terms of an attentional bias of the competition for processing resources. However, the nature of 
the processing resource remained unspecified. MMN elicitation requires that some regularity of a sound sequence 
is detected (forming the “standard”) and that a given sound is found to violate this regularity (deviance detection). 
Here we tested whether one or both of these processes are affected by selective attention in a roving standard 
variant of Woldorff’s paradigm.
Participants were on line instructed by a computer display either to detect intensity changes in the tone sequence 
presented to the left or the right ear (attend sound conditions) or to detect slight changes of the fixation cross (neutral 
condition). Pure tones alternated between the two ears with an overall 170-370 ms stimulus onset asynchrony. 
Left ear tones had 1500 Hz, right ear tones 2600 Hz frequency. Intensity changes of 10, 15, or 20 dB occurred with 
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6.25% probability, separately in the two ears. The task changed between the neutral and one of the two possible 
attend sound conditions after an average time interval of 10.8 s. (But the task never changed between two attend 
sound conditions.) When most standards preceding the deviant were unattended (i.e., occurred in the ear opposite 
to the attended one), no MMN was elicited even when the deviant itself was already delivered during the neutral 
condition. In contrast, when the deviant was unattended while most preceding standards were delivered during the 
neutral condition, MMN was elicited. These results suggest that building a regularity representation in the attended 
sound stream can prevent the formation of a similar regularity representation in concurrent unattended streams. 
Thus competition for forming regularity representations can be biased by selective attention. 

A-0058 
Magnocellular system and visual mismatch negativity: stimulus design and clinical findings 
J Kremlacek1,*, M Kuba1, Z Kubova1, A Urban2, J Libiger2, L Hosak2, J Langrova1, J Szany1, F Vit1, J Cizek2 
1Department of Pathological Physiology, Faculty of Medicine in Hradec Králové, Charles University in Prague,
Czech Republic
2Department of Psychiatry, Faculty of Medicine in Hradec Králové,
Charles University in Prague and Faculty Hospital Hradec Králové, Czech Republic 

The magnocellular system forms an entry gate to the dorsal stream, which is specialized for rapid visual processing 
and selective attention driving (Laycock, R., et al. Neurosci Biobehav Rev, 2008. 32(8): p. 1409-15). This stream, also 
called the “where” stream, helps to detect fast changes in the visual field and therefore it seems to be a promising 
candidate for eliciting visual MMN (vMMN). Moreover, the magnocellular system stimulation evokes robust scalp 
potentials even outside the central 20° of the visual field (Kremlacek, J., et al. Vision Research, 2004. 44(26): p. 2989-
3000) and therefore the central part of visual field can be reserved for another stimulus/response task to control 
visuo-spatial attention.
In a stimulus with a physically balanced design we used combination of motion directions in the peripheral part 
of the visual field for standard and deviant conditions. We recorded the vMMN over occipital and centro-parietal 
region within interval 145-260ms (Kremlacek, J., et al. Vision Research, 2006. 46(4): p. 485-90).
With use of a stimulus customized for clinical examination we examined a group of 24 schizophrenic patients and a 
group of paired control subjects. We found significant reduction of the vMMN in the group of schizophrenic patients. 
The vMMN further exhibited a negative relation to the daily dose of antipsychotic (Urban, A., et al. Schizophr Res, 
2008. 102(1-3): p. 320-8).
Another study in 17 methamphetamine abusers revealed deterioration of the vMMN with the length of 
methamphetamine abuse (Spearman correlation coefficient 0.78). Further, when we compared results of the 
abusers to paired controls, statistical analysis demonstrated a stronger response to deviant stimuli among abusers 
with a length of abuse shorter than 5 years (Hosak, L., et al. Acta Neurobiologiae Experimentalis, 2008. 68(1): p. 
97-102). 
The visual MMN elicited by activation of the magnocellular system represents a valuable method for exploration of 
the visual system function as well as a promising clinical tool.
Supported by Czech Grant Agency (project No. 309/09/0869) and by Grant Agency of Ministry of Health of the Czech 
Republic (project No. MZO 00179906). 

A-0059 
Object-based effects in visual change detection 
Dagmar Müller1, I Winkler2,3, E Schröger1 
1Institut für Psychologie I, Universität Leipzig, Germany
2Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary
3Institute of Psychology, University of Szeged, Szeged, Hungary 

There is an ongoing debate whether or not visual object representations can be formed outside the focus of voluntary 
attention. Implicit behavioral measures seem to support theories of pre-attentive object formation. However, with 
these implicit measures the supposedly task-irrelevant elements forming the objects were still usually related to 
the task-relevant stimuli in some way. We developed a paradigm based on the visual mismatch negativity (vMMN) 
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ERP component that allows to test visual grouping when neither the objects nor their constituents are related to 
the participant’s task. Our stimuli consisted of four pairs of colored discs which were evenly distributed around the 
fixation point. Pairs were formed by use of the gestalt principle of common region and thus, served as objects. Each 
display contained 6 blue-colored discs and 2 red-colored discs with the latter ones always presented at neighboring 
positions. In separate conditions, the two red-colored discs either usually (p=0.9) belonged to the same object 
(standard: red-in-same-object) or to two different objects (standard: red-in-different-objects). Occasionally (p=0.1), 
the assignment of the two red-colored discs to objects was exchanged. That is, deviances were exclusively defined 
on the basis of object-irregularities, since the features and their distribution were identical between standard and 
deviant displays. Each test-display was shown for 120 ms and was followed by an inter stimulus interval of 300 ms. 
Participants were instructed to detect slight changes of the continuously presented fixation cross. Thus, the display 
items included in the object stimuli were fully task irrelevant. We found no differences between the ERPs elicited 
by the physically identical deviant and standard red-in-different objects displays. However, comparison of the ERPs 
elicited by deviant and standard red-in-same object displays yielded an occipitally maximal negative deflection 
peaking in the 200-260 ms latency range, which was identified as vMMN. The elicitation of vMMN shows that 
visual object formation can precede pre-attentive deviance-detection. Therefore, the results support theories of pre 
attentive visual object formation. The asymmetry between the change from red in-different objects to red in same 
object (eliciting vMMN) and the reversed configuration (resulting in no vMMN elicitation) parallels similar MMN 
findings in the auditory modality: When the deviant was a part of the standard no or only a small MMN was elicited. 
In our design, red-in-different-objects deviants may be seen as being part of the red-in-same-object standards and 
thus, elicit no vMMN. 

A-0060 
Standardization of the measurement error in ERP recordings 
A Paukkunen1,2,*, M Järvenpää1,3,4, R Sepponen1 
1Electronics Department, Helsinki University of Technology, Espoo, Finland
2Graduate School of Electrical and Communications Engineering, Helsinki University of Technology, Espoo, Finland
3Department of Psychology, Helsinki University, Helsinki, Finland
4Finish Centre of Excellence in Interdisciplinary Music Research, Finland 

One of the greatest challenges preventing the use of event-related potentials (ERP) in clinical diagnostics is low 
reliability and repeatability of the average waveforms. Advances in the measurement technique, technology, analysis 
methodology and means of validating the data have increased the reliability, but the ambivalence of single-patient 
measurements is still high. The measurement error cannot be standardized without control over the total quality. 
Increased number of trials would improve the signal-to-noise-ratio of the grand average, but the disadvantage is the 
fatigue of the patients. The major issue is to decide the optimal number of trials.
This study presents a novel recording procedure for ERP studies where the amount of recorded trials is automatically 
adjusted online according to the initial quality of the data and the desired quality of the measurement outcome. The 
process was simulated offline using prerecorded ERP data from a MMN study. The preliminary results suggest that 
the repeatability of the average waveform and, thus, the reliability of the measurement were improved. However, 
further testing is required before the online implementation. 

A-0061 
The effects of temporal synchrony and visual material on audio-visual integration 
M Mittag*, R Takegata, T Kujala 
Cognitive Brain Research Unit, University of Helsinki, Helsinki, Finland 

Associating letters with speech sounds is essential when learning to read. Recent studies on audio-visual integration 
suggested that 1) the integration of letter and speech sound takes place automatically and 2) that temporal synchrony 
seems to be critical for the integration. In the current study, we wished to determine the neural networks associated 
with an automatic integration of written and heard syllables in literate adults. The mismatch negativity (MMN) 
was recorded in a new multi-feature paradigm whereby the integration of several speech sounds with letters can 
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be addressed within one experimental session. Subjects were presented with auditory stimuli (consonant-vowel 
syllables) together with visual stimuli, which differed between conditions. The auditory stimuli included vowel 
or consonant changes, or changes in syllable intensity, frequency, or vowel length. In the experimental condition 
the visual stimuli were written syllables, whereas in the control condition, they were scrambled images of the 
written syllables. The visual stimuli were presented in half of the blocks synchronously with the auditory stimuli 
and in the other half with a time delay. During the stimulation, the subjects pressed a button to designated visual 
targets. Changes in auditory stimuli elicited a MMN/N2 response, in all conditions. The topography of this response 
was different in the stimulus blocks including syllables than in those including scrambled images. Furthermore, 
topographic differences were observed between the conditions with and without the time delay. The results 
indicated that different neural networks are activated when speech stimuli are presented together with linguistic 
than with non-linguistic visual stimuli and that this effect seems to be influenced by temporal synchrony. 

A-0062 
Stimulus-specific adaptation in the medial geniculate body of the rat 
F M Antunes1,*, E Covey1,2, and M S Malmierca1 
1Auditory Neurophysiology Unit, Institute for neuroscience of Castilla y Leon, Univ. Salamanca, Spain
2Dept. of Psychology, Univ. Washington, Seattle, USA. 

Novelty detection has been extensively studied using the non-invasive technique of recording mismatch negativity 
(MMN) (Näätänen 1992). However, the identity and location of the cortical neuronal generator of the MMN is still 
unknown, and there is a lack of knowledge about novelty processing at subcortical levels. In a dynamic environment, 
animals are able to continuously modulate the state of their auditory system, enabling them to rapidly distinguish 
what is novel from what is familiar. This would likely be reflected in neuronal firing patterns changes of some neurons 
if they are involved in detecting novel sounds. Neural adaptation is a ubiquitous process in biological systems and 
it is well known to occur in various forms in the auditory system. However, Ulanovsky and colleagues (2003, 2004) 
were the first to describe a particular form of adaptation in the cat auditory cortex, referred to as stimulus-specific 
adaptation (SSA). This form of adaptation shares some similarities with the MMN in humans and therefore has been 
proposed as a single neuron correlate of this phenomenon. Stimulus-specific adapting neurons show a reduced 
response to a repeated stimulus (standard), and briefly resume firing if a novel stimulus (oddball) is presented. SSA 
is not a unique property of auditory cortex neurons. It also occurs in neurons at the midbrain level, in the inferior 
colliculus (IC) of the rat (Perez-Gonzalez 2005; Malmierca et al. 2009). Since both the IC and the AC contain neurons 
that exhibit SSA, one would expect MGB neurons to inherit this property from the AC, the IC or both. Nevertheless, 
to date, no study has demonstrated that MGB neurons show SSA. To examine this issue we used a protocol similar 
to that of Ulanovsky et al. (2003) while recording extracellular single unit responses in the MGB of the anesthetized 
rat. Our data demonstrates that SSA is indeed present throughout the MGB of the rat, being more prominent in 
the dorsal and medial subdivisions, suggesting the involvement of the paralemniscal auditory pathway. It remains 
unclear if SSA in MGB neurons is due to thalamic processing or if it reflects processing that has already occurred in 
the IC or AC. We hypothesize that SSA may be shaped, at least in part, through a bottom-up process. 
Supported by Spanish MEC (BFU2006-00572) and JCYL (GR221) to MSM, NSF grant (IOS-0719295) to EC and MEC 
fellowship (BES-2007-15642) to FMA. 

A-0063 
Visual mismatch negativity (vMMN) as revealed by analysis of oscillatory activity 
K Kreegipuu1,*, N Kuldkepp1, A Raidvee1, T Mogom1, M Tamm1, J Allik1, R Näätänen1,2,3 

1Institute of Psychology, University of Tartu, Tartu, Estonia
2Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland 
3Center for Functionally Integrative Neuroscience, Aarhus University, Aarhus, Denmark 

In terms of irresistibility of the sensory input, the most similar to auditory stimulation is visual motion information 
(especially speed and direction) that has also found to give a nice visual MMN (vMMN) response. In this study, (12 
participants, 14 active electrodes) we obtained vMMN to the difference in a direction of a rhythmically moving (200 
ms in motion, 600 ms stationary) striped background (0.65 c/deg sine grating, luminance range 0.13-128.2 cd/m2, 
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eccentricity 5.23 deg, velocity 1.6 deg/s). Proportion of standard motions (directed rightwards) was 85%. Observer’s 
main task was to react manually to the motion onset of a circular target area (sine grating similar to the background, 
diameter 8.26 deg, velocity 0.6 deg/s, equal left-right probability). Attention was controlled by asking either (1) to 
ignore the background (“ignore” condition); or (2) to press left or right button depending on whether target and 
background were moving into the same or opposite directions (“attended” condition). Brain electrical activity that 
is picked up from scalp reflects presumably post-synaptic activity of cortical pyramidal cells and may also have a 
thalamic contribution. Specific spectral content of the activity hypothetically indicates what processes and structures 
are involved. In this study, we performed a time-frequency analysis (continuous wavelet analysis, CWT, Analyzer 
1.05) on segmented data (-500 … 1300 ms relative to background motion onset) to describe how oscillatory neural 
activity (up to 45 Hz) changes as a function of standard/deviant stimulus and ignore/attended condition. Averaged 
CWTs (Morlet c=5, 0.1-45 Hz, 40 frequency steps) were compared in a repeated measures t-test with following main 
results: (1) the main difference between ignore vs. attended condition lied in more prominent higher frequency for 
the attended condition (>20 Hz) activity (especially in frontal electrodes F3, Fz, Fpz) that speaks for more cognitive 
effort, top-down modulation, and awareness of stimuli; (2) processing of deviant vs. standard stimulus tended to 
deviate earlier (sometimes at first milliseconds already - at O1,O2, P4, F4, T6), for lower frequencies (<20 Hz), and 
more in ignore than in attended condition. 

A-0064 
Computer based reading game as a tool for improving reading related skills in Finnish six-year-old children 
R Lovio1,*, A Halttunen2, H Lyytinen3, R Näätänen1,4,5, T Kujala1 
1Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland
2Policlinic of Child Psychiatry, HUCH, Vantaa, Finland.
3Department of Psychology, University of Jyväskylä, Jyväskylä, Finland
4Department of Psychology, University of Tartu, Tartu, Estonia
5Centre of Functionally Integrative Neuroscience, University of Aarhus, Aarhus, Denmark 

OBJECTIVE. This study aimed at determining whether an intervention game (Literate, Prof. H. Lyytinen) that 
strengthens sound-letter connections has a remediating effect on reading-related skills and central auditory 
processing in children who have an increased risk for dyslexia. The control group played a game with mathematical 
exercises. Children who played the intervention game were hypothesized to perform better than the control group 
children in tests assessing reading-related skills after the three hour training period and also have increased MMNs 
to speech sound changes in Finnish syllables.
METHODS. A Total of 57 children participated in the study. The parents of the children were carefully interviewed 
on their family history of dyslexia in order to evaluate children’s familial risk for dyslexia. The children were tested 
in their pre-reading skills with tests of phonological processing, letter knowledge and writing, rapid naming, and 
working memory. Of these children, 35 children who could not read and had problems in reading-related skills were 
included in the study. The children were divided into two groups not differing in IQ, age, sex or in reading-related 
skills. A total of 16 children in the intervention group vs. 13 in the control group finished the training period of 
altogether three hours during three weeks. In addition to behavioral tests, children’s mismatch negativity responses 
(MMNs) to five changes (vowel, vowel duration, consonant, pitch and intensity) were recorded both before and after 
the training period. The stimuli were presented in a multi-feature paradigm in which five deviants are presented in 
an alternating fashion with the standards (Näätänen et al., 2004). 
RESULTS. The intervention game group improved their performance statistically significantly in tests of letter 
knowledge, letter recognition, writing words and writing non words. The control group improved their performance 
only in the test of letter knowledge. Preliminary results also suggest that after the training period, the children who 
had played the intervention game had enhanced MMN responses for a vowel change. This effect was not seen in 
the control group.
CONCLUSIONS. The results of using an intervention game already before the school start are promising. The 
intervention group improved their performance in reading related skills after a short training period. Their MMN 
response for vowel change also increased reflecting improved cortical auditory discrimination. In future, it is 
important to study how the positive effects of the intervention game can be optimized and to what extent the 
intervention prevents reading deficits at school. 
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A-0065 
Event-related potentials to aversive environmental sounds 
K Gyimesi1,2, I Czigler1, T J Cox, J Horváth1 
1Institute for Psychology of the Hungarian Academy of Sciences, Budapest, Hungary
2Budapest University of Technology and Economics, Budapest, Hungary 

Emotionally negative (aversive) sounds and everyday sounds were presented as novel sounds in an auditory 3 
stimulus paradigm. Both type of novel sounds elicited the orientation-related P3a component. In comparison to 
everyday sounds, the aversive sounds elicited a posterior negative component in the 154-250 ms range. The early 
negativity was followed by a frontal positive wave (372-456 ms). Compared to everyday sounds, the aversive sounds 
elicited larger late positive shift. The early negativity is considered as an initial effect in a broad neural network 
including limbic structures, while the late positivity is assumed to be related to the continued (deeper) processing 
of motivationally significant, memory-related processes. 

A-0066 
Acoustic, Phonetic and Phonological Mismatch in Adolescents 
B Albrecht1, E Keller2, W Woerner3, A Rothenberger1, T Banaschewski4 
1Child and Adolescent Psychiatry, University of Göttingen, Germany
2University of Lausanne, Switzerland
3German Institute for International Educational Research, Frankfurt/Main, Germany
4Department of Child and Adolescent Psychiatry and Psychotherapy, Central Institute of Mental Health Mannheim, Germany 

Competence in speech processing develops early in life and preattentive mechanisms that detect auditory alterations 
may play an important role, but the underlying neuronal processes are not well understood. In this study, twenty-
seven school-aged children with normal hearing capabilities showed the expected deflections in the auditory evoked 
potentials during a passive oddball listening paradigm with sine tones or speech sounds incorporating acoustic, 
phonetic and phonological mismatch. 
Mismatch response comprises a distinct early and later part. Early mismatch negativity (MMN) appears to be 
related to processing of physical f0 deviance for both sine tones and speech sounds, and was diminished following 
phonological mismatch. The subsequent late discriminative negativity (LDN) eminent in acoustic and phonological 
mismatch is diminished due to linguistic congruency despite physical deviance and may thus also reflect higher 
order linguistic processing. 

A-0067 
The influence of word meaning on central auditory processing indicated by late MMN in children 
C Thomas1,2,*, S E Lee1, N Thoma1, K Hennighausen1, M Schecker1 
1Neurolinguistic Laboratory, Department of Child and Adolescent Psychiatry and Psychotherapy,
University of Freiburg, Freiburg, Germany 
2Experimental Neurolingustics Group, University of Bielefeld, Bielefeld, Germany 

Within central auditory processing, Mismatch Negativity (MMN) is a useful tool to probe auditory functions. It has 
also been used to study phonological learning effects in children and adults and it has also been found that word 
related memory traces lead to a change of MMN-amplitude (Pulvermüller et al. 2001, 2004; for a review Näätänen 
et al. 2007). In recent studies, we asked, whether semantic learning also influences the MMN in adults (Lee et al. 
2009 - poster). In this study we aimed to investigate semantic learning effects in school aged children.
We used a passive oddball paradigm comprising three conditions. In the first two conditions, the German pseudoword 
/fa-po/ served as the standard stimulus and /fa-pe/ as the deviant. Additionally, a second, neutral deviant /fa-pu/ 
was used as control. Before the second condition, subjects learned to connect meaning with the deviant /fa-pe/, but 
not with the neutral deviant /fa-pu/. In the third condition, the German pseudoword /ma-po/ served as standard, 
and the German real word /ma-pe/ (meaning ‘folder’) was used as deviant. Again a second neutral deviant /ma-pu/ 
was used as control. The idea was to vary the deviants according to their degree of semantic-conceptual meaning. 
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Within our experiment, MMN1 (ca. 240 - 300 ms) as well as P3a and MMN2 (370 - 600 ms) could be observed. 
However, the different conditions resulted in differences in amplitude-values. As the electrophysiological reactions 
to the neutral deviant remained similar across the conditions, the observed electrophysiological differences might 
be interpreted as meaning related learning effects and are discussed within a developmental scope. 

A-0069 
Fast measurement of auditory event-related potential profiles in 2-3-year-olds 
V Putkinen, R Niinikuru, M Tervaniemi, M Huotilainen 
Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Finland and Finnish Center of 
Excellence in Multidisciplinary Music Research, Department of Music, University of Jyväskylä, Finland 

Children’s sensitivity to regularities and changes in different auditory features can be studied noninvasively with 
event-related potentials (ERPs). The mismatch negativity (MMN) ERP response reflects the accuracy of the auditory 
change-detection mechanism. The P3a response, in turn, reflects the functioning of the automatic attention 
allocation system. Due to the lack of a suitable paradigm, very few studies have used these responses to examine 
children’s ability to detect to changes in multiple auditory features. Recently, a fast multi-feature paradigm (MFP) 
was developed by Näätänen et al. for obtaining MMN responses to multiple auditory change types (“deviant tones”) 
in a single recording of a relatively short duration. The deviant tones differed from the standard tones in one of five 
features, namely, in frequency, duration, intensity, perceived spatial origin or by having a silent gap in the middle 
of the sound. We added attention-catching sounds (“novel sounds”) to the paradigm for obtaining P3a responses. 
We recorded MMN and P3a responses from 14 children aged 2-3-years in the modified MFP. In addition to the 
traditional group level analysis, the responses of each individual subject were also examined. We found that the 
modified MFP is well suited for recording individual ERP profiles reflecting auditory change-detection, auditory 
memory and attentional functions in young children. 

A-0070 
Event-related potential features of suprasegmental speech cues processing in infancy 
A Ragó1, F Honbolygó1, V Csépe1, Zs Róna2, A Beke2 
1Research Group of Developmental Psychophysiology,
Research Institute for Psychology of the Hungarian Academy of Sciences, Budapest 
2Follow up Center for Developmental Neurology, I. Department of Obsterics and Gynecology,
Semmelweis University, Budapest, Hungary 

During the process of language perception, infants have different tasks to solve. Phoneme perception studies revealed 
that normalization and categorical perception are essential features of speech comprehension. From behavioral 
and ERP studies we know that from the beginning of their life, young infants without special training or instruction 
have access to phonemic representation. Along with these local speech cues however there exist the so called 
suprasegmental speech cues that may also contribute to the transformation of input to the prelexical intermediate 
representation. One of these psycho-acoustic features is the word stress. We know from earlier studies that from 
5 months of age infants are sensitive to the rhythmic properties of language inputs that are characteristic of their 
mother language. The stress though is a complex phenomenon. Different languages use different characteristics 
(pitch, length of syllables) to sign stress. In Hungarian, we use long vowels without stress on them; nevertheless the 
case is simple in that way that as a rule the stress is always on the first syllable. 
In this study, our aim was to investigate the difference between processing phonemic and rhythmic speech cues 
before the first year of life. In addition to this, we inquired into the developmental patterns characteristic of at risk 
infant groups (preterm infants) because of the need of early detection and correction of potential developmental 
irregularities. 
33 6- and 10-month old, full-term and pre-term infants were participated in the experiment.
We used a passive oddball paradigm with a standard Hungarian word ‘banán’ (‘banana’ in English) and two deviants: 
a voiceless phoneme deviant (‘panán’, which is meaningless in Hungarian), and a stress deviant where the stress was 
on the second syllable, instead of the first (‘ban:án’). 
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Our results show that at the early ages (6 months of age) there were significant differences between the preterm 
and full-term infant groups in the two experimental conditions. At six months of age, special response-patterns 
were revealed in the full-term control group; there were huge responses for the standard and for both of the 
deviant stimuli. The normal ten months olds’ response was quite the opposite. The pre-term responses were always 
between the two normal control groups’. The additional analyses revealed that for ten months of age even at-risk 
infants tend to show the normal response patterns but still in a rudimentary form. The response patterns from the 
different electrodes suggest great brain maturation differences. 

A-0071 
Mismatch negativity responses to parametrically varied speech and music sounds 
B Osnes1, H Nordby1, T Eichele1, K Specht1,2 

1Department of Biological and Medical Psychology, University of Bergen, Bergen, Norway 
2Clinical Engineering Department, Haukeland University Hospital, Bergen, Norway 

OBJECTIVE. Speech and musical sounds are processed differently based on their spectral and temporal characteristics. 
Many studies have shown a generally more left lateralized processing for speech, and a right lateralized processing 
for music. However, neuroimaging studies also often report a bilateral involvement in both speech and timbre 
processing. A bilateral involvement does however not mean that both hemispheres contribute equally to all aspects 
of the processing. That is, a difference between speech and music sounds may still exist in the temporal dimension. 
The objective of this study was to explore the differences in early processing of speech versus musical timbre. 
This was done using a parametrically graded paradigm in order to investigate the differentiation in early neuronal 
responses as the stimuli were transformed into either speech or music sounds.
METHOD. ERPs were recorded from 17 healthy adults in a passive oddball setting, while participants were reading. 
In the parametric design, the standard sound (probability of 70%) was a spectral mix of perturbed guitar and CV 
sounds. Two types of deviants were interspersed randomly with the standard. One type was a consonant-vowel 
syllable /ta/ and the other a guitar tone (220Hz). For each of the deviant types, we parametrically varied the level of 
noise perturbation in seven steps ranging from a perturbed noise-sound (step 1) to the original sound (step 7); each 
of 14 deviants had a probability of 2.2%. 
RESULTS. MMN was observed in all deviant conditions, with a parametric increase in amplitude for both stimulus 
categories. There was a lager response in right-sided electrodes for both stimulus categories. The peak latency of 
the MMN showed an asymmetric response with a faster left sided response for the CV sounds than guitar sounds. 
This difference in latency between CV and guitar sounds decreased in a graded fashion. The MMN latency for the CV 
sounds increased gradually in left-sided electrodes and decreased in right-sided electrodes. 
CONCLUSIONS. These results indicate an overall bilateral processing of both speech and music sounds but with a 
particular left lateralized sensitivity for early automatic processing of speech sounds. 

