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W E L C O M E  S T A T E M E N T

It is our great pleasure to welcome you to the Biennial Meeting of the Society for Music Perception and Cognition, 
hosted by Vanderbilt University, in Nashville, Tennessee. Here in Music City, USA, we live and breathe music, from 
the roots of bluegrass to the Grand Old Opry to the world-famous recording studios, just around the block. We 
know that music is a fundamental part of the social and economic life in Nashville, in Tennessee, and all over the 
world. But why and how? As participants and members of SMPC, we are united in our enthusiasm for the scholarly 
pursuit of understanding the mechanisms that underlie music perception, learning, and cognition, as well as 
exploring music as therapy for disease and disorders.

 The timing could not be better to welcome our esteemed colleagues to Vanderbilt for SMPC 2015. This 
summer we are thrilled to announce the creation of a new cross-campus research initiative, the Program for Music, 
Mind & Society at Vanderbilt, drawing on expertise in Neuroscience, Psychology, Education, Music, Medicine, 
Engineering, and Arts Policy, along with Vanderbilt’s deep ties to the Music Industry.

 As the field of music cognition grows, the SMPC conference has also grown as a forum for intellectual 
exchange that pushes the field ahead into exciting and novel directions. This year we welcome over 350 attendees 
from more than twenty nations, and over 260 presentations on the program. We are delighted to have the 
legendary Dr. Jeanne Bamberger present her keynote talk on Monday, August 3. Building on the success of SMPC 
2013’s public lecture, we have expanded the outreach aspect of the conference with the Vanderbilt Music & Mind 
Kickoff to SMPC. This exciting event is open to the general public and includes a lecture by Dr. Charles Limb, 
live music and an overview of the state-of-the-art in music research on our campus. The Kickoff ends with a 
Welcome Reception that connects SMPC attendees with music industry professionals, Vanderbilt scholars, and 
other members of the community. Networking events like these are crucial to communicating the importance of 
music cognition research to the broader public. Social media creates new occasions for sharing content between 
conference attendees and the rest of the world. We will be live-tweeting throughout the conference sessions and 
invite you to do so as well with the conference hashtag #smpc2015.

 Other firsts of this SMPC include a panel discussion on conducting music research with community partners, 
and a special guest talk from the American Speech-Language-Hearing Association. Fostering the careers of the next 
generation of music scientists remains an important goal of SMPC. In addition to student talks and posters, we have 
three events on the program targeted at young scientists: an Early Career Panel, a Student Breakfast at the Curb 
Center, and individual Faculty-Student Lunches.

 We wish to express our heartfelt gratitude to the SMPC 2015 sponsors who have made the conference possible: 
the Society for Music Perception and Cognition, Vanderbilt Kennedy Center, Vanderbilt Brain Institute, Vanderbilt 
Bill Wilkerson Center, The Ploger Method at The Blair School of Music, and the Program in Music, Mind & 
Society at Vanderbilt, as well as our Conference Supporters and Student Award Sponsors. 

 This may be the first time that Nashville hosts the SMPC conference, but we sincerely hope that it will not be 
the last!

Reyna Gordon, PhD 
Vanderbilt University

Elisabeth Dykens, PhD 
Vanderbilt University

Jessica Grahn, PhD 
University of Western Ontario
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SMPC 2015 is made possible by the generous support of our Sponsors!

SMPC 2015 SPONSORS:
Society for Music Perception and Cognition

Vanderbilt Kennedy Center
Vanderbilt Brain Institute

Vanderbilt Bill Wilkerson Center
The Ploger Method® at The Blair School of Music
Program in Music, Mind & Society at Vanderbilt

SMPC 2015 CONFERENCE SUPPORTERS:
Peabody College of Education and Human Development

Vanderbilt School of Engineering
Vanderbilt Curb Center

Yazoo Brewery

SMPC 2015 STUDENT AWARD SPONSORS:
Society for Music Perception and Cognition

Society for Education, Music and Psychology Research (Sempre)
Psychomusicology: Music, Mind & Brain

The Royal Society
Ashgate Publishing
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EXECUTIVE COMMITTEE
Conference Co-Chairs 
Dr. Reyna Gordon and  
Dr. Elisabeth Dykens,  
Vanderbilt University
Program Chair 
Dr. Jessica Grahn,  
University of Western Ontario

PROGRAM COMMITTEE
Dr. Gavin Bidelman,  
University of Memphis
Dr. Elisabeth Dykens,  
Vanderbilt University
Dr. Mary Farbood,  
New York University
Dr. Miriam Lense, 
Emory University
Dr. Scott Lipscomb,  
University of Minnesota
Dr. John Iversen,  
University of California, San Diego
Dr. Cyrille Magne,  
Middle Tennessee State University
Dr. Elizabeth Margulis, 
University of Arkansas 
Dr. Daniela Sammler,  
Max Planck Institute for Human 
Cognitive and Brain Sciences

LOCAL ORGANIZING COMMITTEE
Conference Manager: Laura McLeod

COMMITTEE MEMBERS 
(VANDERBILT)
Dr. Nicole Baganz
Sara Beck 
Emelyne Bingham 
Scott Blain, Social Media Chair
Dr. Blythe Corbett
Lindsey Dethrage
Dr. Roland Eavey
Aysu Erdemir
Kamyl Harvey
Erin Nelson, Volunteer Coordinator
Rita Pfeiffer 
Marianne Ploger
Lindsey Reymore,

Chair of Kickoff subcommittee
Dr. Joseph Schlesinger
Beth Sims
Dr. Mark Wallace
Alison Williams

VOLUNTEERS
Scott Blain
Jane Burton
Kate Chapman
Julia Goddeeris
Gloria Han
Laura Hieber
Sara Ioannou
Arun Joshi
Kathrin Kuchenbuch
Aidan McCarter
Tram Nguyen
Rita Pfeiffer
Michael Pridmore
Jessica Slater
Alison Williams

VANDERBILT KENNEDY CENTER 
SUPPORT STAFF
Peggy Chatfield
Kylie Muccilli
Jon Tapp
Jennifer Johnson
Amy Pottier
Dr. Janet Rosemergy
Tim Stafford
Elizabeth Turner

PROGRAM SUPPORT TEAM
Kathrin Kuchenbuch
Cricia Rinchon
Sean Gilmore
Roxy Rusu
Dr. Molly Henry
Avital Sternin

SMPC BOARD
Dr. Edward Large 
President
Dr. Peter Pfordresher 
Secretary
Dr. Elizabeth Margulis 
Treasurer
Dr. Mary Farbood 
At-Large Board Member
Dr. John Iversen 
At-Large Board Member
Dr. Scott Lipscomb 
At-Large Board Member
Dr. Michael Schutz 
At-Large Board Member
Dr. Psyche Loui 
At-Large Board Member
Dr. Dominique Vuvan 
Student Member

SCIENTIFIC ADVISORY BOARD
Dr. Richard Ashley  
Northwestern University
Dr. Ramesh Balasubramaniam 
University of California
Dr. Marc Bangert, Hochschule für 
Musik Carl Maria von Weber
Dr. Jonathan Berger 
Stanford University
Dr. Tonya Bergeson 
Indiana University
Dr. Birgitta Burger 
University of Jyväskylä
Dr. Blake Butler 
University of Western Ontario
Dr. Annabel Cohen  
University of Prince Edward Island
Dr. Kathleen Corrigall 
Grant MacEwan University
Dr. Sarah Creel  
University of California
Dr. Lola Cuddy  
Queen’s University
Dr. Meagan Curtis  
Purchase College
Dr. Roger Dean  
University of Western Sydney
Dr. Steven Demorest  
University of Washington
Dr. Johanna Devaney  
Ohio State University
Dr. Shinya Fujii  
Sunnybrook Research Institute
Dr. Takako Fujioka  
Stanford University
Dr. Shinichi Furuya  
Sophia University
Dr. Jessica Grahn  
University of Western Ontario
Dr. Andrea Halpern  
Bucknell University
Dr. Erin Hannon  
University of Nevada
Dr. Tommi Himberg  
University of Cambridge
Dr. Michael Hove  
Harvard Medical School
Dr. David Huron  
Ohio State University
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Dr. Petr Janata  
University of California
Dr. Peter Keller  
University of Western Sydney
Dr. Stefan Koelsch  
Freie Universität Berlin
Dr. Sonja Kotz  
University of Manchester
Dr. Alexandra Lamont  
Keele University
Dr. Peter Martens 
Saint Louis University
Dr. Elizabeth Marvin  
Eastman School of Music
Dr. Panayotis Mavromatis  
New York University
Dr. Stephen McAdams 
McGill University
Dr. Devin McAuley  
Michigan State University
Dr. Lucy McGarry  
University of Western Ontario
Dr. Daniel Müllensiefen  
Goldsmiths University of London
Dr. Mitch Ohriner  
Shenandoah University

Dr. Aniruddh Patel  
Tufts University 
Dr. Michelle Phillips  
Royal Northern College of Music
Dr. Jon Prince  
Murdoch University
Dr. Tal-Chen Rabinowitch 
University of Washington
Dr. Martin Rohrmeier  
Technische Universität Dresden
Dr. Frank Russo  
Ryerson University
Dr. Valorie Salimpoor  
Baycrest Institute
Dr. Rebecca Schaefer  
University California
Dr. Glenn Schellenberg  
University of Toronto
Dr. Benjamin Schultz  
Université de Montréal
Dr. Michael Schutz  
McMaster University
Dr. Daniel Shanahan  
Louisiana State University 
Dr. Robert Slevc  
University of Maryland

Dr. Joel Snyder  
University of Nevada
Dr. Laura Stambaugh  
Georgia Southern University
Dr. Chris Steele  
Max Planck Institute for Human 
Cognitive and Brain Sciences
Dr. Sundeep Teki  
Ecole Normale Superieure, Paris
Dr. David Temperley  
Eastman School of Music
Dr. Mari Tervaniemi  
University of Helsinki
Dr. Michael Thaut  
Colorado State University
Dr. Bill Thompson  
Macquarie University
Dr. Petri Toiviainen  
University of Jyväskylä
Dr. Elisabeth Tolbert  
University of Cambridge
Dr. Mark Tramo  
University of California
Dr. Christopher White  
University of North Carolina
Dr. Matthew Woolhouse  
McMaster University

S T U D E N T  A W A R D S

We congratulate our SMPC 2015 Student Awardees, selected by the Awards Committee in a blinded review 
process on the basis of a two-page expanded abstract.  The awards are generously sponsored by SMPC, Sempre, 
Psychomusicology: Music, Mind & Brain, and The Royal Society.

Michael W. Weiss, Graduate student, 
University of Toronto Mississauga. 
(Grand prize) “Eyes wide open for vocal 
melodies”

Adiel Mallik, Graduate student,  
McGill University. (Grand prize)  
“The physiological impact of naltrexone 
on the emotional rewards of music 
listening”

Jennifer Zuk, Graduate student, 
Harvard University. “The paradox of 
musicians with dyslexia: characterizing 
auditory and speech processing profiles”

Jessica E. Nave-Blodgett, Graduate 
student, University of Nevada, Las 
Vegas. “Do people hear multiple levels 
of metrical hierarchies in music?

Kali Woodruff Carr, Graduate 
student, Northwestern University. 
“Incorporating feedback during beat 
synchronization relates to neural speech 
encoding and language skills”

Kameron K. Clayton, Undergraduate, 
Boston University. “Visual attention, 
executive function, and spatial hearing 
in musicians and non-musicians”

Karli Nave, University of Nevada, 
Las Vegas (as Graduate student) and 
Michigan State University  
(as undergraduate student).  
“Musical rhythm discrimination and 
language development in children ages 
4 to 7 years”

Lorraine Chuen, Graduate student, 
McMaster University. “Exploring 
the unity assumption in temporal 
audiovisual binding of musical stimuli”
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Locations (Parking for each location is indicated on the conference map)
 q Scarritt Bennett Center (1008 19th Avenue South) Enter parking lot A from 18th Avenue South.
Attendees who possess a Vanderbilt Zone 1 parking decal are kindly asked to park in Zone 1 rather than at 
Scarritt Bennett, due to space constraints.

 q *Ingram Hall at Blair School of Music (At the corner of 24th Avenue S. and Children’s Way)
Limited Shuttle service during the Kickoff: Attendees may take a shuttle from the Scarritt Bennett Center to the 
Blair School on Saturday. The shuttle accommodates up to 25 passengers at a time and will run continuously 
between Scarritt Bennett and Blair. The first shuttle will depart from Parking Lot A in Scarritt Bennett at 
12:30pm (white “InShuttle” bus). The last shuttle will depart from Blair at 7pm.

 q Vanderbilt Curb Center (1801 Edgehill Avenue)
 q *Vanderbilt Student Life Center (SLC) (310 25th Avenue South)

*Alcohol will be served at the Welcome Reception at Ingram Hall, as well as at the Banquet at SLC. Attendees 
wishing to partake in alcoholic refreshments will be required to show proof of age (21 years).

Registration Desk
 q Doors open to the Kickoff at 12:30pm on Saturday, August 1. The conference registration desk will be located in 
Ingram Hall for the duration of the Kickoff event.

 q Beginning on Sunday, August 2, the conference registration desk at Scarritt Bennett opens each morning 30 
minutes prior to first session.

Overflow Room
 q Seating in the conference sessions at the Scarritt Bennett venue is first-come, first-serve. Due to the large 
number of attendees enrolled, we have made arrangements for a live feed of selected plenary sessions to be 
broadcast into a second overflow room, Laskey C, on the second floor.

Wi-Fi
 q Complementary Wi-Fi is available at all of the conference venues, but due to high volume some speeds may be 
slow at times (thus, attendees may want to bring their own hot-spot if they have one).
• Wi-Fi at the Scarritt Bennett Center: The network is SBC, and the password is Bell Tower.
• Wi-Fi at all Vanderbilt campus buildings (including Ingram Hall, the Curb Center, and the Student Life 

Center) can be accessed by adding the network vummiv (no password is needed).

Lactation Room
 q The Tillman Room, located on the 2nd floor of the Laskey Building at Scarritt Bennett Center, is a dedicated 
lactation room at the conference venue. The room is equipped with power outlets and a refrigerator. This room 
is available for mothers who need to pump, or who prefer to nurse in private. Attendees needing lactation 
space at conference events occurring in other locations should contact Dr. Reyna Gordon in advance of the 
conference, if possible.  SMPC 2015 supports breastfeeding mothers, and we hope that a lactation room will 
become a staple of future SMPC meetings!

For more information on the Program for Music, Mind, & Society at 
Vanderbilt, visit: https://my.vanderbilt.edu/musicandmind/

https://my.vanderbilt.edu/musicandmind/
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 q SATURDAY, AUGUST 1, 1-7PM
VANDERBILT MUSIC & MIND KICKOFF TO SMPC 
Location: Ingram Hall at Blair School of Music (At the corner of 24th Avenue S. and Children’s Way)
• There will be a Public Keynote Lecture by Dr. Charles Limb, an Exposition of music research at Vanderbilt, 

Special music performance by Neuroscientist/Singer Dr. Joseph LeDoux and Colin Dempsey of the duet 
So We Are, Networking opportunities with the music industry and the local community, and a Welcome 
Reception. SMPC (full conference) attendees do not need a separate ticket for the Kickoff. 

 q SUNDAY, AUGUST 2, 8:30-9:10AM
CONFERENCE OPENING REMARKS
Location: Scarritt Bennett Center (1008 19th Avenue South)
• Seating at the venue is first-come, first-serve. Due to the large number of attendees enrolled, we have made 

arrangements for a live feed of selected plenary sessions to be broadcast into a second overflow room, Laskey 
C, at Scarritt Bennett Center. 

 q SUNDAY, AUGUST 2, 1:30-2:30PM
PANEL DISCUSSION: ORCHESTRATING VISION: CONDUCTING MUSIC RESEARCH WITH COMMUNITY 
PARTNERS, CHAIRED BY DR. BLYTHE CORBETT
Location: Scarritt Bennett Center (1008 19th Avenue South)

 q SUNDAY, AUGUST 2, 4:10-5:30PM
SMPC PRESIDENT’S ADDRESS, PRESENTATION OF LIFETIME ACHIEVEMENT AWARD, AND PRESENTATION OF 
STUDENT AWARDS
Location: Laskey Great Hall (live feed broadcast in Laskey C)

 q SUNDAY, AUGUST 2, 5:30-6:30PM
EARLY CAREER PANEL
Location: Laskey Great Hall

 q STUDENT-FACULTY LUNCH PROGRAM 
Times and locations vary. Prior to the conference, students and postdocs are given the opportunity to sign up 
for individual meeting times with faculty. The Early Career Panel, Student-Faculty Lunch Program, and the 
Student Breakfast were organized by Dominque Vuvan, PhD, Student Member of the SMPC Board.

 q MONDAY, AUGUST 3, 7:30-8:45AM
STUDENT BREAKFAST
Location: Vanderbilt Curb Center (1801 Edgehill Avenue)

 q MONDAY, AUGUST 3, 1:30-2:30PM
CONFERENCE KEYNOTE TALK: SHAPING TIME: PROPERTIES AND FUNCTIONS
Dr. Jeanne Bamberger of Massachusetts Institute of Technology
• Location: Laskey Great Hall (live feed broadcast in Laskey C) 

See page 12 for more information

 q MONDAY, AUGUST 3, 5:30-6:30PM
SMPC BUSINESS MEETING
Location: Laskey Great Hall

http://vkc.mc.vanderbilt.edu/smpc2015/kickoff/
http://vkc.mc.vanderbilt.edu/smpc2015/keynotes/
http://vkc.mc.vanderbilt.edu/smpc2015/keynotes/
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 q MONDAY, AUGUST 3, 7-10PM
CONFERENCE BANQUET DINNER
Location: Vanderbilt Student Life Center (SLC) (310 25th Avenue South)

 q TUESDAY, AUGUST 4, 8:00-8:45AM
MUSIC RESONATES WITH COMMUNICATION SCIENCES AND DISORDERS
Dr. Margaret Rogers, Chief Staff Officer for Science and Research, American Speech-Language-Hearing 
Association
Location: Laskey Great Hall
• A brief overview will be provided of the Communication Sciences and Disorders (CSD) discipline and the 

American Speech-Language-Hearing Association to better acquaint attendees with the discipline, ASHA’s 
mission, who ASHA represents, and what ASHA members do. The presentation will provide an overview of 
the clinical importance of music for specific populations with communication disorders and how SLPs may 
use music as an adjunctive approach to help improve communication. Additional detail will be provided 
to describe ASHA’s efforts to support the generation and knowledge translation of clinical research and to 
advocate with policy makers on behalf of our members and those with communication and related disorders. 
The need for more research will be highlighted, specifically research that addresses the role of music in the 
assessment (e.g., rhythm and pattern perception) and treatment of specific communication disorders as 
well as that investigates how music can facilitate communication in some contexts and that identifies the 
mechanisms (neural drivers or pathways) that support such facilitation.

 q TUESDAY, AUGUST 4, 6-7PM
SPECIAL PERFORMANCE OF ART SONG THEATRE
SONGFIRE THEATRE ALLIANCE PRESENTS SEAWORTHY: OBSESSION CAN WRECK YOU
ORIGINAL SCRIPT BY BRENDA SPARKS
Location: Ingram Hall at Blair School of Music (At the corner of 24th Avenue S. and Children’s Way)

http://www.asha.org/
http://www.asha.org/
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• A young woman’s consuming passion to solve a family mystery leads her on the voyage of a lifetime. There 
she discovers she’s not the only one haunted by the past. To survive, she must learn to see the horrifying 
truth.

• Experience the American premiere of Seaworthy: Obsession Can Wreck You inspired by one of the greatest 
maritime mysteries, the disappearance of the ship The Mary Celeste. Originally premiered at the Vancouver 
International Song Institute’s groundbreaking SONGFIRE Theatre Program in 2012, Seaworthy gathers 
art songs from across two centuries, and knits them into a single, compelling narrative. This fully-staged 
revival production, produced specifically for the SMPC 2015 Conference, will feature alumni and faculty of 
Vanderbilt’s Blair School of Music, under the direction of Gayle Shay (Director, Vanderbilt Opera Theatre) 
and Rena Sharon (Professor of Collaborative Piano, UBC).

 q WEDNESDAY, AUGUST 5, 11:30AM
CLOSING REMARKS
Location: Laskey Great Hall

Satellite Event:
 q JULY 31– AUGUST 1, 2015
THE AIRS 6TH ANNUAL MEETING
Location: Vanderbilt Bill Wilkerson Center, Medical Center East, South Tower  
(1215 21st Ave. S., Nashville, TN)
• For full program details please see www.airsplace.ca

http://www.airsplace.ca/
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Dr. Charles Limb
Public Keynote Lecture
The Neuroscience of Musical Creativity
Saturday, August 1, 2015, 3:30 pm at the Vanderbilt Music and Mind 
Kickoff to SMPC, Ingram Hall, Blair School of Music

Dr. Charles Limb is the Francis A. Sooy Professor of Otolaryngology-Head 
and Neck Surgery and the Chief of the Division of Otology, Neurotology 
and Skull Base Surgery at UC San Francisco. He is also the Director of 
the Douglas Grant Cochlear Implant Center at UCSF and holds a joint 
appointment in the Department of Neurosurgery. Dr. Limb received his 
undergraduate degree at Harvard University and his medical training at Yale 
University School of Medicine, followed by surgical residency and fellowship 
in Otolaryngology-Head and Neck Surgery at Johns Hopkins Hospital. He 

completed a postdoctoral research fellowship at the Center for Hearing Sciences at Johns Hopkins with Dr. David 
Ryugo studying the development of the auditory brainstem, and a second postdoctoral fellowship at the National 
Institutes of Health studying neural mechanisms of musical improvisation and perception using functional 
neuroimaging methods. He was at Johns Hopkins Hospital from 1996 to 2015, where he was Associate Professor of 
Otolaryngology-Head and Neck Surgery and a Faculty Member at the Peabody Conservatory of Music and School 
of Education at Johns Hopkins University. He left in 2015 to join the UCSF Department of Otolaryngology-Head 
and Neck Surgery. Dr. Limb’s current areas of research focus on the study of the neural basis of musical creativity 
as well as the study of music perception in deaf individuals with cochlear implants. 

Abstract
Musical creativity has existed since the earliest days of human civilization. Until recently, how the brain 
actually produces musical ideas was poorly understood. Recent advances in brain imaging have allowed us to 
address questions of artistic significance that were previously felt to be inaccessible to scientific inquiry. Of the 
multiple creative processes that take place in music, improvisation—the spontaneous generation of musical 
material—provides an inspiring tool to study these processes. This presentation will highlight several functional 
neuroimaging studies that have examined the process of musical improvisation in expert musicians, as a window 
into the complex neural processes that give rise to creativity.

Dr. Jeanne Bamberger
Conference Keynote Talk
Shaping Time: Properties and Functions
Monday, August 3, 2015, 1:30 pm at the Scarritt Bennett Center

Jeanne Bamberger is Professor of Music at the Massachusetts Institute of 
Technology, emerita, where she taught music theory and cognitive aspects of 
music perception, learning, and development. She is currently Visiting Professor 
in the Graduate School of Education and the Music Department at UC-Berkeley. 
Bamberger’s research is interdisciplinary focusing on perceptual change through 
the observation and analysis of children and adults in moments of spontaneous 

http://vkc.mc.vanderbilt.edu/smpc2015/kickoff/
http://vkc.mc.vanderbilt.edu/smpc2015/kickoff/
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learning situations. She was a student of Artur Schnabel and Roger Sessions and has performed in the US and 
Europe as a piano soloist and in chamber music ensembles. She attended Columbia University and the University 
of California at Berkeley, receiving degrees in philosophy and music theory. Her most recent books include  
The mind behind the musical ear (Harvard University Press, 1995), Developing musical intuitions: A project based 
introduction to making and understanding music. (Oxford University Press, 2000), and Discovering the musical 
mind (Oxford University Press, 2013).

Abstract
The episodes with children that I follow, here, recapitulate in innocent form efforts of philosophers and scientists 
throughout history to hold time still so as to reflect upon it, to digitize, count, and notate its passing presence. 
Studying children’s efforts to make descriptions of themselves as well as things in motion, provides us with insight 
into the critical (silent) transformations through which the know-how of familiar action, becomes the selective 
know-about that is expressed in symbolic conventions that compress, consolidate, and hold time’s evanescence still.