A-0072 
The role of temporal and frequency structure of tones in forming sensory memory representations 
J Rimmele1,2,*, E Sussman1 
1Albert Einstein College of Medicine, New York, USA
2Institute of Psychology I, University of Leipzig, Leipzig, Germany 

A regular temporal and tone-frequency structure represented in auditory sensory memory allows for the prediction 
of incoming auditory stimuli. In a passive auditory oddball paradigm, the Mismatch Negativity (MMN) component 
of the event-related potential (ERP) to temporal pattern deviants was recorded as a measure of auditory sensory 
memory representation. In four experimental conditions sounds were presented with: 1) both a regular temporal 
and a regular frequency pattern; 2) only a regular temporal pattern; 3) only a regular frequency pattern; 4) no regular 
pattern. We found that in conditions with a regular temporal pattern, MMN amplitudes were enhanced compared 
to conditions with no temporal regularity. There was a tendency toward a larger MMN amplitude when auditory 
stimuli were presented with both a regular temporal and a regular frequency pattern. Although tone frequency 
seemed to hold a structuring role for temporal pattern processing, a regular frequency structure was not required 
to set up a sensory memory representation of temporal patterns. 
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A-0073 
Are phrasal verbs treated by the brain as words or as phrases? Magnetic MMN solves long-standing linguistic 
puzzle 
Y Shtyrov1,*, B Cappelle2, F Pulvermüller1 
1MRC Cognition and Brain Sciences Unit, Cambridge, UK
2University of Leuven, Belgium 

In the science of language, there has been a considerable debate as to whether phrasal verbs (e.g., turn up, break 
down) are processed as two separate items connected by phrase-structure rules or whether they form a single 
lexical representation. As linguistic and psycholinguistic studies could not unequivocally distinguish between these 
views, we tested them empirically using neurophysiological brain imaging. Previous work has shown that phrases 
elicit a reduced oddball response (MMN) if they respect rules of syntactic or semantic coherence compared with 
word sequences that violate such rules. In contrast, meaningful words that form a lexical representation show 
an enhanced MMN compared with items not stored in the lexicon. This makes phrasal verbs a straightforward 
test case: if they are stored and processed as singular lexical items (=words), real phrasal verbs should elicit an 
increased response as opposed to their meaningless analogues. If, however, they are parsed similar to phrases, then 
the larger response should be produced by non-existing (=syntactically incorrect/semantically incongruous) verb-
particle combinations. We recorded, in passive oddball paradigm, auditory MEG responses to real and non-existing 
phrasal verbs (heat up, cool down, *cool up,*heat down, etc). Continuous MEG and HPI data were acquired using 
Neuromag 306-channel system placed in a light MSR, and processed offline using temporal signal space separation 
technique. Oddball auditory evoked fields to the same phrase-final particles (up, down) presented in proper and in 
infelicitous contexts were computed and compared to each other. 
We found that already at latencies below 200 ms, the brain’s response was larger when the same acoustic event 
was part of a real phrasal verb (fall down, rise up) than when it was included in a non-existing item (rise down, fall 
up). Using L1 minimum current estimates, we found this enhancement to be bilaterally distributed in the perisylvian 
cortices and the temporal pole. In conjunction with earlier findings of the lexical enhancement of the MMN response, 
this increased activation for meaningful phrasal verbs strongly suggests that a verb and its particle together form 
one single lexical representation, i.e. a single lexeme, and that a unified cortical memory circuit exists for it, similar 
to that encoding a monomorphemic word. 

A-0074 
Consonant duration processing measured in MMN-paradigm in 9-year-old children with
and without familial dyslexia 
A Tanskanen, K Lohvansuu, J A Hämäläinen, P H T Leppänen 
Finnish Center of Excellence in Learning and Motivation Research, Department of Psychology, University of Jyväskylä, 
Jyväskylä, Finland 

Dyslexia, a difficulty in learning to read and write, is thought to result, to a large degree, from problems in phonological 
processing, i.e., sensitivity for and awareness of speech units, such as syllables and phonemes. According to one view, 
phonological problems are thought to rely primarily on linguistic level processes. However, phonological problems 
could also be explained by a deficit in speech perception, for example, problems in the brain’s ability to discriminate 
between acoustic features crucial for formation of speech sound representations. Here, we studied differences 
between dyslexic and typically reading children in perception of speech sound duration cues, an important and 
semantically distinguishing feature in Finnish language. 
Participants were 9-year-old children, 14 dyslexic readers with familiar background of dyslexia and 14 typical readers 
with no familiar risk, participating in the Jyväskylä Longitudinal Study of Dyslexia (JLD). Event-related potentials 
(ERPs) were recorded in an MMN-paradigm with an inter-stimulus interval of 610 ms. Stimuli were pseudowords, 
/ata/ and /atta/, varying only in stop consonant duration. Both stimuli were applied as the standard and deviant 
stimuli presented with reversed probabilities in two different conditions.
Both groups differed in their responses to the short and long consonants (/ata/ vs. /atta/ and /atta/ vs. /ata/). ERPs 
to the long /atta/ had two major negative deflections, one to the first syllable /a/ (210-350 ms) and another to the 
second syllable /tta/ (540-680 ms). The corresponding negative deflections to the short /ata/ (210-350 ms and 350-
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490 ms) were more merged. Laterality of the difference between responses to the standard-/ata/ and deviant-/
ata/ was different between typical and dyslexic readers. This difference was observed predominantly at the right 
hemisphere in typical readers whereas in dyslexic readers it was observed at the left hemisphere. The groups also 
differed in the relation between their obligatory and change detection responses to the short deviant-/ata/. In 
typical readers, the second negative deflection representing the change detection was larger at bilateral frontal and 
right central areas than the first negative deflection representing obligatory N1/N250, whereas in dyslexic readers 
the opposite was the case. No corresponding differences were found for the responses to the long /atta/.
These results indicate that dyslexic and typical readers differ in their brain activation reflecting processing of 
consonant durations both at the level of basic obligatory processing and context dependent change detection. 

A-0075 
Spatiotemporal Signatures Of Large-Scale Synfire Chains For Speech Processing As Revealed By MEG 
F Pulvermüller, Y Shtyrov 
MRC Cognition and Brain Sciences Unit, Cambridge, UK 

We report a new brain signature of memory trace activation in the human brain revealed by magnetoencephalography 
and distributed source localization. Spatiotemporal patterns of cortical activation can be picked up in the time 
course of source images underlying magnetic brain responses to speech and noise stimuli, especially the generators 
of the magnetic Mismatch Negativity. We found that acoustic signals perceived as speech elicited a well-defined 
spatiotemporal pattern of sequential activation of superior-temporal and inferior-frontal cortex, whereas the same 
identical stimuli, when perceived as noise, did not elicit temporally structured activation. Strength of local sources 
constituting large-scale spatiotemporal patterns reflected additional lexical and syntactic features of speech. 
Morphological processing of the critical sound as verb inflection led to particularly pronounced early left-inferior-
frontal activation, whereas the same sound functioning as inflectional affix of a noun activated superior-temporal 
cortex more strongly. We conclude that precisely timed spatiotemporal patterns involving specific cortical areas may 
represent a brain code of memory circuit activation. These spatiotemporal patterns are best explained in terms of 
synfire mechanisms linking neuronal populations in different cortical areas. The large-scale synfire chains appear to 
reflect the processing of stimuli together with the context-dependent perceptual and cognitive information bound 
to them. 

A-0076 
ERPs to stimulus trains in adults with dyslexia and adults with typical reading skills 
J A Hämäläinen1,2,*, T Fosker1, D Szucs1, U Goswami1 
1Centre for Neuroscience in Education, Faculty of Education, University of Cambridge, UK
2Department of Psychology, University of Jyväskylä, Finland 

Dyslexia is a difficulty in learning to read and write fluently despite adequate general cognitive capabilities and 
educational opportunities. The main underlying cause of dyslexia has been thought to involve problems in awareness 
of phonological units such as syllables and phonemes and manipulation of these units in working memory. In addition, 
individuals with dyslexia have been suggested to show basic speech perception and auditory processing deficits. 
However, the role of these deficits in the development of dyslexia is still unclear and investigations of auditory 
processing deficits in dyslexia have yielded conflicting results. The present study investigated the processing of pitch 
change in stimulus trains. The aim was to explore the refractoriness of the N1 component and its relationship to 
the generation of MMN in individuals with and without reading problems. The stimulus repetition effects were also 
investigated in later time windows.
Participants were English speaking adults with either typical reading skills (N=11) or with dyslexia (N=11). The stimuli 
consisted of trains of seven sinusoidal tones. Each of the trains was separated by a four-second inter-trial interval. 
The sounds within the train were separated by 700 ms inter-stimulus intervals. In all of the trials, the first six stimuli 
were identical. In half of the trials the last stimulus changed in frequency from 500 Hz to 550 Hz. Altogether 200 
stimulus trains were played to the participants while they watched a silenced movie.
As expected the first stimulus in the train elicited large N1 and P2 responses. The following stimuli in the trains 
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showed clearly diminished amplitudes, but no gradual decrease was observed. The deviant stimulus in the last 
position within the train elicited an MMN response. MMN started at the N1 time window and extended over 250 
ms. Participants with dyslexia showed differences compared to typical readers in the later part of the P2 response. 
The P2 response in participants with dyslexia returned to baseline faster than in typical readers. The group difference 
was not specific to pitch change, suggesting that individuals with dyslexia show general differences in auditory 
processing. 

A-0077 
Differential impact of listener age on early versus late components of magnetic MMN response to spoken words. 
L M Brindley*, R Holland, K Tavabi, F Pulvermüller, K Patterson, Y Shtyrov 
MRC Cognition & Brain Sciences Unit, Cambridge, UK 

We assessed applicability of a mismatch paradigm in demonstrating age-related changes in the dynamics of linguistic 
brain activity. Two subject groups consisted of 15 older (mean age 67.2 years) and 18 younger (24.6 years) English 
speakers. Four standard stimuli, occurring in separate blocks, were two English word stems (“play”, “tray”), one 
acoustically similar pseudoword (“qway”) and one acoustically matched non-speech stimulus. Two deviants in each 
block differed from the standards by addition of a /d/ or /t/ ending (10% each) making them different words (e.g. 
“play” vs. “played” and “plate”). Standard stimuli were matched for total length (310ms), vowel duration and mean 
power. Closure time between stem offset and onset of the /d/ or /t/ ending was 10ms and 80ms, respectively, in 
accordance with natural English phonology. Auditory MEG responses elicited by these stimuli were recorded in a 
passive non-attend oddball paradigm while participants watched a silent film.
We found that:
1) All mismatch responses, across both age groups, were characterized by greater magnitude in the left hemisphere, 
reflecting the word/word-like nature of the stimuli. 
2) Deviants ending in /t/ relative to /d/ resulted in consistently greater magnitude of MMNm response, explicable 
in terms of the acoustic differences between these stimulus types: reduced closure time for /d/ results in stronger 
masking effects from preceding stems. This is relevant to patterns of past-tense verb deficits in some aphasic 
patients. 
3) The early (~50ms) phase of responses was markedly larger in older than younger participants. This early 
enhanced response to phonological stimulation may reflect reduced neural adaptation to repetitive auditory events. 
Alternatively, it may indicate recruitment of additional neural resources necessary for stimulus perception by the 
ageing brain. 
4) Conversely, the main peak of the MMNm responses (~100-125ms) was markedly smaller in older than younger 
individuals. As linguistic MMNs have been linked to long-term memory traces for language elements in the brain, this 
reduction of MMNm in older participants may be a sign of instability of such memory traces with ageing. Alternative 
or additional factors include modification of responses due to brain volume changes and greater variability in the 
older group. 
5) A trend for enhancement of later (>130ms) MMNm response dynamics for words relative to pseudowords was 
evident only in the younger participants. This replicates previous findings of lexical MMN enhancement linked to 
word memory representations and suggests that this enhancement may be eroded by ageing. 

A-0078 
Effects of the visual attentional blink on the auditory mismatch negativity 
K Haroush1, L Y Deouell2, S Hochstein1 
1Department of Neurobiology, The Hebrew University of Jerusalem
2Department of Psychology, The Hebrew University of Jerusalem 

The MMN is evoked upon acoustic change in a sequence of sounds, even when the subject is asked to ignore these 
sounds. It is said to reflect a process of continuous monitoring of the background environment and is generally 
considered a “pre-attentive” response, which is independent of available attentional resources. However, findings 
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regarding attentional modulation of the MMN are mixed. We revisit this issue from a cross-modal perspective, 
testing the effect of visual attentional load and the effect of trial-by-trial attentional fluctuation on auditory change 
detection, as seen in MMN amplitude.
We previously found that increasing perceptual load in the visual system decreased the amplitude of the MMN 
elicited for background task-irrelevant auditory stimuli. We now asked if other types of load would lead to the same 
effect. 
We examined the effect of taxing higher-level executive control in a visual task on the MMN. Participants were 
engaged in a visual Attentional Blink (AB) task. They were asked to identify two visual targets (T1, T2) in a rapid 
stream of visual distractors and report their identity following each trial. It is well established that T2 is frequently 
missed - the attentional “blink” - if it is too close to T1 (within 100-400 ms, the “blink” period), presumably due to 
preoccupation with consolidation of T1 in working memory. 
We asked whether MMN to auditory deviants occurring during an attentional visual “blink” will be affected by this 
preoccupation. We therefore presented, in parallel to the visual stream, an auditory stream of frequent standard 
tones and infrequent pitch deviants, which participants were asked to ignore. Surprisingly, we found that MMN 
amplitude was significantly increased for trials in which T2 identification was incorrect while T1 was identified 
correctly (i.e. AB occurred), compared to trials where both visual targets were correctly reported (i.e. no AB 
occurred). We suggest that general MMN reduction when visual processing load is high, which we and others have 
shown previously, may derive from active inhibition of the auditory signal, activated by an executive control system, 
which limits cross-modal interference. In contrast, during the AB situation, when the executive directs resources to 
consolidation of T1, it not only fails to allow creation of a reportable representation of T2, needed for performance 
of the main visual task, but may also fail to inhibit the processing of auditory change. 
Supported by the Israel Science Foundation and the National Institute for Psychobiology in Israel. 

A-0079 
Explaining Attention and Language interactions: magnetic MMN validation of neurocomputational predictions 
M Garagnani, Y Shtyrov, F Pulvermüller 
Medical Research Council and Cognition and Brain Sciences Unit, Cambridge, United Kingdom 

Recent simulations obtained with a neurobiologically realistic neural network model of the left perisylvian language 
cortex suggest that words are represented in the human brain as strongly connected circuits that are both distributed 
and functionally discrete (Garagnani et al., 2008). Such a model replicates, explains and reconciles existing divergent 
patterns of neurophysiological data (N400 and mismatch negativity), and makes precise, testable predictions about 
the brain responses to words and pseudowords under variable amounts of attentional load. In particular, due to 
their strong internal connections, the action-perception circuits for words that spontaneously emerged in the 
network exhibited functionally discrete activation dynamics, which were only marginally affected by changes in 
availability of processing resources. Thus, the model predicts relative stability of brain responses to familiar words 
as a function of attention, but strong attention dependence of neurophysiological responses to unfamiliar items - 
pseudowords - that had not been previously learned (and, therefore, lacked corresponding memory representations). 
This dependence can be explained by the different amounts of attentional/processing resources available and, 
therefore, different degrees of competition between multiple memory circuits partially activated by items lacking 
lexical traces. We tested these predictions in a novel magneto-encephalography (MEG) experiment and presented 
subjects with familiar words and matched unfamiliar pseudowords during an attention demanding task (Attend) and 
under distraction (Ignore). The magnetic mismatch negativity (MMN) response to words showed relative immunity 
to changes in attention levels, whereas the MMN to pseudowords exhibited profound variability: the amplitude was 
enhanced above that to words in the Attend condition, and reduced below it in the Ignore condition. These results 
confirm the model’s predictions and provide evidence in support of the hypothesis that words are represented in 
the brain as functionally discrete and distributed action-perception circuits. 
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A-0080 
Effects of auditory novels and task load on auditory and visual brain responses in children and adults 
P Ruhnau, N Wetzel, A Widmann, E Schröger 
Institut für Psychologie I, Universität Leipzig, Germany 

Several studies revealed that unpredictable novel sounds elicit the novelty complex of the event-related brain 
potential (ERP) consisting of a mismatch response, P3a, and RON. Moreover, novels may also result in impaired 
performance in a primary task not related to the novels. These distraction effects were previously reported in adults 
and also in children. Few studies investigated the effects of cognitive load on the processing of novels. However, 
results are less consistent than those related to the novelty effects per se. The present study aimed at investigating 
effects of auditory novels and cognitive load in a visual task on auditory and on visual ERPs in children and adults. 
Novel sounds were interspersed in a sequence of a constant environmental sound, while subjects were engaged in 
a visual task not related to novelty. Subjects (children aged 9-10 years, adults aged 18-30) had to decide whether 
a visual stimulus occurred at a predefined position (0-back = low load) or whether the stimulus of the current trial 
occurred at the same position than the stimulus two trials before (2-back = high load). As to be expected, novels 
elicited the characteristic transient novelty complex in the auditory ERPs. High load resulted in a reduced negativity 
of auditory ERPs which was independent of novel processing and age initially. However, at around 500 ms, an 
interaction age-group times stimulus type (novel vs. standard) times task-load was obtained being due to a larger 
difference between novels and standards in the high-load condition relative to the low-load condition in adults. 
Interestingly, the visual ERPs revealed a reduced P3b in novel relative to standard trials. This shows that novelty 
effects are even present in the processing of the visual target. In conclusion our results support recent research 
about the similarity of the novelty system in children and adults, however, indicating less developed top-down 
control mechanisms in children. 

A-0081 
Voice discrimination process as indexed by mismatch negativity 
O Rogier, M Gomot, C Barthelemy, N Bruneau 
UMR INSERM U930 - CNRS ERL 3106, Université François-Rabelais de Tours, CHRU de Tours, France 

The ability to discriminate human voice is one of the most important functions of the human auditory system and 
is essential for social interactions.
The aim of this study was to investigate whether electrophysiological markers could be used as objective measures 
of voice discrimination by looking at the MMN when the infrequent stimulus was a voice as opposed to a standard 
non-voice stimulus. 
Ten adults participated in this study. Cortical auditory evoked potentials (AEPs) were recorded from 28 scalp 
electrodes during passive listening to human vocal sounds and environmental sounds. Two sequences were delivered 
in counterbalanced order across subjects. The Voc sequence included standard vocal stimuli between which NVoc 
sounds (15%) were interspersed. The NVoc sequence was the exact opposite, with Voc stimuli interspersed between 
NVoc stimuli. Stimuli were derived from those used in Belin et al.’s study (Nature, 2000), segmented in 500-ms 
samples in order to accommodate AEP methodology. Topographical analyses were performed using scalp potential 
(SP) and scalp current density (SCD) mapping.
Results indicated that MMN to voice (calculated from the wave difference between deviant Voc and standard Voc) 
was elicited, culminating at fronto-central sites in the 200-240 ms latency range and with a polarity reversal at 
temporo-mastoid sites.
These findings provide evidence that MMN can serve as an index of voice-category-specific processing and support 
the notion of early processing and representational differences between vocal and non-vocal stimuli. This index will 
therefore be useful in the investigation of voice processing in populations with social interaction disorders. 
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A-0082 
The binaural interaction component: the processing of interaural time and level differences 
B Edmonds, K Krumbholz 
MRC Institute of Hearing Research 

The perceived location of a sound source in the horizontal plane is derived from two cues. Interaural time differences 
(ITDs) reflect the discrepancy in the time-of-arrival of the stimulus at the two ears. Interaural level differences (ILDs) 
reflect the discrepancy in sound level between the two ears. These two cues are thought to be encoded separately 
at the level of the brainstem, but are likely to be combined at higher levels in order to produce a representation of 
sound azimuth. The present study used electroencephalography to investigate the cortical processing of ITDs and 
ILDs.
Evoked responses were recorded for stimuli consisting of a 1500-ms ‘control’ sound immediately followed by a 150-
ms ‘test’ sound. The control sounds were diotic noises whereas test sounds were dichotic. In different conditions, 
the test sound contained (i) a left-lateralized ITD, (ii) a left-lateralized ILD, (iii) a right-lateralized ILD, (iv) synergistic 
ITDs and ILDs (both favoring the left ear), or (v) conflicting ITDs and ILDs (each favoring a different ear).
If ITDs and ILDs are processed independently, one might expect them to engage different cortical networks. In 
which case, the processing of the synergistic and conflict conditions should reflect the contribution of both of these 
networks. A simple model would be to assume that the response to either of these conditions should be equal to 
the sum of the responses elicited by the underlying ITDs and ILDs when presented separately. However, if ITDs and 
ILDs are processed by an integrated network, the responses to the synergistic and conflict conditions would be 
expected to reflect this interaction either as super- or sub-additivity of the individual responses. In order to test this, 
we computed the binaural interaction component (BIC) for the synergistic and conflict conditions. In the former, 
the BIC was computed by subtracting the sum of the responses to the left-lateralized ITD and ILD conditions from 
the response to the synergistic condition. In the latter, the sum of the responses to the left-lateralized ITD and right-
lateralized ILD conditions was subtracted from the response to the conflict condition.
The results showed that ITDs and ILDs are processed by an integrated bilateral network, which responds more 
strongly in the hemisphere contralateral to the perceived direction of a sound source. The magnitude of the BIC 
seems to depend on the degree of perceptual coherence between the two cues. 

A-0083 
Does syllable discrimination lead to cortical overload in dyslexia? 
N Bruneau1, C Hommet1, M A Barthez2, C Barthelemy1, M Gomot1 
1UMR INSERM U930 - CNRS ERL 3106, Université François-Rabelais de Tours, CHRU de Tours, France
2Service de Neurologie et neurochirurgie pédiatrique, CHRU de Tours, France 

The aim of the present study was to improve the understanding of the cortical mechanisms underlying syllable 
discrimination processes in dyslexia and their evolution with age. Topographical analysis (scalp potential and scalp 
current densities mapping) of ERPs elicited in a syllables discrimination paradigm was performed in two different 
age groups of subjects with developmental dyslexia (DD): 12 children aged 8-12 years and 15 young adults aged 14-
23 compared with age-gender-handedness-matched controls.
Each subject received a sequence of naturally produced consonant-vowel syllables (standard /ba/, 86%, deviant 
/ga/, 14%; duration adjusted to 250 ms) and an additional control sequence of /ga/. SOA was 700 ms. EEG was 
recorded from 28 scalp electrodes. Responses to standard stimulus, Mismatch Negativity and Late Discriminative 
Negativity (LDN) to syllable change were studied. 
Results: 1) Responses to standard syllables were similar in both groups of children. 2) MMN and LDN culminated 
at fronto-central sites at around 110 and 360 ms respectively in children, 90 and 380 ms in adults. Both responses 
were of smaller amplitude in children and adults with DD than in CONT. 3) Topographical analysis revealed that 
smaller MMN amplitude was due to weaker activation of underlying generators whereas smaller amplitude of LDN 
in children was due to activation of additional generators (current sources) localized in the left hemisphere This 
might therefore be interpreted as indicating hypersensitivity to non-relevant aspects of the acoustic signals and/
or processing of extraneous cues within the speech signal in DD children, as previously proposed by other authors. 
This atypical LDN pattern in DD tended to normalize at adult age which indicates possible reorganization in syllables 
discrimination processes at a late period of the development. 
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A-0084 
Cortical discrimination of speech sounds in children with Asperger syndrome as determined with the multi-feature 
mismatch negativity paradigm 
S Kuuluvainen1, T Kujala1, S Saalasti1,2, E Jansson-Verkasalo3,4, L von Wendt2, T Lepistö1,2 
1Cognitive Brain Research Unit, Helsinki, Finland
2Department of Child Neurology, Helsinki University Central Hospital, Helsinki, Finland
3Cognitive Laboratory, Clinical Neurophysiology, Oulu University Hospital, Oulu, Finland
4Faculty of Humanities, Logopedics, University of Oulu, Finland 

OBJECTIVE. The aim of this study was to investigate the cortical discrimination ability for five speech-sound features in 
9-year-old children with Asperger syndrome (AS). AS is a pervasive developmental disorder of the autistic spectrum. 
The early language development is considered to be within normal limits. However, parents of individuals with AS 
report peculiarities in the communication from early on. Often, the deficits become more evident from preschool 
age onwards. Previous studies have suggested that cortical encoding of speech sounds and the detection of changes 
in different speech-sound features is atypical in children with AS. The current study investigates cortical speech-
sound processing in children with AS further with a multi-feature mismatch negativity (MMN) paradigm, which 
resembles the natural conversation setting more closely than the traditional oddball paradigm used in the previous 
studies in children with AS.
METHODS. ERPs were recorded to five different syllable deviants (frequency, duration, intensity, vowel and 
consonant) using a multi-feature MMN paradigm in which the standard stimulus alternates with the deviants.
RESULTS. The children with AS showed diminished MMN responses to changes in speech-sound frequency and 
duration as well as enhanced MMN responses to changes in intensity. In contrast, no group differences were found 
for the MMN elicited by vowel changes. The MMNs for consonant changes could not be compared since they were 
not significantly elicited.
CONCLUSIONS. The MMN results suggest that in a variable auditory environment the cortical change detection of 
the prosody-related properties of the speech sound is abnormal in children with AS. The results also give support 
to both the model of enhanced perceptual functioning and to the theory of weak central coherence in autism 
spectrum disorders.
SIGNIFICANCE. The results show that the multi-feature MMN paradigm is a feasible tool in studying cortical speech-
sound processing in children with AS. 

A-0085 
Reversal of “Schizofrenia-like” and “Dementia-like” MMN deficits induced by blockade of excitatory pathways in 
humans effects of indirect NMDA-modulators 
P H Boeijinga, F Santoro, C Staner
FORENAP FRP Research Institute for Neuroscience, Pharmacology and Psychiatry, 27 rte du 4RSM Pav 4, 68250 
Rouffach, France and FORENAP PHARMA, PharmacoDynamic Labs, 68250 Rouffach, France 

Disturbances in integrative function have been consistently described in psychotic disorder; for instance the mismatch 
negativity MMN, belonging to a family of evoked preattentional responses which are an index of automatic context-
dependent information processing, has been shown to be deficient in persons with schizophrenia [3]. Age-related 
decline in MMN has led researchers to associate the ERP-marker with sensory memory, relevant for the study of 
Alzheimer’s disease. Whereas dysfunction of various receptor systems have been reported in these 2 psychiatric 
disorders, the neuropharmacology of MMN in healthy volunteers remains poorly understood and is sometimes 
paradoxical (e.g. [2]). The NMDA antagonist ketamine produces in control subjects a spectrum of neurobehavioral 
symptoms like encountered in schizophrenia. The muscarinic antagonist scopolamine is capable to induce cognitive 
impairment accompanied by deteriorated ERP-markers like in elderlies. 
Pooled data for acute NMDA-antagonist-induced psychosis in healthy volunteers diminished pitch-deviant MMN 
responses on electrode Fz from -2.8 ± 0.7 to -0.9 ± 0.4 μV (matched sample t-test p<0.01, N=15) without changing its 
peak latency of 196 ms. Results on glycine loading, performed as a preliminary proof-of-principle, showed a recovery 
to -2.3 ± 0.9 μV ; in parallel partial relief from thought disturbances was observed [1] supporting glutamatergic 
and phencyclidine/NMDA models of schizophrenia disorder. At the same time the result fits with use-dependency 
concept of NMDA receptors, important for Long-Term Potentiation (LTP) which is considered a substrate for learning 
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and memory. Treatment with various NMDA-receptor modulators and ketamine reversal are discussed in the light 
of NMDA-boosting results, receptor occupancy, as well as neuropharmacology of age-related aspects, namely 
experience, though sparse, with MMN changes when manipulating nicotinic/muscarinic transmission pathways.
[1] Boeijinga PH, Pross N, Luthringer R Fattah S, Danjou P (2008) Novel Prepulse Processing ERP paradigms as marker 
of experimentally induced psychodysleptic deteriorations : 3 Case Studies of ketamine effects on auditory N100-
gating and its reversal in the human brain. Neurol Psychiatry and Brain Res 15(1) ; 51-56
[2] Korostenskaja M, Nikulin VV, Kicić D, Nikulina AV, Kähkönen S. (2007) Effects of NMDA receptor antagonist 
memantine on mismatch negativity. Brain Res Bull; 72(4-6):275-283
[3] Umbricht D, Krljes S (2005) Mismatch negativity in schizophrenia: a meta-analysis.
Schizophr Res. 76(1):1-23. 

A-0086 
Late parietal positive waves to a subject’s own name in unresponsive patients 
D Morlet1,2, I Holeckova3, P Ruby1,2, J B Eichenlaub1,2, C Fischer1,2,4 

1INSERM U821, Brain Dynamics and Cognition, Lyon, France
2Université Lyon 1, France
3Medical Faculty Plzen, Charles IV University Prague, Csech Republic
4Neurological Hospital, Department of Clinical Neurophysiology, Lyon, France 

We report here a series of findings from passive oddball paradigms (tone bursts as standards and deviants) including 
the subject’s own name (SON) presented as a novel (p ≤ 0.03) in healthy awake subjects and in unresponsive 
patients. In a first experiment (15 healthy subjects), the SON was randomly uttered either by an unknown voice 
or by a familiar voice in the same stimulation block. Both types of novels elicited a large novelty P3 response, with 
slightly enhanced amplitudes in the late part of the wave for the familiar voice. The most important difference 
between the two types of novels was a late parietal positivity appearing after the novelty P3, only in response to 
the familiar voice. In a second experiment (12 healthy subjects), the SON uttered by an unknown voice and the SON 
uttered by a familiar voice were presented in separate blocks. Both novels elicited similar novelty P3 responses as in 
the first experiment, but no late parietal positivity could be observed in either condition. In a third experiment (11 
healthy subjects), the SON and another unfamiliar proper name were uttered by an unknown voice and randomly 
presented in the same block. A large late parietal positive wave followed novelty P3 only in response to the SON. The 
passive oddball paradigm including only the SON uttered by an unknown voice was applied in 50 severe comatose 
patients on average 20 days after coma onset. The SON elicited a central-parietal P3 response in 21 of these patients, 
of whom 17 awoke within the next 3 months. In 12 patients (of whom 11 woke up), we observed an additional 
component with more pronounced parietal predominance, significantly prolonging the duration of the P3 response. 
These studies demonstrate that, in healthy subjects, the presence of late parietal positive waves in response to 
SON depends highly on the stimulation context. This result questions about the cognitive counterpart of these 
components. Moreover, late parietal positivities can also be observed in supposedly unconscious patients in whom 
they could highlight some cognitive activity. 

A-0087 
MMN to stress change in speech: rule or regularity? 
F Honbolygó, V Csépe 
Research Institute for Psychology, Hungarian Academy of Sciences 

In a series of experiments we investigated the event-related brain potential (ERP) correlates of the processing of 
suprasegmental speech cues. Currently, the literature about the processing of these cues is scarce as compared to 
well-studied segmental properties, in spite of the fact that the acoustic-phonetic information available in speech 
input is provided both by segmental and suprasegmental cues. One of the suprasegmental cues, the word stress is 
of particular importance, as it plays a crucial role in segmenting the speech stream and sub-serving lexical access. 
The aim of the study was to shed light on the processing characteristics of stress pattern, assumed to depend on a) 
the speech-likeness of the word (speech vs. non-speech stimuli), and b) the intelligibility of the word (word vs. non-
word), by using the method of ERPs.
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In a passive oddball paradigm we contrasted two words differing in their stress pattern (stress on the first syllable 
vs. stress on the second syllable, the later being unviable in Hungarian) in three different conditions. In Condition 
1, we used a meaningful Hungarian word, in Condition 2, we used the low-pass filtered version of the stimuli 
applied in Condition 1 and in Condition 3, we used a meaningless word. Low-pass filtering renders speech stimuli 
unintelligible, but keeps the suprasegmental information intact. The word with stress on the first syllable served 
always as standard, and the word with stress on the second syllable served as deviant. 
As a result, we obtained the mismatch negativity (MMN) component in two of the three conditions. The deviant 
stimulus in Conditions 1 and 3 elicited two MMNs: one as a response to the lack of stress as compared to the standard 
stimulus, and another to the additional stress. However, the first MMN was missing in Condition 2. We interpret 
this finding as a possible brain correlate of crucial differences between the two processes: rule and regularity-based 
for speech uninfluenced by lexicality, and only regularity-based for non-speech. This means that the processing of 
word and word-like stimuli is governed by both salient acoustic features and rule applications, leading to strong 
expectations about the place of stress. However, these expectations are speech-specific, as they do not seem to 
operate for words loosing their “speechness” via low-pass filtering. 

A-0088 
Rule establishment for an higher-order sound feature: Lexicality 
A Muller-Gass1, A Roye2, U Kirmse2,*, K Saupe2, T Jacobsen2, E Schröger2 
1Defence Research and Development Canada, Toronto, ON, Canada
2Institute for Psychology I, University of Leipzig, Leipzig, Germany 

We investigated the detection of rare task-irrelevant changes in the lexical status of speech stimuli. Participants 
performed a nonlinguistic task on word and pseudoword stimuli that occurred, in separate conditions, rarely or 
frequently. Task performance for pseudowords was deteriorated relative to words, suggesting unintentional lexical 
analysis. Furthermore, rare word and pseudoword changes had a similar effect on the event-related potentials, 
starting as early as 165 ms. This is the first demonstration of the automatic detection of change in lexical status that 
is not based on a co-occurring acoustic change. We propose that, following lexical analysis of the incoming stimuli, 
a mental representation of the lexical regularity is formed and used as a template against which lexical change can 
be detected. 

A-0089 
Electrophysiological correlates of multiple acoustic regularities in the human brain 
J Costa-Faidella*, S Grimm, P Díaz-Santaella, L Slabu, C Escera 
Cognitive Neuroscience Research Group, Department of Psychiatry and Clinical Psychobiology, Faculty of Psychology, 
University of Barcelona, Catalonia-Spain 

The encoding of implicit regularities in the auditory environment has been traditionally linked to the mismatch 
negativity (MMN) event-related brain potential (ERP), which is elicited to any new auditory event that violates such 
extracted regularities. Recently, another auditory ERP component termed Repetition Positivity (RP) has been proposed 
as a direct correlate of implicit rule encoding. RP comprises a reduction in N1 amplitude and an increase in P50 and 
P2 amplitudes with standard stimulus repetition. To further investigate the relations between these two phenomena, 
the present study aimed at exploring the effects of local and global probabilities of auditory events on MMN and RP 
simultaneously. ERPs to standard and deviant stimuli differing in frequency were studied in 19 healthy subjects using 
a fixed oddball sequence design embedding multiple acoustic regularities. Such regularities were defined, from local 
to global, as: Repetition, consisting in trains of 2, 6 and 12 simple tones of the same frequency (standards), each 
train followed by a frequency deviant; Run, consisting in the repetition of the previous micro-sequence; and Switch, 
consisting in the repetition of both previous Runs but switching roles between standard and deviant frequencies. 
The fixed sequence of 90 stimuli was repeated 120 times using all possible pair wise combinations of six different 
frequencies. Another sequence was used in order to control for deviant refractoriness effects by replacing standards 
with random tones. Results showed modulation of the true MMN (deviant-minus-control) amplitude as a function 
of the local-global probabilities of the stimulus, thus being enhanced with decreasing probabilities of deviants 
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(Repetition effect, p<0.05), and suppressed when deviants featured a frequency previously presented as a standard 
(Switch effect, p<0.05). Similarly, RP amplitude correlated with increasing probabilities of standards. However, P2 
amplitude was shown to be more sensitive to multiple acoustic regularities of the standard stimulus than RP (Run x 
Repetition interaction, p<0.001; Repetition effect, p<0.001 in Run 1; p=0.05 in Run 2). Importantly, P2 latency range 
coincided with that of the true MMN (around 145 ms post stimulus onset). Furthermore, we retrieved the ERP 
mean amplitude in a time window centered in the MMN/P2 latency range from all standards and deviants occurring 
within the sequence and plotted it as a function of the expectancy of each stimulus. The data fitted a linear model 
(R^2=0.663; p<10^-21) showing a positive correlation between ERP positivity and expectancy (R=0.814), indicating 
that neurophysiological memory traces encode multiple time scales of acoustic regularities. 

A-0090 
Cross-modal effects of letters on the MMN to speech sounds reveals deficient letter - speech sound processing in 
children with dyslexia 
D Froyen1,2, G Willems1,2, A Walter1,2, L Blomert1,2 

1Faculty of Psychology and Neuroscience, Maastricht University, Maastricht, The Netherlands
2Maastricht Brain Imaging Center, M-BIC, Maastricht, The Netherlands 

According to the phonological deficit hypothesis, the core deficit in dyslexia relates to degraded speech sound 
representations which hamper the acquisition and automation of letter - speech sound (LS) associations necessary 
for learning to read. While phonological processing has been investigated extensively in children with dyslexia, 
the consequences of the assumed phonological deficit for single LS processing has received far less attention. The 
present study is the first to report neural correlates of single LS processing in dyslexic children.
Recently the mismatch negativity (MMN) was successfully employed to investigate neural correlates of LS processing 
in eight and eleven year old and in adult non-impaired readers. An effect of letters on the MMN to speech sounds 
was interpreted as reflecting early and automatic LS integration. The development towards adult-like LS integration 
appeared to extend over multiple years: No integration in eight year olds and integration, but not adult-like, in 
eleven year olds. Additionally, a late effect, referred to as the Late Negativity, was observed around 650 ms after 
speech sound onset in eight and eleven year olds but not in adults. Since eight year olds know the relation between 
letters and speech sounds and the effect of letters on speech sound processing was only apparent on the Late 
Negativity, it was suggested to reflect less automated LS association.
In the present study, the same MMN paradigm was used to investigate LS processing in eleven year old children with 
dyslexia. Results revealed no early integration effects but only a late association effect, which resembled mostly the 
results in eight year old non-impaired readers with approximately one year of reading experience. This indicates 
that eleven year old children with dyslexia are still at a very early level of LS processing. Our results are supported 
by a recent fMRI-study revealing lower LS integration effects even in adults with dyslexia. 
The present results furthermore confirmed the existence of a Late Negativity around 650 ms after stimulus onset 
which was clearly distinguishable from the often described Late MMN appearing around 450 ms. The Late Negativity 
was not observed to speech sounds in isolation and might thus reflect cross-modal association effects. Although 
there is a trade off with measuring time, the present study shows that the use of longer epochs might, depending 
on the research question, gain important insights. 

A-0091 
ERP correlates of memory load and congruency in processing familiar songs 
H Jolsvai1,2, E Sussman1 
1Department of Neuroscience, Albert Einstein College of Medicine, Bronx, New York, USA
2Research Group of Developmental Psychophysiology, Institute for Psychology, Hungarian Academy of Sciences, 
Budapest, Hungary 

The distance between related elements within a sentence taxes working memory (WM), since an element must be 
kept active until it is connected to the one to which it is related (e.g., subject and verb). Two ERP experiments using 
musical contingencies were conducted to test the exclusiveness of electrophysiological indices of language-specific 
dependencies (e.g., anterior negativity). We hypothesized that brain activity elicited by language violations may be 
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generalized to similar musical violations.
Familiar American children’s songs were cut into musical phrases. The song phrases were presented to participants 
in pairs, separated by a time delay (short, ISI=800 ms, long ISI=2800 ms). Half of the pairs were congruent (the 
second melody part completed the first) and the other half were incongruent (the two song parts did not match). 
Thus, there were four conditions: short delay with congruent phrases, short with incongruent, long delay with 
congruent phrases, and long with incongruent. In Experiment 1 (Ignore), subjects ignored the song stimuli and 
watched a captioned movie. In Experiment 2 (Attend), subjects judged the congruency of the pairs. In both Ignore 
and Attend experiments, ERPs to the second phrase of the pairs were compared across the four conditions. 
In the Ignore experiment, a Sustained Negativity (SN) occurring between 400-700 ms post-stimulus onset was 
more negative for long delayed pairs than short delayed pairs. After 700 ms, the SN decoupled by congruency. In 
Experiment 2, a transient fronto-central negative peak, the anterior negativity (AN), was observed between 300- 
400 ms. AN amplitude was larger for delayed pairs if they were incongruent. In contrast, the SN that followed the 
AN reflected only WM load. 
Our data provide evidence supporting the WM view of AN. Without focused attention towards the sounds, 
congruency affected only the SN. AN was not elicited in the Ignore experiment. These results are consistent with 
the view that anterior negativities correlating with violations reflect a general error detection process. In this view, 
AN reflects a non-language specific operation of general sequence-processing capability, based upon the previous 
elements, or structure of a sequence, which allows the prediction of successor elements. 

A-0092 
The quest for natural, finely controlled speech stimuli for MMN experiments: Is it possible? 
W Hutch1,*, C M  Pettigrew1, R Fourie1, P Alku2 
1Department of Speech and Hearing Sciences, Brookfield Health Sciences Complex,
University College Cork, Ireland
2Department of Signal Processing and Acoustics, Helsinki University of Technology, Finland 

BACKGROUND. Mismatch Negativity (MMN) is a form of ERP, which provides feature-specific information about 
the central processing of discriminable changes in auditory stimulation. It is well established that feature-specific 
information needs to be strictly controlled in MMN studies but this can be particularly challenging with speech 
stimuli due to their acoustic features. In particular, the development of natural-sounding word/pseudoword stimuli 
in English has mostly focused on stop-consonant acoustic changes, to facilitate cross-splicing of stimuli and maintain 
“naturalness”. However, this restricts the range of possible word stimuli to be used in MMN studies of English-
speaking individuals, and reported results have been variable across previous studies. To date, no studies have 
included English stimuli that include a fricative-consonant acoustic change, the nature of which might facilitate 
more robust and reliable responses. 
AIM. The aim of this study was to develop natural-sounding English word and pseudoword speech stimuli. This 
involved a fricative-consonant acoustic change, using a new method for strictly controlling feature-specific 
information. 
METHODS. The experimental stimuli included two short English words: (peace) and (“peash”). The researchers 
recorded multiple repetitions of these stimuli uttered by a male native speaker of (Irish) English and selected stimuli 
from these repetitions whose vowels matched in fundamental frequency (F0), mean energy and overall duration. 
To create the final stimuli, cross splicing was used. For example, the word “Peat” (donor word), was broken into a 
nucleus [pea] and then either an [sh] or a [ce] was attached onto the donor nucleus. Cross splicing in this manner must 
take into account the characteristics of the donor segment, as the vowel in the donor segment carries anticipatory 
information in terms of formant transitions that predict the place of articulation of the final covariant. The stimuli 
were normalized to have the same loudness by matching their root-mean-square (RMS) power. 
RESULTS. Carefully controlled natural speech stimuli were created, following the meticulous procedure of the 
stimulus preparation outlined above. Discrimination testing has shown a 100% correct identification of difference 
between the standard and deviant stimuli.
CONCLUSION. The method outlined above will facilitate a range of accurate natural speech stimuli in English that 
could be used in MMN studies. Furthermore, these may be more ecologically valid than stimuli developed using 
previous methods. A pilot study of 20 participants is currently underway to determine the robustness of the MMN 
responses to these stimuli in healthy young adults. 
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A-0093 
Multisensory Integration: Visual influences on auditory cortical processing 
L Swamy, E Sussman 
Department of Neuroscience, Albert Einstein College of Medicine, Bronx, NY, USA 

BACKGROUND. Successful environmental interactions depend on the brain’s remarkable ability to integrate 
information from different sources to produce behaviorally relevant responses. However, precise neurophysiological 
mechanisms of multisensory processing in humans are still largely unknown. 
OBJECTIVE. The purpose of this study is to further our understanding of human cortical multisensory integration 
using a combined approach of ERP recordings and psychophysical measures. In order to exclusively assess whether 
auditory-specific responses are modified by visual input, we developed a unique redundant-target paradigm.
METHODS. In our paradigm, there were three conditions: auditory-only (AO), visual-only (VO), and auditory-visual 
(AV). In the AO and VO conditions, participants were presented with an “oddball” paradigm by moving the pitch 
of the tone or the position of the object on a computer monitor, respectively, up or down. In the AV condition, a 
series of standard and deviant tones were presented simultaneously with a visual object. The auditory deviants 
were specified as the targets, and the visual objects were used to provide additional information about the stimuli. 
There were two equiprobable deviant types — match and mismatch. For match deviants, the object on the screen 
moved redundantly with the deviant tone, up or down. For mismatch deviants, the object remained at the standard 
position on the screen when deviant tones were presented.
RESULTS. Faster reaction times and a significantly higher accuracy (d’) were found for AV match deviants compared 
to AO deviants. The AV mismatch deviants resulted in the slowest reaction time, lowest hit rate, and lowest accuracy. 
Consistent with these findings, the amplitude of the MMN and P3b components were attenuated for AV mismatch 
deviants compared to AV match deviants presented in the same condition, as well as to the AO and VO conditions.
CONCLUSION. These findings indicate that there are visual effects on auditory discrimination. Furthermore, we 
found an effect of redundancy, in which a facilitation effect was observed only for redundant (match) but not for 
non-redundant (mismatch) stimuli in our paradigm. Initial conclusions of our study demonstrate that there are 
multiple ways in which humans can process and use concurrent auditory and visual stimuli. 

A-0094 
Preliminary Study of Auditory Brainstem and Middle Latency Evoked Potentials In a Passive Oddball Paradigm 
L Slabu, S Grimm, J Costa-Faidella, C Escera 
Cognitive Neuroscience Research Group, Department of Psychiatry and
Clinical Psychobiology, University of Barcelona, Catalonia - Spain 

Humans are able to detect unexpected new events in the auditory environment. The neural correlates of change 
detection are commonly studied through the oddball paradigm. Auditory event-related studies indicate that oddballs 
reliably elicit a negative potential approximately 100-300 ms after the stimulus onset called mismatch negativity 
(MMN) response. Besides the temporal and possible frontal and parietal contribution to MMN generation, few 
animal studies reported a MMN like-response in the non-primary thalamus and inferior colliculus. In humans, an 
investigation of the thalamic and brainstem auditory structure involvement in auditory novelty detection generation 
is yet lacking. 
The goal of the current pilot study is to investigate the effect of auditory frequency deviance detection in the time 
range of the auditory brainstem (ABR) and middle latency (MLR) responses using an oddball paradigm. Forty ms 
broadband noise bandpass-filtered, ranging from 500 to 3000 Hz in steps of 500 Hz, were delivered with a stimulus 
onset asynchrony of 86 ms at 100 dB SPL to the left ear. White noise was presented to the right ear at 70 dB SPL to 
mask any background noise. Three blocked conditions were presented: an oddball block with a deviant probability 
of p=0.2; (b) a reverse oddball block; and (c) a control block in which stimuli of five different frequency bands were 
presented randomly, each with a probability of p=0.2. ABR and MLR responses were recorded from 5 participants at 
Cz and mastoid electrodes using right ear lobe as the reference.
The latency and amplitude of the waves V, Na, Pa, Nb were studied in deviant stimuli in comparison to physically 
identical standard and control stimuli. Our results indicate the absence of significant differences in the ABR. In the 
MLR time range differences were obtained for the Pa component (t(4) = 3.05, p < .038) at a latency window of 29 to 
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33 ms, for deviants compared to standards for the 1000-1500 Hz frequency range. This might reflect a probability-
sensitive index, clearly preceding MMN, even though not at the level of the auditory brainstem. Results are in line 
with the findings of Grimm et al., 2009, supporting the validity of the use of animal models in the search of the 
human correlates of novelty detection. 

A-0095 
Duration Mismatch Negativity is impaired in the Schizophrenia Prodrome 
R Atkinson1,2, U Schall1,2,3, W Stojanov1, R Inkpen1, S Hunt1, K Helmbold1, S Halpin1,3, V Carr1,2,3, J Todd1,2, P Michie1,2,* 
1Centre for Brain & Mental Health Research, University of Newcastle, Newcastle, Australia
2Schizophrenia Research Institute, Sydney, Australia
3Hunter New England Area Health, New South Wales, Australia 

BACKGROUND. Mismatch negativity (MMN) to tone duration deviants has consistently been shown to be reduced 
in schizophrenia suggesting a deficit in sensory auditory memory. Moreover, the MMN abnormality can be linked to 
the underlying neurochemical (e.g., glutamate hypofunction) and neuroanatomical abnormalities (e.g., reduction in 
cortical brain matter and associated cognitive deficits), that have been implicated in schizophrenia. A smaller MMN 
response also predicts susceptibility to NMDA-related psychotic experiences induced by the glutamate antagonist 
ketamine and may therefore identify “ultra high risk” (UHR) individuals prior to the onset of schizophrenia. Here 
we report on an ongoing study investigating MMN as a possible risk factor for the later development of psychosis 
in an UHR population. To date MMN data has been obtained from 20 healthy control subjects and 72 referrals 
to a specialized mental health service for the identification of individuals at ultra-high risk (UHR) of developing 
schizophrenia.
METHODS. MMN was derived as subtraction waveforms of event related potentials (ERPs) to frequent short (50 
ms) or long-duration (100ms) standard tones minus ERPs to infrequent short or long-duration deviant tones, 
respectively.
RESULTS. The largest MMN amplitudes were recorded in control subjects compared with MMN from 13 referrals 
meeting criteria for first-episode psychosis (FEP) and 25 UHR referrals, with significant effects of duration type and 
group. The UHR group showed a reduction of the MMN amplitude that was intermediate between the healthy 
controls and FEP groups. Furthermore a reduced, though non-significant reduction of MMN was recorded in 7 UHR 
individuals making a confirmed transition to schizophrenia one year after UHR identification in comparison to 19 
UHR individuals who did not make such a transition.
CONCLUSION. Our preliminary findings suggest impaired MMN appears to be associated with prodromal 
schizophrenia, consistent with glutamate hypofunction in the emerging illness. 