SMPC
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Music Asylums: Wellbeing 
Through Music in Everyday Life
Tia DeNora
Music and Change: Ecological Perspectives
2015 / Pbk / 978-1-4724-5598-7 

The Passion for Music: 
A Sociology of Mediation
Antoine Hennion
Translated by Margaret Rigaud and Peter Collier
Music and Change: Ecological Perspectives
2015 / Hbk / 978-1-4724-1810-4

Ubiquitous Musics
The Everyday Sounds That 
We Don’t Always Notice
Edited by Marta García Quiñones, 
Anahid Kassabian and Elena Boschi
Ashgate Popular and Folk Music Series
2015 / Pbk / 978-1-4724-6097-4

coming soon
Musical Pathways in Recovery
Community Music Therapy 
and Mental Wellbeing
Gary Ansdell and Tia DeNora
Music and Change: 
Ecological Perspectives
2016 / Hbk 
978-1-4094-3416-0

Ashgate Publishing a leading independent publisher for nearly 50 years

special 
20% discount

included in your 
conference bag 

insert!
Ashgate Publishing             •            Burlington, VT USA  /  Farnum, Surrey UK             •             www.ashgate.com 

Bad Vibrations
The History of the Idea of Music 
as a Cause of Disease
James Kennaway
The History of Medicine in Context
2012 / Hbk / 978-1-4094-2642-4 

Collaborative Creative Thought 
and Practice in Music
Edited by Margaret S. Barrett
SEMPRE Studies in The Psychology of Music
2014 / Hbk / 978-1-4724-1584-4 

Coughing and Clapping: 
Investigating Audience Experience
Edited by Karen Burland and Stephanie Pitts
SEMPRE Studies in The Psychology of Music
2014 / Hbk / 978-1-4094-6981-0 

Driving With Music: 
Cognitive-Behavioural Implications
Warren Brodsky
Human Factors in Road and Rail Transport
2015 / Hbk / 978-1-4724-1146-4 

How Music Helps in Music Therapy 
and Everyday Life
Gary Ansdell
Music and Change: Ecological Perspectives
2015 / Pbk / 978-1-4724-5805-6 
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S A T  8 / 1

1:00-7:00 p.m. Vanderbilt Music & Mind Kickoff to SMPC with Public Keynote Lecture by Dr. Charles Limb
Info at: http://vkc.mc.vanderbilt.edu/smpc2015/kickoff/

S U N  8 / 2 T R A C K  1  ( G R E A T  H A L L ) T R A C K  2  ( L A S K E Y  A ) T R A C K  3  ( L A S K E Y  B ) T R A C K  4  ( L A S K E Y  C )

8:30-9:00 a.m. Welcome Remarks by Conference Chairs (Great Hall)

9:10-10:10 a.m. Memory 1 Expectations: Meter/Rhythm Categorical Perception Composition

10:10-10:30 a.m. Coffee Break

10:30-11:50 a.m. Brain Therapeutic Applications Dyadic/Interpersonal 
Synchronization Familiarity

11:50-1:30 p.m. Lunch Break 

1:30-2:30 p.m. Panel on Community (Great Hall) Musical Grammar Groove

2:30-4:10 p.m. Coffee - Poster Session A (Laskey 2nd Floor)

4:10-5:30 p.m. President’s Address, Lifetime Achievement Award, & Student Awards (Great Hall)

5:30-6:30 p.m. Early Career Panel

M O N  8 / 3 T R A C K  1  ( G R E A T  H A L L ) T R A C K  2  ( L A S K E Y  A ) T R A C K  3  ( L A S K E Y  B ) T R A C K  4  ( L A S K E Y  C )

7:30-8:45 a.m. Student Breakfast at Vanderbilt Curb Center

8:50-10:10 a.m. Effects of Experience Symposium 1 (pt 1) Absolute Pitch & Brain 
Oscillations Music Theory

10:10-10:30 a.m. Coffee Break

10:30-11:50 a.m. Cultural Symposium 1 (pt 2) Music & Language/Cross-over 2 Training

11:50-1:30 p.m. Lunch Break 

1:30-2:30 p.m. Keynote by Jeanne Bamberger (Great Hall)

http://vkc.mc.vanderbilt.edu/smpc2015/kickoff/
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S C H E D U L E  O V E R V I E W

M O N  8 / 3 T R A C K  1  ( G R E A T  H A L L ) T R A C K  2  ( L A S K E Y  A ) T R A C K  3  ( L A S K E Y  B ) T R A C K  4  ( L A S K E Y  C )

2:30-4:10 p.m. Coffee - Poster Session B (Laskey 2nd Floor)

4:10-5:30 p.m. Memory 2 Emotion 1 Tempo Musical Preference

5:30-6:30 p.m. SMPC Business Meeting (Great Hall)

7:00-10:00 p.m. Banquet at Vanderbilt Student Life Center (SLC)

T U E S  8 / 4 T R A C K  1  ( G R E A T  H A L L ) T R A C K  2  ( L A S K E Y  A ) T R A C K  3  ( L A S K E Y  B ) T R A C K  4  ( L A S K E Y  C )

8:00-8:45 a.m. American Speech-Hearing-Language Association (ASHA) presentation by Margaret Rogers

8:50-10:10 a.m. Music & Language/Cross-over 1 Symposium 2 Expectation, Enjoyment, & 
Arousal Performance

10:10-10:30 a.m. Coffee Break

10:30-11:50 a.m. Development Symposium 3 (pt 1) Consonance & Dissonance Harmony

11:50-1:30 p.m. Lunch Break

1:30-2:30 p.m. Music Evaluation Symposium 3 (pt 2) Perception Chords

2:30-4:10 p.m. Coffee - Poster Session C (Laskey 2nd Floor)

4:10-5:30 p.m. Rhythm Perception and Emotion Expectations: Harmony/Melody Exploring Melodies

6:00 -7:00 p.m. Art Song Performance at Ingram Hall at Blair School of Music

W E D  8 / 5 T R A C K  1  ( G R E A T  H A L L ) T R A C K  2  ( L A S K E Y  A ) T R A C K  3  ( L A S K E Y  B ) T R A C K  4  ( L A S K E Y  C )

8:50-10:10 a.m. Education & Teaching Timing Timbre Computational Approaches

10:10-10:30 a.m. Coffee Break

10:30-11:30 a.m. Emotion 2 Tuning

11:30 a.m. Closing Remarks



S U N D A Y  D E T A I L E D  S C H E D U L E

AUG. 2 TRACK 1 (GREAT HALL) TRACK 2 (LASKEY A) TRACK 3 (LASKEY B) TRACK 4 (LASKEY C)
8:30-9:00 a.m. Welcome Remarks by Conference Chairs

TITLE Memory 1 Expectations: Meter/Rhythm Categorical Perception Composition

9:10 a.m. Verbal and auditory memory in North-Indian tabla 
(Siedenburg, Mativetsky & McAdams)

Haunting melodies: Top-down memory cues to meter 
compete with botttom-up timing cues (Creel)

Categorical perception of irregular rhythms (Sullivan 
& Marvin)

Emotional expression and creativity: An fMRI study 
of jazz improvisation in response to emotional cues 
(McPherson, Lopez-Gonzalez, Barrett, Jiradejvong 
& Limb)

9:30 a.m. Eyes wide open for vocal melodies (Weiss, Trehub, 
Schellenberg & Habashi)

Musical expectation’s effect on metric entrainment 
(White & Barker)

Perceptual categorization of drum kit timbres (Ceru 
& Ashley)

Low-skip bias: The distribution of skips across the 
pitch ranges of vocal and instrumental melodies is 
vocally constrained (Ammirante & Russo)

9:50 a.m. Is memory for key explicit or implicit? (Schellenberg 
& Habashi)

Modeling the role of previous exposure on rhythm 
perception (Van der Weij & Honing)

The categorization of speech and song by children 
and adults (Vanden Bosch der Nederlanden, Hannon 
& Snyder)

Your creative brain: An EEG investigation of the 
neural basis of musical improvisation (Norgaard, 
Adhikari, Quinn, Ampudia & Dhamala)

10:10-10:30 a.m. Coffee Break

TITLE Brain Therapeutic Applications Dyadic/Interpersonal Synchronization Familiarity

10:30 a.m. From brainstem to prefrontal cortex: An evolutionary 
journey along the musical brain (Miani)

How do Alzheimer’s patients coordinate rhythmic 
gestures with singing voice? (Caussade, Henrich, 
Vallée & Colletta)

Endogenous rhythms influence synchronization 
between musicians (Zamm, Wellman & Palmer)

Mental transformations of novel and familiar melodies 
(Greenspon, Pfordresher & Halpern)

10:50 a.m. The role of the basal ganglia in beat processing 
(Matthews & Penhune)

Musical agency modulates pain (Bowling & Fritz) Keeping the beat: How musicians and non-musicians 
use auditory feedback in dyadic tapping (Schultz & 
Palmer)

Musical familiarity can confound tempo judgments 
(London, Burger, Thompson & Toiviainen)

11:10 a.m. A causal role of the left supramarginal gyrus during 
the retention of musical pitches – a TMS study 
(Schaal)

Theatre, peers and music to improve social ability in 
youth with autism spectrum disorder (Corbett, Key, 
Qualls, Fecteau, Newsom & Yoder)

Drifting apart: Exploring joint (de)synchronization by 
expert musicians performing phase music (Schutz, 
Hartenberger & Ogborn)

Recognizing music in short segments (Layman & 
Dowling)

11:30 a.m. Neuroanatomical correlates of musical instrument 
recognition and naming (Belfi, Bruss, Karlan, Abel & 
Tranel)

Language and music phrase boundary processing in 
Autism Spectrum Disorders: an ERP study (DePriest, 
Steinhauer, Glushko & Koelsch)

Comparisons of action simulation and motor 
synergies in duet performance (Demos, Wanderley 
& Palmer)

Familiarity of diatonic modes (Tan & Temperley)

11:50-1:30 p.m. Lunch Break

TITLE Panel on Community Musical Grammar Groove

1:30 p.m. Panel Discussion: Orchestrating Vision: Conducting music research with community partners
• (Chair) Blythe Corbett, SENSE Theatre and Vanderbilt Kennedy Center
• Elisabeth Dykens, ACM Lifting Lives Camp and Director, Vanderbilt Kennedy Center 
• Deborah Ferris, Music and Memory Program
• Jonah Rabinowitz, W.O. Smith School
• Jessica Slater, Harmony Project and Northwestern University
• Mike Butera, Artiphon
• Jay Clayton, Vanderbilt Curb Center

Grammaticality in popular music form: perceptual and 
structural aspects (Ashley)

The influence of musical groove on balance control 
(Ross, Warlaumont, Rigoli & Balasubramaniam)

1:50 p.m. Encoding and decoding the role of spectrotemporal 
timbre features in expressive musical phrasing 
(Graber)

Invariant measurement and evaluation of cognitive 
and affective responses to groove-based music 
(Wesolowski & Hofmann)

2:10 p.m. Musical structure without linguistic structure: A 
case study of an agrammatic aphasic with preserved 
harmonic processing ability. (Slevc, Faroqi-Shah, 
Saxena & Okada)

Timbre and sequence in groove: An examination of 
the contribution of content and order to perception of 
funk drum parts (Ceru & Ashley)

2:30-4:10 p.m. Coffee & Poster Session A (Laskey 2nd Floor)

4:10-5:30 p.m. President’s Address, Lifetime Achievement Award, Student Awards (Edward Large, SMPC President)

5:30-6:30 p.m. Early Career Panel
• Benjamin Rich Zendel (incoming Assistant Professor, Memorial University of Newfoundland)
• Kathleen Corrigall (Assistant Professor, MacEwan University)
• Sandra Trehub (Professor emeritus, University of Toronto)
• Joseph Plazak (Assistant Professor, Illinois Wesleyan University)
• Steven Demorest (Professor, Northwestern University)
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M O N D A Y  D E T A I L E D  S C H E D U L E

AUG. 3 TRACK 1 (GREAT HALL) TRACK 2 (LASKEY A) TRACK 3 (LASKEY B) TRACK 4 (LASKEY C)
7:30-8:45 a.m. Student Breakfast at Vanderbilt Curb Center

TITLE Effects of Experience Symposium 1 (pt 1) Absolute Pitch & Brain Oscillations Music Theory

8:50 a.m. The impact of musical experience on the perception 
of rate-varied vowel length in Thai (Cooper, Wang & 
Ashley)

Perception and cognition in contemporary music 
(Siedenburg, Dean, Plazak, Ølnes, McAdam & Noble)

A qualitative study of absolute-pitch perception 
(Marvin, VanderStel & Siu)

Changing expressive use of the major and minor 
modes: The unusual case of the 19th century (Huron 
& Nisula)

9:10 a.m. Are musicians better able to understand speech in 
noise than non-musicians? Evidence from the cocktail 
party problem. (Patel, Swaminathan, Mason, Streeter, 
Best & Kidd Jr.)

Auditory working memory predicts individual 
differences in absolute pitch learning: Evidence from 
short- and long-term training (Van Hedger, Heald, 
Koch & Nusbaum)

The influence of instrument, harmonic motion, and 
voice leading on listeners’ distinction between 
popular and classical music (Jimenez, Rossi & Zhu)

9:30 a.m. Visual attention, executive function, and spatial 
hearing in musicians and non-musicians (Clayton, 
Swaminathan, Zuk, Yazdanbakhsh, Patel & Kidd)

Interactions of meter and harmony: An analysis of 
oscillatory brain dynamics (Nyo Kim & Large)

Variations on a theme: How much is too much? 
(Devaney)

9:50 a.m. Differences in beat perception and production 
between musicians and dancers (Nguyen & Grahn)

The cognitive correlates of sensorimotor 
synchronization (Jacoby, Tishby, Jakoby & Ahissar)

The musical score and its seven modes of 
performance (Narmour)

10:10-10:30 a.m. Coffee Break

TITLE Cultural Symposium 1 (pt 2) Music & Language/Cross-over 2 Training

10:30 a.m. The cultural distance hypothesis (Demorest, Morrison 
& Pearce)

Perception and cognition in contemporary music 
(Siedenburg, Dean, Plazak, Ølnes, McAdam & Noble)

An extension of the declarative/procedural model 
to music: evidence from sex differences in melody 
recognition (Miles, Miranda, Janfaza & Ullman)

Intense piano training on verbal fluency in older 
adults (Bugos, Kochar & Casey)

10:50 a.m. Singing and multi-cultural group cohesion (Good & 
Russo)

Within- versus cross-domain plasticity: Musicianship 
and tone language are linked to benefits in auditory 
processing but not visual working memory (Hutka, 
Schellenberg, Trehub & Hutchins)

Music training’s positive enhancement of fluid 
cognition (Meyer)

11:10 a.m. Why is anger not communicated by music cross-
culturally? (Susino & Schubert)

Just noticeable difference of tone pitch contour 
change for Mandarin-speaking Congenital Amusics 
(Nan)

The Influence of music training on vocal melodic 
completions (Pan & Cohen)

11:30 a.m. A journey through sacred brainscape: Visual cortical 
activity in Yoreme musicians who are seeing music 
(Simonett, Benson, McIntosh & Park)

Characterizing auditory and speech processing 
abilities in musicians with dyslexia (Zuk, Bishop-
Liebler, Ozranov-Palchik, Peysakovich, Moore, Overy 
& Gaab)

Is playing a musical instrument better for you than 
singing? A review (Cohen)

11:50-1:30 p.m. Lunch Break

1:30-2:30 p.m. Keynote by Jeanne Bamberger

2:30-4:10 p.m. Coffee & Poster Session B (Laskey 2nd Floor)

TITLE Memory 2 Emotion 1 Tempo Musical Preference

4:10 p.m. When intervening melodies don’t intervene - The 
effect of intervening items on memory for melodies 
(Herff)

The physiological impact of naltrexone on the emo-
tional rewards of music listening (Mallik & Levitin)

Effector rate limits and stimulus tempo: Exploring 
interactions with perceived timing (Manning, Tardif 
& Schutz)

Attributes of songs people love and listen to often 
(Conrad, Corey, Goldstein, Ostrow & Sadowsky)

4:30 p.m. Serial temporal order information in musical and 
verbal short-term memory (Gorin)

Understanding the role of audio features in 
continuous assessments of musical emotion 
(Vempala & Russo)

Interactions between auditory and visual cues 
for musical tempo (London, Toiviainen, Burger & 
Thompson)

Physical fitness and musical taste: Do physically fit 
listeners prefer more stressful music? (Warrenburg 
& Huron)

4:50 p.m. Differences in music-evoked and traditionally cued 
autobiographical memories across the lifespan. 
(Janata & Rothfuss)

Investigating the contribution of intensity and 
loudness to time-series models of perceived affect 
expressed by music (Olsen, Dean, Stevens & Bailes)

Interpreting musical taste through playlists (McFee 
& Upham)

5:30 p.m. SMPC Business Meeting (Great Hall, 5:30-6:30 p.m.)

7:00-10:00 p.m. Banquet at Vanderbilt Student Life Center (SLC)
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T U E S D A Y  D E T A I L E D  S C H E D U L E

AUG. 4 TRACK 1 (GREAT HALL) TRACK 2 (LASKEY A) TRACK 3 (LASKEY B) TRACK 4 (LASKEY C)
8:00 a.m. Music Resonates with Communication Sciences and Disorders by Margaret Rogers, American Speech-Hearing-Language Association (8:00-8:45 a.m.)

TITLE Music & Language/Cross-over 1 Symposium 2 Expectation, Enjoyment, & Arousal Performance

8:50 a.m. Relating individual differences in musical rhythm skills to grammar 
development: a behavioral and EEG approach (Gordon, Jacobs, Kotz, 
Schuele, Key, Yoder & McAuley)

The psychology of music in multimedia: 
Symposium (Shevy, Lipscomb & Bashwiner)

Parsifal and the effect of narrative on unconscious 
arousal (Baker, Müllensiefen & Rindfliesh)

Expert performances: Reflections of schema-based 
ambiguities in musical scores (Kueter)

9:10 a.m. Musical rhythm discrimination and language development in 
children ages 4 to 7 years. (Nave, Gordon & McAuley)

When program notes might help (or at least not hurt) 
(Martens & Madsen)

The effect of focus of attention on woodwind 
performance (Stambaugh)

9:30 a.m. The role of periodicity in rhythmic processing and reading 
development (Ozernov-Palchik, Wolf & Patel)

The sound or the expectation: Psychological processes 
in the evaluation of musical performance (Kroger & 
Margulis)

Acoustic feedback and effort in musical performance: 
The impact of mutes on brass playing. (Kruger, Lammers 
& Kruger)

9:50 a.m. Early long-lasting expectation effects on neurophysiological 
responses to musical phrase perception (Glushko, DePriest, Koelsch 
& Steinhauer)

Perceiving music narratively: Who does it, and when? 
(Margulis)

The attentive conductor: Selective and divided attention 
in conductors and pianists (Halpern & Wöllner)

10:10 a.m. Coffee Break (10:10-10:30 a.m.)

TITLE Development Symposium 3 (pt 1) Consonance & Dissonance Harmony

10:30 a.m. SIMPHONY: Studying the impact music practice has on 
neurodevelopment in youth (Iversen, Baker, Smith & Jernigan)

Research on singing: From individual 
differences to neural mechanisms 
(Pfordresher, Demorest, Nichols, Larrouy-
Maestri, Hutchins & Vuvan)

Consonance, harmonicity and neural synchronization 
(Kim & Large)

Do non-musicians have the ability to implicitly learn 
interval patterns in twelve-tone music? (Brown)

10:50 a.m. Predicting music-perception skills in children (Swaminathan & 
Schellenberg)

A biological rationale for musical consonance (Bowling 
& Purves)

A perceptual study of the influence of harmony on 
scale-degree qualia (Arthur)

11:10 a.m. Developmental changes in music perception reflect gradual auditory 
learning (Creel)

Neurophysiological origins of consonance, dissonance, 
and the hierarchy of musical pitch (Bidelman)

Children’s processing of harmonic boundaries: Evidence 
from self-paced chord listening (Kragness & Trainor)

11:30 a.m. Music theory ability correlates with mathematical ability (Rogers & 
Clendinning)

Consonance and dissonance perception in children: 
theoretical considerations and empirical results (Di 
Stefano & Keller)

11:50 a.m. Lunch Break (11:50 a.m.-1:30 p.m.)

TITLE Music Evaluation Symposium 3 (pt 2) Perception Chords

1:30 p.m. Does magnitude of movement predict judgments of musical 
performance quality? (DeVlieger & Huron)

Research on singing: From individual 
differences to neural mechanisms 
(Pfordresher, Demorest, Nichols, Larrouy-
Maestri, Hutchins & Vuvan)

Similarity perception in Boulez’s Anthèmes I for solo 
violin (Taher, Hasegawa & McAdams)

Visual recognition of aural intervals (Cowen)

1:50 p.m. The art of interpretation: Exploring the relationship between 
performers’ decisions and audiences’ reactions (Battcock & Schutz)

Revealing Stravinsky’s stutter: Perception of music 
repetition in real time (Wen & Krumhansl)

Effects of key membership and interval size in perceiving 
wrong notes: A cross-cultural study. (Raman & Dowling)

2:10 p.m. Does an evocative musical performance generate empathy for the 
musicians? Results from an audience survey (Viskontas & Glen)

Perceiving changes of sound source size (Plazak & 
McAdams)

Jazz chord roots (VanderStel)

2:30 p.m. Coffee & Poster Session C (Laskey 2nd Floor) (2:30-4:10 p.m.)

TITLE Rhythm Perception and Emotion Expectations: Harmony/Melody Exploring Melodies

4:10 p.m. Maximal evenness and the effect of rotation on the perception of 
clave direction and alignment in Afro-Cuban and Afro-Brazilian 
music (Vurkac)

How location and user control influence 
listeners’ responses (Krause & North)

Let the bassline show you the way: the influence of 
basic voice leading on melodic expectations (Condit-
Schultz)

Pulmonary influences on melodic organization: Musical 
tests of Gussenhoven’s ‘production code’ (Huron & 
Shanahan)

4:30 p.m. Rhythms and the brain: Analysis of neural dynamics accompanying 
musical beat perception (Iversen, Patel & Makeig)

Capturing goosebumps: Methodological 
challenges in frisson research (Arthur)

Studying musical and linguistic prediction in comparable 
ways: the melodic cloze probability method (Fogel, 
Rosenberg, Lehman, Kuperberg & Patel)

The song remains the same?: The effect of oral 
transmission on folk melodies (Albrecht & Shanahan) 

4:50 p.m. Cortical dynamics supporting production of metric modulations 
(Makeig, Nguyen, Onton, Nauvel & Iversen)

Is the cross-modal correspondence 
between pitch and size categorical or 
continuous? (Getz & Shanahan)

Electrophysiological correlates of hearing the past, 
present, and future during music performance (Mathias, 
Guberman, Gehring & Palmer)

Changes in rock melody, 1954-2009 (Temperley, de Clercq 
& Waller)

6:00 p.m. Art Song Performance at Ingram Hall at Blair School of Music (6:00-7:00 p.m.)
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W E D N E S D A Y  D E T A I L E D  S C H E D U L E

AUG. 5 TRACK 1 (GREAT HALL) TRACK 2 (LASKEY A) TRACK 3 (LASKEY B) TRACK 4 (LASKEY C)
TITLE Education & Teaching Timing Timbre Computational Approaches

8:50 a.m. Framing musical intentionality (Gutierrez) Musical time estimation: How musical 
expectancies and oddballs influence 
duration judgments (Simchy-Gross & 
Margulis)

Timbral noisiness modulates activity in motor and limbic 
regions (Wallmark, Deblieck & Iacoboni)

Melodic and harmonic similarity for music plagiarism: 
Comparison between computational analysis and 
perceptual evaluation (Saebyul, Jeong, Nam & Kim)

9:10 a.m. Interdisciplinary teaching of music perception and cognition using 
asynchronous teaching methodologies (Ho & Epstein)

The influence of contemporary music on 
experienced time (Knowles & Ashley)

Is a salient timbre more difficult to mask? – Considering 
the effect of auditory masking on saliency, blend and 
segregation of timbre (Chon & Huron)

Compositional bilingual artificial neural networks for 
predicting hypermetrical structure among interacting 
flamenco parts (Wu)

9:30 a.m. Integrating psychology of emotions and musical performance in a 
musical analysis course (Correa)

Do people hear multiple levels of metrical 
hierarchies in music? (Nave-Blodgett, 
Hannon & Snyder)

Rock and roll ain't noise pollution: the subjectivity of 
pitch salience in hard rock timbres (Condit-Schultz)

Statistical learning and the perception of closure: How 
IDyOM models cadences (Sears, Pearce, Caplin & 
McAdams)

9:50 a.m. Social and emotional learning and music education: Developing 
self-care competencies and mood-regulation strategies for at-risk 
adolescents in the classroom (Halkides, Bliese & Morrison)

Exploring the unity assumption in temporal 
audiovisual binding of musical stimuli 
(Chuen, Gula & Schutz)

Using auditory bubbles to separate harmonic- and 
formant-based cues for timbre identification (Mandel, 
Chon & Lyons)

A resonator bank and neural field model for learning 
Morse code (Brady)

10:10 a.m. Coffee Break (10:10-10:30 a.m.)

TITLE Emotion 2 Tuning

10:30 a.m. Opera and the profiling of perceived emotions in music (Mondry) The origins of scale structure from vocal 
mis-tuning (Pfordresher & Brown)

10:50 a.m. Sympathetic resonance: Low-level musical gestures as predictors of 
perceived affect in the Beethoven piano sonatas (Albrecht)

Singing in a chorus may reduce accuracy of 
poor-pitch singers: The effect of augmented 
feedback on pitch matching (Sharif & 
Pfordresher)

11:10 a.m. Are stopped strings preferred in nominally sad music? (Trevor & 
Huron)

Is seeing or hearing believing: The tuning 
accuracy of high school and college 
trombonists when provided accurate and 
inaccurate visual feedback (Schlegel & 
Springer)

11:30 a.m. Closing Remarks
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SMPC

2015

P O S T E R  S E S S I O N  A  ( S U N D A Y )

L O C A T I O N :  L A S K E Y  2 N D  F L O O R

A1 Beat perception, musical preferences, and sociability in Williams syndrome (Lense, Dykens)

A2 Groove and musical instrumentation (Biggs, Ashley)

A3 Entrainment of neural oscillations to auditory stimuli at multiple timescales (Nespoli, Paolo, Russo)

A4 Examining rhythmically constrained speech production in typically developing six-year-old children and its potential intersections with  
 musical and language abilities (Pfeiffer, Williams, Shivers, Gordon)

A5 Supra-segmental languages features encoded in engaging music leads to infant language preference (Pemba, Azartash, Sarkar,  
 Yuden) 

A6 The impact of musical training on foreign language learning (Nakatsukasa, Martens)

A7 An album cover rainbow: Examining emotional connections between exposure levels, color temperatures, and musical affect  
 (Trevor, Yim)

A8 Metric ambiguity and performer expressivity in Beethoven’s Piano Sonata Op. 14, No. 2 (Davis)

A9 Negentropy: A compositional and perceptual study using variable form (Rosenberg)

A10 How to recognize an improvisation: Stylistic features of improvisation in American music (Condit-Schultz)

A11 Alphabet-reduction based automated analysis (White)

A12 Large-scale music discovery behavior: Effects of genre and geography (Kaneshiro, Kaneshiro, Baker, Berger)

A13 Considering perceptual offsets for sound event delineation (Heise, Hardy, Long)

A14 On contrasting expressive content between primary and secondary musical themes (Warrenburg, Huron)

A15 The Congruence-Association Model with working narrative: Replication of an experiment and further investigations on music-visual  
 congruence and attention in large-scale structure processing (Varelmann, Becker, Richenhagen, Schneider, Seifert)

A16 An asymmetry in the judgment of harmonic distance (Bartlette)

A17 Influence of diatonicity and tone order on listeners’ perception of professionally composed music (Shevy, Dembski, McLeod)

A18 The effect of cadences on harmonic expectancy (Okada, Slevc)

A19 Tonal representation of stretched and compressed scales (Schumacher)

A20 Effects of music instruction on cognition (Morrison, Chapman)

A21 The prestige effect: Increasing musical appreciation through extra-musical factors (Landau, Rankin, Jiradejvong, Limb)

A22 The influence of acoustic environment on music perception in the recording studio (Leonard, King, Sikora)

A23 The relationship between personality type and ensemble participation preferences (Torrance, Bugos)

A24 Self-promotion in popular music: Changes over the past 20 years (McAuslan, Waung, Irvin)

A25 Some EEG patterns occur in common across genres of music (Scott, Berry)

A26 Functional organization for musical consonance and tonal pitch hierarchy in human auditory cortex (Bidelman, Grall)

A27 Biomedical music techniques to assist children on the autism spectrum (Summa-Chadwick)

A28 Utilizing multisensory integration to improve psychoacoustic alarm design in the intensive care unit (Schlesinger)

A29 Evaluating pitch identification and memory in children with autism spectrum disorder (Blain, Corbett, Bingham, Corbett)

A30 Singing training as an intervention for age-related cognitive decline (Reid, Patel, Urry, Thomas)

A31 Autonomous sensory meridian response (ASMR): Implications for understanding musically-induced frisson (Kovacevich, Huron)

A32 The therapeutic function of music for musical contour regulation facilitation: A model to facilitate emotion regulation development in  
 preschool-aged children (Sena Moore, Hanson-Abromeit)

A33 Heavy and light: Uncovering resilience and positive affect in extreme music (Hereld)

A34 Musician and non-musician preferences for hearing aid gain and compression settings (D’Onofrio, Picou, Ricketts)

A37 Self-compassion levels in musicians and non-musicians (Kelley, Farley)

A38 The Urban Chalkboard: A play cafe to promote music cognition (and other things) (Bergeson-Dana, Beer)

A39 Brain and behavioral responses to music listening and playing in an autistic patient population (Baganz, Thelen, Garson, Duma,  
 Levitt, Wallace)

A40 Seeing with our ears: Non-synesthetic subjects are capable of discerning specific pictorial shapes within sounds in cognitive- 
 behavioral sound study (Rieger, Casey)
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SMPC

2015

P O S T E R  S E S S I O N  B  ( M O N D A Y )

L O C A T I O N :  L A S K E Y  2 N D  F L O O R

B1 A perceptual study of rhythmic consonance and dissonance (Razdan, Patel)

B2 Synchronization to auditory and tactile rhythms (Aronow, Austin, Iversen, Patel)

B3 Using an Arduino microcontroller to provide low-latency auditory feedback in sensorimotor tapping experiments (Schultz, van Vugt)

B4 Temporal attention in multipart music (Hurley, Janata)

B5 Control (but not vividness) of auditory imagery, and working memory predict anticipatory timing in sensorimotor synchronization 
 (Colley, Halpern, Keller)

B6 The color of music: A case study of chromesthesia (Benson, Zhu, Sledge, Park)

B7 The key-distance effect depends on the direction of melodic transposition (Reiner)

B8 Musical noise – on noise as art vs. control condition (Merrill)

B9 Listening to the big picture: The effects of music-induced arousal on creativity and perceptual scope (Coffel, Schapiro, Evert)

B10 Emotional music and emotional autobiographical memories in individuals with dementia & healthy older adults (Schapiro, Evert)

B11 Favorite party music increases the rate of risky drinking decisions in women who are problem drinkers (Nikoulina, Arcurio, Finn, James)

B12 Perception of emotion in frequency-modulated tones (Rector, Leitman, Janata)

B13 Music and emotion: Implicit measures (Edelman, Baron, Rybnick, Zimel)

B14 Idiographic models of aesthetic judgment in music (Sakka, Juslin, Barradas, Liljeström)

B15 The effect of relative loudness on the tritone illusion (Seror, Neill)

B16 Accuracy, intent, and signal clarity in vocal pitch imitation (Mantell, Pfordresher, Pruitt, Wright, Tapley)

B17 How language influences your perception of music – evidence for shared syntax processing (Kunert, Willems, Hagoort)

B18 Separate neurocognitive mechanisms underlie pitch expectations in music (Rosenthal)

B19 Spatially separable activation of the right inferior frontal gyrus in the discrimination and production of pitch (Girard, Vuvan,  
 Hutchins, Peretz)

B20 Relationship between musical aptitude, speech rhythm sensitivity and reading comprehension (Magne, Eason, Moon)

B21 Psychophysiological investigation of Gregorian Modes (Kato, Rice, Kidd, Spencer, Mitchell, Bradley, Hammond, Andrews)

B22 The effectiveness of TV ads and the impact of music on ad perception: An electrodermal activity study (Müllensiefen, Arcidiacono,  
 Rupprecht, Vercammen)

B23 Using surface electromyography  (sEMG) to measure laryngeal and facial activity during both visual and auditory imagery.  
 (Pruitt, Halpern, Pfordresher)

B24 The acting game: Mimicry of emotional song and speech to enhance emotion skills in autism (McGarry, Russo)

B25 Cross-modal effects of watching dance on sound perception (Lee, Barrett, Kim, Lim, Lee)

B26 Postural coordination between duet vocalists (Demos, Spidle, Koopmans, Palmer)

B27 Do performers’ gestures express implied polyphony in solo music by Bach? An exploratory study (Huberth, Fujioka)

B28 Neural indices of attention to multi-voiced music (Barrett, Strait, Skoe, Kraus, Ashley)

B29 Cognitive and developmental effects of cognitively-focused early childhood music education. (Hutchins)

B30 Time-course of auditory-motor learning for skilled and novice performers (Brown, Penhune)

B31 Self-regulated practice tendencies as a moderating influence on motivation for music achievement (Miksza)

B32 Perceptual evaluation of virtual acoustics by string quartet groups (Chon, Ko)

B33 Parker, patterns, processing: How linguistic corpus analysis tools can be used to illuminate central aspects of jazz improvisation 
 (Norgaard, Römer)

B34 Classifying perception and imagination of music from EEG (Sternin, Stober, Grahn, Owen)

B35 Integration of music perception into song recommendation (Walls, Gast, Robinson, Stauffer, Dalton, Galuardi, Ferraro, Duraiswami)

B37 The musical notes of motoneuron firing (Obeidat, Cope)

B38 Acquisition of keyboard skills through Bartók’s Mikrokosmos (Harter)

B39 Creativity & music: Perspectives of the cognitive sciences on creativity while music is being listened to and composed (Schmidt)

B40 Using computational models of stylistic composition to investigate perception of music plagiarism (Brown, Laney)
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C1 Empty and filled rhythms: An inquiry into the different cognitive processing of vocal and instrumental rhythms (Cheong, Will)

C2 Incorporating feedback during beat synchronization relates to neural speech encoding and language skills (Carr, White-Schwoch, 

 Fitzroy, Kraus)

C3 Rhythm without beat? Defining the role of rhythm in the perception of speech in noise. (Slater, Tierney, Carr, Kraus)

C4 The effect of rhythmic coordination on the perception of emotion in music (McPherson)

C5 Are humoresques humorous? (Trevor, Huron)

C6 Neural correlates of musical improvisation (Norgaard, Dhakal, Dhamala)

C7 An exploratory cross-cultural study of directionality in musical representation: Britain, Japan, and Papua New Guinea  
 (Tan, Athanasopoulos, Moran)

C8 Intersensory experience of music: Probing cognitive responses to ritual music in the lab (Benson, Simonett, Park, McIntosh, Key)

C9 Do loudness capability and pitch height influence the choice of solo instruments in concertos? (Chon, Huron)

C10 Variation in probe tone pitch impacts secondary task reaction time (Sites, Jamison-Koenig)

C11 Discrimination of string quartet timbres evaluated by sound duration (Graber) 

C12 Singing without hearing: Differences in use of auditory feedback do not account for age-related improvements in children’s absolute  
 and relative pitch production (Beck, Rieser)

C13 Time to target: An informative and underutilized measure of vocal pitch accuracy (Mantell, Tapley, Forrester-Fronstin, Greenberg)

C14 The effects of musical training, bilingualism, and tonal language use on syntactic processing in music (Ting, Beck, Jackson,  
 McQueen, van Hell)

C15 A domain-general component of working memory underlies the musician advantage for speech-in-noise perception 
 (Rosenthal, Anaya, Pisoni, Kronenberger)

C16 Non-musicians acquire novel lexical tone categories distributionally, but musicians don’t. (Ong, Burnham, Stevens)

C17 ERP markers of audiovisual integration in musicians and non-musicians (Nichols, Grahn)

C18 Bopping and bonding: Does moving to the beat influence social bonding? (Edelman, Harring)

C19 An investigation of the cross-modal mapping of gesture-sound (Erdemir, Bingham, Rieser)

C20 Effects of motor training on perceptions of phonomimetic gesture in neurotypical children and children with autism spectrum disorder 
 (Bingham, Erdemir, Rieser)

C21 Distance in hyperdiatonic and antidiatonic systems (Bartlette)

C22 A narrative framework for musical engagement (Kaneshiro, Berger)

C23 Musical preference and the proximity principle (Silver , Schaefers, Plazak)

C24 Ensemble coding in music perception (Mednicoff, Webster, Skiba)

C25 The impact of melodic sound on perceptual dominance of musical notes engaged in binocular rivalry (Lee, Blake, Kim, Kim)

C26 Exploring the role of musical consonance in the extraction of abstract rules (Crespo-Bojorque, Toro)

C27 Effects of ambient light intensity on perceived brightness of sound in music production environment (Ko, Hong)

C28 Children use semantic knowledge to detect changes in environmental sounds (Vanden Bosch der Nederlanden, Snyder, Hannon)

C29 Factors contributing to long-term memory for song lyrics (McGarry, Owen, Grahn)

C36 The effects of projected films on singers’ expressivity in choral performance (Keown)

C37 Music for doing (Upham)

C39 Simplification of the movement by reducing distances  (SMRD) - a technical and cognitive strategy for the piano performance  
 optimization applied to the study of the piece Dance in the Wind of Jônatas Manzolli for piano four hands (Póvoas)
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Poster presentations
 q Maximum poster size is: 72” wide (6 ft) x 44” tall; please note that you are not required to use the full size.
 q All poster sessions take place on the 2nd floor of the Laskey building. Posters can be hung starting at 7:30am 
on the day of the designated session, and should be in place by the lunch break of the same day. Pushpins are 
provided on each posterboard. Posters should be removed after the poster session (by 6pm of the same day).

Oral presentations
 q Talks are arranged to occur every 20 minutes; adhering to the time limits is essential for the smooth execution 
of parallel sessions! Each talk is allotted 15 minutes for the presentation and 5 minutes for questions and 
transition. Session chairs and presenters should synchronize their time-keeping devices with the digital master 
clock located in each room.

 q Attendees giving an oral presentation should plan on checking their slides with the A/V technicians in the room 
where their talk is scheduled, either before the first session of the day or during the morning coffee break.

 q Each room is equipped with a PC laptop that supports PPT, PPTX, PDF, DOC, and DOCX files, and a sound 
system. If you intend to use the conference computer, please bring your presentation files on a standard USB 
memory stick and load prior to the start of your session. If you intend to use your own laptop or tablet, please 
note that the A/V set-up in the room is compatible with VGA connectors; attendees are advised to bring their 
own adaptors to ensure compatibility.

A B S T R A C T  N U M B E R I N G  K E Y

Talk naming system: e.g., [Sun AM 1.1 GH]
[day    session      slot     room]

days = Sun/Mon/Tue/Wed
sessions = AM 1, AM 2, PM 3, PM 4
slots = 1, 2, 3, 4, 5
rooms = GH (Great Hall), LA (Laskey A), LB (Laskey B), LC (Laskey C) 

Poster naming system: e.g., C25
[session   number] 

sessions = A (Sunday), B (Monday), C (Tuesday)
numbers = 1-40

Poster numbers 36-40 in each session are designated ‘Ideas in the Making’. These include the following: 
submissions from fields that are somewhat outside the scope of perception and cognition but that present 
interesting ideas; submissions with topics of interest but still in the early stages of planning or analysis; and 
submissions that were demonstrations or discussions without traditional aims, methods, and results.
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SUNDAY
[Sun AM 1.1 GH] Verbal and auditory memory in North-Indian tabla
Kai Siedenburg (1)*, Shawn Mativetsky (1), Stephen McAdams (1)

(1) Centre for Interdisciplinary Research in Music Media and Technology (CIRMMT), Schulich School of Music, McGill University, Montreal, QC, CANADA 
* =kai.siedenburg@mail.mcgill.ca

Tabla denotes a pair of hand drums, of extremely rich timbral repertoire, that serves as the most important percussion instru-
ment in North-Indian classical music. Tabla is taught through an oral tradition. Compositions are learned via the memoriza-
tion of sequences of bols, i.e., solfège-like vocalizations associated to specific drum strokes, also recited in performance. This 
allows for the rapid transmission of musical information in lessons and provides the foundation for fast sequence learning. Al-
though this tradition has been in place for centuries, there is no research that compares human memory capacities for strokes 
and bols and investigates the impact of experience in tabla on memory of tabla phrases.  
 This study probes short-term recognition memory of tabla players and musicians that are naïve to tabla. In every trial, 
sequences of bols or strokes will be presented, followed by comparison sequences that may differ in order. In order to under-
stand the impact of learned timbral schemata, idiomatic sequences are compared with: 1) counterparts reversed in order (an-
nihilating the musical schema while keeping item content and hierarchical structure intact), 2) sequences with random order 
(and identical item content), and 3) randomly selected items (without replacement). 
 Comparing naïve Western musicians with tabla players in a variety of sequence conditions may serve as an ecologically 
relevant demonstration of the impact of long-term musical schemata on short-term memory. A general mnemonic advantage 
of tabla players would suggest the facilitation of short-term memory through long-term knowledge of sonic units (strokes and 
bols), providing evidence against theories that propose short-term memory as a “blank-slate” type of buffer. Finally, if bols are 
generally better memorized than strokes, this would reveal the fact that a basic cognitive mechanism underlies oral learning in 
tabla.

[Sun AM 1.2 GH] Eyes wide open for vocal melodies
Michael W. Weiss (1)*, Sandra E. Trehub (1), E. Glenn Schellenberg (1), Peter Habashi (1)

(1) University of Toronto Mississauga. Mississauga, Ontario, CANADA 
* =michael.weiss@mail.utoronto.edu

Even when sung without lyrics, vocal renditions of melodies are remembered better than renditions in various instrumental 
timbres (Weiss, Trehub, & Schellenberg, 2012; Weiss, Schellenberg, Trehub, & Dawber, 2015). The present study explored 
one factor that could contribute to the vocal memory advantage. Specifically, the voice may elicit greater or more focused 
attention than instrumental timbres, leading to enhanced encoding and retention of vocal melodies. Inspired by evidence that 
task-evoked pupillary reflexes reflect attentional processes and memory strength, we tracked pupil dilation during exposure 
to 24 unfamiliar Irish and British folk melodies (half vocal, half piano) and a subsequent recognition test in which the same 
melodies were intermixed with 24 additional melodies (half vocal, half piano) from the same corpus. During the exposure 
phase, participants rated how much they liked each melody. During the test phase, they rated whether each melody was old 
or new on a 7-point scale (‘1 – Definitely New’ to ‘7 – Definitely Old’). Participants were better at differentiating old from new 
melodies for vocal renditions than for piano renditions, as in previous research. Analysis of pupillary data during the exposure 
phase revealed greater mean dilation for vocal than for piano melodies. Pupillary data in the test (recognition) phase revealed 
greater mean dilation for vocal than for piano melodies and for old than for new melodies. Our findings provide the first 
evidence that greater attentional resources are allocated to vocal than to instrumental melodies during encoding and retrieval 
of melodic memories. As such, they support the more general notion of the voice as a privileged musical signal.

mailto:kai.siedenburg@mail.mcgill.ca
mailto:michael.weiss@mail.utoronto.edu
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[Sun AM 1.3 GH] Is memory for key explicit or implicit?
E. Glenn Schellenberg (1)*, Peter Habashi (1)

(1) University of Toronto Mississauga.  Mississauga, ON, CANADA 
* =g.schellenberg@utoronto.ca

Although melodies are, by definition, abstractions based on pitch and temporal relations between consecutive tones, even 
untrained listeners exhibit memory for key, tempo, and timbre. Such memory is evidenced by superior recognition of 
melodies when they are presented in the same key, key, tempo, and timbre at exposure and test. Nevertheless, memory for 
surface features (i.e., key and tempo) fades over the course of a week, whereas memory for the relational features that define a 
melody is similar after 10-min and 1-week delays. Because listeners are asked at test whether they recognize the melodies from 
the exposure phase, but not whether they remember key, tempo, or timbre, it is unclear whether their memory for surface 
features is explicit or implicit. Here we examined whether long-term memory for key is explicit or implicit. Listeners heard 12 
melodies in an exposure phase. After a delay of 10 min, 1 day, or 1 week, they heard the same melodies plus an equal number 
of novel melodies. Some of the old melodies were transposed from exposure to test by 6 semitones. Listeners were required 
to identify whether they remembered hearing the melody earlier. If they replied affirmatively, they were asked whether the 
melody was the same, higher, or lower at test compared to initial exposure. As in earlier studies, there was no forgetting over 
a week in overall recognition, and recognition was better for melodies re-presented in the same key after a 10-min or 1-day 
delay, but not after a 1-week delay. Listeners’ judgments about whether the melody was re-presented in the same key were 
more or less random. Thus, long-term memory for key appears to be implicit rather than explicit.

[Sun AM 1.1 LA] Haunting melodies: Top-down memory cues to meter compete with bottom-
up timing cues
Sarah C. Creel (1)*

(1) UC San Diego, La Jolla, CA, USA 
* =screel@ucsd.edu 

How do we perceive a musical beat? Bottom-up timing characteristics of the musical event clearly contribute to beat 
perception. Yet listeners sometimes have difficulty perceiving beat patterns in unfamiliar meters despite “clear” surface cues 
(e.g. Westerners hearing complex meters). This implies a role for memory in beat perception. In earlier studies (Creel, 2011, 
2012), listeners heard a metrically-ambiguous melody followed by a probe beat pattern, and rated the goodness-of-fit of the 
probe to the melody. Listeners who had previously heard the ambiguous melody with a 3/4 metrical accompaniment preferred 
a 3/4 metrical probe, while those who had previously heard the ambiguous melody with 6/8 accompaniment preferred 6/8 
metrical probes. Thus, when immediate metrical cues are unclear, prior listening experience-memory-influences meter 
perception. The current study more strongly tests the memory account by asking whether prior listening experience (top-
down cues) affects beat perception even when a clear (contradictory) beat is present. 
 During exposure, each listener (N=96) heard 16 melodies and, as a cover task, rated musical emotion and liking. Half 
of participants heard a given melody with 3/4 accompaniment, half heard 6/8. At test, listeners heard each melody with a clear 
metrical accompaniment that either matched or mismatched the exposure meter and rated goodness-of-fit of probe beats. If a 
listener hears Melody A in 3/4 during exposure, but at test hears it clearly in 6/8, do they show any residual preference for 3/4? 
Listeners overall preferred metrical probes that matched the immediate accompaniment (p<.0001). However, this preference 
was significantly diminished if the listener had previously experienced that melody with the opposite meter (p=.0005), 
suggesting that memory influenced meter perception. Results suggest that memory can shape the current beat percept even 
when clear beat cues are present. This may explain failures of beat perception I unfamiliar meters.

mailto:g.schellenberg@utoronto.ca
mailto:screel@ucsd.edu
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[Sun AM 1.2 LA] Musical expectation’s effect on metric entrainment
Christopher Wm. White (1)*, Joseph Barker (1)

(1) The University of North Carolina at Greensboro, Greensboro, NC, USA 
* =cwwhite@uncg.edu Rachna Raman (1)*, W. Jay Dowling (1)

Do listeners associate expected musical events with metrical accent? Over the last several years, various corpus analyses 
have shown that frequently occurring (more probable) chord and scale-degree structures tend to occur on stronger metrical 
positions, while less-frequently occurring (less probable) structures occur on weaker metrical positions (White 2013, 
McLachlan et al. 2013, Prince and Schmuckler 2014). And while some interaction between tonality and meter has been 
shown (Schmuckler 1990, Boltz 1991), it has not been shown whether listeners use musical probabilities and expectation 
when entraining to beat patterns. We present two studies that address this issue. First, we test whether listeners ascribe 
metrical strength to higher scale-degree (unigram/zero-eth order) probability. Here, 34 subjects hear a tonally-unambiguous 
melody that alternates between scale-degrees that occur more frequently in tonal corpora (e.g., ^1, ^5) and those that occur 
less frequently (e.g., ^2, ^6) and are asked to tap on the stronger beat. An ANOVA shows scale-degree probability does not 
have a significant effect on the participants’ metric entrainment. The second study tests whether listeners ascribe metrical 
strength to pitches heard more frequently in a training session. Using Loui et al. (2010)’s design for synthetic grammar 
learning, participants hear a randomized non-tonal melody in which half of the pitch classes occur 3-times more frequently 
than the other half. After 30 minutes of training, the subject hears a new melody that alternates between the more and less 
frequent pitches, and is asked to tap on the stronger pulse. An ANOVA again shows no effect of pitch probability on listeners’ 
responses. While further studies are proposed, we discuss an explanation for these results. Instead of expected/probable 
musical events orienting us toward a certain meter, the opposite might be true: metrical entrainment might help disambiguate 
musical stimuli, guiding us to particular tonal/schematic orientations.

[Sun AM 1.3 LA] Modeling the role of previous exposure on rhythm perception
Bastiaan van der Weij (1)*, Henkjan Honing (1)

(1) Music Cognition Group, Institute for Logic, Language and Computation (ILLC), Amsterdam Brain and Cognition (ABC), University of Amsterdam. 
Amsterdam, THE NETHERLANDS 
* =b.j.vanderweij@uva.nl

Predictive coding has been argued to account for a variety of neurocognitive phenomena, ranging from hierarchical 
organization in the brain (Friston, 2005; Friston & Kiebel, 2009) to early sensory processing (Huang & Rao, 2011). Recently, it 
has been suggested that predictive coding can explain expectation and surprise in musical rhythms (Vuust, Gebauer, & Witek, 
2014). Here, we propose a computational predictive coding model of rhythm perception using an empirical Bayes approach. 
 We assume that rhythmic expectations are shaped by previous exposure. Rhythm perception is seen as inferring which 
meter, given previous exposure, most efficiently represents the observed rhythmic pattern as it unfolds in time. This process 
is necessarily incremental, resulting in a dynamic interaction between top-down metrical expectations governed by inferred 
meter, and the actual observed rhythm (Honing, 2013). 
 We use a collection of folksongs (Schaffrath & Huron, 1995) to estimate the likelihood of different meters and the 
likelihood of rhythmic patterns given a meter. 
 Given a rhythm, the metrical interpretations, the likelihood of a rhythm given each meter, and the likelihood of each 
meter by itself, we use Bayesian inference to estimate the probability of each meter given the rhythm. These probabilities 
change as the rhythm progresses and so do rhythmic expectations that are based on them. 
 Surprise is formalized as the information-content of a rhythmic pattern (cf. Pearce, Conklin, & Wiggins, 2005). The 
degree of surprise is used as an estimation of rhythmic complexity. 
 To validate this, we will compare information-content to empirical complexity ratings gathered by Povel & Essens 
(1985) and Bouwer & Honing (in prep.). 
 Our computational model yields testable predictions about the influence of previous exposure on rhythm perception. 
We will show that differences in the metrical interpretation of ambiguous rhythms can be modeled as a direct result of 
previous exposure.

mailto:cwwhite@uncg.edu
mailto:b.j.vanderweij@uva.nl
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[Sun AM 1.1 LB] Categorical perception of irregular rhythms
James Sullivan (1)*, Elizabeth West Marvin (1)

(1) Eastman School of Music.  Rochester, New York, USA 
* = jsulli36@u.rochester.edu

Categorical perception (CP), a phenomenon whereby within-category differences are perceptually impaired and between-
category differences are enhanced, has been shown to exist for regular rhythms, such as those compatible with symmetrical 
meters like 2/4, 3/4, and 4/4 (Clarke, 1987; Schulze, 1989; Desain & Honing, 2003). This study investigates CP of irregular 
rhythms, such as those compatible with asymmetrical meters like 5/8 and 7/8, using the standard identification/discrimination 
model. No prior studies have investigated CP of irregular rhythms, and only one study has carried out a discrimination task 
for regular rhythms (Clark, 1987). Additionally, the study investigates the relationship between rhythmic CP and participants’ 
musical performance and listening experience. 
 In the identification task, adapted from Desain and Honing (2003), 20 music students heard 122 distinct rhythmic 
stimuli and responded by choosing a best fit from 10 notated rhythms, some regular and some irregular. These data were used 
to construct an identification response distribution. Various metrics were developed to measure the strength of identification 
categories and the sharpness of their boundaries. Participants also provided confidence ratings and completed a post-
experiment survey. In the discrimination task (underway at time of submission), participants will hear pairs of rhythms and 
indicate whether they are the same or different. Percent correct discrimination and d’ measures will be compared with the 
identification results. 
 The identification data support CP for all regular and irregular rhythms investigated, though comparison with the 
forthcoming discrimination data will determine the extent to which CP is truly present. Furthermore, individual rhythms 
exhibit varying degrees of category strength, with identification categories generally stronger for regular rhythms than 
irregular ones. Across participants, irregular-rhythm response frequencies correlated significantly with age and with 
experience performing 20th/21st C Western art music.

[Sun AM 1.2 LB] Perceptual categorization of drum kit timbres
Jonathan L. Ceru (1), Richard Ashley (1)*

(1) Northwestern University. Evanston, IL, USA 
* =r-ashley@northwestern.edu

Perception and cognition of the timbres of Western orchestral instruments has been established as a multidimensional 
construct, commonly understood through dimensions of continuous perceptual correlates, such as log attack time, spectral 
centroid, and spectral flux (McAdams, 1999).  These dimensions contribute to distinct mental representations of instrument 
sounds and to auditory stream processing.  However, instruments consisting of many distinct timbres with musically distinct 
roles, such as the drum kit, have not been explored from this perspective. In this study, participants followed a similarity 
judgment paradigm for multidimensional analysis of drum kit timbres. Participants completed two full 6x6 matrices of 
pairwise comparisons, judging the similarity of individual sounds in: 1) a typical funk drum kit - bass drum, snare drum, 
hi-hat closed, hi-hat normal (sticked), hi-hat open, and ride cymbal; and 2) a Latin percussion kit - Latin “owl hoot” whistle, 
Latin whistle, zither, guiro A, guiro B, and high pitch bell.  The Latin percussion kit sounds were chosen as substitutes for 
the drum kit sounds, preserving sound envelope characteristics while changing performance method (e.g. hand versus foot). 
Participants rated the similarity of each pair on a 9-point Likert scale (1=9, 9=Very similar). Similarity judgments were 
analyzed using r’s Classic Multidimensional Scaling (MDS) method. MDS analysis revealed that a 3-dimensional plot best 
described the data with GOF=0.95 for traditional sounds and GOF=0.67 for substitution sounds. Dimensions are related to: 
1) instrument family (drums/metals), 2) attack time, and 3) sustain time. Comparisons between the funk and Latin matrices 
revealed similar clustering of sounds. These findings suggest that listeners come to categorize timbres in a drum kit exist 
independent of the bodily articulator used to produce a sound; rather, timbres are assessed based on acoustic properties. These 
findings are being expanded in a current study employing additional, layered sounds (bass drum+hi-hat, snare drum+hi-hat).

mailto:jsulli36@u.rochester.edu
mailto:r-ashley@northwestern.edu
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[Sun AM 1.3 LB] The categorization of speech and song by children and adults
Christina M. Vanden Bosch der Nederlanden (1)*, Erin E. Hannon (1), Joel S. Snyder (1)

(1) University of Nevada, Las Vegas. Las Vegas, Nevada, USA 
* =vandenbo@unlv.nevada.edu

While teasing apart speech and song may not be difficult in adulthood, it is possible that children must learn to differentiate 
these two classes of human communication with experience. In infancy, the difference between speech and song is less stark 
and infant-directed speech has even earned the nickname “musical speech” because of its more musical qualities (salient 
pitch, perceived rhythmic regularity). We organize the sounds around us into categories of auditory objects to help form 
expectations even when listening to novel exemplars of a category (Gelman & Meyer, 2011). Categorical knowledge of 
speech and song may allow listeners to selectively attend to the relevant acoustic characteristics for extracting meaning in 
each domain, specifically phonetic variation in speech and suprasegmental or melodic information in song. Thus, successful 
categorization of speech and song may be an important step in the development of language and music processing. 
 The current study assessed whether children (4-, 6-, & 8-year-olds) and adults could differentiate spoken and sung 
sentences that were closely matched for average F0, F0 range, and total duration. We also determined to what extent two 
ambiguous types of speech – infant-directed speech and ambiguous speech excerpts that can transform to song – were 
categorized as speech or song. Children and adults readily differentiate between speech and song with greater percentage 
of song ratings for sung sentences than spoken sentence (Adults: 100% vs. 11%; Children: 82% vs. 12%). Adults perceive 
ambiguous excerpts as more song-like than speech (24%), while infant-directed speech is perceived as song less than 1% of the 
time. Children show a similar pattern of results, but the pattern varies with age. At all age groups greater F0 stability, longer 
average duration, and higher average pitch significantly predict listeners’ song ratings. The role of rhythmic characteristics in 
the categorization of speech/song will be discussed.