A-0096 
The influence of word meaning on central auditory processing indicated by late MMN 
S-E Lee1,*, C Thomas1,2, K Hennighausen1, M Schecker1 
1Neurolinguistic Laboratory, Department of Child and Adolescent Psychiatry and Psychotherapy,
University of Freiburg, Freiburg, Germany 
2Experimental Neurolingustics Group, University of Bielefeld, Bielefeld, Germany 

The Mismatch Negativity (MMN) has long been shown to serve as a useful tool to probe central auditory functions in 
adults, children and clinical populations (for a review Kujala et al. 2007). It has also been used to study phonological 
learning effects (e.g. Shestakova et al. 2003) and it has been found that the influence of word related memory traces 
on central auditory processing are indicated by the MMN (e.g. Pulvermüller et al. 2004; for a review Näätänen et al. 
2007). In this study we questioned, whether learning of word meaning also influences the MMN. 
We used a passive oddball paradigm comprising three conditions. The deviant /fa-pe/ in the first condition was an 
unknown German pseudoword and the pseudoword /fa-po/ was the standard. In the second condition the deviant 
was the same pseudoword as in condition 1 with the difference that it had previously been assigned with meaning 
in a special learning phase. Finally, in the third condition, a German real word /ma-pe/ (German for “folder”) served 
as deviant and the pseudoword /ma-po/ as standard. The idea was to vary the deviants according to their degree of 
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semantic-conceptual meaning. All deviants were presented among pseudoword standards and a control deviant (/
fa-pu/ and /ma-pu/ respectively, meaningless pseudowords) was also presented in each condition. 
In condition 1 and 2 two MMN-deflections, MMN1 (120 - 280 ms) and MMN2 (350 - 600 ms), could be observed. 
Comparing the MMN-amplitude values of condition 1 with condition 2 a decrease in amplitude to the deviant could 
be observed only for MMN2. As the electrophysiological reactions to the neutral deviant remained similar in both 
conditions, the observed electrophysiological difference in the MMN2 deflection is interpreted as meaning related 
learning effect.
In condition 3 the real word deviant among the pseudowords evoked a significant P3a following MMN1 (this was 
not the case in the condition 1 and 2). No P3a was found as reaction to the control deviant. This was interpreted as 
an involuntary allocation of attention to the real word. 

A-0097 
Malfunctioning of new word learning in SLI children as indexed by Mismatch Negativity 
S-E Lee1,*, C Thomas1,2, K Hennighausen1, M Schecker1 
1Neurolinguistic Laboratory, Department of Child and Adolescent Psychiatry and Psychotherapy,
University of Freiburg, Freiburg, Germany 
2Experimental Neurolingustics Group, University of Bielefeld, Bielefeld, Germany 

For several decades, the aetiology of Specific Language Impairment (SLI) has been associated with central auditory 
processing deficits disrupting the normal language development of the affected children. Within research on central 
auditory processing Mismatch Negativity (MMN), a component of the event-related potentials (ERP), is a useful tool 
to probe central auditory functions of SLI children (e.g. Rinker et al. 2007, for a review Bishop 2007). 
The MMN has also been used to study phonological learning effects (Shestakova et al. 2003). It is also known that 
memory traces of words influence central auditory processing (e.g. Pulvermüller et al. 2001, 2004, for a review 
Näätänen et al. 2007; see also Lee et al. 2009, and another Poster). We wanted to investigate whether learning of 
word meaning influences central auditory processing in SLI compared with normal children. 
10 SLI-children and 19 age matched controls participated in a passive oddball paradigm, which comprised two 
conditions. In both conditions the German pseudoword /fa-po/ served as standard stimulus, /fa-pe/ as deviant 1 
and /fa-pu/ as deviant 2. Before the second condition, subjects learned to connect meaning with the deviant 1. 
For deviant 1, we observed a significant reduction of MMN-amplitude and the elicitation of a P3a after learning in 
the control group. There were no changes concerning deviant 2. This leads to the interpretation that the reduction 
of MMN and the P3a can be ascribed to meaning learning. In the SLI-group, such changes were not observed after 
learning. 
In this study the reduction of the MMN-amplitude in the control-group was interpreted as meaning-related MMN-
effect caused by the possibility to connect the incoming auditory information with conceptual-semantic knowledge. 
It was also suggested that the P3a reflects an automatic attention switch to the newly learned verbal stimulus.
These meaning effects could not be observed in the SLI-group, as no change after learning could be confirmed. We 
hypothesize that the learning-mechanism of new verbal meaning malfunctions in children with SLI. 

A-0098 
Visual mismatch negativity (vMMN ) to attended and unattended moving stimuli 
N Kuldkepp1, M Tamm1, J Allik1, R Näätänen1,2,3, K Kreegipuu1 
1Institute of Psychology, University of Tartu, Tartu, Estonia
2Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland 
3Center for Functionally Integrative Neuroscience, Aarhus University, Aarhus, Denmark 

We studied the processing of visual motion using event related potentials (ERP) recorded with 14 active electrodes 
and a paradigm to elicit visual mismatch negativity (vMMN) on 12 observers. vMMN was obtained to the difference 
in a direction of a regularly moving (200 ms of motion, 600 ms pause) background (0.65 c/deg sine grating, luminance 
range 0.13-128.2 cd/m2, eccentricity 5.23 deg, velocity 1.6 deg/s). Proportion of standard stimuli was 85% and 
random deviants (motion in the opposite direction) 15%. In this study, attention was taken under control using 
manual reaction time task. In the “ignore” condition, there was a simple reaction time task, where the observer 
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had to ignore the background and react to motion onset of a central circular target area (same sine grating as 
the background, diameter 8.26 deg, velocity 0.6 deg/s, equal left-right probability, irregular onset time). In the 
“attended” condition, there was a choice reaction time task, where the observer had to press left or right button 
depending on whether the target area and the background were moving in the same or opposite directions. Results 
showed ERP differences for standard and deviant background stimuli. Deviants evoked a more negative potential 
than standards (i.e., vMMN) in both conditions in visual areas of occipital cortex and in posterior temporal cortex. 
This negativity (peaking at ~150-160 ms) was not significantly modulated by attention. However, in the attended 
condition the early negativity component was followed by later negativity, less seen in the unattended condition, 
reflecting more diffuse processing probably due to relatively demanding primary task. 

A-0099 
New linguistic multi-feature paradigms for infant and child ERP studies 
E Partanen 
Cognitive Brain Research Unit, Helsinki, Finland and Center of Excellence in Multidisciplinary Music Research, 
Helsinki/Jyväskylä, Finland 

While event-related potentials (ERPs) extracted from electroencephalography (EEG) may be one of the most popular 
methods to study cortical development and sound processing capabilities in infants, the method is still problematic 
in many ways. Keeping an infant or young child content while attaching electrodes and for the total duration of the 
experiment is very challenging. Often the recording time is limited to approximately 20 minutes. This clearly limits 
the amount of data gathered. The more complex stimuli are utilized, the smaller are the expected responses, and 
thus more trials are required to generate a sufficient amount of data to have reliable results. To utilize the short 
period of EEG recording as effectively as possible, the ERP measurement paradigm needs to contain the maximum 
amount of repetitions of the stimuli of interest in the shortest possible time. To this end, several variations of the 
multi-feature paradigm by Näätänen were developed. The multi-feature paradigm was originally developed for 
adult ERP studies to elicit mismatch negativity (MMN) response, which is an automatic change-detection response 
of the brain. In the multi-feature paradigm every second stimulus is a deviant while every other is a standard; this 
allows for recording of variety of deviant types in a very short amount of time and thus makes it possible to record 
an extensive auditory discrimination profile for several auditory attributes.
We present here two different linguistic paradigms for adult and infant MMN studies developed as an extension 
of the multi-feature paradigm. The CV multi-feature paradigm utilizes synthetic syllables /te/ and /pi/ as standards 
with five different deviant types: frequency, vowel duration, intensity, vowel quality change, and consonant quality 
change. The trisyllabic multi-feature paradigm uses a trisyllabic pseudo word /tatata/ recorded from natural speech 
as a standard, and the same pseudo word with the middle syllable changes either in frequency, vowel duration, 
intensity or vowel quality as deviants. In the trisyllabic paradigm, the first and last syllable act as acoustic maskers, 
making the detection of changes in the middle syllable inherently more difficult. We present data from these 
paradigms from adults (n=17) and infants (n=16 for single syllable and n=12 for trisyllable paradigm) showing that 
the paradigms are applicable for assessing linguistic skills and prospects for speech perception. 

A-0100 
The processing of self-initiated but unexpected sounds: Evidence for an internal prediction mechanism 
P Baess1, A Schimming2, P E Keller2, E Schröger1 
1University of Leipzig, Institute of Psychology, BioCog - Cognitive including biological psychology, Leipzig, Germany
2Max-Planck-Institute for human cognitive and brain sciences, Independent Junior Research Group “Music Cognition and Action 

How can we accurately discriminate between the sensory consequences of our own actions and from those of 
others? With internal prediction mechanisms, the sensory consequences of one’s own actions can be predicted, in 
contrast to those of others, which can not be predicted. 
In human EEG studies, it has been shown that self-initiated sounds elicited a smaller N1 response than did externally-
initiated sounds. In previous studies, the self-initiated sounds were, at least partially, expected. Here, we tested 
whether self-initiated but unexpected sounds would also elicit an attenuated N1 response, as did self-initiated but 
expected sounds compared to externally-initiated sounds. 
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The participants were asked to press one of two buttons equally often in a self-paced interval that triggered the 
presentation of either a high or low piano sound. A different, unexpected piano sound randomly followed one of the 
two button presses. Identical sound sequences were played back as externally-initiated sounds. 
Diminished N1 responses were observed for the self-initiated expected sounds compared to the externally-
initiated replayed sounds. The N1 amplitudes for self-initiated unexpected sounds were also attenuated. Further, 
the unexpected sounds elicited another negativity around 200 ms (similar to an N2b component) which was not 
seen with self-initiated expected sounds or externally-initiated replayed sounds. Thus, the internal prediction 
mechanism presumably tolerates unexpected but self-initiated sounds. In addition, the late negativity observed for 
the processing of unexpected sounds points towards the involvement of a ‘target detection system’ since a sound 
was produced which was not intended. 

A-0101 
A change of meaning causes connectivity changes within higher levels of the auditory cortical heirarchy 
T Schofield, P Iverson, S J Kiebel, K E Stephan, J M Kilner, K J Friston, J TCrinion, C J Price, A P Leff 
Wellcome Trust Centre for Neuroimaging, 12 Queen Square, London and UCL Division of Psychology and Language 
Sciences, Chandler House, 2 Wakefield Street, London 

Early cortical processing of speech and non-speech sounds occurs bilaterally within primary auditory cortex and 
surrounding regions of the superior temporal gyrus; however, the manner in which these regions interact during 
speech and non-speech processing is not well understood. Here, we investigate the underlying neuronal architecture 
of the auditory system with magnetoencephalography and a mismatch paradigm. We used a spoken word as a 
repeating ‘standard’ and periodically introduced three ‘oddball’ stimuli that differed in the frequency spectrum 
of the word’s vowel. The closest deviant was perceived as the same vowel as the standard, whereas the other 
two deviants were perceived as belonging to different vowel categories. The neuronal responses to these vowel 
stimuli were compared to responses elicited by perceptually matched tone stimuli under the same paradigm. For 
both speech and tones, deviant stimuli induced coupling changes within the same bilateral temporal lobe system. 
However, vowel oddball effects increased coupling within the left posterior superior temporal gyrus, whereas 
perceptually equivalent non-speech oddball effects increased coupling within right primary auditory cortex. Thus, 
we show a dissociation in neuronal interactions, occurring at both different hierarchal levels of the auditory system 
(superior temporal versus primary auditory cortex) and in different hemispheres (left versus right). This hierarchical 
specificity depends on whether auditory stimuli are embedded in a perceptual context (i.e., a word). Furthermore, 
our lateralization results suggest left hemisphere specificity for the processing of phonological stimuli, regardless of 
their elemental (i.e., spectrotemporal) characteristics. 

A-0102 
Deviant standards: Effects of stimuli and oddball status on the MMN in speech sound discrimination
of monolingual and bilingual speakers 
M Molnar, K Steinhauer 
McGill University, Montreal, Canada 

Vowel perception patterns of monolingual (English and French) and simultaneous bilingual (English/French) adults 
were investigated using an unattended auditory oddball paradigm. The discrimination abilities of each language 
group were measured in response to four vowels whose phonemic status varied between languages: French [u], 
English [u], French [y], and an acoustically distinct non-phonemic control [y]. Stimuli were created using the Variable 
Linear Articulatory Model (VLAM) (Boë & Maeda, 1998) which simulates realistic vowels in terms of articulatory-to-
acoustic relationships. ERPs were collected in four experimental blocks. Every block contained one of the vowels as 
a standard and the remaining three vowels as deviants; in this way, each token served both as a standard and as a 
deviant (three times) within the same paradigm. 
The overall results are in line with previous electrophysiological and behavioral findings: monolingual speakers 
exhibited increased sensitivity to the phonemic status of the vowels compared to the acoustic properties differentiating 
the sounds. Bilingual speakers demonstrated a slower response but seemed more sensitive to acoustic patterns than 
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monolinguals. In addition to the effect of language experience on the MMN, the oddball status (standard or deviant) 
of the vowels was also considered. Since each sound served as a standard and as a deviant in comparison to all the 
other sounds, not only the MMN triggered by the acoustic/phonemic changes in the stimuli were measured but also 
the MMN elicited purely based on the oddball status of the same tokens was examined. Possible methodological 
implications of such a design will be discussed. 

A-0103 
Intermodal attention effects of the Auditory steady-state response and the Event-related potential evoked by 
artificial and natural sounds 
K Saupe*, A Widmann, A Bendixen, M M Müller, E Schröger 
Institut of Psychology I, University of Leipzig 

The aim of the present study was to simultaneously measure and compare intermodal attention effects in event-
related brain potentials (ERPs) and auditory steady-state responses (ASSRs). For this purpose, 40-Hz amplitude 
modulated sounds (sinus tones or complex noise sounds) and a visual fixation cross were presented concurrently. 
By means of target detection tasks either on the sounds or on the fixation cross, participants’ attention was directed 
to the respective modality. Attended sounds elicited a negative difference (Nd) in the ERP relative to unattended 
sounds. Nd was divided into an early and a late part as often observed for intramodal attention. We found a 40-
Hz ASSR for amplitude modulated sinus tones, as well as for complex noise sounds. Moreover, attention to the 
amplitude modulated sinus tones led to a significant enhancement of the ASSR. These results illustrate, once more, 
the inconsistency in finding attention effects on the auditory ASSR, yet at the same time show, that such modulations 
are possible. The present data suggest that ASSRs could provide a useful tool for the investigation of the neural 
dynamics of intermodal attentional processes. 

A-0104 
Structure underlying the mismatch negativity revealed by independent component and time / frequency analysis 
M J Hardiman1, J G Barry2, D V M Bishop1 
1Department of Experimental Psychology, University of Oxford, Oxford, UK.
2Max Planck Institute of Human Cognition and Brain Sciences, Leipzig, Germany 

We are interested in the neural mechanisms underlying specific language impairment (SLI). In order to study the 
relationship between behavior and physiology in individuals with or without SLI we need to determine factors 
underlying variation in the mismatch negativity (MMN). 
Event related potentials were recorded in 31 parents of SLI children and in 32 parents of typically developing children. 
Participant selection was described in detail by Barry et al. (2006) Genes Brain and Behaviour. 6. 66-76. The MMN 
was generated by tones presented in an odd-ball design. The standard stimulus was 1000 Hz and deviants 1200 Hz 
and 1030 Hz. Each deviant was randomly presented on 15% of trials. Stimulus duration was 175 ms. Stimulus onset 
asynchrony was 1000 ms.
The MMN was examined by conventional analysis of amplitudes, and by independent component analysis (ICA) and 
time / frequency analysis from the EEGLAB suite of programs (Delorme and Makeig, 2004). Journal of Neuroscience 
Methods. 134, 9-21). 
The parental groups differed only in their latency to peak amplitude. We found that the MMN was generated at 
different temporal positions in individuals. Deviation from the STD could occur at several latencies corresponding to 
the P1, N1 and P2. Each deviant produced a different pattern of responses according to the salience of the stimulus, 
deviations occurred later for the smaller frequency difference. 
ICA revealed components related to the N1 and P2 of the deviant ERP. The components differed in spatial as well 
as temporal domains. In the frequency domain the responses were similar. Components of the MMN related 
to differences about the time of the N1 were central and rostral, concentrated about Fz, FCz and Pz, whereas 
components related to differences at the time of the P2 were maximal at sites more rostral to those generated at 
the time of the N1 and usually included responses recorded from electrodes F3, Fz and F4.
It is possible that MMNs formed by changes at N1 and those at P2 are produced by the same neuronal population. 
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Later responses being delayed by some mechanism. By this idea we can explain significant differences between 
the parental groups as a delay in detecting differences in stimuli when the differences are small. Alternatively the 
MMNs may be produced by different neuronal populations and it is a lack of activity in one population of cells that 
underlies the difference between parental groups. 

A-0105 
Event-related potentials associated with alternative sound organizations and a dominant organization 
R Takegata1,*, K Junttila1, R Näätänen1,2,3 

1Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Finland
2Department of Psychology, University of Tartu, Estonia
3Center for Functionally Integrative Neuroscience, Aarhus University, Denmark 

Perceptual sound organization is considered to emerge via two stages: First, alternative organizations are formed 
on the basis of frequency-temporal features of sounds. Second, a dominant organization is chosen for perception. 
The current study wished to determine event-related potential (ERP) component associated with these two stages 
by using sequences where the temporal and frequency features prompted either an identical organization or 
different two organizations. The ERP component associated with the first stage should be observed for both possible 
organizations, whereas the ERP for the second stage should be obtained only for the dominant organization. Subjects 
were presented with low (L), middle (M), and high (H) tones in a repetitive tone pattern (LMMH..). In separate 
sequences, the pitch intervals of 2, 7, and 16 semitones were used to make the dominant organization varied 
from a coherent stream (LMMH-..) to separate three streams (L-L-L-.., M-M-M-.., H-H-H-..) as the pitch interval 
increased. In all sequences, the inter-stimulus interval prompted the stimulus tones perceived in pairs (LM--MH--..). 
Two types of changes were embedded in the stimulus sequences: one was the omission of the second tone of the 
pair (omission deviant), which could serve as a deviant when the stimuli were perceived in pairs. The other was a 
frequency change in the middle tone (frequency deviant), which could serve as a deviant when the stimuli were 
segregated in three streams. During the ERP recording, subjects watched silent movies of their own choice with 
subtitles and ignored the stimulus sounds. In all conditions, both types of deviants elicited a significant mismatch 
negativity (MMN) followed by P3a. In general the MMN amplitude varied as expected; the omission MMN was 
slightly larger with small than large pitch separation, whereas the opposite was the case for the frequency MMN. 
The effect of dominant sound organization was more prominent in P3a. The current findings suggested that the 
MMN reflects alternative organizations, whereas P3a is associated with the dominant organization. 

A-0106 
Ambulatory MMN profile recording 
M Järvenpää1,2,3,*, A Paukkunen3,4 
1Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland
2Finnish Centre of Excellence in Interdisciplinary Music Research, Finland
3Department of Electronics, Helsinki University of Technology, Espoo, Finland
4Graduate School of Electrical and Communications Engineering, Helsinki University of Technology, Espoo, Finland 

Mismatch negativity (MMN) is one of the most promising ERP effects for a clinical tool. Clinically relevant information 
on patient’s cognitive skills can be extracted using the multi-feature MMN paradigm for recording the auditory 
discrimination profile. Relevant features for the stimulus sequence are chosen according to the clinical question.
In this work, the benefits of using an application-specific recording system to measure MMN were studied. 
According to the results, optimization would allow significant cost reduction, increased research volume and, thus, 
creating more convincing databases. Additionally, it would enable bringing clinical MMN recording procedures 
from specialized departments to the patients. Here, the optimization task was applied to MMN, but the effects of 
optimization are most likely to be similar for any kind of ERP response. 
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A-0107 
Word frequency effect on mismatch negativity in human brain 
D O Belyaeva, A A Alexandrov 
Saint Petersburg State University, Department of Higher Nervous Activity and
Psychophysiology, Faculty of Biology and Soil Science, Faculty of Medicine, Saint Petersburg, Russia 

In the present study, the effect of spoken word frequency on mismatch negativity (MMN) was investigated. Words’ 
frequency of occurrence is one of the relevant psycholinguistic parameters to characterize the process of lexical 
identification and it seems probable that there might be differences in latency and amplitude of MMN evoked by 
words with different frequency of occurrence. 
The stimuli consisted of four pairs of synthesized consonant-vowel-consonant words with different frequency of 
occurrence in Russian language. Each pair was presented to ten healthy subjects (age range 19-29) in an oddball 
paradigm in direct (i.e. word 1 as the deviant stimulus and word 2 as the standard stimulus) and reversed condition 
(i.e. word 2 as the deviant stimulus and word 1 as the standard stimulus), which provided equal influence of physical 
differences between stimuli on the MMN. Also acoustical difference between stimuli was the smallest (variance 
between words in a pair was the only one vowel) thus providing minimum influence on the parameters of the 
MMN.
We found that words with high and moderate frequency of occurrence elicited significantly enhanced MMN with 
shorter peak latency as compared to words with low frequency of occurrence. For example, in the most demonstrative 
pair a strong evidence of the MMN was found in 40 ms windows around individual peaks when a frequent word 
(‘mir’) was presented as the deviant stimulus among the repetitive rare words (‘mor’) as the standard stimuli (F 
(1,7) = 40.42, p = 0.0004), while in reversed condition (low frequency word as the deviant) there were no such 
differences.
So, a frequent word may represent a more relevant change in repeating acoustic stimulation and elicit stronger MMN 
- a mechanism of involuntary attention, which plays an important role in the processes of speech comprehension. 
Also, words with high frequency of occurrence might be processed faster than low frequency words, which is 
reflected by shorter peak latency of MMN. 

A-0108 
High-frequency evoked oscillations during pitch and duration deviance detection are differentially altered
in schizophrenia 
G Csifcsák1,2,*, N Domján2, E A Garab3, I Szendi2, Z Janka2 
1Institute of Psychology, University of Szeged, Szeged, Hungary
2Department of Psychiatry, University of Szeged, Szeged, Hungary
3Department of Cognitive Science, University of Technology and Economics, Budapest, Hungary 

INTRODUCTION. Impaired automatic context-dependent deviance detection as reflected by alterations of the 
mismatch negativity (MMN) auditory event related potential is a well-known deficit in schizophrenia. While 
it seems that both pitch (pMMN) and duration (dMMN) deviant MMNs are normal at illness onset, they show 
progressive amplitude reduction with dMMN being more sensitive to ongoing neurodegenerative changes. Despite 
the large literature on MMN, its underlying neural processes still remain controversial. Time-frequency analysis is 
an ideal tool for deconstructing event related brain activity into different frequency bands, where high-frequency 
oscillations (HFOs) in the beta and gamma frequency range are supposed to reflect network binding and have also 
been implicated in object representation. In healthy subjects, a shift from early evoked gamma (30-80 Hz) to beta 
1 (12-20 Hz) activity can be observed during pitch deviancy detection (Haenschel et al., 2000). Given that several 
studies reported abnormal beta/gamma activity in schizophrenic patients, the aim of our study was to investigate 
whether pMMN and dMMN are characterized by similar HFO patterns and if they are altered in schizophrenia.
METHODS. Twenty-seven DSM-IV schizophrenic patients and 22 matched healthy control subjects participated in 
the study. Standard (100 ms, 1000 Hz), pitch deviant (100 ms, 1500 Hz) and duration deviant (250 ms, 1000 Hz) 
tones were presented binaurally in a fixed 9:1 stimulus sequence. EEG was recorded with 19 scalp electrodes; time-
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frequency analysis was performed with complex Morlet wavelet analysis.
RESULTS. Both pMMN and dMMN showed significant amplitude reductions in the patient group. Regarding MMN 
latencies, no significant changes were observed, however, dMMN was slightly prolonged in the patient group 
(F=1.76, p=0.06). Wavelet analysis revealed three high-frequency oscillations (with peak amplitudes at 16, 30 and 
40 Hz respectively) for pitch deviant and two (peak frequencies: 16 and 30 Hz) for duration deviant sounds. In the 
patient group right frontal beta1 (16 Hz) activity and frontocentral gamma2 (40 Hz) power was significantly reduced 
for pMMN, whereas right frontal gamma1 (30 Hz) decreased for dMMN.
DISCUSSION. According to our results, reduced pMMN in schizophrenia is accompanied by an altered gamma-to-
beta shift, primarily over right frontal brain areas. This phenomenon is absent during duration deviancy detection 
in both groups, and dMMN is characterized by a decreased HFO centered at 30 Hz. The functional significance of 
these HFOs is rather speculative, but their better understanding might help in unraveling the neural mechanisms of 
auditory deviancy detection and its pathology in schizophrenia. 