[Sun AM 1.1 LC] Emotional expression and creativity: An fMRI study of jazz improvisation 
in response to emotional cues
Malinda J. McPherson (1)*, Monica Lopez-Gonzalez (1,2), Frederick S. Barrett (3), Patpong Jiradejvong (1), Charles J. Limb 
(1,2)

(1) Department of Otolaryngology-Head and Neck Surgery, Johns Hopkins University School of Medicine, Baltimore, MD, USA  
(2) Peabody Conservatory of The Johns Hopkins University, Baltimore, MD, USA  
(3) Department of Psychiatry and Behavioral Sciences, Johns Hopkins School of Medicine, Baltimore, MD, USA 
* =malindajmcpherson@gmail.com

A primary function of music is to convey emotions, yet empirical research in this area has largely focused on the perception, 
rather than the production of emotion in music. We attempted to address this void by using fMRI to study piano 
improvisation in response to emotional cues. Twelve professional jazz pianists (mean years performing professionally = 
18.35±13.28) were shown photographs of an actress representing a ‘Positive’, ‘Negative’, or ‘Ambiguous’ emotion. During each 
image presentation they were either instructed to passively view, play a chromatic scale, or improvise music that they felt 
best represented the emotion expressed in the photograph. Subjects improvised with their right hand using a thirty-five key 
keyboard. 
 Our findings demonstrate that emotional intent modulates neural activity in emotion processing areas such as the 
insula, amygdala, temporal pole, and anterior cingulate cortex. Similar effects were not seen during chromatic scale and 
viewing conditions; they were specific to improvisation. Furthermore, emotional intent greatly altered the BOLD signal in 
the dorsolateral prefrontal cortex, an area that is deactivated during creative processing. We also found different patterns of 
effective connectivity with seed regions in the amygdala and insula for different emotional improvisation conditions. Various 
musical analyses revealed that improvisations were statistically different between emotion conditions.  
 This study shows that emotional intent greatly alters both the neural systems involved in creativity and the neural 
systems responsible for processing emotion. The observed emotion-specific neural changes suggest that emotional intent 
influences the ability of performers to enter a creative flow state. Furthermore, the data indicate that expressing emotion 
through music requires the use of lower-level emotion centers of the brain, a finding that may have ramifications for 
understanding music performance as a means personal emotion regulation.
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[Sun AM 1.2 LC] Low-skip bias: The distribution of skips across the pitch ranges of vocal and 
instrumental melodies is vocally constrained
Paolo Ammirante (1)*, Frank A. Russo (1)

(1) Ryerson University.  Toronto, Ontario, CANADA 
* =paolo.ammirante@ryerson.ca

Skips are relatively infrequent in diatonic melodies and are compositionally treated in systematic ways. This treatment has 
been attributed to deliberate compositional strategies that are also subject to certain constraints. Study 1 showed that ease 
of vocal production may be accommodated compositionally. Number of skips and their distribution within a melody’s pitch 
range were compared between diverse statistical samples of vocal and instrumental melodies. Skips occurred less frequently 
in vocal melodies. Skips occurred more frequently in melodies’ lower and upper ranges, but there were more low skips than 
high (“low-skip bias”), especially in vocal melodies. Study 2 replicated these findings in the vocal and instrumental melodies of 
a single composition (Bach’s Mass in B minor). Study 3 showed that among the instrumental melodies of classical composers, 
low-skip bias was correlated with the proportion of vocal music within composers’ total output. We propose that, to varying 
degrees, composers apply a vocal template to instrumental melodies. Implications of this research for receptive aspects of 
music are discussed.

[Sun AM 1.3 LC] Your creative brain: An EEG investigation of the neural basis of musical 
improvisation
Martin Norgaard (1)*, Bhim Adhikari (2), Kristen Quinn (2), Jenine Ampudia (3), Mukesh Dhamala (2,3)

(1) School of Music, Georgia State University, Atlanta, GA, USA 

(2) Physics and Astronomy, Georgia State University. Atlanta, GA, USA  
(3) Neuroscience Institute, Georgia State University, Atlanta, GA, USA 
* =mnorgaard@gsu.edu

Musical improvisation offers an excellent experimental paradigm for the study of real-time human creativity. It involves 
moment-to-moment decision-making, monitoring of one’s performance, and utilizing external feedback to spontaneously 
create new melodies or variations on a melody. Recent neuroimaging studies have begun to study the brain activity during 
musical improvisation, aiming to unlock the mystery of human creativity (Beaty, 2015). How brain resources come together 
and are reflected in brain neural oscillations and networks during musical improvisation have not been studied well.  
 In this study, we recorded EEG signals from nineteen experienced musicians while they played or imagined short 
isochronous learned melodies or improvised on those learned melodies. These four conditions (Play-Prelearned, Play-
Improvised, Imagine-Prelearned, Imagine-Improvised) were randomly interspersed in a total of 300 trials per participant. We 
hypothesized that (i) the amplitudes of brain oscillations in the alpha (8-12 Hz) and the beta (13 – 30 Hz) bands between the 
prelearned and improvised conditions would be different, and (ii) the act of improvisation would involve much more brain 
resources including the ones for problem-solving and fine-tuning. The group average melodic originality score (Simonton, 
1984), a behavioral performance measure for improvisation, was 6.4. From the sensor-level EEG signals, we found that there 
were power differences in the alpha and beta bands in separate clusters of frontal, parietal, temporal and occipital electrodes. 
Using a source-localization method of EEG signals for the task conditions, we identified the common sources for the tasks 
to be at Left Medial Frontal Gyrus, Right Superior Temporal Gyrus, and bilateral Cerebellum. During improvisation, the 
network activity between the cerebellum and the frontal cortex was found to be modulated and also to be correlated with the 
behavioral melodic score. These findings suggest that a creative act like improvisation dominantly recruit the brain resources 
for problem-solving and attention.
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[Sun AM 2.1 GH] From brainstem to prefrontal cortex: An evolutionary journey along the 
musical brain
Alessandro Miani (1)*

(1) Aarhus University. Aarhus, DENMARK 
* =ale.miani@yahoo.it

Adopting a multicomponent perspective (Honing et al., 2015), an evolutionary view on the neuroanatomical prerequisites 
required for the emergence of music prior to its cultural evolution will be presented. Driven by ecological factors, a change 
in intentionality (individual, joint, and collective, see Tomasello, 2014) allowed for progression from ape to modern-human 
cognition, i.e. the shift from indexes of emotions to symbolized iconic indexes of emotions (i.e. music, see Miani, 2014). 
Given that music and language are different ends of the same communicative continuum, this approach focuses on three 
brain structures that are key to both domains. (1) Firstly, ape vocalizations are unintentional responses to an emotional 
state. Brainstem and amygdalae play a major role here, since their removal/stimulation relates to suppression/production of 
vocalizations (Jürgens, 2002) and fearless behavior (Adolphs, 2010). (2) Secondly, ape vocalizations turned into intentional 
pantomimes of emotions. Environmental instability (~2 million years ago) pushed early humans into new kind of postnatal 
foraging and dietary flexibility (Antón et al., 2014) promoting cooperation; this entailed new communicative skills based 
on imagination requiring mental time travel and hippocampal activity (Corballis, 2013) that, in turn, might correlate with 
maternal care (Liu et al., 2000). (3) Finally, pantomimes became collective music. With modern humans (~200.000 years ago) 
appeared the FOXP2 gene (Dediu & Levinson, 2013) that may have promoted synaptic plasticity and the development of basal 
ganglia (Enard et al., 2009), an important structure for sequential movements and rhythm as it connects motor to auditory 
areas (Patel & Iversen, 2014). Rhythm is important for aggregative activities helping foster consequence-free explorative 
behaviors. Consequently, big social groups enhanced recursive thought, also crucial for the appearance of music, and led the 
expansion of the prefrontal cortex (Gowlett et al., 2012), the very same structure involved in decoding intentions during music 
listening (Steinbeis & Koelsch, 2009).

[Sun AM 2.2 GH] The role of the basal ganglia in beat processing
Tomas Matthews* (1), Virginia Penhune (1)

(1) Concordia University, Montreal, QC, Canada 
* = flepid@hotmail.com 

Studies have shown that a network of motor regions including the basal ganglia (BG), are crucial for processing musical 
rhythms, whether tapping synchronously or simply listening (Grahn, 2012). The BG are thought to be important for ‘beat-
based’ timing in particular (Teki et al., 2011). Metrical complexity, here indexed by the number of auditory onsets that align 
with predicted beat points, has been shown to be a strong predictor of beat perception (Kung et al., 2013), and is therefore 
expected to affect BG engagement. However, there have been conflicting results regarding the effect of metrical complexity on 
BG activity which are likely a result of differing paradigms (e.g., tapping vs. listening only). The current functional magnetic 
resonance imaging (fMRI) study investigated the precise role of the BG in beat processing by including both tapping and 
non-tapping trials as well as by manipulating metrical complexity. Trained pianists heard rhythms of varying metrical 
complexity, and were asked to maintain the underlying beat through a short silence, either covertly or by tapping, in order to 
make a judgment as to whether a probe tone was on or off the beat. Initial behavioral results showed a strong effect of metrical 
complexity suggesting that beat induction is necessary for making accurate judgments regarding the timing of the probe tone. 
Additionally, judgment accuracy was significantly greater for tapping compared to non-tapping trials which supports previous 
work showing the importance of movement on rhythm processing (Manning & Schutz, 2013). We are currently analyzing the 
fMRI data in order to test the effects of metrical complexity and tapping versus non-tapping on BG activation. This paradigm 
also allows us to compare brain activation during rhythm presentation (external cuing) to that during the silent period 
(internal generation).
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[Sun AM 2.3 GH] A causal role of the left supramarginal gyrus during the retention of 
musical pitches – a TMS study
Nora K. Schaal (1, 2)*, Victoria J. Williamson (3, 4), Maria Kelly (2), Neil G. Muggleton (2,5,6), Bettina Pollok (7), Vanessa 
Krause (7), Michael J. Banissy (2, 6)

(1) Department of Experimental Psychology, Heinrich-Heine-University, 40225 Düsseldorf, GERMANY 
(2) Department of Psychology, Goldsmiths, University of London, SE14 6NW, London, UK 
(3) Lucerne University of Applied Sciences and Arts, 6003 Lucerne, SWITZERLAND 
(4) Department of Music, University of Sheffield, S3 7RA, Sheffield, UK 
(5) Brain and Behavior Laboratory, Institute of Cognitive Neuroscience, National Central University, Jhongli 320, TAIWAN 
(6) Institute of Cognitive Neuroscience, University College London, London, UK 
(7) Institute of Clinical Neuroscience and Medical Psychology, Medical Faculty, Heinrich-Heine-University, Düsseldorf, GERMANY 
*=nora.schaal@hhu.de

Brain stimulation studies have demonstrated a causal link between the left supramarginal gyrus (SMG) and general pitch 
memory processes. Building on this evidence, the present study tested the impact of left SMG stimulation on two distinct 
pitch memory phases: retention and encoding. Repetitive transcranial magnetic stimulation (rTMS) was employed during the 
retention stage (Experiment 1) and the encoding phase (Experiment 2) of a pitch recognition task. 13 participants took part 
in Experiment 1 and 14 participated in Experiment 2. All participants were non-musicians with less than two years of formal 
musical training. They had to judge whether two pitch sequences were the same or different and stimulation was applied on 
a trial-by-trial basis over the left SMG (target site) or the Vertex (control site). A block without rTMS was also completed. In 
Experiment 1, rTMS over the left SMG during pitch retention led to significantly increased reaction times compared to control 
conditions. In Experiment 2, no rTMS modulation effects were found during encoding. Experiment 3 (12 participants) was 
conducted as a control for non-specific stimulation effects; no effects were found when rTMS was applied over the left SMG 
at the two different time points (late versus early) during a perceptual task. Taken together, these findings highlight a phase-
specific involvement of the left SMG in the retention phase of pitch memory, thereby indicating that the left SMG is involved 
in the maintenance of pitch information in non-musicians. 

[Sun AM 2.4 GH] Neuroanatomical correlates of musical instrument recognition and naming
Amy M. Belfi (1)*, Joel Bruss (1), Brett Karlan (1), Taylor J. Abel (1), & Daniel Tranel (1)

(1) University of Iowa. Iowa City, Iowa, USA 
* =amy-belfi@uiowa.edu

Retrieval of semantic and conceptual information about items is frequently impaired in individuals with neurological damage. 
One category of items that can often be affected is musical instruments. Musical instruments possess several characteristics 
that are similar to various other categories of items: they are inanimate and highly manipulable (similar to tools) produce 
characteristic sounds (similar to animals), and require fine-grained differentiation between one another (similar to 
people). Possibly due to these reasons, distinct neuroanatomical correlates underlying musical instrument recognition and 
naming have not been identified. In a large sample of individuals with focal brain damage (N = 298), we investigated the 
neuroanatomical correlates of musical instrument recognition and naming. Participants saw pictures of sixteen musical 
instruments and were asked to produce the name of each instrument. If they could not name the instrument they were 
asked to produce identifying information about the instrument to convey recognition. Of our total sample, 78 patients were 
impaired at naming and 135 patients were impaired at recognition, in relation to normative data. Neuroanatomical data were 
assessed by using the proportional MAP-3 method to create voxelwise lesion proportion difference maps. Impaired naming 
of musical instruments was associated with damage to the left temporal pole and inferior pre- and post-central gyri. Impaired 
recognition was associated in a more broadly and bilaterally distributed network of regions, including ventromedial prefrontal 
cortex and superior temporal gyrus. These results converge with and extend previous research on the neural underpinnings of 
musical instrument naming and recognition, and highlight distinct and separable neuroanatomical correlates for conceptual 
and semantic knowledge.
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[Sun AM 2.1 LA] How do Alzheimer’s patients coordinate rhythmic gestures with singing 
voice?
Diane Caussade (1)*, Nathalie Henrich-Bernardoni (2), Nathalie Vallée (2), Jean-Marc Colletta (3)

(1) GIPSA-lab (CNRS) & LIDILEM.  Saint Martin d’Hères, FRANCE  
(2) GIPSA-lab (CNRS).  Saint Martin d’Hères, FRANCE  
(3) LIDILEM.  Saint Martin d’Hères, FRANCE 
* =diane.caussade@gipsa-lab.fr

In Alzheimer’s disease, studies on bimodal language production (Carlamagno & coll., 2008) do not treat aspects of speech 
and gestures in a concomitant way. Supported by the results obtained from a case study (Caussade & coll., 2014), we made 
the hypothesis that Alzheimer patients’ communication disorders include a de-synchronization between speech and hand 
gestures. In this context, a protocol was elaborated to study the coordination between singing and hand gestures of patients 
with Alzheimer’s disease. The repetition tasks used in this protocol consisted in singing lallation on four melodies, and in four 
nursery rhymes. The songs were composed of 6 phrases with 8 syllables and a rhythm of one syllable per note. Each rhythmic 
gesture/beat was analyzed in terms of preparation phase and stroke to observe the temporal relationship between hand and 
singing rhythmic patterns. 20 French-native right-handed participants were recorded: 10 control participants paired by age 
and socio-educational level to 10 Alzheimer’s patients diagnosed with a MMSE score between 10 and 24 by our hospital 
partner. Professional musicians were excluded from the trial. Recordings were performed at the subjects’ home using two 
camcorders for front and profile views, and a lapel microphone. Preliminary results show patients made longer breaks than 
control participants, which is in line with Barkat-Defradas & coll. (2009), and thus their preparation phases of beats were 
longer, showing a de-synchronization between beats’ preparation phase and singing. Our results also show that both patients 
and control participants synchronize beats’ stroke at the peak intensity of the syllables, mostly with the syllable vowel nuclei 
which is coherent with French prosody (Crouzet & Angoujard, 2009). Lyrics in the nursery rhyme repetition tasks seemed to 
help both patients and control participants to repeat the melody with better accuracy than lallation, and more specifically to 
sing the good number of notes.

[Sun AM 2.2 LA] Musical agency modulates pain
Daniel L. Bowling (1)*, Tom Fritz (2)

(1) Dept. of Cognitive Biology, University of Vienna. Vienna, AUSTRIA  
(2) Dept. of Neurology, Max Plank Institute for Human Cognitive and Brain Sciences, Leipzig, GERMANY 
* =dan.bowling@univie.ac.at

Performing music is often a physically intense experience. Singers and instrumentalists regularly exert considerable effort to 
produce their desired sound. The connection between exertion and music production is examined here using a “jymming” 
paradigm. This paradigm combines exercise machines designed for weight training with digital sensors to manipulate musical 
sounds in real time. Previous work using this paradigm has shown that when motor actions are systematically coupled to 
the manipulation of musical sounds (a condition referred to as musical agency) subjects experience improvements in mood, 
reductions in perceived effort, and enhanced metabolic efficiency over and above control conditions. The physiological 
mechanism(s) by which these positive effects are realized remains unknown. One intriguing possibility is that muscular 
exertion in the service of music triggers the release of endogenous opioids in the central nervous system. We examined this 
possibility here by comparing changes in pain sensitivity following exercise sessions with and without musical agency. The 
results show significantly greater decreases in pain sensitivity following sessions with musical agency than without. This result 
provides evidence for physiological mechanisms underlying the rewards of motor-music coupling, shedding light on benefits 
that may have been enjoyed by our ancestors, and adding to a growing biological framework for understanding the evolution 
of music. 
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[Sun AM 2.3 LA] Theatre, peers and music to improve social ability in youth with autism 
spectrum disorder
Blythe A. Corbett,(1)*, Alexandra Key (1), Stephanie Fecteau, (1), Cassandra Newsom (1), Lydia Qualls (1), Paul Yoder (1)

(1) Vanderbilt University, Nashville, TN, USA  
* =blythe.corbett@vanderbilt.edu

Social ability is complex with several interacting levels involving the social brain, cognition, behavior, and functioning 
(Kennedy & Adolphs, 2012). Impairment in social ability is central to autism spectrum disorder (ASD) often manifesting as 
difficulty in social perception, theory of mind (TOM) and reciprocal social communication. The purpose of the study was 
to evaluate and extend the impact of SENSE Theatre, a peer-mediated, theatre-based intervention on several areas of social 
ability. The program incorporates theatrical techniques, music, and trained typically developing peers.  An experimental 
design was used in which participants were randomized to either the treatment group (EXP, N = 17) or a wait-list control 
group (WLC, N = 13). Participants included 30 youth with ASD 8 to 14 years that completed neuropsychological, social 
interaction, physiological and neurophysiological measures before and after treatment.  Analysis of Covariance was used 
with post-intervention score as outcome variable, Group (EXP or WLC) as a main independent variable, and baseline (pre-
intervention) score as a covariate.  Significant differences were observed between the experimental (EXP) and the (WLC) 
groups in social perception including memory for faces immediate (MFI) F(2,28) = 4.02, p = 0.05, and memory for faces 
delayed (MFD) F(2,28) = 6.01, p = 0.02, which corroborates previous findings.  Significant differences were also found for 
TOM F(1,28) = 6.01, p = 0.02 and group play F(1,27) = 4.35, p = 0.04.  The study replicates and extends findings showing 
that the intervention contributed to improvement in social ability for youth with ASD.  Gains in face memory and TOM are 
consistently demonstrated supporting the strong link between social perception and behavior and how improvement in one 
level of processing can result in gains on another. Trained peers, theatrical performance, and music provide the framework for 
a promising treatment for enhancing social ability in ASD. 

[Sun AM 2.4 LA] Language and music phrase boundary processing in autism spectrum 
disorders: an ERP study
John DePriest (1)*, Karsten Steinhauer (2), Anastasia Glushko (2), Stefan Koelsch (3)

(1) Program in Linguistics, Tulane University. New Orleans, Lousiana, USA 
(2) School of Communication Sciences and Disorders, McGill University. Montreal, Quebec, CANADA 
(3) Excellence Cluster: Languages of Emotion, Free University of Berlin. Berlin, GERMANY 
* = jdepries@tulane.edu

One of the hallmarks of Autism Spectrum Disorders (ASDs) is a difficulty with the accurate expression and perception of 
prosody in language. (Paul, et al., 2005; Peppe et al., 2007) While much of this deficit is due to the interpretation of emotional 
content, research suggests that it may relate to a broader problem integrating elements of the speech signal. (Just, et al., 2012) 
Despite numerous shared processing resources devoted to language and music, many people with ASDs have little difficulty 
processing music. This paper seeks to investigate whether the prosodic challenges are due to differences integrating the 
prosodic elements of phrase boundary processing in language reflected in the Closure Positive Shift (CPS). As previous studies 
have identified a similar ERP component in music (i.e. Neuhaus, et al., 2006), we compared electrophysiological responses to 
the linguistic and musical phrases between ASD (n = 12), and neurotypical populations (n = 18). The predictions were that 
responses to linguistic phrase boundaries would vary significantly between the two groups, while music phrase boundary 
processing would not. The stimuli consisted of 144 spoken sentences, varying in prosody and verb argument structure. Music 
stimuli varied based on the presence of a pause or an extended pre-boundary note at the phrase boundary, or a boundary filled 
with notes. 
 Contrary to expectations, preliminary results show no significant between-group differences, yet patterns of difference 
between the two groups in terms of latency and scalp distribution suggest that more research needs to be conducted with 
a larger sample. These preliminary results suggest more fundamental underlying differences in language and music phrase 
boundary processing between neurotypicals and individuals with ASDs, that need to be investigated further.
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[Sun AM 2.1 LB] Endogenous rhythms influence synchronization between musicians
Anna Zamm (1), Chelsea Wellman (1), Caroline Palmer, (1)*

(1) McGill University. Montreal, Quebec, CANADA 
* =caroline.palmer@mcgill.ca

Joint actions such as ensemble music performance require that individuals adapt the timing of their behaviors to those 
of a partner. Relative to other species, humans possess an enhanced ability to synchronize their behavior with temporally 
fluctuating signals: A few non-human animal species show the ability to coordinate their movements with temporally 
changing stimuli, but they tend to be influenced by endogenous (intrinsic) rhythms, suggesting an evolutionary constraint 
on synchronization. Do endogenous rhythms also constrain musicians’ ability to synchronize with rhythms produced by a 
partner? 
 We address this question using a piano duet performance task: 40 skilled pianists’ endogenous rhythms (measured by 
their Spontaneous Musical Rate of performance, SMR; mean beat duration) were assessed in solo performance of melodies, 
which were then used to systematically assign pianists to duet pairs in which partners were either matched (< 10 ms difference 
in partners’ SMRs) or mismatched (> 100 ms difference in SMRs) in their endogenous rhythms, while musical expertise, age, 
and mean SMR were equated across groups. Duet partners returned to the lab to perform novel melodies together, using 
either right or left limb (arm, hand, and finger) movements, to test whether spontaneous rates arose from limb-specific motor 
synergies or were generalized across limbs. Temporal synchronization of duet performances was measured by keystroke 
asynchronies.  
 Synchronization of duet performance was more accurate for pairs with matched spontaneous rates than for mismatched 
pairs, providing the first confirmatory evidence for a causal link between endogenous rhythms and synchronization of joint 
action in music performance. Furthermore, temporal synchronization was enhanced for matched partners regardless of 
limb movements, suggesting that coupling of endogenous rhythms is not a function of limb-specific motor synergies. These 
findings support similar constraints on humans’ synchronization abilities as found in other species. 

[Sun AM 2.2 LB] Keeping the beat: How musicians and non-musicians use auditory feedback 
in dyadic tapping
Benjamin G. Schultz (1,2)*, Caroline Palmer (1)

(1) Department of Psychology, McGill University, Montreal, QC, CANADA 
(2) BRAMS, Université de Montreal, Montreal, QC, CANADA 
* =benjamin.schultz@umontreal.ca

When musicians perform together, they must be able to synchronize with their co-performers and maintain the same beat. 
We examined how musicians and non-musicians use auditory feedback to maintain a regular beat. Using a synchronization-
continuation paradigm, pairs of musicians or non-musicians synchronized with a metronome and then continued to tap at the 
same rate after the metronome stopped. Participants received the following auditory feedback conditions: No feedback, Self 
feedback, Partner feedback, and Full feedback. Cross-correlations examined the degree to which participants maintained the 
metronomic rate and synchronized with their partner. In Experiment 1, musician pairs (N=20) were better at maintaining the 
rate with Self, Partner, and Full feedback than with No feedback. Moreover, musicians synchronized with their partner more 
when a partner’s feedback was present (Partner and Full feedback) than when it was absent. In Experiment 2, non-musician 
pairs (N=20) were better at maintaining the rate in the Self feedback condition than the No feedback condition and were worst 
when a partner’s feedback was present (Partner and Full feedback). Non-musicians synchronized with their partner more 
when a partner’s feedback was present (Partner and Full feedback) than when it was absent. In Experiment 3, mixed pairs 
(musicians with non-musicians; N=20) showed that both were better able to maintain the rate in the Self, Partner, and Full 
feedback conditions than the No feedback condition. Musicians and non-musicians synchronized better when their partner’s 
feedback was present (Partner and Full feedback) than when it was absent (Self and None). In tandem with the results of 
Experiments 1 and 2, results suggest that non-musicians were able to use feedback from musicians to better maintain the rate 
without hindering the musicians’ ability to maintain the rate. A practical implication of this finding is that non-musicians may 
improve their beat-keeping abilities by playing with expert musicians.
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[Sun AM 2.3 LB] Drifting apart: Exploring joint (de)synchronization by expert musicians 
performing phase music
Michael Schutz (1)*, Russell Hartenberger (2), David Ogborn (3)

(1) McMaster Institute for Music and the Mind.  Hamilton, ON, CANADA  
(2) University of Toronto, Faculty of Music.  ON, CANADA  
(3) Department of Communication Studies & Multimedia, McMaster University.  Hamilton, ON, CANADA 
* =schutz@mcmaster.ca

Research on inter-personal synchronization typically involves participants intending to temporally align their note onsets 
(i.e. Goebl & Palmer, 2009; Keller, Novembre, & Hove, 2014). Here we complement traditional approaches through a novel 
exploration of intentional de-synchronization.  Inspiration for this study comes from renowned contemporary composer Steve 
Reich’s phase composition “Drumming.” This composition asks the musicians to begin in synchrony, then for one to gradually 
accelerate until separated by one full beat, a processes generally lasting a minute or more.   Two internationally acclaimed 
percussionists performed an excerpt from this work on bongos fit with customized triggers.   The performers have significant 
experience with this technically difficult task – one (RH) premiered the composition in 1971, and together they have 
performed the piece hundreds of times in acclaimed concert halls around the world.  We then analyzed the timing of note 
onsets within each part, as well as the separation and subsequent realignment between parts.  This offered an in-depth view of 
their success in intentionally desychronizing/ resynchronizing their parts throughout their 80 seconds of playing.  
 Over 65 repetitions of the rhythmic pattern, the “accelerating” voice averaged 0.25%  faster in tempo (approximately .5 
ms/beat).  This small, consistent difference aligns with both the composer’s requests and performers’ intentions.  However, in 
contrast to the performers’ introspections, the separation and re-alignment of the voices was neither smooth nor monotonic.  
At least one fifth of the cycle repetitions in the nominally “accelerating” voice actually slowed down.  The nominally “steady” 
voice displayed a similar pattern of tempo fluctuations, suggesting a complex pattern of mutual coordination despite 
the composer’s request (and performers’ intentions) for the parts to function independently. We will discuss theoretical 
implications, as well insights from this exploration of intentional desynchronization by professional musicians highly 
experienced in this complex task.

[Sun AM 2.4 LB] Comparisons of action simulation and motor synergies in duet performance
Alexander P. Demos (1)*, Marcelo M. Wanderley (2), Caroline Palmer (1)

(1) Department of Psychology, McGill University, Montreal, CANADA 
(2) Department of Music Research, McGill University, Montreal, CANADA 
* =alexander.demos@McGill.ca

Two theories of joint action: action simulation and motor synergies were evaluated using a piano duet task in which auditory 
feedback was removed during performance. Action simulation maintains that people coordinate with mental simulation 
(and predictions) of their partner’s actions; motor synergies suggests instead that partners engage in real-time bidirectional 
coordination. To test these theories, pianists (n = 32) performed a two-part musical piece, both alone (solo) using two hands, 
and paired (duet) with a partner, each using one hand. During solo and duet conditions, auditory feedback created by the left, 
right, or both hands was removed unpredictably and temporarily from sound delivered to both pianists over headphones. 
The temporal disruption during periods of feedback removal and return was measured by changes in the temporal variability 
of tone onsets. Each theory predicts that feedback removal in solo performance should not disrupt pianists because the 
same motor system produces both parts. The theories, however, differ for duet performance: Action simulation predicts 
that a person’s actions should not be disrupted by the removal of their own familiar feedback.  Motor synergies predict 
that feedback removal from either part will disrupt both performers, as the real-time coupling between the duet pair is 
broken.  Unexpectedly, results from the solo condition showed that feedback removal from the right hand part disrupted the 
timing of the right hand part (melody). This suggests that performers relied on auditory feedback from the melody during 
their performance.  Results from the duet condition showed that left hand feedback removal resulted in disruption to both 
members of the pair, while right hand feedback removal disrupted only the left hand part.  Overall, the findings support the 
predictions from motor synergies, but the asymmetry in disruption between hands suggests that current assumptions about 
joint action as equal coupling between the parts are not correct.  
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[Sun PM 3.1 LB] Grammaticality in popular music form:  perceptual and structural aspects
Richard Ashley (1) *

(1) Northwestern University, Evanston, IL, USA 
* = r-ashley@northwestern.edu

The cognition of musical form has been the subject of a growing number of studies over the last two decades. These studies 
have brought into question whether listeners process and remember only smaller-scale, immediate aspects of musical 
structure, or also longer-range structure. This project investigates listeners’ understanding of form in popular music, modeled 
as probabilistic grammars, and follows on a study presented at ICMPC 13 (Ashley, 2014). The prior study examined listeners’ 
memory for the form of popular songs, using recall for songs learned in everyday listening and analysis of a small corpus 
(Billboard’s top 5 songs 2013-2009) as data. This study uses an expanded corpus of 200 songs (Billboard’s top 10 songs 2014-
1995) as its basis; analysis of this corpus produced a probabilistic grammar of song form, the network representation of which 
is dominated by verse-chorus structures but with considerable local variation. This grammar and its predictions are being 
evaluated using two methods: a) listener judgments of visual analogs to song forms, and b) reconstruction of songs from their 
constituent sections.  In the first task, participants rate the ‘goodness’ of a series of geometric shapes (diamonds, stars, circles, 
etc.) as a representation of pop song form, and identify each shape’s formal type (introduction, bridge, chorus, verse, etc.). 
Examples vary systematically in order to prevent any given shape from being consistently associated with a given formal type, 
requiring participants to focus instead on sequential patterns.  In the second task, participants are given unfamiliar songs, 
represented as icons on a screen that play a section of music when clicked, and asked to arrange them in a plausible sequence 
along a timeline. Data collection has begun but is incomplete.  We hypothesize that the grammar will model listeners’ 
understandings of and responses to the statistical properties of form in popular music.

[Sun PM 3.2 LB] Encoding and decoding the role of spectrotemporal timbre features in 
expressive musical phrasing
Emily Graber (1)*, Jonathan Berger (1), Takako Fujioka (1)

(1) Center for Computer Research in Music and Acoustics, Stanford University.  Stanford, California, USA 
*=emgraber@stanford.edu

Timbre change is one of the most powerful tools for affective communication in music, explaining why educators and 
performers dedicate much effort to teaching and executing techniques for producing various timbres on their instruments. 
Timbre variation is critical for music performance, yet little is known about how musicians actually manipulate timbre in 
their performance to convey musical intention, nor how listeners perceive those timbre variations and decode the intended 
expression. Recent studies have shown that amplitude and timing relationships between successive notes in a stream do much 
to shape the stream into musical phrases, but we hypothesize that nuanced timbre variations also play a prominent role in 
shaping phrases and that such variations are successfully decoded by listeners. In this study, to first identify what types of 
timbre features are most related to expressive musical phrasing, we asked a trained violinist to interpret three streams of notes 
into three different phrase shsapes. Each stream was played as one phrase, two phrases, or no phrase (e.g., deadpan) at three 
dynamic levels and with two bowing techniques. Recordings were analyzed note-to-note for spectrotemporal trends in mid-
range frequencies.  
 Acoustic analysis revealed that spectral centroid in mid-range frequencies (5-10 kHz) from the third to fifth notes in 
each stream show a trajectory corresponding to the intended phrase shape, supporting our hypothesis. Based on these results, 
we propose a method to alter the ‘no phrase’ recordings to artificially create ‘one phrase’ and ‘two phrase’ versions.  The 
modified recordings will be used for a perceptual test to examine whether listeners can perceive the phrase shapes without 
additional amplitude and timing information.
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[Sun PM 3.3 LB] Musical structure without linguistic structure: A case study of an 
agrammatic aphasic with preserved harmonic processing ability.
L. Robert Slevc (1)*, Yasmeen Faroqi-Shah (1), Sadhvi Saxena (1), Brooke Okada (1)

(1) University of Maryland College Park, MD, USA 
*=slevc@umd.edu

Evidence for shared processing of hierarchical structure in language and in music is challenged by neuropsychological 
dissociations between linguistic and musical processing. Specifically, harmonic structure processing can be impaired in 
patients with spared linguistic syntactic abilities (e.g., Peretz, 1993). However, evidence for the opposite dissociation–
preserved harmonic processing despite impaired linguistic syntax processing processing (agrammatic aphasia)–is lacking. 
While there are reports of preserved musical abilities in patients with severe anomia, Wernicke’s aphasia, or global aphasia 
(e.g., Basso & Capitani, 1985), we know of no demonstrations of preserved processing of musical structure in a patient with 
agrammatic aphasia. Furthermore, one study found both atypical harmonic priming effects in a group of agrammatic aphasics 
and a relationship between accuracy on musical and linguistic acceptability judgments (Patel et al., 2008).  
 Here, we report a detailed analysis of structural processing in language and in music in HV, a 63 year-old musician 
who acquired Broca’s aphasia with agrammatic speech after a left peri-Sylvian stroke. We evaluated HV’s linguistic and 
musical structural processing, as well as that of twelve age-matched control participants, using matched “off-line” acceptability 
judgment tasks and “on-line” priming tasks. HV performed significantly worse than controls when judging sentences that 
sometimes contained morphosyntactic violations, however she performed as well as controls when judging chord sequences 
that sometimes contained a chord from a distant key. Similarly, HV showed no sensitivity to syntactic violations in a word-
monitoring task, unlike control participants, however she showed normal sensitivity to harmonic structure. HV thus showed a 
classical dissociation between linguistic and musical syntactic processing for both off-line and on-line measures.  
 To our knowledge, this is the first non-anecdotal report of a patient with agrammatic aphasia demonstrating preserved 
harmonic processing abilities, posing a challenge for claims of a straightforward link between syntactic processing in language 
and music.

[Sun PM 3.1 LC] The influence of musical groove of balance control
Ross, J.M. (1)*, Warlaumont, A.S. (1), Rigoli, L. (1), Balasubramaniam, R. (1)

(1) Cognitive and Information Sciences, University of California, Merced, CA, USA 
*= jross8@ucmerced.edu

Musical groove is an effective tool for studying voluntary motor entrainment to rhythmic sounds, but the influence of 
groove on standing posture and balance control is largely unknown. Standing balance is a multisensory process that relies 
on continuous feedback and is sensitive to changes in the auditory and vestibular system. We recorded fluctuations in center 
of pressure (CoP) of standing participants (N=40) listening to low groove music, high groove music and a silent control 
condition. We found an effect of groove on radial sway in all participants, regardless of musical training, with the least amount 
of sway in the high groove condition. Further we report a stronger correlation between musical events and postural sway in 
the high groove condition when compared with the low groove condition. Our results show that increasing groove reduces 
sway variability in standing balance, possibly due to greater sensorimotor entrainment, and, more broadly, that groove in 
music can influence the neural mechanisms implicated in balance control processes.
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[Sun PM 3.2 LC] Invariant measurement and evaluation of cognitive and affective responses 
to groove-based music
Brian C. Wesolowski (1)*, Alex Hofmann (2,3)

(1) The University of Georgia, Hugh Hodgson School of Music, Athens, GA, USA 
(2) University of Music and Performing Arts Vienna, Institute of Music Acoustics, Vienna, Austria 
(3) Austrian Research Institute for Artificial Intelligence (OFAI), Vienna, Austria 
* =bwes@uga.edu

Human perception of groove-based music is underscored by listeners’ ability, inclination or affection to respond physically 
to musical stimuli. Sensorimotor coupling results from real-time interactions between the body’s nervous system along 
with perceptions of events, whereby multisensory input (i.e., affective and expressive information) guides motor images and 
allows for cognitive structures to emerge from recurrent sensorimotor patterns. Eliciting meaning from multisensory input 
is a contextually driven, top-down sensory process requiring a system of complex auditory abilities to extract, organize, 
and interpret acoustic information. In contrast to human performances where auditory cues modulate freely, similar cues 
in electronic groove-based are mostly quantized. Consequently, meaning can only be elicited from idiomatic variations of 
hierarchical rhythmic structures in the music. Cognitive interpretation of rhythmic structure results from an interaction 
between two schemes: (a) personal, subjective, perceptual schemas to nonsounding-reference structures (i.e., perceptually 
driven, organizing principles such as pulse and subdivision); and (b) actual acoustic events. The purpose of this study is 
to objectively measure raters’ cognitive and affective responses to groove-based music using the Multi-Facet Rasch Partial 
Credit (MFRPC) Measurement Model. The application of Rasch measurement models in the context of rater-mediated music 
assessment has been proven as a fruitful method of improving objectivity to the evaluation process, whereby probabilistic 
distributions of responses as a logistic function of person and item parameters define a unidimensional latent trait. Raters 
(N = 100) were asked to respond to four out of 300 musical excerpts (length: 15 sec.). Facets of interest include rater severity, 
item difficulty, subgenre, physical engagement, musical preference, and familiarity. The excerpts were categorized by their 
features (e.g., tempo, tonal center, loudness, frequency spectrum). Preliminary results indicate good fit to the MFR-PC 
measurement model. A detailed examination of unexpected responses and differential rater functioning are discussed along 
with implications for research and theory.

[Sun PM 3.3 LC] Timbre and sequence in groove: An examination of the contribution of 
content and order to perception of funk drum parts
Jonathan L. Ceru (1), Richard Ashley (1)*

(1) Northwestern University. Evanston, IL, USA 
* =r-ashley@northwestern.edu

Groove, the aspect of a piece of music that makes you want to move with the music (Janata, Tomic, and Haberman, 2012), is 
commonly noted and appreciated by musicians and researchers alike, but not well explored from a structural standpoint. This 
study investigates the effects of varying primary structural aspects of music – content and order - on perceived level of groove. 
We employed quintessential drum tracks in the Funk genre (James Brown, Tower of Power), manipulating their structure. 
Manipulations varied order and timbre factorially and included: original, reversed order, hi-hat/snare drum interchange, 
snare drum/bass drum interchange, all hi-hat, all snare drum, and full drum kit timbre substitution with Latin percussion kit 
sounds. Participants were 24 university students (18 male, mean age 20.0). Participants listened to each manipulated drum 
track until ready to respond and rated each track subjectively (1=low, 9=high) for perceived level of groove. Comparison of 
groove ratings revealed a patterned decrement in perceived level of groove: (in descending order) original, reversed order, 
bass drum/snare drum interchange, timbre substitution, snare drum/hi hat interchange, all snare drum, all hi-hat, f(6)=85.47, 
P<0.0001. Post-hoc all pairs analysis revealed four groove levels including: 1) original, bass drum/snare drum interchange, 
reversed order; 2) bass drum/snare drum interchange, timbre substitution; 3) snare drum/hi hat interchange, all hi hat; and 
4) all hi-hat, all snare drum. These findings support an interpretation that both content - timbral identity and contrast – and 
order play important roles in contributing to perceived groove. These results complement the existing literature on groove by 
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focusing on the importance of musical surface and detain, in addition to genre, meter, and other larger, higher-level factors. A 
follow-on foot-tapping/entrainment study is now underway to investigate the role of content and order in embodied response 
to groove-based music. 

[Sun AM 4.1 LC] Mental transformations of novel and familiar melodies
Emma B. Greenspon (1)*, Peter Q. Pfordresher (1), Andrea R. Halpern (2) 

(1) University at Buffalo, State University of New York. Buffalo, NY, USA (2) Bucknell University. Lewisburg, PA, USA 
* =ebgreens@buffalo.edu

The current study investigated whether individuals with a vocal pitch imitation deficit (VPID) exhibit deficient imagery 
abilities. Participants were screened as accurate or VPID singers. In experiment 1, participants completed self-reports of 
imagery ability. As an analog to Shepard and Metzler’s object rotation studies, participants also mentally transformed short 
novel melodies in a recognition and production task. Conditions included repetitions, transpositions, reversals, and serial 
shifts of a target melody. Experiment 2 used the same procedure as Experiment 1, but used familiar melodies rather than novel 
melodies. Performance in the untransformed (repetition) condition was interpreted as a measure of image quality, whereas 
performance of the transformed melodies was interpreted as a measure of imagery control. 
 In Experiment 1, both groups accurately recognized correct repetitions, but were at chance for recognizing correct 
transformations. In the production task, mental transformations disrupted performance for both groups, but accurate singers 
were more disrupted by transforming melodies than VPID singers. Less accurate participants in the production task also 
reported less vivid imagery than more accurate participants. In the second experiment, accurate singers showed a familiar 
melody advantage only in the recognition task. More specifically, performance was no longer at chance for transformation 
trials. Surprisingly, using familiar targets did not improve VPID performance in either the recognition or production task. 
VPID singers also reported less vivid imagery than accurate singers.  
 These results are informative for understanding how people store and retrieve auditory information, such as pitch, 
in memory. Our results suggest that VPID singers generate a degraded image. Transforming that image resulted in less 
disruption for VPID singers than accurate singers because VPID singer’s initial image of the target was already inaccurate. 
Together, these experiments indicate that imagery is an important factor related to singing accuracy.

[Sun AM 4.2 LC] Musical familiarity can confound tempo judgments
Justin London (1)*, Birgitta Burger (1), Marc Thompson (1), Petri Toiviainen (2)

(1) Carleton College, Northfield, MN, USA. (2) University of Jyväskylä, FINLAND 
* =jlondon@carleton.edu

Levitin & Cook (1996) reported that listeners remember the “absolute tempo” of well-known songs in a melody reproduction 
task. Drake, Gros, & Penel (1999) found that beat rate, note density, and listener background affected tempo perception. Here 
we report on an experiment that manipulated the tempo of contextually familiar songs and asked participants to give tempo 
ratings to both original and tempo-manipulated songs.  
 Stimuli were 10s audio excerpts from six classic American R&B songs; original tempos were 105, 115, or 130 BPM and 
each was time-stretched +/-5%, yielding nine stimulus categories. Within each category songs were also differentiated in terms 
of high vs. low spectral flux to control other factors (i.e., note density). Participants gave tempo ratings on a 7-point scale. 
 A 3x3x2 (BPM x Time Stretch x Flux) RM-ANOVA showed significant main effects of BPM category and Time-Stretch, 
but not Flux. Participants were able to rank the original versus time-stretched versions of each song. Post-hoc pairwise 
comparisons showed the tempo ratings of 105 and 115 core BPM levels were not significantly different, nor were those 
between the 105+5%, 115+5%, and 130 BPM levels. Moreover, there were confounds amongst tempo ratings. For example, 
the +5% time stretched versions of the 105 BPM songs were given a faster average rating than the original versions of the 115 
BPM songs, even though their BPM rate was actually slower. 
 While we can accurately distinguish tempo-altered versions of the same songs, and in general rank the tempo musical 
stimuli in accordance with their BPM rates, here we found interference between these two tasks. Tempo judgments in real-
world listening situations may thus be modulated by a listener’s familiarity with a given song or genre.
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[Sun AM 4.3 LC] Recognizing music in short segments
Shannon Layman (1)*, W. Jay Dowling (2)

(1) University of Texas at Arlington.  Arlington, Texas, USA 
(2) University of Texas at Dallas, Richardson, Texas, USA 
* =shlayman@uta.edu

Previous research shows that people gain musical information from short (250 ms) clips of music. Based on the paradigm 
used by Evans and Treisman (2005), who presented a series of pictures to participants and were asked to detect animals, the 
current study sought to extend the previous findings by presenting segments of music in an auditory analog to the visual 
paradigm. This study extended previous findings in the music cognition literature by presenting shorter (100 ms) segments of 
popular music in rapid temporal arrays, a procedure similar to scanning through radio stations. Participants were presented 
with familiar and unfamiliar song segments, four songs at a time. Each trial contained a female or a male vocalist, or was 
purely instrumental. Participants were asked whether they heard a vocalist (Exp 1) or a female vocalist (Exp 2) in one of the 
four short segments. Vocalist detection in Exp 1 was well above chance for the shortest stimuli (100 ms), and performance was 
better in the familiar trials than the unfamiliar. When instructed in Exp 2 to detect a female vocalist, however, participants 
performed better with the unfamiliar trials than the familiar. As in the results with visual stimuli from Evans and Treisman, 
participants were able to detect specific features of music with limited temporal information, much sooner than previous 
literature suggests. People may be more likely to attend to stimuli with which they are familiar and these stimuli may be 
processed more effectively than unfamiliar stimuli. Together, these findings suggest that people utilize a more holistic 
processing framework for music with which they are familiar and in contrast a more featural processing framework for 
unfamiliar music.

[Sun AM 4.4 LC] Familiarity of diatonic modes
Daphne Tan (1)*, David Temperley (2)

(1) Indiana University Jacobs School of Music. Bloomington, IN, USA 

(2) Eastman School of Music, University of Rochester. Rochester, NY, USA 
* =datan@indiana.edu

In a prior study, participants rated the “happiness” of melodies in different diatonic modes. A strong pattern was found, with 
happiness increasing as scale steps were raised. We wondered: Does this pattern reflect the familiarity of diatonic modes? In 
the current study, we examined familiarity directly. Since popular music frequently employs modes or combinations of modes, 
the relationship between modal familiarity and modal prevalence (as reflected in prior corpus data) was also of interest. 
 Participants without musical training heard a series of melodies, each with a three-measure beginning (“context”) in a 
diatonic mode and a one-measure ending that was either in the context mode or in a mode that differed from the context by 
one scale-degree. Melodies were constructed in four pairs of modes: Aeolian/Phrygian, Aeolian/Dorian, Ionian/Mixolydian, 
and Ionian/Lydian. For example, a participant might hear a melody with an Aeolian context and a Phrygian ending. 
Participants rated how well the ending “fit” the context. Two questions were of interest: (1) Do listeners give higher ratings to 
some modes (as endings) overall? (2) Do listeners give a higher rating to the ending if its mode matches that of the context? 
 The results show a strong main effect of ending, with Ionian (major) and Aeolian (natural minor) as the most familiar 
(highly-rated) modes. This aligns well with corpus data representing the frequency of different modes in popular music. There 
was also a significant interaction between ending and context, whereby listeners rated an ending higher if its mode matched 
the context. Our findings suggest that (1) earlier “happiness” results cannot be attributed to familiarity alone, since there, 
less-familiar Dorian and Mixolydian modes were judged happier than Aeolian, and (2) listeners without formal knowledge of 
diatonic modes are sensitive to subtle changes in scalar structure.
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MONDAY
[Mon AM 1.1 GH] The impact of musical experience on the perception of rate -varied vowel 
length in Thai
Angela Cooper (1)*, Yue Wang (2), Richard  Ashley  (1)

(1)  Northwestern University.  Evanston, IL, USA 
(2) Simon Fraser University.  Burnaby, BC, CANADA 
*=akcooper@u.northwestern.edu

Musical experience can play a significant role in the perception of non-native speech contrasts, with the majority of prior work 
focusing on non-native pitch contrasts such as lexical tone. The present study investigated the impact of musical experience 
on a “rhythmic” linguistic skill, the ability to normalize speaking rate, specifically for non-native temporal speech contrasts 
affected by rate variations. Rate normalization requires listeners to track the “tempo” of the context to judge the duration 
identity of the target segment. Musical experience could be inhibitory or facilitative when confronted with rate variability. 
An enhanced auditory ability to detect minute acoustic distinctions could make it difficult for musicians to ignore variation; 
however, their experience with normalizing for rate in musical phrases, the ability to identify note duration in musical pieces 
at different tempos, may transfer to the linguistic domain, facilitating their ability to extract vowel--to--word duration ratios, 
as a cue to vowel length, that remain relatively stable across speaking rates.  
 The current study compared the performance of musically--trained and untrained English speakers on perceiving 
phonemically short and long vowels in Thai produced at three speaking rates. Participants completed both identification and 
AX discrimination tasks with target items embedded in a carrier sentence to provide listeners with cues to speaking rate. 
While both groups were affected by rate, with identification and discrimination accuracy decreasing at faster rates, musicians 
were significantly more accurate than non- ‐musicians at identifying and discriminating short and long vowel lengths at 
different speech rates. Musicians demonstrated a rapid formation of length categories that were robust enough to withstand 
considerable rate variability. These results highlight that experience with extracting sound units and tracking regularities 
within a complex auditory environment can enhance the ability to acquire regularities in a speech environment.

[Mon AM 1.2 GH] Are musicians better able to understand speech in noise than non-
musicians?  Evidence from the “cocktail party problem”.
Aniruddh D. Patel (1)*, Jayaganesh Swaminathan (2), Christine R. Mason (2), Timothy M. Streeter (2), Virginia Best (2), 
Gerald Kidd, Jr. (2)

(1) Tufts University. Medford, MA, USA 
(2) Boston University. Boston, MA, USA 
* =a.patel@tufts.edu

Are musicians better able to understand speech in noise than non-musicians? Recent findings have produced contradictory 
results. Here we address this question by asking musicians and nonmusicians to understand target sentences masked by other 
sentences coming from different spatial locations, the classical “cocktail party problem” in speech science. A target sentence 
was presented from the front simultaneously with two other sentences (maskers) that were either colocated with the target 
or symmetrically separated from the target in azimuth (+/-15 degrees). The maskers were presented either as intelligible 
forward speech or as unintelligible time-reversed speech. Reversing the maskers produced similar energetic masking but 
lowered the amount of informational masking.  When the maskers were intelligible and spatially separated from the target, 
musicians achieved substantially lower (better) target-to-masker ratios (TMRs) than non-musicians (~ 6 dB benefit). In this 
condition, large individual differences in performance were noted, particularly for the non-musically trained group.  When 
the maskers were unintelligible and spatially separated from the target, musicians and non-musicians performed comparably 
and both achieved substantially lower TMRs.  These results suggest that the characteristics of speech maskers and the amount 
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of informational masking can influence differences between musicians and non-musicians in understanding speech in 
competitive, multi-source environments. Overall, our results point to the importance of both sensory and cognitive processing 
in enhancing speech perception in the presence of competing talkers. This work opens the way to future behavioral and 
neuroscientific studies which quantify the relative contributions of cognitive and sensory mechanisms to enhanced speech-in-
noise perception.

[Mon AM 1.3 GH] Visual attention, executive function, and spatial hearing in musicians and 
non-musicians
Kameron Clayton (1)*, Jayaganesh Swaminathan (1), Jennifer Zuk (2), Arash Yazdanbakhsh (1), Aniruddh D. Patel (3), Gerald 
Kidd, Jr. (1)

(1) Boston University. Boston, MA, USA  
(2) Harvard Medical School. Boston, MA, USA 
(3) Tufts University. Medford, MA, USA 
* =kamkjcla@bu.edu

The role of musical training in aiding speech-in-noise perception has been a matter of debate. Some studies have shown small 
but significant differences in performance between musicians and non-musicians (Parberry-Clark et al., 2009), while others 
have found no difference (Ruggles et al., 2014). However, most of these studies have used maskers that produce large amounts 
of energetic masking (sensory interference) of the target without controlling the amount of informational masking (cognitive 
interference) that is present. Recently, Swaminathan et al. (2015) showed that under conditions high in informational masking 
(listening to one talker among other intelligible talkers), musicians have significantly greater spatial release from masking 
(SRM) than non-musicians, which may reflect better cognitive processing. To investigate how cognitive factors and selective 
attention affect performance in a multi-talker environment (the “cocktail party problem”), we correlated performance 
between the spatial hearing task with performance on executive function measures (Zuk et al., 2014) and a visual attention 
task (multiple object tracking, MOT) in musicians and non-musicians. Executive function measures included color word-
interference, design fluency, and backward digit span. Nonverbal IQ was also measured. We found no significant differences 
between musicians and non-musicians across all executive function tasks. However, we found a significant correlation 
between performance on the backward digit span task (thought to probe working memory) and SRM. This result suggests that 
auditory working memory can influence performance in a cocktail party-like environment.  For the MOT task, the observers 
were required to track target dots (n=1,2,3,4,5) in the presence of interfering distractor dots. Preliminary results show 
substantial group differences, with musicians performing better than non-musicians as the number of dots tracked increased. 
Performance on the visual attention task will be related to performance on the spatial hearing task, to address whether 
previously observed enhancements in selective auditory attention in musicians are modality-independent.