A-0109 
Differentiating musicians using a fast, musical multi-feature paradigm 
P Vuust1,2, E Brattico3,4, M Seppänen3,4, S Pakarinen3,4, R Näätänen1,3,5, E Glerean3,4, M Tervaniemi3,4 
1Center of Functionally Integrative Neuroscience, Aarhus University, Denmark.
2Royal Academy of Music, Aarhus, Denmark.
3Cognitive Brain Research Unit, Department of Psychology, University of Helsinki 
4Finnish Centre of Excellence in Interdisciplinary Music Research, University of Jyväskylä, Finland
5Department of Psychology, University of Tartu, Tartu, Estonia 

The Mismatch negativity (MMN) is a component of the auditory event-related potential (ERP) related to change in 
different sound features such as pitch, timbre, location, intensity, and rhythm. Importantly, the MMN is sensitive to 
discrimination learning and to musical expertise. Recently it has been shown that dependent on the performance 
and practice strategies, musicians develop enhanced auditory abilities reflected in shorter latency of the MMN to 
contour changes when they employ aural performance and practice strategies. Additionally, MMN findings have 
revealed that fine pitch changes are automatically detected by violinists only and that localization changes are 
more efficiently processed by band musicians than control subjects. These results suggest a sensitivity of the MMN 
to acoustic features specific of a musical genre or musical practice. The traditional MMN paradigms used so far, 
however, are both time consuming and far away from sounding musical.
Here, we present a fast multi-feature MMN paradigm, in which six types of acoustic changes relevant for musical 
processing in different musical genres are presented in the same sound sequence which tackles the two challenges 
mentioned above. Specifically, the six musical features studied were: pitch mistuning, intensity, timbre, sound-
source location, rhythm and a pitch slide typical for improvisational music. In contrast to the recently developed 
multi-feature paradigm, the present paradigm is closer to real music. It uses a musical figure, well-known in many 
genres of music, played with sample piano sounds: the Alberti bass, an accompaniment originally encountered in 
classical music such as Mozart’s sonatas or Beethoven’s rondos but later adopted in other contemporary musical 
genres. Using this paradigm, the length of the experiment is reduced to about 20 minutes, and the sequences sound 
like chord sequences (arpeggios). 
We measured ERPs in subjects classified in 3 groups according to their main genre of performance and education: 
jazz musicians, rock, and classical. In addition, a group of non-musicians was also measured. We found MMNs 
to most of the 6 deviant musical features as well as differences between the subject groups. Interestingly, these 
differences confirmed our expectation that the MMN reflects the auditory skills specific to a musical genre.
This shows that auditory pattern change influences pre-attentive perception of musical notes, not just sound, 
differently in different musical populations. This study provides a novel way of investigating pre-attentive neural 
mechanisms involved during online music listening. 
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A-0110 
Limits of the „primitive intelligence” : A visual mismatch negativity study
G Stefanics1,5, I Czigler1, M Kimura2,3,4 
1Institute for Psychology, Hungarian Academy of Sciences, 
2Japan Society for the Promotion of Science, Japan, 
3Department of Psychology, Nagoya University, Nagoya, Japan, 
4Institute of Psychology I, University of Leipzig, Leipzig, Germany,
5Department of Experimental Zoology and Neurobiology, University of Pécs, Pécs, Hungary. 

Visual mismatch negativity (vMMN) is elicited by task-irrelevant deviant stimulus features, deviant conjunction of 
features, deviant objects, and irregular temporal sequences. As the processes underlying vMMN are sensitive to 
complex stimulus changes, this event-related potential component (like its auditory counterpart) may be an index 
of a primitive system of intelligence. In a series of experiment we investigated the emergence of vMMN (and other 
change-related activity) to stimuli violating abstract rules. Stimuli were delivered in sequences with subsequent 
short and long stimulus onset asynchronies (i.e. in stimulus pairs). When in the majority of pairs the colors were 
identical within the pairs, deviant pairs (different colors in the first and second position) elicited no vMMN. Such 
results emerged in sequences with two colors and in sequences with six colors. In oddball sequences deviant colors 
elicited vMMN. VMMN was larger for the second member of the pair, i.e. after a short stimulus onset asynchrony 
(SOA). This result corresponds to the usual SOA / MMN(vMMN) relationship. Our results show that the system 
underlying vMMN is insensitive to more abstract probability rules. 

A-0111 
Adult-like pitch processing skills in newborn infants 
G Stefanics1,2, G P Háden1,3, I Sziller4, A Beke4, M D Westergaard5, S L Denham6, L Balázs1, I Winkler1,7 
1Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary;
2Department of Experimental Zoology and Neurobiology, University of Pécs, Pécs, Hungary;
3Department of Cognitive Science, Budapest University of Technology and Economics, Budapest, Hungary;
4First Department of Obstetrics and Gynecology, Semmelweis University, Budapest, Hungary;
5Centre for the Neural Basis of Hearing, Department of Physiology, Development and Neuroscience,
University of Cambridge, Cambridge, UK;
6Centre for Theoretical and Computational Neuroscience, University of Plymouth, Plymouth, UK;
7Institute of Psychology, University of Szeged, Szeged, Hungary. 

Pitch is a perceived auditory feature ordering sounds on a scale from low to high. The auditory system analyzes 
sound structure in a complex way to arrive at perceiving and representing pitch. Some theories suggest that learning 
plays an important role in pitch perception. Therefore we tested whether or not nontrivial forms of pitch analysis 
are functional in newborn infants, especially because pitch processing is an important prerequisite of music and 
speech perception and is also crucial for representing auditory objects. In two separate studies we investigated 1) 
whether or not newborn infants generalize pitch across different timbres and 2) whether the auditory system of 
newborns extracts the constancy of a pitch interval from exemplars varying in absolute pitch. In both experiments 
we recorded event-related brain potentials in healthy newborn infants to frequent standard and infrequent deviant 
sound stimuli. In study 1) timbre-independent pitch representation was tested by a paradigm where we applied 
randomly varying tones of different perceived resonator size, which is an aspect of timbre that informs the listener 
about the size of the sound source. The elicitation of an early negative and a later positive discriminative response 
by deviant sounds demonstrated that the neonate auditory system represents pitch separately from timbre. In 
study 2) we investigated whether the auditory system of newborns extracts the constancy of a pitch interval from 
exemplars varying in absolute pitch. To this end we applied an oddball paradigm consisting of frequent standard 
and infrequent deviant tone pairs. Tone pairs varied in absolute frequency. Standard and deviant pairs differed in 
the amount of pitch difference within the pairs, but not in the direction of pitch change. Deviant tone pairs elicited 
a discriminative ERP response, suggesting that the neonate auditory system represents pitch intervals similarly to 
adults. Our results demonstrate that adult-like pitch processing abilities are present already at birth and they allow 
newborn infants to learn music, speech prosody, and to process various important auditory cues based on spectral 
acoustic features. 
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A-0112 
Is there an analogue of human mismatch negativity in urethane-anesthetized rats? 
P Astikainen1,*, G Stefanics2,3, M Nokia1, A Lipponen4, M Penttonen1, T Ruusuvirta1 
1Department of Psychology, University of Jyväskylä, Jyväskylä, Finland; 
2Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary;
3Department of Experimental Zoology and Neurobiology, University of Pécs, Pécs, Hungary;
4A.I. Virtanen Institute, University of Kuopio, Kuopio, Finland. 

Event-related potentials (ERPs) that in many respects resemble the mismatch negativity (MMN) in humans are also 
observable in non-human animals (mismatch potential; both the positive and negative polarity has been reported). 
However, it has remained unclear whether these responses in animals merely reflect a memory-based process, 
as MMN does, or only different state of refractoriness in neural assemblies activated by rare deviant stimuli and 
repetitive standard stimuli. In order to investigate this, and to assess the lifetime of the memory trace in rats, 
epidural ERPs were recorded above the auditory cortex in urethane-anesthetized animals. An oddball and an equal 
probability paradigm, both built from sinusoidal tones of 50 ms in duration, were utilized. In separate blocks of 
the oddball stimuli, three inter-stimulus intervals (ISI, offset to onset) were applied: 375 ms, 600 ms, and 1000 
ms. Frequently occurring tones (p=0.875, standards) were 4000 Hz in frequency whereas two types of rare tones 
(deviants, p=0.0625 for each) were 3800 Hz and 4200 Hz in frequency. In the equal probability condition, 16 tones 
with frequencies ranging from 3300 to 4800 in 100-Hz steps (p=0.0625 for each), including the tone frequencies 
applied in the oddball condition, were presented with the ISI of 375 ms. Each of the tones in the equal probability 
condition, thus, occurred at the same probability as deviants in the oddball condition. We found that the absolute 
amplitude of the ERP was significantly higher to standards than deviants, but only when the shortest 375-ms ISI 
was applied. Further, ERPs to deviant tones presented in the oddball paradigm differed from those to physically 
identical tones presented in the equal probability paradigm. The results indicate that the found mismatch potential 
in anaesthetized rats is functionally analogous to memory-based MMN in humans. The fact that the mismatch 
potential was observed only with the shortest ISI suggests that the auditory information is rapidly, in 600 ms, 
decaying in the transient memory. 

A-0113 
The MMN as an indicator for the functionality of auditory speech perception 
K Pusch1,2, W Sommer1, R Dietrich2 
1Institute for Psychology, Humboldt University of Berlin, Berlin, Germany
2Institute for German Language and Linguistics, Humboldt University of Berlin, Berlin, Germany

The aim of the present study was to investigate the sensitivity of the MMN for differences in central information 
characteristics between acoustic and phonetic speech perception. The experimental task has been evaluated in view 
of a further study which will investigate the circadian variation in the functionality of auditory speech perception, 
especially of acoustic and phonetic perception, under 40 hours of sleep deprivation. The EEG was recorded from 
fifteen volunteers during an auditory passive oddball task with an acoustic compared to a phonetic test condition. 
Tones with 400 Hz (standard) and tones with 800 Hz (deviant) were used as acoustic stimuli. Phonetic stimuli 
consisted of consonant-vocal syllables with a strong categorical perception contrast. During the presentation of 
auditory stimuli binaurally over headphones subjects performed a picture-counting distraction task. The results 
showed both a significant acoustic MMN and a significant phonetic MMN, however, differences in amplitude and 
latency were observed between the two components. The phonetic MMN was significantly smaller in amplitude 
compared to the acoustic MMN, and peak latency for the phonetic MMN was significantly later than for the acoustic 
MMN. These results are interpreted as reflecting higher cognitive demand in central information processing for the 
phonetic MMN compared to the acoustic MMN. In a further study, the circadian variation of phonetic as well as 
acoustic MMN and their temporal connectivity will be evaluated. 
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A-0114
Automatic sensory intelligence: The basis of cognitive processes? 
R Näätänen
Department of Psychology, University of Tartu, Tartu, Estonia
Centre of Functionally Integrative Neuroscience (CFIN), University of Arhus, Arhus, Denmark 
Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Helsinki, Finland 

In this talk, I will present a new classification of the different forms of expressions of automatic sensory intelligence 
in audition as reflected by the mismatch negativity (MMN) and its magnetic equivalent MMNm. Thereafter, I will 
review recent MMN and related data which could be regarded as suggesting that this automatic sensory intelligence 
might form the basis and nucleus of cognitive processes in general, irrespective of the species involved and of the 
ontological stage of development or the state of consciousness of the organism.

A-0115
The MMN and perception
K J Friston
Wellcome Trust Centre for Neuroimaging, University College London

This talk will try to frame the MMN in terms of perceptual learning and inference. We start with a statistical formulation 
of Helmholtz’s ideas about neural energy to furnish a model of perception that can explain a remarkable range 
of neurobiological facts.  Using constructs from statistical physics it can be shown that the problems of inferring 
what caused our sensory inputs and learning causal regularities in the sensorium can be resolved using exactly the 
same principles.  Furthermore, inference and learning can proceed in a biologically plausible fashion.  The ensuing 
scheme rests on empirical Bayes and hierarchical models of how sensory information is generated.  The use of 
hierarchical models enables the brain to construct prior expectations in a dynamic and context-sensitive fashion.  
This scheme provides a principled way to understand many aspects of the brain’s organization and responses. Using 
this framework we can simulate evoked responses to repeated stimuli and examine the within and between-trial 
changes (reflecting inference and learning respectively). These simulations suggest that learning in lower levels 
of the sensory hierarchy may explain early effects (c.f., N1 enhancement), whereas changes in higher levels may 
underlie later MMN components proper.

A-0116
Neural markers of early language development
A D Friederici
Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany

Language consists of three functional domains: phonological, semantic and syntactic processes which all have to 
be acquired during language development. Using ERP measures the major developmental milestones of these 
functional domains have been identified. Within the phonological domain MMN paradigm studies have long 
shown that infants discriminate different phonemes before the age of 4 months. By the age of 4 months infants 
demonstrate not only the ability to discriminate between different stress patterns, but, moreover, do they already 
show preferences for the stress pattern of their native language. The N400 component reflecting lexical-semantic 
processes in adults can already be observed in 14 months old children when processing single words, and somewhat 
later when processing semantically incongruent sentences. Within the syntactic domain an adult-like biphasic ERP 
pattern (ELAN-P600) is present by the age of 32 months for the processing of local phrase structure violations. With 
respect to prosodic processes it is interesting to see that at 5 months of age the detection of intonational phrase 
boundaries is entirely dependent on salient acoustic cues (e.g. a pause triggering obligatory ERP components) and 
that adult-like brain reactions (e.g. the Closure Positive Shift in the ERP) can only be observed once basic syntactic 
knowledge is acquired. The combined results are in support of the view that during development sensitivity to 
lower level information helps to establish the adult-like language processes.



101

 2009 MMN Conference                                                                                         Abstracts

A-0117
Studying infant cognition by EEG and ERP
G Csibra 
Central European University, Budapest 

One can measure the functional brain activation of babies for several purposes. First, variations of neural activation 
measured in controlled situations may reveal how the infant brain works, and when these results are compared 
across development or with those of adults, they allow insights into early functional development of the cerebral 
cortex. Second, correlating neural activations with behavioral performance across individuals can generate 
hypotheses about the neural mechanisms that underlie overt behavior, and may lead to a better understanding of 
individual differences or developmental disorders. Finally, functional brain activations in infants can be used to test, 
support, or falsify theories of infant cognitive development—as long as such activations could be plausibly identified 
as neural ‘signatures’ of certain kinds of representations or computations. 
In this talk, I will illustrate this third, most modest, usage of neuroscientific approach to infant cognition by four 
examples. First, we used event-related potentials to test whether 5-month-old infants are subject to the audio-visual 
McGurk illusion - a question that would be particularly difficult to answer by purely behavioral methods. Second, 
event-related gamma-band oscillations revealed that 4-month-olds interpret certain dynamic facial expressions 
(such as direct gaze and eye-brow raise) as communicative signals. This finding was also supported by near-infrared 
spectroscopy (NIRS), which measures haemodynamic changes in the infant brain. Third, similar gamma-band 
oscillatory responses indicated that learning object labels modify the visual processing of the associated objects 
in the infant brain. Finally, a recent finding demonstrates how measurements of motor activation during action 
perception by the attenuation of the sensorimotor alpha waves could be used for disambiguating behavioral findings 
concerning action interpretation in infants. Electrophysiological techniques provide an excellent tool to study the 
cognitive development in young infants.

A-0118
Reduced duration MMN and impaired temporal integration window in clinical populations
H Yabe
Department of Neuropsychiatry, Fukushima Medical University (FMU), Fukushima, Japan

The acoustic brain has probably developed the defensive mechanism for survival in the primeval forest. With this 
mechanism as reflected by the mismatch negativity (MMN), we can detect abnormal sounds coming from the 
dangerous events even when doing something else. MMN has attracted many researchers’ attention for years, 
because it is considered to reflect the memory-based processing (Näätänen, 1992). MMN should be generated by 
the comparison process between sound deviation and neural trace of preceding sounds stored in auditory sensory 
memory. A large amount of previous studies provided evidence for the memory-based interpretation of MMN, 
“memory trace theory”. Our previous findings of MMN being elicited by sound omission also strongly supported 
this theory, because no afferent neurons could be activated by physical absence, “omission”. In addition, those 
studies provided new evidence for the other brain mechanism termed Temporal Window of Integration (TWI). 
The brain is considered to integrate the closely (<200 ms) presented sounds into single information units. MMN to 
occasional omission in repetitive tones were elicited only with SOAs shorter than 160 ms, suggesting a temporal 
correspondence between the duration of the neural sound-representations in sensory memory and the TWI of 
160-170 ms. What was represented as the standard event was not single stimulus but rather a compound stimulus. 
Furthermore, sound trace is considered to be represented as time-functional information of the auditory scene.
On the other hand, MMN provides a useful measure for clinical populations, because MMN generation does not 
require any tasks. MMN can be elicited by various types of sound deviations. Most interestingly, MMN to duration 
deviation is exceptionally sensitive to many clinical populations such as coma, Alzheimer disease, schizophrenia, and 
so on. Michie et al. (2000) reported that only duration-MMN was reliably reduced in patients with schizophrenia. 
Todd and Michie et al. (2007) also reported that a clear reduction in early schizophrenia was evident in MMN 
to duration but not frequency deviants. By the way, we have reported that the detection sensitivity nonlinearly 
declines over time within TWI of 160-170-ms in sensory memory. Recently, we found that the declined sensitivity of 
later part was remarkable in schizophrenia. In summary, the reduced duration-MMN which was reported by Michie 
and Todd et al. might be caused by the dysfunction of TWI.
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A-0119
Illuminating Deviance Detection: Optical Imaging and the MMN
T Penney 
Department of Psychology, National University of Singapore 

ERP and ERF source localization experiments, as well as PET and fMRI studies, suggest that the generators of the 
MMN are located in the temporal and frontal cortices. Specifically, infrequent changes in unattended sounds elicit 
changes in brain activity in the superior temporal cortex (STC) and inferior frontal cortex (IFC). Although there is 
general agreement that the role of the STC is change-detection, the role of the IFC is subject to ongoing discussion. 
For example, posited roles of the IFC have included reorientation of attention, contrast enhancement, and inhibition 
when a response to sound change is not required. 
Non-invasive optical brain imaging in humans provides a window on the brain basis of passive deviance detection 
that nicely complements other brain measurement modalities. As a relatively silent measurement modality, it is 
ideal for auditory studies and easily lends itself to simultaneous recording of EEG. Optical measures of changes 
in concentrations of oxygenated and deoxygenated blood (fNIRS), offer relatively good spatial resolution, but the 
variant of optical imaging that measures light scattering, known as the Event Related Optical Signal (EROS), combines 
good temporal (ms range) and spatial resolution (mm range). Hence, the EROS technique is a potentially useful tool 
for clarifying the roles of the STC and IFC in passive change detection. 
My colleagues and I have applied the EROS technique to investigate brain function in pitch, stimulus omission, and 
duration passive oddball paradigms. We consistently find that deviant stimuli elicit signal changes in the STC and 
IFC during time windows that correspond to that of the electrical MMN and these measures of deviance detection 
are highly correlated with the electrical MMN. Moreover, we typically find that signal change occurs first in the 
STC and then in the IFC. However, this temporal-frontal network is dynamically modulated depending on stimulus 
characteristics (e.g. magnitude of sound change).

A-0120
Auditory ERPs in unresponsive patients 
C Fischer1,2, D Morlet2 
1Hospices Civils de Lyon, Neurological Hospital, Lyon, France
2INSERM U821 (Brain Dynamics and Cognition), Lyon, France

Passive auditory stimulation paradigms make it possible to assess brain function in severely disabled unresponsive 
patients. It is widely accepted now that the presence of an MMN response to duration deviant tones may be of good 
prognostic value for coma outcome in comatose patients recorded a few days after coma onset. In a recent study, we 
showed that a novelty P3 (nP3) could be obtained in response to the subject’s own name (SON) in 21/50 comatose 
patients (Glasgow Coma Scale <8) patients). In 12 patients a parietal component (P3b ?) was clearly present in the 
late part of P3. Eleven patients had a novelty P3 but no MMN. We also applied this auditory stimulation paradigm 
in 27 patients in a permanent vegetative or minimally conscious state (i.e. in patients opening their eyes, but still 
unresponsive several months after coma onset). In most patients the unresponsive state followed a coma due to 
brain anoxia (cardiac arrest) or traumatic brain injury. MMN was present in only 5/27 and the nP3 component 
to the SON in 7/27 patients. Their presence or absence was significantly less present in anoxia than in traumatic 
brain injury and not related to the time from the coma onset. While MMN highlights automatic sensory memory 
comparison, nP3 discloses attention orienting and higher level processes. In comatose patients, we found that, 
compared to MMN, the nP3 improves the sensitivity of awakening prognosis. Among permanent vegetative states, 
clinical evaluation tries to distinguish between vegetative and minimally conscious patients, the latter showing 
some reproducible, albeit inconstant, evidence of awareness of themselves and/or environment. Surprisingly, nP3s 
were obtained in response to the patient’s own name in either behavioral category, with no significant difference. 
In both studies a few patients, either comatose or in a vegetative state, showed a parietal component following the 
nP3, raising the question of the some highly cognitive function at work. In other words we infer that such patients 
could be able to put certain awareness marker processes to work. Both studies show that unconsciously perceived 
stimuli were processed and activated brain areas similarly to consciously perceived auditory stimuli.
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A-0121
Individualized training protocols for cochlear implant users based on mismatch negativity
C W Ponton
Compumedics Neuroscan, Santa Fe, New Mexico USA

In order to use the mismatch negativity as a clinical tool to evaluate behavioral discrimination, it must be possible 
to reliability and objectively measure this neurophysiological response in the individual subject. The first objective 
of this presentation will be to describe the clinical application of the mismatch negativity for training frequency 
discrimination in a profoundly deaf individual fitted with a cochlear implant which restores a sensation of hearing. 
A second objective of this presentation will be to outline current issues limiting the use the MMN in clinical 
environments and how these issues might be addressed. Finally, methods for objective detection of the mismatch 
negativity will be discussed as a way of further expanding the use of this neurophysiological response in clinical 
environments.

A-0122
Automatic Sensory Discrimination Deficits in the Prodrome and First-Episode of Psychosis 
K S Cadenhead, C Jahchan, D L Braff, G A Light
Department of Psychiatry, UC San Diego

BACKGROUND. Schizophrenia is a neurodevelopmental disorder with evidence of progressive changes in the early 
phase of illness. Earlier identification and a better understanding of the mechanism by which psychosis evolves 
can lead to preventive, more personalized treatment. Deficits in automatic sensory discrimination as indexed by 
mismatch negativity (MMN) are well documented in chronic schizophrenia patients. The majority of previous studies 
in the early stages of illness, however, failed to detect MMN impairments to either pitch or duration deviants. 
METHODS. 12 individuals at-risk for psychosis (AR), 23 patients with first-episode psychosis (FE), and 40 normal 
comparison subjects (NC) underwent duration-deviant MMN testing (1000 Hz tones, standards: 50 msec, P=0.90; 
deviants: 100 msec, P=0.10). 
RESULTS. Group differences were present in the amplitude of the MMN at fronto-central electrodes (Fz p=.008, 
F3 p=.007, F4 p=.013, Cz p=.012, C3 p=.027, C4 p=.118). The AR group’s MMN amplitudes were intermediate 
between those of the NC group and the FE group, but those differences did not reach statistical significance
(effect sizes .21-.35). 
CONCLUSIONS. Robust duration-deviant MMN deficits were observed in first-episode psychosis patients. Individuals 
at risk for developing schizophrenia had small reductions relative to normal subjects that likely reflect the fact that 
less than ½ will go on to develop a psychotic illness. MMN may represent an important disease marker that can help 
to predict who is at greatest risk of psychotic illness.  

A-0123
MMN as an index of premorbid function in schizophrenia
D C Javitt1, G Bar2, M Weiser2

1Nathan Kline Institute for Psychiatric Research/New York University School of Medicine, Orangeburg, NY 
2Sheba Medical Center, Tel Hashomer, Tel Aviv, Israel

Mismatch negativity (MMN) is among the best established neurophysiological markers of neurocognitive dysfunction 
in schizophrenia.  MMN abnormalities are reproduced by antagonists of N-methyl-D-aspartate (NMDA)-type 
glutamate receptors.  As such, MMN may serve as an index of impaired glutamatergic function in schizophrenia.  
To date, literature regarding MMN utility as an endophenotype have been conflicting, with some studies showing 
deficits in family members of schizophrenia probands and in individuals at high symptomatic risk for schizophrenia 
but other studies showing normal MMN at illness onset and in unaffected family members.  Umbricht et al. (Biol 
Psychiatry, 59:762, 2006) did not find deficits in first-episode patients as a group, but significant reduction in MMN 
in first episode subjects with poor premorbid function as indexed by premorbid educational achievement.  The 
present study provides further evaluation of the relationship between premorbid function and MMN generation 
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in a group of 31 chronic patients with good (n=19) vs. poor premorbid (n=12) patients vs. controls (n=20) assessed 
using the premorbid adjustment scale.  Patients were assessed on auditory MMN to pitch and duration deviants, 
and on visual P1 to low contrast stimuli.  As predicted, patients with poor premorbid function showed significant 
reductions in MMN to pitch deviants relative to controls, whereas good premorbids did not.  Neither group showed 
a significant deficit in duration MMN generation.  Furthermore, deficits in MMN generation to pitch deviants 
correlated significantly with impaired general premorbid function.  By contrast to MMN findings, both good and 
poor premorbid patients showed reduced visual P1 generation.  These findings support the concept that MMN may, 
at least in part, index a subgroup of schizophrenia individuals with poor premorbid function even during chronic 
illness phases, whereas visual P1 deficits may index more general aspects of the schizophrenia diathesis.   Poor 
premorbid patients, in general, show worse outcome and may therefore be overrepresented in patient samples 
drawn from chronic care settings.  Furthermore, such patients correspond most closely to the NMDA dysfunction 
phenotype, and may therefore be enriched in patients with NMDA dysfunction as a core pathological feature of 
their illness.  Rather than serving as a general endophenotype, MMN may serve as an endophenotype for poor 
premorbid patients.  Family studies differentiating probands by premorbid functional level are required. 