[Mon AM 1.4 GH] Differences in beat perception and production between musicians and 
dancers
Tram Nguyen (1)*, Seline Tam (1), Miranda C. Wickett (1), & Jessica A. Grahn (1)

(1) The University of Western Ontario.  London, Ontario, CANADA 
* = tnguye95@uwo.ca

Most of us can perceive and produce a regular ‘beat’ in response to musical rhythms, but individuals vary in how well they 
can do so. Beat perception and production may be influenced by music or dance training. For example, musicians are better 
at sensing the beat than non-musicians (Repp & Doggett, 2007). Similarly, dancers are better at synchronizing to the beat 
than non-dancers (Miura et al., 2011). However, musicians and dancers have never been directly compared on the same 
beat processing tasks. Beat perception and production may also be influenced by the particular musical instrument or style 
of dance with which an individual has experience with. For example, training in percussive instruments (e.g., drums or 
keyboards) and percussive styles of dance (e.g., breakdancing or tap) may lead to better beat processing abilities than training 
in nonpercussive instruments (e.g., brass or strings) or nonpercussive styles of dance (e.g., ballet or contemporary) (Cameron 
& Grahn, 2014; Cicchini et al., 2012; Miura et al., 2011).  
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 Here, we examined how percussive and nonpercussive music or dance experience influenced beat perception and 
production. We tested percussive and nonpercussive musicians, percussive and nonpercussive dancers, and controls (non-
musician non-dancers) on the perception and production subtests of the Beat Alignment Test (Gold-MSI, 2014). For the 
perception test, musicians were significantly better than dancers and controls. Dancers were also better than controls, but 
not significantly so. For the production test, musicians did not significantly differ from dancers, but were significantly 
more accurate and less variable than controls. Again, dancers were better, but not significantly, than controls. In both tests, 
percussive musicians and dancers did not significantly differ from their nonpercussive counterparts. Overall, music experience 
improved beat perception, but not beat production, relative to dancers. Percussive training, however, did not significantly 
influence beat perception or production.

[Mon AM 1.1 LB] A qualitative study of absolute-pitch perception
Elizabeth Marvin (1)*, Joseph VanderStel (1), Joseph Siu (1)

(1) Eastman School of Music of the University of Rochester.  Rochester, NY, USA 
* = bmarvin@esm.rochester.edu

This qualitative research project aims to increase our knowledge of the extents, origins, and modes of pitch perception in 
absolute pitch (AP) listeners. We provide a baseline description of the experience of AP in the words of AP possessors. These 
include memories of learning or discovering their AP ability, descriptions of opportunities and challenges that AP presents 
in music making, and experiences with intonation differences (e.g., Baroque tunings) and synesthetic associations. Although 
AP has been studied extensively in the laboratory (summaries in Deutsch, 2012; Levitin & Rogers, 2005; Ross, Gore, & Marks, 
2005), few researchers have collected personal stories of a large number of AP possessors. 
 We recorded interviews with 30 AP musicians (identified via a pre-test of 36 synthesized piano-timbre notes, C3 to 
B5, with successive notes more than one octave apart).  Participants (17 females,13 males) had a mean age of 21.7 (sd 4.1); 
11 were native speakers of English and 13 of Mandarin or another tone language.  The mean score on the AP pre-test was 
98%.  Interviews were semi-structured, following a list of prompts but allowing for follow-up questions and lasting roughly 
30 minutes.  Qualitative analysis used principles derived from Grounded Theory (Charmaz 2000).  Recorded interviews 
were transcribed, then coded by two independent researchers; after coding, researchers met to determine emergent themes. 
Preliminary analysis highlights a number of themes, including agency (desire to influence one’s AP), context (AP depending 
on time and situation), and valence (emotional response to AP), and suggests conditional relationships between themes and 
background variables (language, musical upbringing, etc.).  
 After describing the methodology, the presentation will be structured around these themes, showing the frequency 
and relationships of themes identified.  Individual quotations from participants illustrating the themes will be excerpted and 
presented, and future directions for controlled experiments will be discussed based on the qualitative analysis.

[Mon AM 1.2 LB] Auditory working memory predicts individual differences in absolute pitch 
learning: Evidence from short- and long-term training
Stephen C. Van Hedger (1)*, Shannon L.M. Heald (1), Rachelle Koch (1), Howard C. Nusbaum (1)

(1) Department of Psychology, The University of Chicago: Chicago, IL USA 
* =shedger@uchicago.edu

Absolute pitch (AP) is typically defined as the ability to label an isolated tone as a musical note in the absence of a reference 
tone. At first glance the acquisition of AP note categories seems like a perceptual learning task, yet AP is rarely discussed in 
terms of domain-general perceptual learning mechanisms. This is because AP is typically assumed to depend on a critical 
period of development, in which early exposure to pitches and musical labels is thought to be necessary for the development 
of AP. Despite this view of AP, several previous studies have found evidence that absolute pitch category learning is, to an 
extent, trainable in an adult population, even if the performance typically achieved by this population is lower than a “true” AP 
possessor. The current studies attempt to understand the individual differences in learning to categorize notes using absolute 
pitch cues by testing a specific prediction regarding cognitive capacity and categorization – to what extent does an individual’s 
general auditory working memory capacity (WMC) predict the success of absolute pitch category acquisition. Since WMC 

mailto:bmarvin@esm.rochester.edu
mailto:shedger@uchicago.edu


PAGE 44 SMPC 2015

SMPC

2015

M O N D A Y  T A L K  A B S T R A C T S

has been shown to predict performance on a wide variety of other perceptual and category learning tasks, we predict that 
individuals with higher WMC should be better at learning absolute pitch note categories than individuals with lower WMC. 
Across three studies, we demonstrate that auditory WMC predicts the efficacy of learning absolute pitch note categories, 
with one individual achieving uncontested AP ability after eight weeks of training. These results suggest that a higher general 
auditory WMC might underlie the formation of absolute pitch categories for post-critical period adults. 

[Mon AM 1.3 LB] Interactions of meter and harmony: An analysis of oscillatory brain 
dynamics
Jung Nyo Kim *, Edward Large

University of Connecticut.  Storrs, CT, USA 
* =jung_nyo.kim@uconn.edu

Oscillatory neural activities in the processing of musical structure have been extensively investigated in recent 
electrophysiological studies. However, different aspects of musical structure (e.g., pitch, harmony, rhythm, meter, etc.) 
have been studied separately and little is known about their interactions. The present study aims to show how metrical and 
harmonic structures interact in the processing of tonal melodies by analyzing dynamic patterns of neural oscillations. 
 In a previous study (Kim, Large, & Ashley, 2013), participants heard tonal melodies of which the final implied chords 
and the final chord-change locations were manipulated. The final target chord following I-V-I-ii-V chord progression was 
either expected I or unexpected IV and started either on an expected strong beat or on an unexpected weak beat. It was found 
that these manipulations modulated amplitudes of the ERAN (100 – 250 ms) for the target chord tones. In addition, it was 
found that amplitudes of the ERAN were generally larger for strong beats than for weak beats. Here, wavelet-based time-
frequency representation (TFR) analyses were conducted in a time window of the ERAN over the prefrontal and the fronto-
central regions to see how oscillatory activities are modulated by harmonic and metrical structures. 
 The results showed that alpha (9 – 12 Hz) and low beta (13 – 20 Hz) band power was stronger for tones on strong beats 
than for tones on weak beats in the ERAN time window. However, these oscillatory activities were strong even on the weak 
beat if the change to the target chord occurred on the beat. These findings support the ERP results of the previous study that 
suggested that the ERAN was influenced not only by the violation of harmonic expectation but also by metrical structure. 
Moreover, the current results support the previous findings that harmonic structure is a strong determinant of metrical 
structure.

[Mon AM 1.4 LB] The cognitive correlates of sensorimotor synchronization
Nori Jacoby (1,2,3)*, Naftali Tishby (2), Hilla Jakoby (2,3), Merav Ahissar (2)

(1) Massachusetts Institute of Technology, Cambridge MA, USA  
(2) Hebrew University, Jerusalem, ISRAEL  
(3) Bar Ilan University, Ramat-Gan, ISRAEL 
* =jacoby@mit.edu

Sensorimotor synchronization models are often associated with general cognitive processes such as attention, prediction 
and motor planning (Repp 2005). Here we empirically test the cognitive correlates of sensorimotor synchronization using an 
individual difference approach.  We measured tapping performance as well as cognitive abilities using a large group of N=56 
non-music major students with various levels of musical training. We ran a cognitive battery that included linguistic, sensory, 
working memory and general reasoning ability tests as well as a two-step perturbing tapping sequence (Jacoby and Repp 
2012). Using structural equation modeling as well as standard correlation approach, we show that tapping variance is highly 
correlated (r>0.6) with working memory, but less correlated with general reasoning and almost uncorrelated with linguistic 
abilities. This specific pattern refutes the common account that the correlation between tapping and other cognitive abilities 
is mediated through a single bottleneck a large contribution to general reasoning abilities (e.g. Madison, Forsman et al. 2009). 
We further show that tapping (negative) mean asynchrony is much less correlated with any other non-tapping test but is 
significantly correlated with tapping variance. 
 Using our perturbation paradigm, we extracted the parameters of a novel synchronization model, generalizing models 
proposed in the sensorimotor synchronization literature (e.g Mates 1994, Schulze et al. 2005). The parameter estimation of the 
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model points to a specific shared cognitive bottleneck between tapping and working memory. We hypothesize that this shared 
bottleneck accounts for the surprising link between working memory and sensorimotor abilities.

[Mon AM 1.1 LC] Changing expressive use of the major and minor modes: the unusual case 
of the 19th century
David Huron (1)*, Kirsten Nisula (1)

(1) Ohio State University. Columbus, OH, USA 
* =huron.1@osu.edu

Previous research has found that music written in the minor mode tends to exhibit lower overall pitch and narrower pitch 
excursions, consistent with ‘sad’ expression (Juslin and Laukka, 2003).  However, the observed effect sizes are small (Huron, 
2008).  Further research (Turner & Huron, 2008; Post & Huron, 2009; Horn & Huron, 2012) has found that the use of the 
major and minor modes changed dramatically in the 19th century. This study examines in more detail the influence of stylistic 
period on differences in pitch height and interval size for music in the major and minor modes. 
 We analyzed 7,984 themes from Barlow and Morgenstern’s (1948) Dictionary of Musical Themes.  Specifically, we 
compared the differences in average pitch heights and average interval sizes of major- and minor-mode themes of the 19th 
century and non-19th century.  We found effects of and an interaction between mode and era on pitch height but not for 
average interval size.  Within the 19th century, we found no significant differences or interactions.  
 From this and previous studies, we can make the following empirical observations about 19th-century art music: (1) 
For both modes, music in the 19th century gets slower, quieter, and more legato. (2) However, the major mode becomes even 
quieter and slower (on average) than minor mode music.  (3) Overall, the minor mode becomes more prevalent over time. (4) 
Finally, minor mode music gets notably lower in pitch, especially in the late 19th century.  We suggest that these results might 
be interpreted as follows: the slower, quieter, and lower pitch associated with 19th century minor mode music is consistent 
with increasing use of the minor mode for expressing sadness; whereas the especially slow and quiet use of the major mode is 
consistent with increasing use of the major mode for tender/lyrical expressions.

[Mon AM 1.2 LC] The influence of instrument, harmonic motion, and voice leading on 
listeners’ distinction between popular and classical music
Ivan Jimenez (1)*, Vincent Rossi (1), Lingxue Zhu (2)

(1) University of Pittsburgh.  Pittsburgh, PA, USA 
(2) Carnegie Mellon University.  Pittsburgh, PA, USA 
* =iej2@pitt.edu

The ability of listeners to identify musical genre by relying almost exclusively on timbre has been documented in several 
studies (Gjerdingen & Perrott, 2008; Mace et al., 2012; Plazak & Huron, 2011). Although timbre may provide enough 
information for the identification of genre, corpus analyses suggest that other musical parameters also have the potential 
to contribute to genre identification (de Clercq & Temperley, 2011; Temperley, 2009). The present study investigates the 
influence of timbre, harmonic motion, and voice leading on perceived musical genre. Participants (N=70) were asked to 
indicate how classical- and/or popular-music-sounding three-chord successions were. Stimuli were played on piano, electric 
guitar, or by a string quartet and included harmonic and voice-leading features commonly found in popular music and 
outside the conventions of Western art music of the 18th and 19th centuries (i.e., harmonic retrogressions and parallel fifths). 
Results were consistent with our main hypothesis that timbre is more influential than harmonic motion and voice leading for 
listeners’ identification of musical genre, regardless of their musical training. Additionally, listeners’ identification of genre 
was not associated with the presence or absence of harmonic retrogressions or parallel fifths but with other harmonic and 
voice-leading features. Higher musical sophistication as measured by the Ollen Musical Sophistication Index (OMSI) was 
correlated with higher sensitivity to harmonic motion and voice leading. More sophisticated listeners were also more sensitive 
to harmonic motion than voice leading, whereas less sophisticated listeners showed the reverse tendency. These findings 
are consistent with previous research that suggests that formal musical training can greatly increase listeners’ sensitivity to 
harmonic syntax but tends to have a lesser effect on listeners’ sensitivity to voice leading. 
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[Mon AM 1.3 LC] Variations on a theme: How much is too much? 
Johanna Devaney (1)*

(1)  School of Music, The Ohio State University.  Columbus, OH, USA  
* =devaney.12 @osu.edu 

In the genre of sectional theme and variations, composers of the Classical era created musical pieces where the some aspects 
of the musical material presented in the theme were varied in the variations while at least one aspect remained stable. This 
project focuses on a subset of the theme and variation works for piano by Mozart and Beethoven where harmonic progressions 
remain stable throughout the theme and variations while the melodic characteristics and textures are varied.  The goal of this 
project to examine the effect of melodic and textual variations on participants’ ability to correctly identity the corresponding 
theme when given a variation in either score or audio form. The theme and variation sets used in the experiment have been 
chosen to encompass a range of textural and melodic variations. The specific stimuli for this experiment are the opening 
phrases (modified to be the same length) of the theme and two variations from six theme and variation sets by Beethoven. 
For each set, the first variation is the one that is melodically and texturally closest to the theme and the second is the one that 
is most different. The experiment uses a six-alternative forced choice paradigm, where the participant is asked to match a 
variation except to one of one six provided theme excerpts. Score-based and audio0based assessments are run as separate tasks 
to allow for evaluation of whether performance on the matching task is different between these two mediums. In addition to 
accuracy, response time information is also collected and analyzed. The results of the human experiment will be compared to a 
computer algorithm’s performance on both the score-based and audio-based tasks.

[Mon AM 1.4 LC] The musical score and its seven modes of performance
Eugene Narmour (1)*
(1) University of Pennsylvania. Philadelphia, Pennsylvania, USA 
* =enarmour@sas.upenn.edu

The modern score is an impressive cultural achievement. It encodes complex affects, emotions, and moods while efficiently 
capturing different syntaxes, mixed styles, and idiostructures. In addition, it invokes learned but unnotated conventions and 
traditions that ensure variable interpretations by composers, performers, and listeners. As a decipherable visual object that 
only potentiates a contextual realization of music, the score therefore functions as an incomplete model of sonic emotions, 
affects, and moods on which a triarchy of composers, performers, and listeners impose on their own perceptual modelings, 
mappings, and learned interpretations (stemming from their prior, variable, yet shared experiences).  
 I maintain that composing, performing, and listening to scored music relies on seven and only seven different modes 
of performance, which I call formalism, proformalism, hyperformalism, contraformalism, deformalism, reformalism, and 
transformalism. Consequently, what a performance models (whether live or recorded), as opposed to what a score symbolizes, 
is always welded to a perceptual-cognitive culture that generates many possible interpretations, This theoretical scheme also 
accounts for scripted music that is not score-bound (as in jazz, popular music, and other kinds of scoreless improvisations). 
 Through musical examples I will illustrate how performers generate the seven basic modes of interpretation. I will 
use scientific techniques (chiefly spectrographic analysis) to shed light on that most humanistic of behaviors—analytical 
criticism—by specifically analyzing and playing a number of interpretations in order to evaluate and compare individual 
differences in terms of the seven modes listed above.

[Mon AM LA] Symposium 1:

Perception and cognition in contemporary music
Jason Noble (1)*, Kai Siedenburg (1)

(1) Centre for Interdisciplinary Research in Music Media and Technology (CIRMMT), Schulich School of Music, McGill University, Montreal, QC, CANADA 
* =jason.noble@mail.mcgill.ca

Contemporary music presents a vast and fascinating field of compositional, improvisational, and performance practices 
that engage many aspects of perception and cognition, ranging from general psychological processes such as apprehension, 
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learning, and affect, to peculiarities of specific repertoires and styles. Contemporary music provides a fertile source of material 
for empirical and theoretical study within our field, which we wish to celebrate with a dedicated panel at SMPC 2015. By 
‘contemporary’ we refer to 20th or 21st century musical styles or works of a variety of origins that pose particular challenges 
to the listener, often related to novel usage of musical material or compositional processes. It is clear that our enthusiasm for 
this subject is broadly shared, as our proposed panel received submissions from accomplished scholars and artists around the 
world. 
 Roger Dean (Australia) suggests that investigating the role of physical features such as event density and timbral 
complexity is key to understanding affective responses to a variety of recorded musics. Stephen McAdams (Canada), along 
with researchers in France and the United States, discusses the effect of previous knowledge, memory processes, and learning 
techniques on continuous ratings of musical resemblance in a contemporary piece, The Angel of Death by Roger Reynolds. 
Jason Noble (Canada) examines the relation between pitch density and perceptual fusion in the “sound mass” repertoire, 
focusing on Continuum by György Ligeti. Njål Ølnes (Norway) applies a new type of spectromorphological music analysis 
called Aural Sonology to discuss roles, interaction, and form-building patterns observed in free jazz improvisation. Joseph 
Plazak (USA) examines a core feature of electroacoustic music, dynamic manipulation, by testing the subjective perception of 
the dynamic ramp archetype in excerpts of Stockhausen’s Studie II. Kai Siedenburg (Canada) tests whether memory for timbre 
is more vivid for sounds from familiar acoustic instruments than for synthetically created, unfamiliar tones. 

Roles of perception of event density, timbral complexity, agency and engagement in affect in a 
range of contemporary musical styles
Roger T. Dean (1)*, Kirk Olsen (1)

(1) MARCS Institute, University of Western Sydney, Sydney, AUSTRALIA 
* = Roger.Dean@uws.edu.au

Listeners’ perceptions of music do not entirely coincide with the designs of composers and improvisers. So when music 
creators want to retain some control over what is perceived affectively by listeners, what to do? We address this by investigating 
how physically identifiable features of realized music translate into perceptions; and by focusing on recorded music, we 
can illuminate those features which can be effective both in acousmatic music (where there is normally no live performer), 
electroacoustic music involving limited gesture by performers, and music involving fully gestural instrumental or interactive 
performance. Each layer of visible interaction can no doubt offer its own affective impacts, but what is at play even without 
this? It would seem essential to understand this before an optimized study of the impact of viewed gesture can be achieved.  
 Our recent studies, some unpublished, extend our earlier work demonstrating roles of changing intensity and timbre 
on perceived arousal and valence. We will discuss newer evidence on inter-individual and inter-group differences, using 
cross-sectional time series analysis (a kind of multilevel mixed effects approach). Such analyses can also be applied to inter-
piece comparisons, and we illustrate this. We will elaborate on roles for ongoing perception of event density (in relation to 
time), and of timbral complexity (related to impressions of source multiplicity). We show roles for ongoing engagement in 
music, and perception of exertion embodied in the attended musical source, potentially interpretable as agency. We suggest 
that even in acousmatic music, perceptions of production effort and energy, and more particularly our FEELA hypothesis of 
affect generation, may have some utility. We study a range of music, from Western Classical, ambient, electroacoustic, jazz, 
Australian Aboriginal, and Balinese traditions, in the belief that commonalities in perceptual mechanisms are at least as 
interesting as distinctions. 

Effects of previous knowledge about a piece of music on continuous ratings of musical 
resemblance
Stephen McAdams (1)*, Finn Upham (2), Sandrine Vieillard (3), Emmanuel Bigand (4)

(1) Schulich School of Music, McGill University, Montreal, QC, CANADA 
(2) Steinhardt School of Culture, Eduation, and Human Development, New York University, New York, NY, USA 
(3) Laboratoire de Psychologie, Université de Franche-Compté, Besançon, FRANCE 
(4) Emmanuel Bigand, Laboratoire d’Etude de l’Apprentissage et du Développement, Université de Bourgogne, Dijon, FRANCE 
* =smc@music.mcgill.ca
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Previous research has demonstrated that continuous ratings of musical resemblance of what listeners are hearing in the 
moment compared to anything heard since the beginning of the piece are influenced by large-scale musical form and 
immediate musical context and suggest different memory dynamics for different kinds of musical structures. Experiments 
using The Angel of Death, a piece for solo piano, ensemble, and computer-processed sound by Roger Reynolds which presents 
each of five sets of thematic materials in two contrasting arrangements, consider the consequence of different preparation 
strategies on listeners’ continuous resemblance ratings. Experiment 1 involved ratings in a live concert of The Angel of Death, 
with no previous knowledge about the piece being provided. In Experiment 2, the structure of the piece was explained with 
visual examples, the versions of the thematic materials for both piano and chamber orchestra were played, and the central 
sections of the five thematic materials were played in the order in which they appeared in both halves of the piece five times 
in a row. Listeners again rated musical resemblance while listening to the whole piece. In the third experiment, the same 
explanation and listening experience were provided but listeners were told to memorize the central sections, which were 
played five times. Furthermore, their ratings while listening to the whole piece afterward were to be binary: does what you are 
currently hearing in the piece correspond to one of the central sections or not? Activity analysis and interrupted time series 
analysis were applied to the response time series. Resemblance ratings of the central sections were generally highest for Exp. 
3, intermediate for Exp. 2 and lowest for Exp. 1. The differences across experiments depended on the thematic materials. The 
results will be discussed in terms of memory processes and learning techniques for musical listening.

Cluster = sound mass? Examining the relation between pitch density and perceptual fusion in 
contemporary music
Jason Noble (1), Chelsea Douglas (1), Stephen McAdams (1)

(1) Centre for Interdisciplinary Research in Music Media and Technology (CIRMMT), Schulich School of Music, McGill University, Montreal, QC, CANADA 
* =jason.noble@mail.mcgill.ca

The compositional aesthetic known as “sound mass”, developed in the 1950s and 60s and influential on contemporary music 
ever since, is based on the perceptual fusion of many sonic events or components into a single auditory unit. Many authors 
(e.g. Besharse 2009, Mirka 1997, Roberts 1978) have cited the tone cluster, a dense amalgamation of pitches separated by 
tones, semitones, or microtones, as the fundamental syntactical unit of sound mass composition. The implication is that pitch 
density is a defining feature of the sound mass, and perhaps its very essence. However, the original sound mass composers 
(e.g. Lutoslawski, Ligeti, Xenakis, Penderecki) as well as later composers who have adopted compositional practices based 
on perceptual fusion (e.g. granular synthesis, spectralism, saturalism) have embraced a variety of pitch constructions, as well 
noise-based constructions that have no fundamental pitch either at the level of the individual sound event or the massed 
totality. The identity of cluster with sound mass may thus be a questionable assumption. 
 The relation between pitch density and sound mass perception is explored in a series of experiments on Ligeti’s 
Continuum, two of which have been previously presented. In the first, listeners continuously ranked their degree of perceptual 
fusion throughout the three versions of the piece (for harpsichord, piano, organ). In the second, listeners provided discrete 
ratings for selected excerpts that had been octave-transposed and/or had had their tempos modified. The data from these 
experiments suggests that factors besides pitch density, including register, attack rate, emergent rhythm, timbre, and the 
musical training of the listener are relevant in sound mass perception, which coheres with the predictions of auditory scene 
analysis. A third experiment, currently underway, isolates selected pitch structures from the piece to see if, taken out of 
context, pitch density will be a strong predictor of sound mass perception.

The sound of improvised music - Aural Sonology as a tool for the improviser
Njål Ølnes (1)*

(1) Norwegian Academy of Music, Oslo, NORWAY 
* = noelnes@me.com

Free jazz as a music form began during the 1960s. It broke away from the rigid form traditions prevailing in jazz at that time. 
Accordingly, free jazz has focused on short time spans and quick interactions between musicians. Less concern has been given 
to longer time spans and form building features. Lacking tools for analyzing the music itself, academic discussions of free jazz 
has tended to concentrate on philosophical, political and psychological questions.  
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 My study aims to contribute to research in improvised music using a different analytical tool, namely Aural Sonology, 
which has been developed during 35 years at the Norwegian Academy of Music by Prof. Lasse Thoresen and colleagues. 
Through spectromorphological analysis, I have found some ways in which improvisers avail themselves of a play with sound 
characters, how this play shapes interactions within a group and affects overall form, and how these musicians seek to 
complement each other in creative, pre-emptive ways that can be described in terms of roles – defined by interactive functions 
and relations.  
 In this presentation I will discuss two case studies: In the first I will show instrumentalists who catch a certain sound 
character from others, and then realize it on their instrument using various instrumental techniques. In the second case I will 
show how the musicians spontaneously conceive a common plan to unfold a form building pattern, a so-called form building 
transformation, and how they choose different, sometimes contradictory roles, in carrying out the plan. 
 In my analytical study I have found several issues that potentially could open a new field within musical research, 
enabling a closer dialogue between music researchers and improvising musicians. Aural Sonology proves to be a tool to 
develop musical capacities for both these groups, as it incorporates elements of aural learning, which is so essential in jazz 
music. 

A perceptual approach to electroacoustic music analysis: Does Stockhausen sound better 
backwards? 
Joseph Plazak (1)*

(1) Illinois Wesleyan University, Bloomington, IL, USA 
* = jplazak@iwu.edu

Music perception research investigates many different styles of music, but one style that is often neglected is electroacoustic 
music (EA). Perception is an important topic within the EA community, partly due to the view that perception serves as the 
only compositional limitation. This study investigates a core feature of EA music: dynamic manipulation. Notation-based 
research has suggested that many musical styles employ a dynamic ramp archetype, in which crescendo length is significantly 
longer than decrescendo length (Huron, 1992), whereas audio-based research has suggested an opposite effect (Dean & 
Bailes, 2010). This study extends research on the dynamic ramp archetype by directly testing the subjective perception of 
the ramp archetype within Stockhauen’s Studie II. Excerpts from this piece were presented, both forwards and backwards, 
to participants. Most musical elements in this piece remain intact regardless of the direction of presentation, yet backward 
presentations reverse the length of the crescendos and decrescendos within the excerpt. Results from the forward and 
backward presentations facilitate a perceptual comparison of the “dynamic ramp” and the “reverse dynamic ramp,” as well 
provide a unique insight into Stockhausen’s composition goals for this particular piece. 

Sounds unheard of: Familiarity and source identification in memory for musical timbre
Kai Siedenburg, Na Eun Kim, Shrinkhala Dawadi, Stephen McAdams

(1) Centre for Interdisciplinary Research in Music Media and Technology (CIRMMT), Schulich School of Music, McGill University, Montreal, QC, CANADA 
* =kai.siedenburg@mail.mcgill.ca

Previous research has considered memory for timbre to be based on an echoic type of information persistence that retains 
sensory traces. Although the importance of semantic components has been discussed, their impact on memory, as well as the 
role that stimulus familiarity plays in memorization has not yet been studied experimentally. These questions are relevant not 
only for theories of memory, but also for contemporary musical practice, where the creation of novel timbres is a rich field of 
artistic exploration.  
 We compared memory fidelity for familiar acoustic, and unfamiliar, digitally synthesized tones that were not readily 
identifiable (as observed in a previous experiment, N=15, which also confirmed reduced familiarity). A sequence of three 
tones was followed by a delay and a probe sound. Participants were asked to quickly indicate whether the probe had been part 
of the sequence. Experiment 1 (N=30) compared musicians’ memory for acoustic and synthetic sounds over two delay periods 
(2 vs. 6s); further the position of old probes was varied (1,2,3), as was the perceptual similarity (as obtained by previous 
ratings, N=24) of new probes and the sequence (high, low). All factors affected memorization performance significantly. 
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Moreover, listeners’ performance improved for the synthetic sounds but not for the acoustic sounds, exemplifying online 
familiarization. Experiment 2 (N=24) compared silence with an articulatory suppression and a visual distractor task with a 
6-s delay. Musicians demonstrated reduced performance for acoustic and synthetic sounds in both suppression conditions, 
underlining memory’s reliance on attention (visual distractor), as well as suggesting a (perhaps subvocal) rehearsal-based 
mechanism even for non-identifiable tones (articulatory suppression). Effects from Exp. 1 regarding familiarity and 
familiarization were reproduced. The data acquisition for nonmusicians is ongoing. 
 In sum, this is the first study to exemplify the importance of stimulus familiarity in the cognitive processing of musical 
timbre. 

(End of Symposium 1 Abstracts)

[Mon AM 2.1 GH] The cultural distance hypothesis
Steven Demorest (1)*, Steven J. Morrison (2), Marcus Pearce (3)

(1)Northwestern University, Evanston, IL, USA 
(2) University of Washington, Seattle, WA, USA 
(3) Queen Mary, University of London, London, England, UK 
*= sdemorest@northwestern.edu

All normally developing children acquire an understanding of the music and language of their culture without explicit 
instruction. This process of implicitly learning the norms of one’s own culture is known as enculturation. Culturally specific 
responses to musical and linguistic stimuli emerge by about 12 months of age and monocultural adults exhibit a clear cultural 
bias in their memory for out-of-culture music that is not present in bimusical adults. The process of musical enculturation is 
not well understood, but researchers have hypothesized that some form of statistical learning similar to that which influences 
language acquisition may underlie musical enculturation as well. Previous research has established that both trained and 
untrained listeners have more difficulty remembering out-of-culture music than in-culture music.  We propose a “Cultural 
Distance Hypothesis” that posits predictable expectation and memory responses for out-of-culture music based on a statistical 
comparison of that music with the listener’s first music. The hypothesis is based on recent work in computer modeling of 
melodic expectancy as well as our own work in cross-cultural music understanding. We will present preliminary data on the 
first test of this hypothesis. Two computer models each trained with a corpus of melodies, one from Western folk melodies 
and one Turkish makams to simulate listeners from those cultures, will be compared to memory data from previous studies 
of human listeners from those same cultures. The goal is to examine how well the models can predict the data for each group 
of listeners, and what combination of statistical properties in the music best distinguishes enculturated responses. We will 
conclude by proposing a series of studies to further test the hypothesis and discussing implication for research in cross-
cultural music cognition

[Mon AM 2.2 GH] Singing and multi-cultural group cohesion 
Good, Arla (1)*, Russo, Frank (1)

(1) Ryerson University.  Toronto, Ontario, CANADA 
* =agood@psych.ryerson.ca

Research in social experimental psychology has consistently shown that moving in synchrony with others can foster 
coordination and good will between individuals. Music provides a rich oscillatory framework to support synchronous 
movement, and may thus be a particularly powerful agent of group cohesion. In the current study we assess this hypothesis 
in a group of children with diverse ethnic and racial backgrounds. Children in three predetermined groups were assigned to 
one of three activity conditions: group singing, a group art project, or competitive games. Both the singing and art conditions 
involved collaboration. Following participation in these activities, children were randomly assigned to dyads and asked to 
play a children’s version of the prisoner’s dilemma game. Results showed that children who had engaged in group singing 
were more likely to choose cooperative strategies during the prisoner’s dilemma game than the children who had engaged in 
group art or competitive games. These findings have important implications for intergroup relations and diversity promotion 
programs employed in the classroom.
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[Mon AM 2.3 GH] Why is anger not communicated by music cross-culturally?
Marco Susino (1)*, Emery Schubert (1)

(1) The University of New South Wales.  Sydney, NSW, AUSTRALIA 
* =marcosusino@me.com

Are all emotions communicated by music experienced across cultures? An investigation of music psychology literature on 
cross-cultural emotional experiences in response to music revealed that basic emotions appear to be cross-culturally invariant 
with a largely similar set of enabling musical features. However, anger appears to be communicated in a systematic way. 
Because it is widely accepted that basic emotions are universal, and anger is considered a basic emotion, this issue is puzzling. 
We explain how the findings in the literature are at odds with the nature of basic emotions. Consequently we examine why 
anger is not reported regularly as being communicable cross-culturally by music. We present theories that differentiate anger 
from other basic emotions. Two hypotheses are proposed for the cross-cultural variability in listeners’ anger responses. One 
argues that some cultures will avoid anger induced by or recognised in music, as the emotional characteristics of anger have 
been culturally associated with uncertain outcomes, and such cultures avoid uncertainty. The second proposes the theory 
of Music Stereotype for which stereotyped activation underlies anger experience. For example, Japanese traditional folk 
music is poorly recognised at expressing anger because this genre and its culture are stereotyped as non-displaying of anger. 
It proposes that cultural variance of anger experience is informed by ethnic stereotyping, and that listeners’ preconception 
of anger associated with a particular ethnic group influences this emotional experience resulting in an activation of music 
stereotyping. Both hypotheses are related, but Music Stereotype Theory is a less descriptive model of music and anger. Simply, 
music stereotype is built through mental activation of cultural associations and stereotypes. Hence, if we consider anger to be a 
basic emotion, and basic emotions are universal, the way those emotions are presented must then go through a cultural carrier 
(the music and its style) and filter (such as “stereotyping”).  The implications of this proposed resolution for future research are 
discussed. 

[Mon AM 2.4 GH] A journey through sacred brainscape: Visual cortical activity in Yoreme 
musicians who are “seeing music” 
T.L. Benson (1), H. Simonett (2), L.G. McIntosh (3), and S. Park (1)

(1) Vanderbilt University, Department of Psychology, Nashville, TN, USA  
(2) Vanderbilt University, Center for Latin American Studies, Nashville, TN, USA  
(3) University of Edinburgh, Department of Psychology, Edinburgh, UK  
* =taylor.benson@vanderbilt.edu

For indigenous (Yoreme) musicians from Mexico, natural phenomena have sound and sound has a color. During ritual song 
and dance, Yoreme musicians and dancers transform into animals and enter an enchanted world through a phenomenon 
similar to trance. This blending of visual and auditory processing during ritual trance state may be similar to a condition 
called ‘synesthesia’, which is characterized by involuntary and durable joined perception. To our knowledge, there has been 
no experimental measure of the Yoreme’s trance experience. The current study attempted to find evidence for cross-modal 
processing in Yoreme musicians, while they listen to their ceremonial music. Our participants were 3 Yoreme men who have 
many years of experience in Yoreme ceremonies as musicians, singers, and/or dancers. Our fNIRS task began with a baseline 
period where no music was played. Then participants listened to three clips of music, separated by a rest period. While 
music clips were played, participants viewed a gray computer screen. For each participant, 2 of the music clips were ‘relevant’ 
(recordings of music from Yoreme ceremonies), and 1 music clip was ‘irrelevant’ (from Venezuela, similar instruments). Order 
of music clips was randomized for each participant. Oxygenated blood flow was measured from an fNIRS probeset over visual 
cortex. Our results suggest that music is heard but our experience of music is multisensory. We observed robust activation 
of the visual cortex in the three Yoreme performers while they listened to music.  They clearly saw music. These preliminary 
results may be interpreted in a cultural context, but it is also possible that these patterns are universal and may apply to all 
musicians (i.e. they ‘see’ music). To answer this question, we are currently testing musicians and non-musicians in Nashville to 
compare the Yoreme results with Western musicians and non-musicians.
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[Mon AM 2.1 LB] An extension of the declarative/procedural model to music: Evidence from 
sex differences in melody recognition
Scott A. Miles(1)*, Robbin A. Miranda(1), Natasha C. Janfaza(1), Michael T. Ullman(1)

(1) Georgetown University. Washington, DC, USA 
*= sam337@georgetown.edu

Converging evidence suggests that aspects of music and language cognition may depend on overlapping neural substrates 
(Patel, 2003). Accordingly, we expect that certain predictions of the declarative/procedural model (Ullman, 2004) regarding 
language may extend to corresponding aspects of music cognition. In fact, electrophysiological evidence supports this 
view (Miranda and Ullman, 2007), suggesting that melodies, like words, may be stored in the declarative memory system. 
Moreover, evidence suggests that females have an advantage relative to males at tasks involving declarative memory (Maitland, 
et al., 2004). Indeed, consistent with the declarative/procedural model, females also show advantages at recognizing words 
(Ullman, Miranda and Travers, 2008). Assuch, we expect that this sex difference may extend to the recognition of melodies.  
 To test this hypothesis, we administered a melody recognition task. We presented 260 melodies to 48 participants 
(24 female). Half of the melodies were segments from well-known tunes, including traditional, folk, children’s, patriotic, 
holiday, classical, and pop music, as well as themes from movies, television, and Broadway musicals. The other half were novel 
melodies, composed to be matched with the well-known melodies on tempo and pitch range. Each participant was instructed 
to listen to each melody and to press the space bar as soon as a melody sounded familiar. A judgment of “unfamiliar” required 
no response. Analyses indicated that females were both more accurate and faster than males at recognizing familiar melodies. 
No sex differences were found in a tone-recognition control task. The results suggest the existence of sex differences in music 
that parallel those in language. This lends support to the view that aspects of music and language cognition may depend on 
overlapping neurocognitive substrates. Moreover, the results may inform future studies investigating the extension of the 
declarative/procedural model of language to music cognition 

[Mon AM 2.2 LB] Within- versus cross-domain plasticity: Musicianship and tone language 
are linked to benefits in auditory processing but not visual working memory 
Stefanie Hutka (1, 2)*, E. Glenn Schellenberg (1), Sandra Trehub (1), Sean Hutchins (3, 4)

(1) University of Toronto.  Toronto, ON, CANADA 
(2) Rotman Research Institute at Baycrest.  Toronto, ON, CANADA 
(3) The Royal Conservatory of Music.  Toronto, ON, CANADA  
(4) McMaster University, Hamilton, ON, CANADA 
* =stefanie.hutka@mail.utoronto.ca

Musicianship has been associated with numerous benefits to auditory processing, particularly in the linguistic domain (e.g., 
speech-in-noise detection; phonological awareness), and executive function (e.g., visual working memory). Given a wealth of 
evidence demonstrating shared processing of music and language in the brain and behaviour, a question arises, namely: Do 
certain types of language experience, such as speaking a tone language, confer benefits to auditory processing and executive 
function similar to those associated with musicianship? The current study addresses this question, with the objective of 
testing if musicians and tone language speakers perform comparably on auditory processing tasks, at both the sensory (pitch 
discrimination) and cognitive (pitch memory) level, as well as on a visual working memory task (two-back task). Performance 
on all tasks was compared to that of controls, who had neither musical nor tone language experience. Musicians outperformed 
tone language speakers and controls on both auditory tasks; on the pitch memory task, tone language speakers outperformed 
controls. Visual working memory performance did not differ between the three groups. These results suggest that 
musicianship and speaking a tone language are only linked to benefits within the auditory domain. In addition, the auditory 
processing benefits associated with musicianship are greater than those associated with speaking a tone language. These results 
inform the limits of experience-dependent plasticity as related to music and language.
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[Mon AM 2.3 LB] Just noticeable difference of tone pitch contour change for Mandarin-
speaking congenital amusics
Wanting Huang (1), Yun Nan (1)*, Qi Dong (1), Chang Liu (2)*

(1) State Key Laboratory of Cognitive Neuroscience and Learning & IDG/McGovern Institute for Brain Research, Beijing Normal University. Beijing, CHINA  
(2) Department of Communication Sciences and Disorders, University of Texas at Austin. Austin, Texas, USA 
* =nany@bnu.edu.cn * =changliu@utexas.edu

Congenital amusia is a neuro-developmental disorder that might affect the processing of both music pitch and lexical tone. 
The mechanisms underlying its lexical tone deficits are yet unknown. Here, we examined the just-noticeable difference 
(JND) of pitch and tone pitch contour changes in Mandarin-speaking amusics with (tone agnosics) and without lexical tone 
difficulties (pure amusics) relative to matched controls. Three tone pitch contours (e.g., a typical rising, a typical level, and 
a boundary between rising and level) were used for collection of tone pitch contour JNDs, whereas a discrete pitch of the 
same fundamental frequency as the typical level tone (F0=250 Hz) was used to collect pitch JNDs. The duration of all stimuli 
were manipulated at 100 and 200 ms. Tone agnosics showed abnormally larger JNDs for tone pitch contour discrimination 
than both pure amusics and the controls regardless of stimulus duration. Pure amusics only showed significantly larger JNDs 
than the controls for the boundary tone discrimination at the 100 ms duration. For all of the other tone pitch conditions, 
pure amusics’ JNDs were not significantly different from those of the controls. For the discrete pitch, tone agnosics showed 
abnormally larger JNDs than the other two groups only at 100 ms duration, whereas the other two groups were not 
significantly different. However, no group difference was found for pitch discrimination at 200 ms. Consistent with previous 
studies (Nan et al., 2010; Yang et al., 2013), those amusics who showed behavioral difficulties in lexical tone perception were 
found severely compromised in auditory lexical tone discrimination, as reflected by the abnormally large JNDs. However, 
other amusics who exhibited similar tone perception performance to normal controls had comparable capacity to discriminate 
discrete pitch changes and tone contour changes. Lengthening signal durations may improve amusics’ sensitivity to the 
changes in pitch and pitch contours.

[Mon AM 2.4 LB] Characterizing auditory and speech processing abilities in musicians with 
dyslexia 
Jennifer Zuk (1,2)*, Paula Bishop-Lieber (3), Ola Ozernov-Palchik (1,4), Barbara Peysakovich (1), Emma Moore (5), Katie 
Overy (5), Graham Welch (3), Nadine Gaab (1,2,6)

(1) Boston Children’s Hospital, Developmental Medicine Center, Laboratories of Cognitive Neuroscience, Boston, MA, USA  
(2) Harvard Medical School, Boston, MA, USA  
(3) International Music Education Research Centre, Institute of Education, University of London, London, UK  
(4) Eliot-Pearson Department of Child Development, Tufts University, Somerville, MA, USA  
(5) Institute of Music in Human and Social Development, Reid School of Music, Edinburgh, UK  
(6) Harvard Graduate School of Education, Cambridge, MA, USA 
* =jzuk@fas.harvard.edu

Prior studies have identified significant auditory processing deficits in individuals with dyslexia.  Musical training has been 
suggested to be beneficial for the development of auditory skills; by which enhanced sensitivity to auditory features critical to 
speech perception may lead to improved language and reading abilities.  While musical training has been shown to promote 
auditory acuity, it remains unclear whether this benefit is evident in musically trained individuals who have dyslexia, and 
whether musical training is associated with enhanced speech processing in those with dyslexia.  Thus, the present study 
characterized auditory and speech processing abilities in musicians with dyslexia to investigate whether putative deficits 
persist with musical training.  Tone sequencing and syllable discrimination abilities were compared between adult musicians 
with dyslexia (n = 19), nonmusicians with dyslexia (n = 16), and typical musicians (n = 17).  Tone sequencing measured 
accuracy for perceiving rapidly presented tone sequences of increasing length.  Auditory sequencing abilities were found to be 
comparable between typical musicians and musicians with dyslexia, demonstrating superior accuracy relative to nonmusicians 
with dyslexia.  For synthesized syllable continua that varied in isolated acoustic features, discrimination thresholds for 
syllables with changing spectral cues (/ba/-/da/) and voice onset time (/ga/-/ka/) were equivalent between typical musicians 
and musicians with dyslexia, with significantly better discrimination thresholds than nonmusicians with dyslexia.  Typical 
musicians only showed heightened discrimination thresholds for the continuum varying in amplitude envelope (/ba/-/wa/) 
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over musicians with dyslexia, who were equivalent to nonmusicians with dyslexia.  Findings reveal enhanced perception of 
some but not all acoustic cues important for speech in adult musicians with dyslexia.  Overall, implications are evident for 
the potential of musical training to support auditory and speech processing for individuals with dyslexia, though it remains 
unclear whether these advantages are a direct result of musical training, or rather a predisposition for success with music.

[Mon AM 2.1 LC] Intense piano training on verbal fluency in older adults
Jennifer A. Bugos (1)*, Simran Kochar (1), & Shannon Casey (1)

(1) University of South Florida, Tampa, FL, USA 
* = bugosj@usf.edu

Age-related cognitive impairment is often associated with a decrease in verbal fluency, the ability to generate words in a given 
time period. Preliminary data suggest a modest association between piano training and verbal fluency increases in older adults 
who receive weekly music instruction (Bugos, 2010). Research suggests that other areas of verbal skills, such as verbal memory, 
are enhanced in collegiate musicians and child musicians with extensive training (Hogan & Huesman, 2008; Bugos & Mazuc, 
2013). Intense musical training requires sustained attention and engages an executive network that supports generalized 
cognition and emotional control, thereby enhancing transfer of training (Posner, 2008). The purpose of this research was to 
examine the effects of intense piano training on cognitive performance in healthy older adults. Thirty-four adult participants 
were recruited and completed the research. Criteria for enrollment included participants who:  between the ages of 60-85 years 
, fluent English speakers, less than three years of formal music training, not currently reading or engaging in musical activities, 
no history of manual motor difficulties or neurological deficits, no learning, speech, or language disabilities, and typical hearing 
level as scaled by age. Adults completed standardized cognitive measures at three time points: pre-training, pre-training two 
(upon completion of a control time period), and post-training. The short-term intense piano training program included three 
hours of concentrated group practice and learning in a university Yamaha Clavinova piano lab. The piano program comprised 
of music theory, finger dexterity exercises, bimanual coordination exercises, technical exercises, performance duets, and 
standard piano repertoire. Results of a Repeated Measures ANOVA show significantly enhanced verbal fluency, particularly in 
Category Switching performance post-testing, F (2, 66) =10.78, p< .001, Cohen’s d=.74. Data suggest that an intense musical 
training paradigm may be necessary to facilitate robust effects on verbal fluency performance.

[Mon AM 2.2 LC] Music training’s positive enhancement of fluid cognition
Joel M. Meyer* (1) & Katherine Sledge Moore (1)

(1) Elmhurst College. Elmhurst, IL, USA 
* = joel.m.meyer@net.elmhurst.edu

The question of the positive impact of music education is an important one considering budgetary scrutiny and numerous 
cuts to arts programs in public education. Despite reduction of public music education programs, researchers continue to 
document evidence of the numerous and long-lasting cognitive benefits of musical training.  In this present study, we sought 
to add to this growing body of evidence with special regard to fluid intelligence (gF).  Three groups of college students were 
studied: musicians with extensive experience, less experienced musicians, and non-musicians. We chose to compare these 
groups using the the National Institute of Health (NIH) Toolbox Cognitive Battery (NTCB), a series of tasks designed to 
measure executive function, attention, episodic memory, processing speed, and working memory; which provide a composite 
gF score.  A one-way analysis of variance (ANOVA) showed that the effect of music training on gF was significant, and that 
the effect on executive function, working memory, and processing speed were also all significant.  The effect of music training 
on episodic memory was not significant.  Our results demonstrate that major music training is associated with improved 
cognition across a variety of tasks, showing consistency with previous findings and adding to current literature. This was the 
first study to compare music expertise with a well-documented and normed cognitive battery designed to measure gF.  Out 
of the five measures used, episodic memory failed to show any significance between groups, which is a crucial finding, as 
it provides evidence that not all cognitive functions are enhanced. This is not surprising, as there has been no connection 
between episodic memory and music training previously reported in the literature, nor is there a convincing theoretical model 
of why musical training could improve general episodic memory skills. This finding also provides evidence of internal validity 
among the groups.
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[Mon AM 2.3 LC] The Influence of music training on vocal melodic completions 
Bing-Yi Pan (1)*, Annabel J. Cohen (1)

(1) University of Prince Edward Island.  Charlottetown, PE, Canada 
* =bpan@upei.ca

The top-down system of the implication realization (IR) theory (Narmour, 1990; 2014) suggests that music experience 
influences melody expectancy. Listener rating studies have provided evidence for this (Krumhansl et al., 1999; Krumhansl et 
al., 2000; Vos & Pasveer, 2002). However, few have tested the theory by studying spontaneous melody production. The present 
study used data acquired through the AIRS Test Battery of Singing Skills (Cohen et al., 2009; Pan et al., 2012) to explore how 
western music training affects improvisational singing following a prior melodic context. Young adults (20 musicians; 20 non-
musicians) were presented with an 8-note melody and were asked to first repeat it and then continue singing and finish it. 34 
participants (19 musicians) completed the task. The singing recordings were notated by two musicians together (including the 
first author). To start the improvisation, musicians tended to choose the dominant (G, 42.1%) and subdominant (E, 21.1%), 
while non-musicians tent to begin with tonic (C, 33.3%) and subdominant (E, 26.7%). All of the musicians (100%) ended the 
song at tonic (C), while less than half of non-musicians (46.7%) did so. Furthermore, the range of the composition covered 
by musicians (M = 8.11 semitones, SD = 2.49) was significantly larger than the range of non-musicians (M = 5.33 semitones, 
SD = 2.69), F (1, 32) = 9.67, p < .005. The number of diatonic scale notes used by musician (M = 4.73, SD =1.04) exceeded 
that used by non-musicians (M = 3.53, SD =1.25), F (1, 32) = 9.38, p = .004. The study provides direct evidence that: (a) music 
training shapes melodic expectancy when improvising;  (b) music training expands materials one can comfortably use in 
on-the-spot melody creation.  The role of music training – whether cognitive and/or vocal motor flexibility and vocal range – 
remains to be investigated. 

[Mon AM 2.4 LC] Is playing a musical instrument better for you than singing? A review
Annabel Cohen (1)*

(1) University of Prince Edward Island.  Charlottetown, Prince Edward Island, CANADA 
* =acohen@upei.ca

Singing accurately, musically, and emotionally requires sensory, cognitive, motor and affective control. Yet the mental 
processes underlying performing on a musical instrument (rather than the human voice) more often attract the attention in 
both psychological work and the popular press. Does practice on the “flashy” instrument create that much more of a sensory-
cognitive-emotional workout than does practice on the hidden musical instrument of the human voice? Is practice and 
performance on a musical instrument qualitatively better for you than practice and performance in singing? Are choristers 
necessarily less happy than instrumentalists? The present paper directs attention to the following: (1) articles in the press that 
extol the benefits of music, referring only to examples of playing a musical instrument; could their statements apply equally 
to serious vocal music study? (2) programs such as El Sistema provide music training primarily on musical instruments; 
could these programs work equally well if focused on the human voice? (3) obviously for the same cost more students can 
be engaged in music through singing than through playing a musical instrument (4) comparisons of test performance of 
singers vs instrumentalists are rare in the music-psychological or cognitive literature and warrant more studies to address 
the gap in knowledge about the relative benefits of singing. If it is shown that the so-called benefits of instrumental music 
training are equal to the benefits of voice training, then public efforts to provide musical training should consider the relative 
cost of instrumental teachers and musical instruments versus the cost of choral leaders and no instruments. In a world 
where resources are insufficient to provide music training for everyone, decisions to fund instrumental as opposed to choral 
programs deserve social scientific justification. The relevant literature will be reviewed. (supported by SSHRC AIRS)
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[Mon PM 4.1 GH] When intervening melodies don’t intervene: the effect of intervening items 
on memory for melodies
 S. A. Herff (1)*, R. T. Dean (1), K. N. Olsen (1)

(1) MARCS Institute, University of Western Sydney.  Sydney, NSW, AUSTRALIA 
* =s.herff@uws.edu.au

The number of intervening items has a significant effect on memory in various modalities. Recognizing a series of items, 
such as phone numbers, is a quite feasible task. However, when confronted with several phone numbers, one after another, 
recognizing which one has been shown before suddenly becomes a complex task and performance decreases with every 
additional intervening number. Are such effects on memory applicable to the domain of music? Music shows intriguing 
properties when it comes to memory. Memory for melodies is sometimes long and persistent while, at other times, melodies 
are hard to recognize. This project investigates how the number of intervening melodies affects perceived familiarity and 
recognition performance in memory for melodies. It was hypothesized that, as in other memory systems, recognition 
performance and perceived familiarity decrease with every intervening melody. Two pilot studies (N = 40) and the main study 
(N = 30) convincingly refute this hypothesis using a carefully piloted corpus of unfamiliar European folksong melodies in 
a paradigm that requires recognition judgments after every item. Recognition performance and familiarity decreased from 
immediate repetition to one intervening melody. Interestingly, every additional intervening item did not lead to observable 
decreases in both measurements.  Some melodies showed long lasting recognition, while others did not. We conclude that, 
in contrast to other memory systems, if a melody elicits recognition then the number of intervening melodies, beyond the 
first, does not affect familiarity and recognition. It is likely that instead specific features within the melody play a significant 
role in memory for melodies. This result supports recent findings in the literature. Overall, the results should advance our 
understanding of memory mechanics in general and memory for melodies in particular, with implications for a scientifically 
informed approach to the composition of memorable melodies.