A-0124
Are Auditory-Evoked Frequency and Duration Mismatch Negativity (MMN) Deficits Endophenotypic for 
Schizophrenia? High-Density Electrical Mapping in Clinically Unaffected First-Degree Relatives, First-Episode and 
Chronic Schizophrenia.
J J Foxe, E. Magno, S Yeap, S Molholm, J H Thakore, H Garavan, P De Sanctis. 
Department of Cognitive Neuroscience, City College of New York

BACKGROUND. Mismatch negativity (MMN) is a negative-going event-related potential (ERP) component that 
occurs in response to intermittent changes in constant auditory backgrounds. A consistent finding across a large 
number of studies has been impaired MMN generation in schizophrenia, which has been interpreted as evidence for 
fundamental deficits in automatic auditory sensory processing. The aim of this study was to investigate the extent to 
which dysfunction in MMN generation might represent an endophenotypic marker for schizophrenia.
METHODS. We measured MMN to deviants in duration (25 msec, 1000Hz) and deviants in pitch (50 msec, 1200Hz) 
relative to standard tones (50 msec, 1000Hz) in 45 chronic schizophrenia patients, 25 of their first-degree unaffected 
biological relatives, 12 first-episode patients, and 27 healthy control subjects. 
RESULTS. In line with previous work, MMN amplitudes to duration deviants (but not to pitch deviants) were 
significantly reduced in patients with chronic schizophrenia compared to control subjects. However, both duration 
and pitch MMNs were completely unaffected in the first-degree biological relatives and this was also the case for the 
first-episode patients. Furthermore, length of illness did not predict the extent of MMN deficit.
CONCLUSIONS. These findings suggest that the MMN deficit seen in schizophrenia patients is most likely a 
consequence of the disease and that MMN, at least to basic auditory feature deviants, is at best only weakly 
endophenotypic for schizophrenia.

A-0125
Are Pitch and Duration MMN Differentially Sensitive to the Schizophrenia Genotype? Evidence from First Hospitalized 
Psychosis Subjects
D F Salisbury, R W McCarley
Cognitive Neuroscience Laboratory, McLean Hospital, Department of Psychiatry, Harvard Medical School

Salisbury et al (2002, 2007) reported no significant pitch MMN reductions at first hospitalization for schizophrenia 
and Umbricht et al (2006) reported no significant pitch MMN or duration MMN reductions at first hospitalization for 
schizophrenia. However, there have been reports of both pitch and duration MMN reductions in family members, 
and, although rather speculative, in prodromal and ultra-high risk subjects. We examined both pitch and duration 
MMNs in a new cohort of first hospitalized schizophrenia-spectrum, psychotic bipolar disorder, and matched 
controls. The nose was used as reference. For pitch MMN, there were no differences between the 3 groups, 
replicating the lack of MMN reduction at first hospitalization. For duration MMN, suggested to be more sensitive to 
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the schizophrenia genotype, there was no significant difference at Fz, with first hospitalized schizophrenia patients 
showing a robust response. Likewise, patients had normal duration MMN at inferior temporal sites with the expected 
polarity inversion. The duration MMN distribution was significantly more posterior than the pitch MMN, indicating a 
different generator configuration. The first hospitalized schizophrenia subjects showed significantly reduced duration 
MMN over posterior lateral parietal sites (unprotected t-SPM >3). Lesion data suggest right frontal and right parietal 
damage impair duration estimation. CSD analyses suggest posterior current sinks contributing to duration MMN 
may be impaired at first hospitalization. These results suggest that duration MMN may be selectively regionally 
impaired at first hospitalization. This impairment may not be due to temporal sources, but to posterior parietal 
generators implicated in the analysis of timing and duration. Because pitch MMN reduction may be endophenotypic 
of late maturational changes in the 3rd decade, it may prove impractical for gene discovery due to the loss of power 
and need to study only older subjects after progression would have occurred. If duration MMN regional deficits are 
stable, present at or before symptom onset, and confirmed in other samples, they may better aid in gene discovery 
due to the greater power engendered by the use of all (younger) subjects.
 

A-0126
Mismatch negativity as a tool for exploring potential endophenotypes in schizophrenia. 
J Todd1,2,3,4, P T Michie1,2,3,4, U Schall2,3,4,5

1School of Psychology, University of Newcastle, NSW, Australia
2Brain and Mental Health Priority Research Centre, University of Newcastle, NSW, Australia
3Hunter Medial Research Institute, NSW, Australia
4Schizophrenia Research Institute
5School of Medicine and Population Health, University of Newcastle, NSW, Australia.

Mismatch negativity is reduced in schizophrenia - this fact is now well established. The process reflected by mismatch 
negativity can of course reflect multiple aspects of auditory system function including the precision of feature 
encoding, the memory trace formation process and possibly also more executive aspects of prediction encoding. 
In this presentation I will argue that the endophenotypic value of mismatch negativity in studies of schizophrenia 
may depend in large part on the question that we set out to answer. Three sets of data will be presented to discuss 
this claim. Firstly, in defense of the endophenotypic value of standard measures of MMN, I will present data 
showing intermediate values (between schizophrenia and control groups) for standard MMN measures in eighteen 
first degree relatives of individuals with schizophrenia. Secondly, I will present pilot data on twenty-five young 
healthy controls showing a new “conditional inference” application of MMN which correlates with working memory 
measures proposed to be endophenotypic markers for schizophrenia. The conditional inference measure indexes 
the auditory system’s ability to suppress a MMN response to a physical deviant based upon its conditional linkage 
with the identity of the prior sound. Higher suppression (better use of conditional inference) correlates with higher 
sensitivity (rs= .39, p<.04) and lower catch trial false alarm rates (rs= -.56, p<.005) on the Continuous Performance 
Task- Identical Pairs Version (an n-back task). Performance on n-back tasks has been associated experimentally 
and genetically with dopaminergic function. Finally, I will present an application of MMN designed to determine 
whether impaired temporal processing could be an endophenotype for schizophrenia linked to altered hemispheric 
asymmetry. MMN elicited to between-channel gap sounds presented monaurally to the left and right ear was 
used to assess whether temporal processing ability could be linked to the degree of right-ear-advantage in MMN 
to these gap sounds. In a group of thirty-seven healthy adults with normal hearing, larger right-ear advantage in 
MMN correlates significantly with smaller gap-detection threshold (rs= -.51, p<.005). That is, individuals with poor 
temporal processing on the gap-detection task exhibited less ear asymmetry in the MMN to gap cues. 
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A-0127
Dissecting the Genetic and Environmental Relationship between Schizophrenia and Duration MMN
M H Hall1,2,3, K Schulze2, F Rijsdijk2,M Picchioni2, U Ettinger2, E Bramon2, R M Murray2, P Sham2,3

1Psychology Research Laboratory, Cognitive Neuroscience Laboratory, McLean Hospital, Department of psychiatry, 
Harvard Medical School, MA, USA.
2Division of Psychological Medicine, Institute of Psychiatry, King’s College London, London, UK.
3Department of Psychiatry, University of Hong Kong, HK, China

Mismatch negativity (MMN) has been proposed as a potential endophenotype for schizophrenia. For a trait to be an 
appropriate endophenotype, several key features should exist. We used a twin study design and structure equation 
modeling analyses to evaluate whether duration MMN meets criteria as a valid endophenotype of schizophrenia.
Results of our studies suggested that duration MMN is heritable (estimated heritability h2 = .48). However, significant 
individual specific environmental factors (c2 = .30) also contribute to the total variance. Patients with schizophrenia 
had significantly reduced MMN amplitude. No significant impairments were observed in the unaffected co-twin 
members of schizophrenic twin pairs. Genetic model fitting analyses indicated that there existed a significant 
correlation between duration MMN amplitude and schizophrenia but the decomposed genetic effect of MMN with 
the disease appeared to be weak. Thus, our results suggested that duration MMN may not be an optimal paradigm 
for facilitating gene discovery of schizophrenia. Instead, it may be used as a strategy for providing information about 
the biological mechanisms underlying neuronal abnormalities during illness progression. 

A-0128
Predictive models of auditory processing 
S L Denham1, E Balaguer-Ballester ,2, M Coath1, K Gyimesi3,4, G Stefanics3,5, I Winkler3,6 
1Centre for Theoretical and Computational Neuroscience, University of Plymouth, Drake Circus,
Plymouth PL4 8AA, UK 
2Computational Neuroscience group, Central Institute for Mental Health (ZI),
Ruprecht-Karls University of Heidelberg
3Department of General Psychology, Institute for Psychology, Hungarian Academy of Sciences,
1394 Budapest, P.O. Box 398, Hungary 
4Department of Cognitive Science, Budapest University of Technology and Economics,
1111 Budapest, Sztoczek u. 2, Hungary 
5 Department of Experimental Zoology and Neurobiology, University of Pécs, 7624 Pécs, Ifjúság st. 6, Hungary 
6 Institute of Psychology, University of Szeged, 6722 Szeged, Petőfi S. sgt. 30-34, Hungary 

The auditory system is continually and automatically extracting patterns from incoming sounds allowing it to develop 
expectations of future input. Mismatches between predictions and actual sensory experience are important since 
they signal that new information is available, which can be used to refine our representations of the world. It is 
suggested that this process of active sensory exploration and model building is what underpins perception and 
cognition. 
Processing aimed at highlighting changes in the incoming activity is prevalent at all levels of the auditory system, as 
exemplified by the MMN response. However, change is only meaningful within the context of some regularity, thus 
it is perhaps more proper to use the term deviance instead of change. The key is to detect and represent patterns 
or regularities in the incoming activity so that the system can become sensitive to significant violations of these 
regularities. Deviance and regularity are meaningful only within a particular time scale, and it has been shown that 
adaptation to incoming patterns occurs at multiple time scales. It is also necessary to separate activity belonging to 
unrelated models. The problem is that long term integration may be important for extracting some patterns, while 
a rapid reset is required if a new object is detected. In a novel computational model of pitch perception we have 
shown that the solution to this problem may lie in appropriate top-down modulation of lower level processing. The 
extraction and topographic representation of features is an intrinsic aspect of neural processing architectures. Within 
a hierarchical organization, increasingly more complex features, spanning longer time scales, can be represented. 
An important insight from our modeling is that the transformation of time into a topographic representation is 
useful, because the prediction of timing becomes implicit in this representation, and deviations in the expected 
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timing of events can be detected by changes in the patterns of activity across the map. Even more importantly the 
remapping of time can be made at many places in the processing hierarchy, which leads to an emergent joint time/
feature representation, which we believe may be a fundamental aspect of processing necessary for perception. We 
present a generic multi-scale architecture for prediction and show how reset signals generated by the model when 
its expectations are not met can be used to explain challenging findings in studies of pitch and rhythm perception, 
and sensitivity to the insertion of silent gaps in two-tone streaming experiments. 

A-0129
Regularity extraction and stimulus prediction in dynamically changing acoustic environments
A Bendixen
Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary

Sound sequences in the traditional auditory oddball paradigm follow the same characteristics over long periods of 
time. In ‘real life’, the auditory system is faced with much more complex scenarios since the acoustic environment 
is constantly changing. We will present two experiments which model such dynamic situations and show 1) that 
the auditory system can cope with the adaptation requirements and 2) that it does so by using predictability in the 
auditory input.
In a first study, we challenged the flexibility of rule extraction by means of complex predictive relations to which the 
auditory system was exposed for just brief periods of time. A rule defined by predictivity between different features 
of temporally separate events (of the type ‘the duration of the current tone predicts the frequency of the next tone’) 
was embedded in a dynamic protocol. The auditory stimuli were arranged such that the rule had to be extracted 
anew for each occurrence. MMN elicitation demonstrates that such predictive relations can be extracted from 
about fifteen to twenty successive rule-conforming events. These results suggest a rapid adaptation of the auditory 
system to predictive relations in the environment.
In a second study, we investigated whether the system uses the extracted predictability for actually generating 
predictions about upcoming stimuli. We manipulated tone predictability in a stimulus omission paradigm by presenting 
frequency repetitions and occasionally omitting either the first or the second tone of a frequency pair. Specific 
activity was elicited by the omission of a second (predictable) relative to the omission of a first (unpredictable) tone. 
This prediction-related activity provides evidence for the predictive character of human audition, which enables the 
auditory system to prepare for future acoustic events.

A-0130
A predictive coding account of MMN and brain plasticity
M I Garrido2, J M Kilner1, S J Kiebel1, K E Stephan1,3, T Baldeweg4, K J Friston1

1Wellcome Trust Centre for Neuroimaging, University College London, London, UK
2Department of Psychology, University California Los Angeles, Los Angeles, USA
3Laboratory for Social and Neural Systems Research, Institute for Empirical Research in Economics,
University of Zurich, Switzerland
4Developmental Cognitive Neuroscience, Institute of Child Health, University College London, London, UK

Predictive coding models state that the brain perceives and makes inferences about the world by recursively 
updating predictions about sensory input.  Thus, perception could result from comparing bottom-up input from the 
environment with top-down predictions.  Predictive coding as a model of cortical organization and function has been 
used to frame the mismatch negativity (MMN), and supporting empirical evidence has been furnished by dynamic 
causal modelling (DCM), a novel tool for connectivity analysis of neuroimaging data.  In the light of this framework, 
the generation of the MMN, an event-related response to unpredictable events, reflects prediction error, which 
occurs whenever the current input does not match a previously learnt rule.  In brief, this talk will discuss how MMN 
can be framed within a predictive coding scheme, and show the usefulness of DCM in investigating the underlying 
cortical mechanisms of responses to unpredictable auditory events.  Moreover, alternative candidate models that 
map onto mechanistic hypotheses for MMN generation will be discussed.  These models correspond to alternative 
hierarchical cortical networks, which can be statistically evaluated within the Bayesian framework of DCM.  Finally, 
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it will be shown how tone repetition can induce connectivity changes over time (or plasticity), both between distant 
cortical areas and within an area belonging to a cortical network.  This suggests that learning an auditory perceptual 
model from the environment is associated with repetition-dependent plasticity in the human brain.

A-0131
MMN reflections of language and attention: a neurocomputational model
M Garagnani1, T Wennekers2, F Pulvermüller1 
1Medical Research Council – Cognition & Brain Sciences Unit, 15 Chaucer Rd, Cambridge CB2 7EF, UK 
2Center for Theoretical and Computational Neuroscience, University of Plymouth, Drake Circus,
Plymouth PL4 8AA, UK 

Recent EEG and MEG studies have revealed that brain responses to the same speech sounds differ if the stimuli are 
presented in different task contexts: when subjects are not paying attention to the auditory input, their mismatch 
negativity (MMN) response is greater for words than for matched meaningless pseudowords. However, greater 
late N400 responses to pseudowords than to words emerge in tasks where subjects have to attend to the stimuli. 
We (Garagnani, Wennekers, & Pulvermüller, 2008) have recently proposed an explanation for these divergent 
patterns of results based on simulations obtained with a neural-network model mimicking areas of the human 
left perisylvian language cortex and their connectivity, along with known neurobiological mechanisms of synaptic 
plasticity. Repeated co-activation of the model’s primary motor and auditory cortex with predetermined patterns 
led to the spontaneous formation in the network of strongly connected distributed circuits (the possible brain-
correlates of words) that exhibited input-specificity and functional discreteness. The resulting model was then used 
to simulate neurophysiological brain responses to meaningful familiar word and senseless unknown pseudoword 
stimuli under different amounts of processing resources. Variation of a single parameter, the network’s global 
inhibition feedback (the model correlate of attention) replicated and explained the divergence between MMN 
and N400 results, providing the first unifying account for these data. In particular, weak inhibition produced late 
activation differences, with stronger responses to pseudowords than to words (mirroring the N400 pattern). In 
contrast, strong inhibition led to early differences, with stronger responses to words than to pseudowords; this 
closely resembles the pattern seen in the MMN data. These dynamics were largely due to a modulation of the 
activation produced by the pseudoword stimuli: whereas such responses were strongly affected by the degree of 
inhibition/attention in the network, word activations were not. The discrete character of the neuronal circuits that 
developed for words lies at the basis of such differential modulation: changes in the inhibition/attention levels have 
little influence on the activation dynamics of functionally discrete assemblies; on the other hand, network responses 
to items (pseudowords) that have not been previously learned – and, therefore, lack a corresponding memory 
representation – are strongly modulated by the amount of inhibition/attention, for this mediates the amount of 
competition between the partially activated multiple memory circuits. Novel simulations obtained with the same 
model using oddball stimulation demonstrate how the MMN response may reflect both mechanisms of automatic 
change detection and long-term linguistic memory trace activation.

A-0132
Repetition effects and MMN: a predictive coding and a clinical perspective
T Baldeweg
Developmental Cognitive Neuroscience, Institute of Child Health, University College London, London, UK

The predictive coding model proposed by Friston (2005) makes very specific prediction for the behavior of ERP 
recorded in oddball tasks, which are informed by the biological constraints inherent in hierarchical sensory systems. 
I will briefly review evidence for and against the following predictions: 1) existence of hierarchical MMN generators, 
2) dependence on the probabilistic structure of the stimulus sequence, 3) the existence of repetition (learning) 
effects to standards, 4) involvement of NMDA receptor-dependent short-term plasticity and 5) modulation by 
acetylcholine receptors in learning-related changes. 6) Methods for evaluating functional interactions between 
hierarchical auditory areas during repetition-related learning will be reviewed for humans by Garrido et al. (same 
symposium) and in animals by Malmierca et al. (same meeting). I will conclude with suggestions for how this model 
could inform further investigations of developmental language disorders (e.g. dyslexia) and psychiatric disorders 
(e.g. schizophrenia).
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A-0133
Predictive power of the auditory system
E Schröger
Institute for Psychology I, University of Leipzig, Germany

For obvious reasons, seriality is of outmost importance in the motor / action domain. The convergence of information 
from the central nervous system towards the motor system and the reduction of free parameters towards the limbs 
require the planning and execution of motor acts to be organized along the time axis. Moreover, this inherent 
seriality of the motor system includes anticipating the effects of one`s own actions, being in the service of successful 
adaptive behavior. However, seriality is also important in the auditory system. As acoustic information unfolds 
in time, the reconstruction of auditory objects (i.e. computation of the number, spatial position, and identity of 
active sound sources including the meaning of spoken language) involves the exploitation of seriality on many 
different time scales. Although less acknowledged than in the motor / action system, anticipatory aspects also 
play an important role in audition (e.g., Denham & Winkler, 2006). Firstly, we will show evidence that the system 
underlying MMN generation makes predictions about forthcoming sounds as they evolve over time (Grimm & 
Schröger, 2007, Restorative Neuroscience and Neurology). Secondly, this inherent seriality might impose a serious 
constraint to the MMN-system. We (Schröger & Roeber, in preparation) show evidence that the (predictive) power 
of the MMN-system is indeed seriously impaired when this seriality is destroyed, that is, when the rule is not serially 
deterministic but serially stochastic. Thirdly, we (Bäß, Widmann, Roye, Schröger, & Jacobsen, in press, European 
Journal of Neuroscience) could show the predictive power of the auditory system with a completely different 
experimental approach yielding attenuated brain responses elicited by self- as compared with externally generated 
sounds. In sum, all of these studies point to the importance of predictions in auditory processing. We propose that 
this property is not a side-issue of the auditory system but one of its essential characteristics which comes into play 
regularly. Thus, to our opinion, it deserves more research than it did receive previously.

A-0134
Stimulus-specific adaptation in subcortical regions of the central auditory system
M S Malmierca1, F M Antunes1, D Pérez-González1,2, E Covey1,2

1Auditory Neurophysiology Unit, Institute for Neuroscience of Castilla y Leon, Univ. Salamanca (Spain)
2Dept. of Psychology, University of Washington, Seattle (USA).

Mismatch negativity (MMN) studies have undeniably had a profound impact on our understanding of many cognitive 
phenomena and are a powerful tool when dealing with various clinical populations. However, because these studies 
rely on scalp-recorded gross potentials they do not reveal much about processing at subcortical levels. This has led 
to the assumption that adaptation to common sounds and detection of novel sounds is a function of the cortex with 
little or no contribution of subcortical processing. The pioneering electrophysiological studies in cat by Ulanovsky 
and colleagues (2004) came to the same conclusion. These authors used an oddball stimulus paradigm similar to 
that used in MMN studies, to demonstrate that neurons in the auditory cortex (AC) show a reduced response to a 
repeated stimulus, but briefly resume firing if a novel stimulus is presented. This phenomenon is called stimulus-
specific adaptation (SSA) This same study failed to demonstrate SSA in the medial geniculate body (MGB). More 
recently, however, SSA has been observed in the inferior colliculus (IC) of the rat (Perez-Gonzalez et al., 2005; 
Malmierca et al. 2009) indicating that SSA is not an exclusive feature of the cortex. Since the MGB receives its main 
inputs from the IC and AC, both of which show SSA, we reexamined the issue of whether neurons in the rat MGB 
show SSA. Our data demonstrate that SSA is indeed present throughout the MGB, being more prominent in the 
dorsal and medial subdivisions.  This finding raises the question of whether SSA in the IC is created there of whether 
it is inherited from the cortex via descending projections. To address the issue of whether synaptic inhibition is 
involved in creating SSA in the IC, we recorded responses of rat IC neurons using an oddball stimulation protocol 
similar to that of Ulanovsky et al. (2004). while applying microiontophoretic injections of bicuculline, a GABAA 
receptor blocker. Our preliminary results indicate that SSA is at least partially created in the IC through the action of 
GABAergic inhibition. These results taken together indicate that SSA and enhanced responses to novel stimuli are 
present at every level from the IC on, and that SSA is not simply a property inherited through excitatory descending 
projections from the AC. 
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A-0135
The coding of surprise in auditory cortex of rats
I Nelken, N Ta’aseh
Department of Neurobiology and the ICNC, Hebrew University of Jerusalem (Israel)

We studied the relationships between standards and deviants in the generation of stimulus-specific adaptation in rat 
auditory cortex. We show that the responses to a low-probability sound depend, although weakly, on the sequence 
in which it is embedded. When presented alone, deviants evoke somewhat larger responses than when presented 
in oddball sequences. The decrease in the deviant response in the presence of standards can be attributed to simple 
adaptation or refractoriness. When presented in the context of a sequence composed of many tones, each of which 
is rare, deviant responses are on average similar to the responses to deviants in oddball sequences. In about 1/3 
of the local field potential recordings, and in more than half of the well-separated single neurons, the responses 
to deviants in oddball sequences were larger than the corresponding responses among many standards, showing 
evidence for true deviance detection. We tried to model these results by assuming that SSA is due to adaptation in 
narrow frequency channels. Such models predict consistently smaller responses to deviants in oddball sequences 
than to deviants among many standards. To fit our data, it is necessary to assume that in presence of oddball 
sequences, the adaptation channels become narrower than in other conditions. The narrowing of the adaptation 
channels for oddball sequences could be a basic mechanism underlying deviance detection.

A-0136
Effects of high- and low-affinity NMDA-receptor antagonists on an auditory MMN-like response recorded in 
anesthetized rats
D Tikhonravov1, T Neuvonen1, A Pertovaara1,2, K Savioja1, T Ruusuvirta1, R Näätänen1,4,5, S Carlson1,3,6

1University of Helsinki, Helsinki, Finland
2University of Turku, Turku, Finland
3University of Tampere, Tampere, Finland
4University of Tartu, Estonia
5University of Aarhus, Aarhus, Denmark
6Helsinki University of Technology, Espoo, Helsinki, Finland

In the human brain, auditory sensory memory has been extensively studied using a well-defined component of 
event-related potentials named the mismatch negativity (MMN). The MMN is generated in the auditory and frontal 
cortices in response to deviant stimuli that are infrequently dispersed among a sequence of standard stimuli. In 
the auditory cortex of monkeys, N-methyl-D-aspartate (NMDA) receptors play a central role in the generation of 
the MMN. MMN-like responses have also been recorded in other animals, including rats. In our experiments, two 
tones of different frequencies were presented to anesthetized rats during an oddball paradigm (randomized 95.6% 
of standards and 4.4% deviants). The animals were intraperitoneally injected with either saline (3 groups of rats, 
n=10, n=12 and n=12) or a high-affinity NMDA-receptor antagonist MK-801 (2 groups of rats, n=10 and n=10) or a 
low-affinity NMDA-receptor antagonist memantine (2 groups of rats, n=12 and n=12). After the saline injections, 
an MMN-like response recorded above the rat auditory cortex was observed within a 60-180-ms time window. The 
MMN duration was 60 ms in each of the three rat groups injected with saline. The high-affinity NMDA-receptor 
antagonist MK-801 at the doses of 0.1 mg/kg and 0.3 mg/kg blocked dose-dependently the generation of an 
auditory MMN-like response. This finding is in line with earlier studies in monkeys. Such blockage of the auditory 
MMN-like response took also place with the low-affinity NMDA-receptor antagonist memantine at the dose of 10 
mg/kg. However, at the dose of 3 mg/kg of memantine, the MMN-like response was occurred in a time window 
of 90-210-ms from the stimulus onset, implying that the response was twice the duration of the response in the 
saline condition. The MMN response prolongation indicates that memantine at the low dose affects the comparison 
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between the current stimulus and the previous standard stimuli represented by the sensory transient memory 
trace. This suggests that memantine may play an important role already in this early stage of sensory processing. 
However, whether the prolongation of the response is an indication of facilitation or impediment of the process 
remains to be determined.

A-0137
The role of serotonin and acetylcholine in mismatch negativity generation
A Sambeth1,2, A Blokland1, S Kähkönen2, W J Riedel1

1Department of Neuropsychology and Psychopharmacology, Maastricht University (Netherlands)
2BioMag Laboratory, Helsinki University Central Hospital (Finland)

Previous research has revealed that both cholinergic (ACh) and serotonergic (5-HT) manipulations not only affect 
mismatch negativity (MMN) amplitude, but may also be involved in novelty processing, as measured with P3a and 
P3b components. It is not yet clear to which extent ACh interacts with 5-HT in this matter. In a series of experiments, 
we examined whether MMN and P3a would decrease after lowering either ACh or 5-HT, and furthermore, whether 
this impairment could be reversed by increasing the other neurotransmitter, the latter manipulation indicating a 
possible interaction between the two neurotransmitters. We used scopolamine and biperiden (decrease ACh levels), 
acute tryptophan depletion (decreases 5-HT), rivastigmine (increases ACh), citalopram (increases 5-HT), and placebo 
treatments. In each study, a novelty oddball task was presented, which consisted of frequent standard, infrequent 
frequency deviants and infrequent novelty deviants (stimulus duration 300 ms and inter-stimulus interval 700 ms). 
The results of these studies will be used to interpret the role of ACh and 5-HT in MMN and P3a generation. 

A-0139
A neurophysiological correlate of animal novelty neurons recorded from the human scalp?
S Grimm, L Slabu, J Costa-Faidella, C Escera
Cognitive Neuroscience Research Group, Department of Psychiatry and Clinical Psychobiology, Faculty of Psychology, 
University of Barcelona (Catalonia-Spain)

Novelty detection is a crucial property of the auditory system which subserves an efficient representation of the 
acoustic input and allows at the same time for prompt adaptive behavior to potentially relevant new stimuli. In 
human studies, novelty detection is linked to the occurrence of the mismatch negativity (MMN) – a component 
of the scalp potential evoked by rare sounds. Recently, its underlying neural mechanisms have been presumed in 
the responsiveness of so-called novelty neurons found in animal studies whose discharge habituates with stimulus 
repetition but is restored with small changes in the stimulus properties. Being found at early latencies and on 
multiple stages of the auditory pathway, these probability-sensitive neural responses are thought to precede and 
probably induce the activity measured as the scalp MMN rather than being its direct neural correspondent. To 
further investigate the link between animal and human findings, the present study is looking for correlates of the 
early animal novelty responses in the human scalp potential. Therefore, we measured in 20 human subjects long-
latency (LAEP) and middle-latency auditory evoked potentials (MAEP) to frequency deviants (p=0.2) in two ranges 
(800 Hz, 3730 Hz) in an oddball paradigm. Deviants were compared to physically identical stimuli presented with high 
probability in a reversed oddball block (standard) and in a block intermixing randomly five equally low probable tones 
of different frequencies (control). 960 trials were delivered for each condition with an inter-stimulus interval of 297 
ms, and EEG was recorded with special settings (sampling rate: 2500 Hz; online-filter: 0.1 to 500 Hz), which allowed 
for the extraction of  latencies and amplitudes of the MAEP components Na, Pa, Nb, and the MMN component of 
the LAEP in different offline analyses. In both frequency ranges we obtained a clear MMN with somewhat smaller 
amplitudes for the “true” MMN from the deviant-control comparison. More interestingly, already in the range of 
MAEP, the Nb component peaking at about 40-42 ms was enhanced for deviants compared to standards (repeated 
measures contrast: F(1,19)=9.98, p=0.005) and controls (repeated measures contrast: F(1,19)=6.57, p=0.019) in 
both frequency ranges. This response indexes an early process of novelty detection preceding the well-studied 
higher-order cognitive detection index. The finding strongly supports the idea of a multi-stage comparison processes 
serving auditory novelty detection and might be discussed as a human correlate of novelty neurons’ activity. 
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A-0140
Development of pitch representations in infancy
L J Trainor
McMaster University

We examine the development of cortical pitch representations in infants using mismatch responses. In general, 
younger infants show frontally-positive slow wave responses to pitch change whereas older infants show adult-like 
frontally negative MMN responses.  However, the age at which this transition takes place depends on the complexity 
of the stimuli. For isolated tones, the transition occurs around 3 months of age whereas for changes in melodies in 
transposition, 6-month-olds still show immature responses. Thus although infants may be adept at complex pitch 
processing, their cortical representations are not adult-like. Finally we demonstrate that MMN responses to the 
pitch of the missing fundamental are present by 4 months of age.

A-0141
Musical perceptive profiles in children
M Huotilainen
Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Finland

In order to perceive and understand speech and music, there exist certain requirements for the perception accuracy 
of the key acoustic features such as sound frequency, loudness, duration, temporal structure, or timbre/voice 
quality. For example, accurate loudness-change-detection assists in parsing words from continuous speech, while 
an accuracy of less than a semitone in sound frequency-change perception is needed to enjoy music. Specifically in 
music, some typical aspects of musical-sound structuring make it easier for the auditory system to maintain models 
of several key sound-feature elements, resulting in a coherent percept of rhythm, key, melody, harmony, etc. in 
music.
In children, early exposure and training in music effect auditory perception and the related brain activity. These early 
plastic changes make it difficult to assess the roles of innate skills and learning effects in adult musical expertise. 
Our aim is to follow these effects in the course of development in children of different ages and different musical 
backgrounds, exposures, and training types and amounts. Specifically, we are interested in the role of early exposure, 
training, and music-related behavior in the development of those auditory skills that essential for musical expertise 
in adulthood.  
Recently, Näätänen et al. proposed the multi-feature paradigm (MFP) for the efficient recording of the mismatch 
negativity (MMN) for several simple and crucial acoustic low-level features (frequency, duration, loudness etc.). 
Further, we propose a musical paradigm (MuP) that is time-efficient and suitable for recording music-specific sound 
features ranging from low-level features like tuning and musical timbre to higher-level features like rhythmic and 
melodic patterns consisting of several tones.  
We recorded the MMN to several low- and higher-level music-specific and non-specific sound features and P3a 
responses to attention-catching sounds using the MFP and MuP paradigms in children with different ages and 
different degrees of musical training. We repeated these recordings after 2 and 4 years to follow the development of 
the responses, skills, and behavior. We found some minor differences in children aged 6-10 years with and without 
musical training in the MMNs to low-level non-music-specific features, while the differences in the MMNs to music-
specific sound features were more pronounced. In children aged 2-4 years, we found correlations between musical 
behavior and MMNs to music-specific sound features, and between behavior and P3a to surprising sounds. We 
believe that these results suggest a strong role for the early exposure, training, and especially voluntary musical 
behavior in the development of later musical expertise.
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A-0142
Processing of rhythmic structures in adults and newborn babies
G P Háden1,2, O Ladinig3, I Sziller4, H Honing3, I Winkler1,5

1Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary
2Department of Cognitive Science, Budapest University of Technology and Economics, Budapest, Hungary
3Music Cognition Group, Institute for Logic, Language and Computation, University of Amsterdam,
Amsterdam, Netherlands
4First Department of Obstetrics and Gynecology, Semmelweis University, Budapest, Hungary
5Institute of Psychology, University of Szeged, Szeged, Hungary

Rhythm perception, an arguably uniquely human trait is based upon beat and meter induction. Beat induction is 
the detection of a regular pulse in an auditory signal. Two or more hierarchically structured beats with different 
periodicities define a meter. Whether beat induction is innate or learned during early development and whether or 
not meter induction requires extensive musical training are controversial issues in the literature. Because the beat 
(or pulse) in music is an auditory regularity, the MMN component, known to be elicited by regularity violations can 
be used to answer these questions.
We created a simple rock drum accompaniment by concatenating long sequences using four fully metrical variants 
of the same 8-position base pattern and recorded ERPs from adults and newborn babies to omissions violating the 
regular rhythm. In neonates, omission of the downbeat (the first position of the rhythmic pattern) elicited MMN like 
brain activity. This result can be interpreted as supporting the notion of innate beat induction. Non musician adults 
faster and more accurately detected the omitted downbeat than an omission occurring at a lower level position of 
the proposed hierarchical structure of the rhythm (often referred to as ‘meter’). This result confirms the hypothesis 
that links theoretical metrical structure with perceptual salience. The latency and amplitude of the MMN elicited 
by the same omissions mirrored the perceptual results (earlier and higher amplitude MMNs elicited by downbeats) 
whether participants attended a movie without sound (passive condition) or detected sound intensity changes in 
a parallel noise stream (unattended condition). These results indicate that a hierarchical representation of rhythm 
was pre attentively formed in participants without extensive musical training.

A-0143
Neurocognitive profile of musicians – MMN evidence
M Tervaniemi
Cognitive Brain Research Unit, Department of Psychology, University of Helsinki, Finland 
Finnish Centre of Excellence in Interdisciplinary Music Research, Department of Music,
University of Jyväskylä, Finland

In the neurosciences of music, musicians have traditionally been treated as a unified group. However, obviously, 
their musical preferences differentiate them up to high degree, for instance, in terms of instrument they chose, 
music genre they are mostly engaged with as well as their practicing style. This variety in the musicians’ preference 
and expertise profiles has been recently taken into account in several investigations. The present contribution will 
summarize the evidence available about the various neurocognitive profiles these different musicians display.

A-0144
MMN and mapping the fine structure of phonological representations
C Eulitz
Department of Linguistics, University of Konstanz, Germany

The Mismatch Negativity (MMN) has been used among others to map language specific representations in the brain. 
This presentation will summarize MMN studies dealing with the processing of the sound structure of languages. The 
focus will be on studies investigating the fine structure of phonological representations in the mental lexicon. I will 
argue that the MMN is a useful measure to compare the predictive value of different models of speech perception. 
Models proposing abstract underspecified representations of phonological features in the mental lexicon (i.e. not 
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all phonological features are stored) predict asymmetric MMN effects which could be demonstrated for different 
featural dimensions and stimuli of different phonetic complexity. Constraints in using the MMN for investigations 
concerning phonological representations will be discussed. These results as well as studies demonstrating an 
influence of the language-specific phonological system on the fine structure of the phonological representations (i.e. 
identical and productive acoustic/phonetic contrasts may result in differential MMN effects in speakers of different 
languages) suggest an influence of use-dependent and language system-dependent factors on the fine structure of 
phonological representations in the mental lexicon.

A-0145
Attenuation of the phonological mapping negativity (PMN) by stimulus repetition
J F Connolly1,3, E Service1,2,3, C Lefebvre3, D Habib4, P Jolicoeur3

1McMaster University, Hamilton, Canada
2University of Helsinki, Helsinki, Finland
3Université de Montréal, Montreal, Canada
4Queen’s University, Kingston, Canada

The PMN component is a relative increase in an event-related negative deflection 250 to 350 ms after stimulus onset. 
It is thought to reflect mapping of acoustic speech signals onto phonological representations. It is small, sometimes 
undetectable, when the beginnings of auditory words match strong phonological expectations. It is large when 
strong expectations of the first phoneme of a word are not met. The PMN differs from the MMN response in that 
it is not limited to oddball paradigms. It differs from the semantic N400 in that it can be elicited in conditions with 
no semantic task or meaningful stimulus material. It is, however, likely that the auditory N400 incorporates ongoing 
phonological analysis of words based on the same processes as the PMN. We investigated in two experiments 
whether the PMN, like the N400, is sensitive to repetition. We predicted that repeated presentation of the same 
phonological stimulus would result in an attenuation of the PMN even when the stimuli violated task-dependent 
expectations. For this purpose, we studied a task previously found to elicit a large PMN. Participants were asked 
to strip an auditory stimulus word of its first consonant (e.g., “/sti:p/ without /s/”) and press a button to indicate 
whether the pseudoword they heard matched the correct response (/ti:p/). In this task, a strong PMN is typically 
elicited to all target pseudowords that begin with a different phoneme (e.g. /mi:p/) from the correct response 
whereas the correct response elicits a minimal PMN. We presented three kinds of targets with equal probability: 
correct answers, incorrect answers and repeated incorrect answers. The repeated incorrect answers were always 
the same pseudoword. In Experiment 1, conducted in English, the incorrect answer /kel/ was repeated 120 times. 
Compared to the correct answer, there was a significant PMN for both incorrect and repeated incorrect targets. 
However, the magnitude of the PMN was smaller for the repeated incorrect targets (always /kel/). In Experiment 
2, conducted in French, the repeated incorrect answer was varied between participants to control for possible 
effects of the acoustic idiosyncrasies of the target words. The results from Experiment 1 were replicated. In both 
experiments, the repeated incorrect answer also gave rise to a large posterior positivity, peaking after 600 ms 
from stimulus onset, possibly reflecting recognition memory for the repeated stimulus. We conclude that the PMN 
reflects a process that is modified by both task-related expectations and incidental phonological learning during task 
performance. 

A-0146
Lexis, semantics, attention and MMN:  Are there any news since the Cambridge meeting?
Y Shtyrov
MRC Cognition & Brain Sciences Unit, Cambridge, UK

Since the seminal vowel study by Näätänen et al (1997), the field has seen a steady increase in attempts to apply 
the benefits of the MMN (attention/task independence, earliness, precise control over stimulus features etc.) to the 
neuroscience of language. While readily applicable to phonological questions, it is a methodological challenge for 
studies of higher-order language processing. Initial attempts at using words and pseudowords in MMN designs led 
to a conclusion that long-term memory traces for words can be activated in oddball paradigms revealing early lexical 
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access processes. This position is further strengthened by spatio-temporal patterns of the word-elicited MMNs that 
are influenced also by the stimulus semantic properties. More recently, even contextual (phrase-level) semantics 
was found to be reflected in MMN dynamics. These studies, done in various languages, used EEG, MEG and now 
fMRI to document lexico-semantic access in non-attend settings.
The latter, along with the MMN’s known pre-attentive nature, led to suggestions of automaticity in early language 
access. This, however, is difficult to verify, due to the passive nature of typical distraction paradigms. We have 
therefore run additional studies, using EEG and MEG and different languages, in which the subjects’ attention on the 
linguistic input was modulated systematically. These showed that the first stages of linguistic access (up to ~150ms) 
may indeed be automatic, as they exhibited no attention dependence. Conversely, the later stages of the MMN 
response are susceptible to attentional influence, possibly reflecting secondary attention- and task-dependant 
processing of information.
In parallel, we have tried to address another drawback of the conventional design – inherently small and therefore 
unecological number of experimental stimuli, that linguistic MMN approach is frequently criticised for. Keeping even 
a small stimulus group under precise acoustic control is a challenge, which we have tried to address by using the 
novel multi-feature design (Näätänen et al, 2004). Remarkably, these studies showed similar results to the earlier 
conventional designs and replicated lexical MMN enhancement and other linguistic properties of MMN. Still, signal-
to-noise ratio in multi-feature design did not seem as high as in the traditional oddball, suggesting to apply it with 
caution in the language domain.
The linguistic MMN appears now as a robust index of early phonological, lexical, semantic (and syntactic) access 
occurring in the brain in a largely automatic and parallel fashion. It may also have a potential in showing how these 
processes are disturbed in populations other than young healthy undergraduates.

A-0147
The brain’s grammar: Can the Mismatch Negativity read it?
F Pulvermüller
MRC Cognition and brain Sciences Unit, Cambridge

Brain-physiological indexes of grammatical processing, the syntactic early left-anterior negativity and a late centro-
parietal positivity, had recently been complemented by a syntactic variant of the Mismatch Negativity (MMN). The 
MMN to ungrammatical word strings is significantly enlarged compared with precisely matched syntactic sentences 
and phrases (Pulvermüller & Shtyrov, 2003; Shtyrov et al, 2003; Menning et al, 2005; Hasting et al, 2007). The 
latency of this activation upon the point in time at which information about the violation is present in the input is 
100-200 ms, but an even earlier onset has been reported in some studies. Cortical sources of the syntactic MMN 
are in inferior-frontal and superior-temporal cortex. The syntactic MMN is best explained by syntactic priming of 
the critical word by its grammatical context mediated by syntactic sequence detectors at the neuronal level and the 
absence of such syntactic priming for ungrammatical strings not linked by similar neuronal binding units. Syntactic 
MMNs have been found using different methods (MEG, EEG) for a range of languages (Finnish, English, German, 
French) and grammatical deviation types (especially agreement violations).
Linguists view discrete syntactic rules as the underlying binding machinery between words in sentences, whereas 
some neural networks approaches have suggested continuous probability overlay as a basis of grammar. As 
sequential probabilities vary greatly between sentences, but are always low for ungrammatical strings, we probed 
correct common, correct rare and incorrect rare strings in an MMN design. Syntactic MMN only appeared for 
ungrammatical strings, supporting the position that discrete syntactic (rather than probabilistic) processes are 
critical for its emergence (Pulvermüller & Assadollahi, 2007). 
Can the MMN be used to decide long-standing questions about grammar and syntax? One question is whether 
particle verbs such as “cook … up” and “make … up” are connected by syntactic rules or rather represent single 
lexical items, i.e. “discontinuous morphemes”. The MMN is enhanced to ungrammatical word strings as compared 
with grammatical ones, but words elicit a larger MMN than meaningless pseudowords. The MMN therefore 
provides a criterion to distinguish between lexical and syntactic links. Bert Cappelle, Yury Shtyrov and I recently 
compared meaningful and meaningless verb-particle combinations (cook … up, cook … down) and found enhanced 
MMNs to the meaningful items. This supports lexical theories of particle verbs and the suggestion of “discontinuous 
morphemes”.
These results indicate that the MMN can reveal critical aspects of the brain basis of language.
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A-0148
Auditory impairments in developmental language disorders as reflected by the mismatch negativity
T Kujala
Cognitive Brain Research Unit, Department of Psychology, University of Helsinki

Two properties of the mismatch negativity (MMN) make it an attractive tool for investigating developmental 
language disorders: it reflects cortical sound and speech discrimination accuracy and it is elicited even without the 
subject’s attention to the auditory stimuli. MMN studies have shed light to the early-stage auditory impairments in, 
for example, dyslexia, autism spectrum, and dysphasia. These studies have suggested both impaired discrimination 
of certain sound features whereas the discrimination of some other features may have indicated hyperactive sound 
processing. Furthermore, the patterns of auditory discrimination profiles, as reflected by the MMN, have suggested 
to some extent disorder-specific abnormalities. The MMN can also be used for identifying early markers of auditory 
deficits in at-risk infants. Furthermore, it reflects neural plastic changes caused by intervention alleviating language-
related dysfunctions. 

A-0149
Automaticity, Attention, and Executive Control, and their relation to Mismatch Negativity 
L Y Deouell
Department of psychology and the interdisciplinary center for neural computation,
The Hebrew University of Jerusalem, Israel

The terms ‘pre-attentive’ and ‘automatic’ are ubiquitously associated with the mismatch negativity (MMN). 
Moreover, MMN is frequently used as a primary test measure for pre-attentive or automatic processing. However, 
there are apparently mixed results concerning the sensitivity of MMN to variation in the attentional load in the 
primary task. We measured the robustness of the MMN in a series of studies using especially the ‘attentional blink’ 
paradigm. In this task, two targets (T1 and T2) embedded in a rapid (11 Hz) sequence of distracters (rapid serial visual 
presentation) had to be reported. Load was manipulated by varying the contrast of the stimuli and manipulating 
their duration. We tested both the overall task effects and the trial-by-trial correlation between task performance 
and the MMN, both before T1 (to assess top-down attention to the task) and post-T1, during the ‘attentional blink’ 
period. The attentional blink is a reduction in T2 detection rate when it appears between ~100 to ~400 ms after 
T1.  We find that while MMN remains robust despite highly demanding task loads, and in that sense it is automatic, 
it is not impenetrable: although the effects were small, the MMN amplitude significantly reflected momentary 
attentional fluctuations as manifested in the primary task performance. This requires some qualification of the term 
‘automatic’. Moreover, we found that during a visual ‘attentional blink’, when the subjects missed T2, the MMN was 
augmented relative to trials when T2 was detected. This suggests the possible involvement of executive inhibitory 
control over MMN generation, which is reduced during the blink. Thus, whereas the generation of MMN seems to 
be the default response of the auditory system to deviations outside the scope of the present task, this response is 
susceptible to various effects of resource limitation and inhibition.
Supported by the National Institute for Psychobiology in Israel

A-0150
Interaction between active and passive processes in auditory perception: The link to MMN
E S Sussman
Department of Neuroscience, Albert Einstein College of Medicine, Bronx, NY USA

The now ubiquitous claims that MMN is ‘pre-attentive’ have spawned decades of research focused on answering 
the question of whether or not attention modulates the MMN amplitude. This focus is obsolete. The purpose for 
this talk is to refocus thinking about MMN, and redefine terms used to describe its use in auditory perception. 
The interaction between active and passive processes in auditory perception, which links MMN to auditory scene 
analysis rather than to attention, will be discussed with examples from recent experiments. Questions of interest 
pertain to how and when attention modulates MMN, not whether it does. Redefining the role of MMN in auditory 
perception is essential for appreciating how it can be used as a tool for answering questions about how we parse the 
auditory scene, and for understanding how MMN can be successfully used with clinical populations.
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A-0151
fMRI signs of involuntary and voluntary auditory attention
K Alho
Department of Psychology, University of Helsinki, Helsinki Advanced Magnetic Imaging Centre,
Helsinki University of Technology, Espoo, Finland

The auditory-cortex component of mismatch negativity (MMN) event-related brain potential to deviant auditory 
events is evidently generated by pre-attentive change detection. The MMN component generated in the frontal 
cortex, in turn, has been associated with subsequent initiation of involuntary attention. An MMN to slightly deviant 
events is followed by a small positive P3a component, generated mainly in the auditory cortex. A larger P3a to widely 
deviant events, such as novel environmental sounds in a stream of tones, appears to get additional contributions 
from parietal and prefrontal cortices. These P3a responses have been related to actual switching of attention to 
and evaluation of the eliciting event. This has been supported by a decrease in performance speed or accuracy, 
or both, caused by task-irrelevant deviant auditory events eliciting MMN and P3a. Our recent functional magnetic 
resonance imaging (fMRI) studies indicate that such distracting events are followed by enhanced activity in auditory, 
parietal, and prefrontal cortical areas. These areas partly overlap with those showing activity enhancements related 
to voluntary orienting and maintenance of attention and to subsequent task-related processes. Perhaps deviant 
auditory events distract performance in an attention demanding task due to this overlap. However, the overlap 
might be also due to attempts to fight against distraction and concentrate on task performance leading to enhanced 
task-related brain activity after a distracting auditory event. Whichever is the case, enhanced activity in the auditory, 
parietal and prefrontal cortices following deviant auditory events may contribute to MMN and P3a responses to 
these events.

A-0152
Visual mismatch negativity: pre-attentive, pre-conscious or non-conscious?
I Czigler, L Pató, G Stefanics, I Sulykos
Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary

Deviant visual features, deviant conjunctions of features, deviant objects, and violation of temporal regulations elicit 
distinct event-related brain activity, the visual mismatch negativity (and/or the change positivity; vMMN, CP). Such 
components may emerge even if the participants are unaware of the deviant stimulation. Concerning the functional 
significance of the processes underlying the deviance-related activity, there are at least three possibilities. (1) As a 
“mechanistic” consequence of the neural hardware activity, vMMN and the related ERP components have no function 
in perceptual (or in other cognitive) processes. However, our recent data shows that task-related activity has specific 
influence on the vMMN. Changes of irrelevant stimulus features unrelated to the discrimination requirements of an 
ongoing task elicit larger vMMN than deviants in a stimulus dimension similar to the relevant one. (2) Registration 
of rare, unexpected, incongruent stimulation is a prerequisite of further stimulus processing, e.g., change-detection 
may be followed by the orienting reaction (attentive processing). This mismatch-related activity would be considered 
as pre-attentive. However, in the visual modality there are no data showing corresponding sequence of events. (3) 
Veridical perception of visual objects (constancies) requires continuous registration of the structure of the whole 
visual scene. Such registration requires a set of complex computations. Storage of the results of the computations 
may increase the efficiency of perceptual processes. VMMN (and related ERP components) may be considered as 
a correlate of updating the content of the respective storage system. There is no need for the conscious recall of 
the content of this memory system. In case of supporting evidences for (3), the processes underlying vMMN (and 
related components), are “non-conscious”, instead of being “pre-conscious”. Accordingly, and as our data show, 
attentive detection of the changing stimulation requires brain activity qualitatively different from those indicated 
by the vMMN. 
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A-0153
Does the detection of acoustic change reflect pre-conscious processing?
The influence of natural sleep on the MMN
K Campbell, L Sculthorpe
School of Psychology, University of Ottawa

The operations involved in the detection of a change in the acoustic environment are claimed to occur “automatically” 
without the need or the benefit of attention. The purpose of attention is to restrict awareness (consciousness) to 
only the most relevant of stimulus input. At the same time, the processing of that which is irrelevant should be 
limited and prevented from gaining access to consciousness. The MMN, reflecting the output of the change detector 
system, is thus said to occur prior to consciousness that the deviant has been presented (i.e., in the pre-conscious). 
A number of studies have tested this assertion by examining the susceptibility of the MMN to manipulations of 
attention and task demands (i.e., the process by which the observer becomes conscious). In general, these studies 
have indicated that attention has relatively little effect on the MMN. Unfortunately, it is not easy to prove the 
null hypothesis -- that the subject was not conscious of the deviant when the auditory channel was not attended.  
Subjects can almost always report some awareness of the apparently ignored deviant stimulus. The ultimate test 
for theories that claim certain aspects of processing are carried out independently of consciousness is whether this 
processing can be demonstrated to occur in an unconscious state (e.g., natural sleep, coma, general anaesthesia).  
Unlike other unconscious states, sleep is reversible. Sleep is not unique; it consists of a series of stages reflecting 
the depth of sleep. Deviants occurring in an oddball sequence can elicit an MMN during REM sleep, particularly 
if the extent of stimulus change is large. The presentation of a large deviant can however elicit other negativities, 
some of which are unique to sleep, that may overlap and summate with the MMN. This problem can be overcome 
by creating a deviant through the repetition of the same physical stimulus in an alternating pattern (ABABABAABA). 
The change of pattern can also elicit the MMN during REM sleep. The REM-elicited MMN is often much attenuated 
relative to the waking state. During NREM sleep, very few studies have been able to elicit the MMN. The attenuated-
MMN during REM sleep and the absence of the MMN during NREM sleep (and other unconscious states) thus 
raises serious doubts about whether the detection of change can be made independent of consciousness. This has 
important implications for applied and clinical studies. Sleepiness and fatigue will markedly alter the MMN. 

A-0154
Adaptation, stimulus-specific adaptation in auditory cortex, and MMN
I Nelken
Department of Neurobiology and the ICNC, Hebrew University, Jerusalem, Israel

Neuronal adaptation is usually thought of as a fatigue of the spike generation mechanism, for example due to 
accumulation of sodium channel inactivation in the initial segment of the axon or to the activation of hyperpolarizing 
currents in the soma. Such mechanisms cannot account for stimulus-specific adaptation (SSA), since they would affect 
the responses to all stimuli to the same degree. Adaptation can however serve as a building block for more complex 
circuits that can show SSA, the simplest being a widely tuned neuron that sums the activity of multiple narrowly tuned, 
partially overlapping, adapting inputs. Synaptic depression in particular is a common mechanism for adaptation in 
the nervous system, and networks of neurons with synaptic depression show non-trivial population dynamics which 
might be used to generate SSA. Thus, while SSA cannot be explained by the simplest models of adaptation, it can 
conceivably be generated by using adaptation mechanisms in an appropriate configuration. Although SSA is not 
MMN, both share a number of important features, suggesting that adaptation mechanisms could play an important 
role in shaping MMN. Models of MMN should avoid the trap of considering the unprocessed sound sequence as the 
input to the generator of the MMN. In particular, the auditory system abounds with distributed ‘surprise’ signals, 
which may be processed to form MMN.
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A-0155
Adaptation: A functionalist perspective
K Friston
Wellcome Trust Centre for Neuroimaging, University College London

We will ague that adaption (as a neurophysiological phenomenon) has an essential role from a functionalist perspective 
and try to understand it as part of perceptual inference in the brain. In brief, purely theoretical considerations 
suggest that perception has to optimize two things; the cause of a sensory inputs and the precision of that input.  
This is a bit like computing a t-test; using the difference in group means and standard error (inverse precision). We 
will suggest that adaption reflects the optimization of post-synaptic sensitivity to encode the precision of sensory 
information, while plastic changes in synaptic connections represent an optimization of the internal model of what 
caused that input.

A-0156
Differential adaptation of auditory cortex neural populations as the neurophysiological basis of MMN
I P Jääskeläinen
Department of Biomedical Engineering and Computational Science, Helsinki University of Technology,
Espoo, Finland

The mismatch negativity (MMN) auditory event-related brain potential (ERP) response is a well known correlate 
of perceptual and cognitive functions, allowing one to probe, for instance, auditory sensory memory, involuntary 
attention, sound discrimination ability, perceptual learning, as well as deficits in these functions in pathology. Here, 
evidence is presented suggesting that differential post-stimulus inhibition/adaptation within anterior “what” and 
posterior “where” auditory processing pathways gives rise to the characteristic MMN response to a change in sound 
frequency. Specifically, the relatively broad tuning to sound frequency of neurons within the posterior auditory 
cortex (and/or the standard and deviant sounds coming from the same spatial location that the posterior “where” 
pathway is selective to) resulted in suppression of the posterior auditory cortex response to sounds deviating 
from preceding standards in sound frequency. In contrast, anterior auditory cortex “what” processing pathway 
was suppressed less, producing a temporally lagging response, thus explaining the slightly anterior equivalent 
current dipole (ECD) modeled source location, longer latency, weaker amplitude, and different scalp topography for 
the MMN as compared with the response to the same sound presented without preceding standard stimuli. It is 
possible that post-stimulus inhibition of neurons selective to other sound features such as duration, spatial location, 
and intensity, underlie MMN responses to changes in these other sound features. In contrast to the different MMN 
responses recorded to changes in relatively simple stimulus features, the MMN to “abstract” sound features appears 
to depend on attention and thus the possible role of adaptation in eliciting (and more generally the neural basis of) 
the abstract-MMN response is a highly exciting challenge for future studies.

A-0157
Genuine MMN, memory-based comparison, and neural adaptation 
T Jacobsen
Institut für Psychologie I, Universität Leipzig 

Human EEG and MEG recordings have been employed to generate the bulk of research on the Mismatch Negativity 
(MMN). These non-invasive measures of large-scale neural brain activity are very often used as physiological 
correlates of mental information processing, as correlates informing cognitive architecture. This presentation will 
also pursue this venue, and attempt to relate the former measures to the latter cognitive models. 
The MMN is an electromagnetic response to any detected deviation in regular auditory input. For instance, changes 
in the pitch of repetitive sounds elicit the MMN. There exist two alternative accounts for this index of automatic 
change detection in this situation: (1) A sensorial, non-comparator account according to which ERPs in oddball 
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sequences are affected by differential refractory states of frequency-specific afferent cortical neurons. (2) A cognitive, 
comparator account stating that MMN reflects the outcome of a memory-based comparison between a cognitive 
regularity representation constructed based on the frequently presented standard sound with the sensory memory 
representation of the deviating sound. In a series of studies, we had set out to investigate this issue. 
Using a condition controlling for refractoriness effects, the two contributions to MMN can be disentangled. One 
of our studies used whole-head MEG to further elucidate the sensorial and cognitive contributions to frequency 
MMN. Results replicated ERP findings that MMN to pitch change is a compound of the activity reflecting a sensorial, 
non-comparator mechanism and a cognitive, comparator mechanism when a deviant-minus-standard subtraction 
is used. Using the controlled protocol these N1 and genuine MMN contributions could be separated in time. The 
sensorial part of frequency MMN consisting of spatially dipolar patterns was maximal in the late N1 range (105-125 
ms), while the cognitive part peaked in the late MMN-range (170-200 ms). Spatial principal component analyses 
revealed that the early part of the traditionally measured MMN (deviant minus standard) is mainly due to the 
sensorial mechanism while the later mainly due to the cognitive mechanism. Inverse modeling revealed sources 
for both MMN contributions in the gyrus temporales transversus, bilaterally. These MEG results suggest temporally 
distinct but spatially overlapping activities of non-comparator-based and comparator-based mechanisms of 
automatic frequency change and deviance detection. 
In addition, the presentation will also touch upon other pieces of empirical evidence suggesting that the genuine 
MMN and the adaptation account, i.e. the differential activation of the afferent N1 transient detectors, when 
measured with EEG/MEG and in a suitable way, reflect distinct cognitive mechanisms.

A-0158
Can we regard adaptation as memory?
I Winkler
Institute for Psychology, Hungarian Academy of Sciences

Just as any other event related brain potential (ERP), the mismatch negativity (MMN) is elicited as the result of 
an interaction between the neural effect a stimulus and the current state of the brain. The state of the brain is 
partly determined by previous stimulation. What distinguishes MMN from many other ERP components is that 
the descriptions which have been put forward to explain within a unified framework the ERP effects categorized as 
MMN call upon the psychological notion of memory. The search for the neural mechanisms of MMN is, therefore, 
also a search for the neural implementation of a form of memory.
Stimulus specific adaptation (SSA) is a phenomenon in which previous stimulation affects the neural response to the 
current stimulus. Thus we can infer that the neural circuits giving rise to SSA store information about the history of 
stimulation. The question is: Can we regard these neural circuits (or some part of them) as a memory store in the 
psychological sense?
This question can be answered in a number of ways, depending on how we define memory and what we know 
about SSA. One possible view is to regard all stimulus after effects as memory. However, on accepting this view, 
we must accept that most ERP components (indeed, most neural responses) reflect some memory and thus the 
distinguishing feature of MMN is lost. Another view could require that it should be possible to bring the contents of 
“true memory” into consciousness. However, this definition is not helpful for the research of the neural mechanisms 
of memory and it may not even fit some of the MMN results. I will argue for a definition of memory requiring that 
the information stored should serve multiple processes. This criterion may be employed to distinguish internal 
states of a process from an information resource. The question is then whether or not the information storage 
inferred from SSA meets this requirement. I am not sure whether we know enough to answer this question. The 
reason is that whereas MMN has been observed in a variety of different stimulus configurations, SSA (for very good 
reasons) has been mainly studied using quite restricted types of stimulus sequences. Therefore, I will call for efforts 
to find SSA type phenomena with different types of stimulus paradigms.
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A-0159
Visual mismatch negativity: very early, early and recent research
I Czigler
Institute for Psychology, Hungarian Academy of Sciences, Budapest, Hungary

Very early: In the early nineties some studies reported posterior negative waves to infrequent and irrelevant visual 
changes. However, as a consequence of a negative finding no authors suggested that such negativities were visual 
analogs of the auditory mismatch negativity. Early: In a peer-reviewed journal the first paper using the phrase 
“visual mismatch negativity” in the title was published in 1999 (Tales et al.,  NeuroReport, 10, 3363-3367. At the 
same time Heslenfeld conducted a series of careful studies on vMMN, but the studies was published only in 2003 
(Heslenfeld, D. J., in J. Polich (ed.). Detection of change: Event-related potential and fMRI findings (pp. 41-59). 
Boston: Kluver Academic Press. In 1999 Pazo-Alvarez et al. presented a review on the early attempts (Pazo-Alvarez, 
P., et al., Biological Psychology, 63, 199-236. Recent: From the ISI Web of Knowledge database (Web of Science®) 
34 publications on visual mismatch negativity can be retrieved. Nevertheless, in connection to this event-related 
activity some basic issues deserve discussion: (1) What are the characteristics of the memory underlying vMMN 
(if there is underlying memory)? (2) In what extent the processing reflected by the visual mismatch negativity is 
automatic? (3) What is the function of the processes underlying vMMN?

A-0160
Memory-based visual mismatch negativity to orientation changes
P Astikainen
Department of Psychology, University of Jyväskylä, Finland

There is growing evidence for the mismatch negativity not only to auditory changes (MMN) but also to visual changes 
(vMMN). However, if the vMMN to visual deviant stimuli is elicited with support of the sensory memory of the 
previous standard stimuli, as the auditory MMN is, has remained largely unsettled. We have explored this issue in 
humans (scalp recordings) and animals (intracranial recordings) by measuring the vMMN for changes in orientation. 
In rabbits, the oddball paradigm applied with the deviant-alone control condition revealed the memory relatedness 
of the mismatch response (Astikainen et al., 2000, Neuroreport, 11, 1515-1517). In a subsequent study (Astikainen 
et al., 2005, Exp. Brain Res., 160,189-193), the experimental variation of the inter-stimulus interval further showed 
that the sensory memory in rabbits resembled the memory in humans in its shorter duration relative to its auditory 
counterpart. In humans, our data from the deviant-alone condition (Astikainen et al., 2004, Neurosci. Lett., 368, 231-
234) as well as from the more stringent equal probability control condition (Astikainen et al., 2008, Eur. J. Neurosci., 
28, 2319-2324) suggested that the elicitation of the vMMN was relying on a memory-based process. In addition, its 
elicitation seemed to be restricted to the duration of the active memory trace. That is, the vMMN was elicited with 
the 400-ms, but not with the 1100-ms, inter-stimulus intervals corresponding well to previous behavioral measures 
of the duration of the visual sensory memory.

A-0161
Visual mismatch: Some applications in pharmacology, pathology, and development
J L Kenemans
Experimental Psychology and Psychopharmacology, Utrecht University

A number of reports have documented detrimental effects of moderate alcohol (BAC of about 0.05 %) on the 
Mismatch Negativity (MMN), the electro-cortical manifestation of a rapid (100 ms post-stimulus) mechanism 
dedicated to the detection of unexpected auditory change Analogous to the aMMN, a visual Mismatch or Rareness-
Related Negativity (vMMN or RRN) evolves at about 100 ms after the unexpected change, and has been localized in 
visual cortex. Rapid detection of unexpected events is important for everyday-life conditions like driving, prompting 
the question whether the visual RRN shows sensitivity to moderate alcohol similar to the MMN. In one study, alcohol 
effects on aMMN as reported before were replicated, and the RRN, defined as the difference between deviant and 
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standard ERPs between 120 and 170 ms at Oz, was present under placebo, but not under alcohol. Thus, moderate 
alcohol impairs the rapid detection in visual cortex of unexpected changes. One possibility is that alcohol interferes 
with cholinergic transmission in visual cortex, which has been suggested to sustain selection of relevant visual 
information and attentional capture by salient events. This notion may be consistent with the reported reduction 
of vMMN in schizophrenia, but would not predict the reduced vMMN with normal aging, nor the increase with 
chronic methamphetamine abuse, and seems to be at odds with the increased vMMN as observed in Alzheimer’s 
Disease. Other biochemical mechanisms may therefore be instrumental, perhaps generally mediated by adenosine 
agonism.

A-0162
Two subcomponents of posterior deviant-related negativity reflecting refractory effect and memory-mismatch 
effect
M Kimura1,2,3, J Katayama4, H Ohira2, E Schröger3

1Japan Society for the Promotion of Science, Japan
2Department of Psychology, Nagoya University, Nagoya, Japan
3Institute of Psychology I, University of Leipzig, Leipzig, Germany
4Faculty of Education, Hokkaido University, Sapporo, Japan

It is known that infrequent deviant compared to frequent standard stimuli in the visual oddball sequence elicit a 
posterior negativity at around 100-250 ms. Concerning the underlying process, however, there is still controversy 
as to whether the posterior negativity reflects a mismatch between a current deviant stimulus and a memory trace 
formed by the preceding standard stimulus sequence (memory-mismatch hypothesis, e.g., Czigler et al., 2002) or 
a lower refractoriness level of afferent neurons specifically responding to feature value of the infrequent deviant 
stimuli compared to those specifically responding to feature value of the frequent standard stimuli (refractory 
hypothesis, e.g., Kenemans et al., 2003). To dissociate these hypotheses, we used the equiprobable sequence in 
which bar stimuli of five types of orientation were presented with equal probabilities (control 20% each) as well as 
the oddball sequence in which two stimuli with the closest orientation were presented with different probabilities 
(deviant 20% and standard 80%). In this protocol, control stimuli should not elicit memory-mismatch effect as 
standard stimuli, because control stimuli do not violate any regularity. Also, the state of refractoriness for control 
stimuli should be equal compared to that for deviant stimuli, because the probability of control stimuli is the same 
as that of deviant stimuli. Thus, if the posterior negativity reflects memory-mismatch effect, then it should be 
observed in the deviant-minus-standard and deviant-minus-control difference waves. In contrast, if the posterior 
negativity reflects refractory effect, then it should be observed in the deviant-minus-standard and control-minus-
standard difference waves. Results showed that two subsequent posterior negativities (an early occipito-temporal 
negativity at around 100-150 ms with no hemispheric dominance and a late temporal negativity at around 200-250 
ms with right hemispheric dominance) were observed in the deviant-minus-standard difference wave, only the late 
negativity was observed in the deviant-minus-control difference wave, and only the early negativity was observed 
in the control-minus-standard difference wave. These results suggest that the posterior negativity observed in the 
traditional deviant-minus-standard difference waves consists of two subsequent posterior negativities: the early 
negativity reflecting refractory effect and the late negativity reflecting memory-mismatch effect (genuine visual 
MMN). This notion would resolve the past controversy for the underlying process of the posterior negativity. 

A-0163
What does an analysis of oscillatory activity tell about vMMN? 
K Kreegipuu 
Institute of Psychology, University of Tartu, Estonia 

Electrical activity of the brain during processing of regular visual motion episodes (lasting 200 ms, directed either 
to the left or right, proportion of direction deviants 0.15, motions presented intermittently with 600 ms pauses) 
in the background of the central circular area (diameter 8.26 deg) revealed the existence of the vMMN (14 active 
electrodes, 12 observers). Background was a sinusoidal grating (0.65 c/deg, luminance range 0.13-128.2 cd/m2, 
eccentricity 5.23 deg, velocity 1.6 deg/s) and in the central test area was the same grating, just moving with equal 
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probability to the left and right (0.6 deg/s, random fore-period). The observer.s task was to react to the motion of 
the target area and either to ignore the background or to relate its direction to the direction of the background 
motion (same or opposite). 

Traditionally works applying the ERP methodology do not look at processing frequencies that are present in single 
curves constituting the averaged ERP curves. This talk will concentrate on the possibilities that a time-frequency 
analysis reveals about underlying cognitive processes. A continuous wavelet analysis (CWT, Analyzer 1.05) was 
performed for screening the relative strength of oscillations between 0.1-45 Hz, divided into delta, theta, alpha, 
beta and lower gamma bands according to their assumed meaning.  For example, gamma-band oscillations are 
assumed to reflect awareness of stimuli, beta-activity to indicate cognitive effort, activity in alpha band to decrease 
with more activation, theta activity to correlate with emotional and memory processes and delta activity with 
motivation and salience detection. Due to the experimental design, three main questions will be asked in the 
presentation: (1) How does oscillatory activity relate to ERPs; (2) How does oscillatory neural activity change as 
a function of processing standard vs deviant moving stimuli; (3) How higher demand for attention is reflected in 
specific oscillations? Altogether, a goal of the presentation is to assess whether analysis of oscillatory activity would 
be beneficial for studying the vMMN.

A-0164
Memory trace formation underlies preattentive visual change detection
T Maekawa, S Tobimatsu, K Ogata, T Onitsuka, S Kanba
Departments of Neuropsychiatry and Clinical Neurophysiology, Graduate School of Medical Sciences,
Kyushu University, Japan

OBJECTIVE. Although vMMN may result from a memory-based phenomenon, there is no direct evidence for mem-
ory trace formation in vMMN. The aim of this study was to determine if memory trace formation occurs during 
vMMN.
METHODS. Subjects were seated in front of a monitor and asked to listen to a story. First, we examined how long 
the memory trace was kept. Nine consecutive 200-ms windmill patterns with 800-ms inter-stimulus intervals (ISIs) 
were presented. A sequence was composed of a single 24-vane pattern in the 8th position (deviant stimulus; D) and 
eight 6-vane patterns (standard stimuli; S). The inter-train intervals (ITIs) were changed to 1, 6, or 12 seconds. Next, 
the position in the stimulus sequence at which the 24-vane pattern appeared was changed to the 2nd, 4th or 8th 
position with a 12-s constant ITI. vMMN was ascertained from the difference between S and D responses.
RESULTS. vMMN appeared in the occipital region 150-300 ms after stimulus onset. vMMN was significantly modu-
lated by the ITI, but was retained for at least 12 s. In addition, more than four preceding stimuli were needed to 
reinstate the implicit memory trace.
Conclusion: These results suggested that memory-based change detection underlies vMMN. Therefore, vMMN is 
useful to study visual sensory memory function.

A-0165
An ERP study about altered visual attentional system in bipolar disorder
T Maekawa, T Tsunoda, N Oribe, N Fukushima, T Onitsuka, S Tobimatsu, S Kanba
Departments of Neuropsychiatry and Clinical Neurophysiology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka Japan.

BACKGROUND. Bipolar disorder (BP) is one of mental disease which hard to make diagnosis. Cognitive dysfunction 
of BP may result from abnormal attentional processing in the brain. Attentional processing consists of two stages: 
One is involuntary attention (automatic) processing and the other is voluntary attention processing. The former is 
assessed by mismatch negativity (MMN) while the latter is evaluated by P300. These ERP components may be use-
ful to discriminate a patient with BP from healthy person. The aim of this study was to clarify abnormality of visual 
attention system in BP by measuring P300 and visual MMN (vMMN). 
METHODS. Eleven patients with BP were seated in front of a 20-inch monitor in the dark room comfortably. They 
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were instructed to attend to a story through earphones binaurally and to also pay attention to a visual target which 
was presented on a monitor. Black-white circular windmill patterns consisting of a standard, a deviant, and a target 
stimulus whose ratios were 8:1:1 were presented on the monitor randomly. The difference in the three stimuli was 
the number of vanes. EEG was recorded by 128-ch high dense array equipment throughout the experiment con-
tinuously. VMMN was obtained by subtracting ERPs to deviant stimulus from that to standard stimulus. P300 was 
recorded by the response of target stimulus.
RESULTS. Data of nine patients with BP were analyzed. There was not statistical difference in behavior performance 
(accuracy of questionnaire about the context of heard story and accuracy and response time of target detection) 
between BP and normal control (NC) group. Responses of all of the participants were obtained P300 and vMMN. 
P300 in BP was delayed than that of NC. Mean amplitude of vMMN in BP was significantly smaller than that of NC, 
and latency of vMMN of the patients was prolonged from that of NC. 
CONCLUSIONS. Our results suggest that there exists abnormal visual attentional processing in BP. P300 and vMMN 
are more sensitive to detect it than behavior performance index.

A-0166
The visual mismatch made visible
C M Smit, E Schweiger, W Wittling
Center for Neuropsychological Research, University of Trier, Trier, Germany

As the brain is a capacity limited system and has to deal with a continuous stream of information from its surround-
ings, only a part of the vast amount of information can be completely processed and be brought to conscious aware-
ness. This information, which passes through attentional filters is used for goal-directed behaviour. Therefore, the 
change detection mechanism is a very useful aid to cope with important information which is outside the focus of 
our attention. To explore this mechanism in the visual modality a paradigm was developed combining a 2-choice 
response time task with a hidden visual mismatch detection task. The ERP results showed a modality-specific mis-
match response at the occipital cortex and a more general response at the frontocentral midline. Preliminary analy-
ses of fMRI data of change induced activation revealed activity in superior occipital areas, hippocampus, and medial 
frontal and cingulate areas. It is plausible to assume that these regions are associated with the different processes 
underlying change detection, like sensory memory update and comparison, detection of conflict in input, and in-
voluntary attention shifting. The findings in this study were taken as an indication that the human brain is capable 
of detecting changes in a series of repeated irrelevant visual stimuli during the performance of another demanding 
visual task and thus support the existence of a visual mismatch detection mechanism. 

A-0167
Visual mismatch negativity in Alzheimer’s disease and mild cognitive impairment.
A Tales 1, G Wilcock 1, G Porter 3, Butler 4

1 Department of Experimental Psychology, Bristol University, Bristol, U.K.
2 The Burden Institute Frenchay Hospital, Bristol, U.K., Nuffield Department of Medicine, University of Oxford,
John Radcliffe Hospital Headignton, Oxford, U.K. 

In healthy ageing, the vMMN evoked in response to changes in the shape of visual stimuli is significantly reduced in 
amplitude, even absent, compared to young adults. However, the pattern of abnormality of the vMMN in relation 
to this visual feature in AD has been found to be qualitatively different from that in both young and older healthy 
adults. During the first half of a test session, Tales & Butler (2006) found that the AD group were like old controls 
in showing no significant vMMN, but as testing continued, the AD group revealed a robust and significant vMMN. 
The AD patients in this group were not receiving any medication. In a subsequent study Tales et al (2008) found 
that patients with mild cognitive impairment also showed significantly abnormal vMMN compared to healthy 
ageing. Furthermore, there is some evidence to indicate that treatment with cholinesterase inhibitors can affect 
the vMMN exhibited by patients with AD. In a subsequent study on healthy young adults we examine the effects of 
target probability on the magnitude of the vMMN and find it significantly reduced in response to an increase in the 
frequency of the deviant. We present this finding for discussion in relation to our findings in AD and MCI.
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 A-0177 
EEG evidence of auditory size perception in adults and infants 
M D Vestergaard1,2,*, R D Patterson1, F Pulvermüller2, G P Háden3, Y Shtyrov2, I Winkler3,4

1Department of Physiology, University of Cambridge, Cambridge
2MRC Cognition and Brain Sciences Unit, Cambridge
3Institute for Psychology, Hungarian Academy of Sciences
4Institute of Psychology, University of Szeged, Hungary

Auditory size perception refers to the ability to make accurate judgments of the size of a sound source based solely 
upon the sound emitted from the source. The two parameters that specify the size of a sound source are pitch and 
resonance. Communication sounds thus contain pitch and resonance cues that code for the size of the speaker 
but that are unrelated to the phonetic identity of the speech sounds. However, the human auditory system has a 
remarkable ability to recognize speech despite the acoustic variability associated with differences in speaker size. 
It has therefore been suggested that the auditory system pre-processes sound to detect and normalize for pitch 
and resonance, and that our ability to make judgments about the size of sound sources is based on parametric by-
products of this pre-processing. For example, based solely on sound, humans can make reliable judgments about 
the weight and the relative size of speakers, as well as the relative size of musical instruments. Since most animal 
calls are pulse-resonance sounds, pitch and resonance can code for animal size in most animate communication 
sounds. Humans and other animals can thus use the size information encoded in communication sounds to adapt 
their behavior. The ability to gauge the size of the members of a species – be it a predator or a suitor – probably 
has an evolutionary basis. According to this notion, the auditory system operates an innate frequency code that 
associates low frequencies with large sources and high frequencies with small sources. Within a behavioral context, 
anatomical size is interpreted as dominance (for large animals) and submissiveness (for small animals). Because 
such behavior appears early within life it is often assumed that normalization and detection of auditory size is an 
innate automatic process.
We collected electro-physiological and behavioral data to test whether sound-source size parameters are detected 
from task irrelevant sequences of communication sounds in adults and newborn infants. The MMN obtained from 
adults indexed automatic detection of changes in size for voices, musical instruments and animal calls. Neonates 
detected changes in the size of a musical instrument. The data are consistent with the notion that auditory size-
deviant detection in humans is an innate automatic process. This conclusion is compatible with the theory that the 
ability to assess the size of sound sources evolved because it provided selective advantage of being able to detect 
competent suitors and dangerous predators. 
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