[Mon PM 4.2 GH] Serial temporal order information in musical and verbal short-term 
memory
Simon Gorin (1, 2)*, Benjamin Kowialiewski (1), Cristian Céspedes Ortiz (1), Steve Majerus (1, 2)

(1) University of Liège.  Liège, BELGIUM 

(2) Fund for Scientific Research, F.R.S.-FNRS. Brussels, BELGIUM 
* =simon.gorin@ulg.ac.be

Several models of verbal short-term memory (STM) make a crucial distinction between the processing of item identity and 
of the serial order of items inside a list. Previous work demonstrated that serial order retention is disrupted to a greater extent 
by a rhythmic interfering task than is item retention. This finding has raised the hypothesis of the existence of amodal serial 
ordering processes. The aim of this study was to test this hypothesis directly by exploring the impact of a concurrent rhythm 
reproduction task on both verbal and musical STM performance. 
 Twenty-six non-musician participants performed a novel short-term delayed probe recognition task for lists of four 
items (tones or syllables) played in time with a regular beat. For half of the lists, an interfering rhythm reproduction task was 
presented after encoding, where participants had to reproduce an irregular rhythm by finger-tapping response during five 
seconds. After the delay, the participants heard a regular beat and had to recall the target sequence in their head synchronously 
with the beat. A tone or syllable probe was presented and participants had to decide whether the probe was presented in the 
memory list (item condition) or whether it was presented at the same serial position as in the memory list (order condition). 
Participants were informed in advance about the information that would be probed. 
 We observed the same pattern of results for the verbal and musical conditions, where a significant interaction between 
silent/interference and item/order conditions was demonstrated. Results revealed that for both modality conditions serial 
order but not item recognition performance decreased under interference as compared to the silent condition. This study 
is the first to show a dissociation between item and order retention mechanisms in musical STM and further suggests the 
existence of shared temporal order processes in musical and verbal STM.
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[Mon PM 4.3 GH] Differences in music-evoked and traditionally cued autobiographical 
memories across the lifespan.
Petr Janata (1)*, Melanie Rothfuss (1)

(1) University of California, Davis. Davis, California, USA 
*= pjanata@ucdavis.edu

Music-evoked remembering is a strong and common experience. Responsiveness to music from one’s past appears to be 
preserved to some degree in individuals with Alzheimer’s dementia (AD). Our objective was to compare properties of 
music-evoked autobiographical memories (MEAMs) and traditionally cued autobiographical memories (TCAMs) in order 
to identify differences that might help to explain apparent dissociations in memory retrieval phenomena observed in later 
life and AD. We combined a method for evoking MEAMs with the Autobiographical Interview methodology used to obtain 
TCAMs. Using this semi-structured interview procedure we obtained 4 TCAMs and 4 MEAMs in each of 30 individuals 
between the ages of 18 and 93, and in a smaller group of six individuals with reduced MMSE scores (17 – 26). Each interview 
was audio recorded, transcribed, and scored using the AI rubric by two scorers. In both groups, MEAMs were associated with 
significantly fewer details that were internal to the event memory being described than were TCAMs. However, the quality 
of the memory reports as measured by the proportion of internal details to overall details was the same for MEAMs and 
TCAMs. MEAMs were also rated as less vivid and of lesser personal importance at the time of the event than were TCAMs. 
The number of details provided for each type of memory did not decline with age. Notably, while MEAMs and TCAMs were 
associated with similar numbers of positive emotions, MEAMs were associated with significantly fewer negative emotions. 
Additionally, MEAMs were more remote, that is, they were endorsed as being recalled much less frequently than TCAMs. 
The emotional qualities and memory remoteness of MEAMs stand in stark contrast to the properties of TCAMs normally 
observed in laboratory settings. Memory-evoking music thus affords a means of accessing relatively understudied, but 
theoretically meaningful realms of the human autobiographical memory system.

[Mon PM 4.1 LA] The physiological impact of naltrexone on the emotional rewards of music 
listening
Adiel Mallik (1) and Daniel J. Levitin (1,2)*

(1) Integrated Program in Neuroscience, McGill University.  Montreal, Quebec, CANADA  
(2) Department of Psychology, McGill University. Montreal, Quebec, CANADA 
* =daniel.levitin@mcgill.ca

Music is a potent regulator of human emotions and has been shown to moderate pain thresholds, immune system function, 
empathy, attention, and mood. However, the neurochemical mechanisms underlying these effects are not well understood. We 
examined the contribution of endogenous opioid peptides to feelings of pleasure during music listening. Participants received 
the opioid receptor antagonist naltrexone in a double-blind, placebo controlled crossover study (participants were tested 
on two days, oral administration of drug or placebo was counterbalanced). Participants self-selected 2 pieces of music from 
their own musical collections and one food item (as a positive control) that they reported could reliably give them intense 
feelings of pleasure, including chills. Dependent measures were real-time slider ratings of pleasure (RTSR), McGill Musical 
Engagement Scale (MMES) questionnaire, blood volume pulse amplitude (BVP AMP) and electromyograms of the zygomatic 
(EMG ZYG) and corrugator (EMG COR) facial muscles. We found significant (p < 0.05) decreases in RTSR in the naltrexone 
group compared to the placebo group across the self-selected and neutral music conditions. Similarly, we found significantly 
(p < 0.05) decreased ratings of the liking and sadness items of the MMES in the naltrexone group compared to the placebo 
group in the self-selected music condition. These results were corroborated by significant (p < 0.05) decreases in BVP AMP, 
EMG ZYG and EMG COR in the naltrexone group compared to the placebo group, across the food, self-selected and neutral 
music conditions. Our results strongly suggest that endogenous opioids are involved in mediating the physiological responses 
to music, and in mediating the experience of musical pleasure.
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[Mon PM 4.2 LA] Understanding the role of audio features in continuous assessments of 
musical emotion
Naresh N. Vempala (1)*, Frank A. Russo (1)

(1) Ryerson University. Toronto, ON, Canada 
* =nvempala@psych.ryerson.ca

Previous studies have predicted judgments of felt emotion during music listening using computational models that are driven 
by musical features. Some of these studies have predicted global judgments on the basis of aggregate assessment of features, 
while others have predicted continuous judgments on the basis of moment-to-moment assessment of features and contextual 
information. Although prior attempts at modeling have been relatively successful, they have not managed to provide insight 
regarding the relative contribution of audio features on emotion judgments. In this study, we collected continuous valence 
and arousal ratings of felt emotion from 60 participants for 60 music excerpts. The excerpts were chosen from four different 
musical genres. We designed our study such that 12 unique listeners heard each excerpt. We extracted 12 audio features 
ranging from low-level features reflecting energetic and timbral aspects of music to mid-level features reflecting rhythmic, 
and tonal aspects. We use artificial neural networks to predict the mean valence and arousal ratings of participants, at three 
levels of temporal analysis: (a) bar-to-bar segments utilizing contextual information from the previous bar, (b) four-bar 
segments utilizing contextual information from the previous four bars, and (c) the entire duration of the excerpt. Our analyses 
will address the relative contributions of audio features and how they may differ across genres and across levels of temporal 
analysis. 

[Mon PM 4.3 LA] Investigating the contribution of intensity and loudness to time-series 
models of perceived affect expressed by music 
Kirk N. Olsen (1)*, Roger T. Dean (1), Catherine J. Stevens (1), Freya Bailes (2)

(1) The MARCS Institute, University of Western Sydney, Australia 
(2) School of Drama, Music, and Screen, University of Hull, United Kingdom 
*k.olsen@uws.edu.au

In the field of music and emotion, investigations of causal relationships between acoustic and perceptual parameters have shed 
light on real-time factors that underpin affective response to music. Two experiments reported here aimed to distinguish the 
role of acoustic intensity and its perceptual correlate of loudness in affective responses to music from multiple genres (Western 
Classical, Electroacoustic, and single-timbre synthesized stimuli). This was achieved by first subtly distorting the inherently 
strong psychophysical relationship between loudness and intensity using synthesized reverberation, and then analysing the 
consequences of this for perceived affect expressed by music. Two groups of participants continuously rated loudness (N=31) 
and perceived arousal/valence (N=33) in response to three musical stimuli ranging between 2-3 minutes in duration. Each 
stimulus consisted of three continuous segments with three manipulations of the second segment: 1) original acoustic profile; 
2) reverberation introduced to decrease loudness but with the intensity profile of the original version closely maintained; and 
3) reverberation introduced but the intensity profile increased by a mean of 3dB SPL to return loudness profiles close to those 
in response to the original version. We hypothesized that intensity and loudness both make a significant contribution to time-
series models of perceived affect. Three types of time-series models are presented: the first allows intensity but not loudness as 
predictor, the second allows loudness but not intensity, and the third allows intensity and loudness together. In sum, time-
series modeling shows that both intensity and loudness are predictors of perceived arousal and, to lesser extent perceived 
valence, but that loudness is often more powerful and sometimes dominant to the point of excluding intensity.
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[Mon PM 4.1 LB] Effector rate limits and stimulus tempo: Exploring interactions with 
perceived timing
Fiona Manning (1)*, Monique Tardif (1), Michael Schutz (1)

(1) McMaster Institute for Music and the Mind.  Hamilton, ON, CANADA 
* =manninfc@mcmaster.ca

Sensorimotor synchronization involves coordinating movements with external auditory events, and is critical for musical 
performance. Previous studies exploring rate limits for synchronized movements typically rely heavily on finger tapping 
(Repp, 2003; 2005).  However, as different parts of the body tend to synchronize best with different metrical levels 
(Toivianinen et al., 2010), here we explore interactions between rate limits, effectors, and sensorimotor integration. This 
project explores finger tapping vs. stick tapping at different tempi, building upon our previous work showing movement-
related enhancements to perceived timing (Manning & Schutz, 2013; in press).  In this study participants identified timing 
changes occurring at the end of an isochronous sequence presented at a fast or slow tempo. On half of the trials participants 
tapped along and on half of the trials they listened alone.  In the tapping trials, one group of participants tapped to the signal 
with their index finger and the other group of participants tapped with a drumstick in their dominant hand. While tapping to 
slower tempi yielded larger tap asynchronies and greater variability, this differed between motor effectors.  Finger tapping was 
more variable and more asynchronous than stick tapping overall. Perceptually, this led to differences in deviation detection, 
where improvements differed at the fast and slow tempi.  This extends previous findings on ideal tapping rates for different 
effectors by demonstrating the perceptual consequences of synchronizing various movements to the beat.  Additionally 
this comments on how rate limits for motor effectors interact with optimal timekeeping in rhythmic movement, an issue of 
importance for musical behaviours, which involve various movements for sound production. 

[Mon PM 4.2 LB] Interactions Between Auditory and Visual Cues for Musical Tempo
Justin London (1)*, Birgitta Burger, Marc Thompson, Petri Toiviainen (2)

(1) Carleton College, Northfield, MN, USA.  (2) University of Jyväskylä, FINLAND 
* =jlondon@carleton.edu

Background & Aims: Our sense of musical tempo stems from many factors, both auditory (BPM, event density, spectral flux, 
register) and visual (performer gestures, dancer motions). We studied the integration of auditory and visual cues for tempo 
using excerpts from 6 classic American R&B songs paired with motion capture based point-light animations of dancers. 
 Stimuli & Method: Songs were at 105, 115, or 130 BPM, with high vs. low spectral flux stimuli at each BPM level. 
Dancers had been instructed to give a “relaxed” or a “vigorous” interpretation of each song. Stimuli were presented in audio, 
audio+video (A+V), and video-only conditions. Participants gave tempo ratings on a 7-point scale. 
 Results: A 3x3 RM ANOVA (BPM X Condition) found significant effects of condition (F(1.88, 100.089) = 22.385, p 
< .001, ηp

2= .297) and BPM (F 1.966, 104.193) = 53.119, p < .001, ηp
2= .501).  In the A+V Condition A 2x3x2 RM ANOVA 

(Relaxed vs. Vigorous Video x BPM x Spectral Flux) found main effects for: Video (F(1, 26) = 28.17, p < .001, ηp
2 = .520), BPM 

(F(1.78, 46.38) = 59.221, p < .001, ηp
2 = .695), and Flux F(1, 26) = 18.73, p < .001, ηp

2 = .419).  Relaxed A+V stimuli were rated 
the same as in the audio-only condition, while Vigorous A+V were rated faster, even though the audio stimulus was the same 
in both relaxed and vigorous conditions.  In the video-only condition participants were unable to make consistent tempo 
judgments. 
 Implications: When auditory and visual information is presented in a meaningful array, we integrate the two into a 
single coherent percept; here this gives rise to an illusory increase in tempo.  This extends the findings of Schutz & Kubovy 
(2009) from a static to a dynamic perceptual context.
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[Mon PM 4.3 LB] The influence of tempo on subjective metricization
Ève Poudrier (1), (2)*

(1) Yale University. New Haven, Connecticut, USA (2) School of Music, University of British Columbia. Vancouver, British Columbia, CANADA 
* =epoudrier@gmail.com

Subjective metricization, the parsing of sequences of undifferentiated auditory signals in a wide range of tempi in groups of 2, 
3, or 4 qualitatively distinct elements, is one of the earliest phenomenon to have been investigated experimentally (e.g., Bolton 
1894, Woodrow 1909, Harrell 1937). Although faster tempi tend to give rise to larger groups, the effect of rate of presentation 
appears to be limited. The present study sought to replicate and extend these findings through online experimentation using 
a spontaneous grouping paradigm. The specific design was motivated by the limitations of earlier studies, including response 
bias created by demand characteristics. Three variables were tested: grouping (none, duple, and triple), rate (IOI = 200, 550, 
and 950 ms), and accent (intensity, duration, and pitch). Response type was defined as 1 to 12 elements per group, with 1 
representing no grouping.  
 Findings suggest that in undifferentiated sequences, spontaneous grouping is asymmetrical and tempo-dependent, 
with 1 and 4 being the most frequent responses within each rate. When every second or third element is differentiated (duple 
or triple grouping), all three variables had a significant main effect on group length, with intensity accents, triple grouping, 
and slower rate resulting in longer groups. Most interestingly, although duple and triple grouping generally yielded responses 
consistent with purely duple (2, 4, and 8) and triple (3 and 9) metric types, compound meters (6 and 12) were most frequently 
perceived in stimuli with triple grouping, a finding that suggests that lower-level triple grouping gives rise to binary preference 
at higher levels (2 Í 3 and 4 Í 3), an interpretation that is consistent with the relatively low frequency of response type 9. 
Overall, rate of presentation also had an intriguing effect on the distribution of responses, with the fastest rate of presentation 
resulting in a more even distribution.

[Mon PM 4.1 LC] Attributes of songs people love and listen to often
Frederick Conrad (1)*, Jason Corey (1), Samantha Goldstein (1), Joseph Ostrow (1), Michael Sadowsky (1)

(1) University of Michigan.  Ann Arbor, Michigan, USA 
* =fconrad@umich.edu

The ubiquity of recorded music makes it easy to listen repeatedly to exactly the same song. People may listen to favorite songs 
daily or even more often. Paradoxically, this does not reduce the song’s appeal even though there may be little surprise about 
what they will hear. We explored this phenomenon by conducting a survey of 200 Amazon Mechanical Turk participants to 
whom we asked 27 questions about the song to which they were “listening most often these days,” including what aspects of 
the song attract them (e.g., beat/rhythm, melody, lyrics), the deepness of their connection to the song (rated on a five-point 
scale), how it makes them feel when they listen (in their own words), and how much of the song they can hear in their heads 
(seven duration categories). We classified their open responses about how each song (primarily pop songs) made them feel 
into three affect categories: “happy/energetic” (69% of participants), “bittersweet/melancholy/nostalgic” (16%), and “calm/
relaxed” (15%). Most participants who listened to happy/energetic songs reported doing so because of the beat/rhythm. 
Participants whose songs were bittersweet/melancholy/nostalgic or calm/relaxed were less likely to listen because of the beat/
rhythm. Participants reported a deeper connection to bittersweet/melancholy/nostalgic or calm/relaxed songs, than to happy/
energetic songs, consistent with an inverse relationship between beat/rhythm and deepness of connection. These patterns 
seem to hold irrespective of formal musical training. Finally, we found a positive relationship between how much of the song 
respondents can hear in their heads and how many times they have listened to it; those who can hear the whole song listen 
exponentially more than those who can hear less.
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[Mon PM 4.2 LC] Physical fitness and musical taste: Do physically fit listeners prefer more 
stressful music?
Lindsay Warrenburg (1)*, David Huron (1)

(1) Ohio State University.  Columbus, Ohio, USA 
* =warrenburg.3@osu.edu

Research suggests that person-based dispositional factors, as well as properties of the music, influence a person’s musical tastes 
(e.g., Ladinig & Schellenberg, 2012). In this study, we examined the possibility that the interaction between the stressfulness of 
the music and a listener’s capacity for handling stress contributes to that listener’s musical preferences. We propose that three 
dispositional factors are expected to contribute to the development of a person’s musical taste: a person’s physical fitness at the 
time the musical taste was formed, the person’s androgen levels as indexed by his/her risk tolerance, and the person’s listening 
behaviors during the “reminiscence bump”. The key prediction relating fitness to musical preference is that the stressfulness 
of the music should tend to reflect the person’s capacity for handling stress, including his/her physical fitness, at the time the 
musical preference is formed, which can be at any time during the lifespan. This could help explain why older people, who 
are generally less physically fit, come to prefer “milder” music. The study method made use of an online questionnaire, which 
received 696 responses. The questionnaire included a measure of physical fitness habits in different periods of the listener’s 
life, the impulsivity/sensation-seeking subset of the Zuckerman-Kuhlman Personality Questionnaire, and questions intended 
to characterize participants’ musical preferences. In order to create an independent index for estimating musical stressfulness, 
a parallel study was conducted, where an independent group of judges assessed the stressfulness of the music identified by 
participants in the main study. The stressfulness of the music was then predicted using the survey-based dispositional factors 
in a multiple regression model. The results of this regression model will be discussed in the presentation.

[Mon PM 4.3 LC] Interpreting musical taste through playlists
Brain McFee (1), Finn Upham(1)*

(1) New York University. New York, NY, USA 
* =finn@nyu.edu

Our use of music is a reflection of how we understand it. Listeners’ strategies for making playlists have been explored 
extensively, if indirectly, through the effort to automatically generate similarly satisfying sequences of songs. Playlist modeling 
typically presumes that shared attributes link one track to the next, however there are many possible features by which to 
relate musical works. In this innovative collaboration between Music Cognition and Music Information Retrieval, we study 
the behaviour of users on the playlist sharing website The Art of The Mix by exploring both the variety of features connecting 
tracks and the popularity of those selected. The Art of the Mix Dataset is a collection of 97 000 playlists shared as of  June 
2011 by some 15 000 users, using over 100 000 tracks matched to those of Million Song Dataset. The features describing each 
track are composed of tags from Last FM, unsupervised clustering of audio features, and additional metadata extracted from 
the EchoNest API.  We explore two quantitative descriptions of the playlist makers’ musical tastes: 1) aesthetic diversity in 
linking criteria (breadth) via the entropy of the user’s distribution over features shared between adjacent songs, and 2) the 
depth of involvement in musical genres, as approximated by each track’s prominence within feature-associated subsets of the 
song collection. Preliminary results show marked variation in the users’ breadth and depth, but little correlation between these 
qualities. The implications of these patterns for future work in both fields will be discussed with illustrative examples from the 
dataset.
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TUESDAY
[Tue AM 1.1 GH] Relating individual differences in musical rhythm skills to grammar 
development: a behavioral and EEG approach
Reyna L. Gordon (1)*, Magdalene S. Jacobs (1), Sonja A. Kotz (2,3), C. Melanie Schuele (1),  
Alexandra P. Key (1), Paul J. Yoder (1), J. Devin McAuley (4)

(1) Vanderbilt University. Nashville, TN, USA 
(2) The University of Manchester. Manchester, UK  
(3) Max Planck Institute for Human Cognitive and Brain Sciences. Leipzig, GERMANY  
(4) Michigan State University. East Lansing, MI, USA 
* =reyna.gordon@vanderbilt.edu

Rhythmic fluctuations in the speech signal provide important cues to linguistic structure, such as phrase boundaries, and 
difficulties perceiving these cues could be a factor in disordered language development. The present project aims to investigate 
individual differences in rhythm skills that have relevance for grammar development. Behavioral and EEG data were collected 
from children with typical language development (TD; n=25, mean age=6.5 years) and children with Specific language 
impairment (SLI; n=3, mean age 6.6 years).  Musical rhythm perception was measured with a children’s version of the beat-
based advantage test (BBA) and the Primary measures of Music Audiation (PMMA). Expressive grammar was measured with 
the Structured Photographic Expressive Language Test-3 (SPELT-3). EEG was recorded while participants listened to simple 
rhythms (tone-tone-rest) in which either the first or second tone was accented. EEG data was analyzed to obtain phase-locked 
time-frequency transformations in the gamma band (25-50Hz). 
 Results in the TD group showed a positive correlation between rhythm composite (combined BBA and PMMA) and 
grammar skills even while controlling for non-verbal IQ, music activities, and SES (r=0.70, p<0.001). Items on the SPELT-3 
were grouped into subsets of syntactic categories and showed that rhythm composite predicted variance in production 
of complex sentence structure (complex syntax: r =0.46, p =0.02; and transformation/reorganization: r=0.42, p=0.04). A 
median split (within TD group) based on the SPELT-3 indicated that higher grammar scorers have larger EEG gamma brain 
responses to accented tones than their lower scoring peers. Preliminary results for the SLI group revealed weaker behavioral 
performance for musical rhythm discrimination on the BBA compared to their TD peers (d=-0.88). These findings point to a 
significant relation between rhythm and grammar, consistent with prior research showing that rhythmic variations facilitate 
learning and processing of syntactic structure both during language development and in adult language perception.

[Tue AM 1.2 GH] Musical rhythm discrimination and language development in children ages 
4 to 7 years.
Karli Nave (1), Reyna L. Gordon (2), J. Devin McAuley (3)*

(1) University of Nevada, Las Vegas.  Las Vegas, Nevada, USA 
(2) Vanderbilt University.  Nashville, Tennessee, USA 
(3) Michigan State University.  East Lansing, Michigan, USA 
* =dmcauley@msu.edu 

There is increasing evidence for a causal relation between a child’s musical rhythm ability and aspects of language 
development.  This has included studies revealing positive associations between musical rhythm skills with both phonological 
awareness and grammatical competence.  The hypothesis guiding this past work is that rhythmic regularities in speech 
provide cues to language structure, such as word and phrase boundaries.  The aim of the present study was to assess potential 
developmental changes in the relation between musical rhythm skills and language development for children between the ages 
of 4 and 7 years.  Toward this end, forty children (aged between 4 and 7 years) completed a rhythm discrimination assessment 
along with a battery of language and cognitive tests that included standardized measures of phonological awareness, morpho-
syntactic competence, and non-verbal intelligence.   Preliminary results reveal reliable positive correlations between rhythm 
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discrimination and both phonological awareness and morpho-syntactic competence after controlling for non-verbal IQ, for 
the older children, but not the younger children in our sample.  Implication of these results will be discussed.

[Tue AM 1.3 GH] The role of periodicity in rhythmic processing and reading development
Ola Ozernov-Palchik (1)*, Maryanne Wolf (1), & Aniruddh D. Patel (1)

(1) Tufts University, Medford, MA, USA 
* =ola.ozernov_palchik@tufts.edu

Phonological processing relies on the auditory system’s ability to accurately encode subtle spectrotemporal cues that 
distinguish between speech sounds. Sensitivity to patterns of timing and stress plays an important role in this process, and 
increasing evidence points to links between musical rhythm and phonological processing skills.  Since rhythm processing has 
several components, the specific nature of this relationship is not fully understood. Non-periodic rhythmic abilities (NPR) 
include duration pattern discrimination, and perception of grouping and stress. Periodic rhythmic abilities (PR) include 
perceiving a beat and synchronizing with it.  Both rely on basic encoding of temporal information: e.g., the slowly-varying 
amplitude envelope.  Since natural language doesn’t have a regular beat, it is debated whether perceptual regularization of 
temporal patterns forms the cognitive link between musical rhythm and language.  
 This study aimed to investigate the relationship between phonological and rhythm processing across development, 
and the role of periodicity in this relationship.  A rhythm discrimination task with periodic and non-periodic patterns was 
administered in conjunction with cognitive and pre-literacy measures to children in pre-kindergarten, kindergarten, and 
1st grade.  Preliminary findings support the relationship between beat and non-beat rhythm perception and phonological 
awareness, as well as alphabetic knowledge, but not other pre-literacy measures (e.g., RAN, grammar) across development. 
There was little evidence for a unique association of PR, as compared to NPR, with phonology.  
 Our results suggest that shared cognitive/neural mechanisms underlie both PR and NPR in music and language. We 
speculate that event-based tuning of the oscillatory activity in the brain is one such mechanism.  By entraining to external 
temporal patterns, this system creates local temporal expectation for the stimuli (e.g., speech or beat) to occur, and enhances 
processing of the stimuli, resulting in improved rhythm and language processing.

[Tue AM 1.4 GH] Early long-lasting expectation effects on neurophysiological responses to 
musical phrase perception
Anastasia Glushko (1)*, Stefan Koelsch (2), John DePriest (3), Karsten Steinhauer (1)

(1) School of Communication Science and Disorders, McGill University. Montreal, QC, CANADA 
(2) Cluster of Excellence: Languages of Emotion, Free University of Berlin. Berlin, GERMANY 
(3) School of Liberal Arts, Tulane University. New Orleans, Louisiana, USA 
* =anastasia.glushko@mail.mcgill.ca

Event-related potential (ERP) studies investigating neurocognitive mechanisms underlying the processing of phrasing in both 
music and language have shown similarities between the two domains (Steinhauer, Alter, & Friederici, 1999; Knösche et al., 
2005; Silva, Branco, Barbosa, Marques-Teixeira, Petersson, & Castro, 2014). However, based on research reporting a so-called 
Closure Positive Shift (CPS), it remains unclear whether and to what extent the recognition of phrase boundaries, as well as 
more global phrasing mechanisms, might be influenced by top-down processes such as expectation. In the present study, we 
addressed the question of how expectation processes led by either syntactic cues or familiarity with the stimulus affect phrase 
perception in music. Professional musicians (N=14) and participants without formal musical training (N=16) listened to 
40-second-long melodies while their electroencephalogram was recorded. Each melody consisted of four (10-second-long) 
musical phrases: a phrase ending with a half cadence (1); a phrase ending with a full cadence (2); a repetition of phrase (1); 
and finally, a repetition of phrase (2). Each melody was presented in three conditions in order to manipulate the acoustic 
characteristics of the phrase boundary: with pauses placed between each phrase; with a prolonged final pre-boundary note, or 
with short notes in place of pauses between phrases.  
 Surprisingly, we found that local effects at phrase boundaries were exclusively influenced by acoustic phrasing cues (i.e., 
the presence vs. absence of the pause). Crucially, however, earlier differences between ERP waves, lasting almost the entire 
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phrase epoch, were elicited by differences in item familiarity (i.e., whether the phrase was presented for the first or second 
time), and degree of syntactic closure (full vs. half cadence). Thus, the study is the first to report global, phrase-level ERP 
effects of music perception, that are relatively independent of and Superordinate to local effects of acoustic-driven phrase 
boundary recognition.

[Tue AM 1.1 LB] Parsifal and the effect of narrative on unconscious arousal
David J. Baker (1)*, Daniel Müllensiefen (1), Carolin Rindfleish (2)

(1) Goldsmiths, University of London. London, ENGLAND 
(2) Oxford University. Oxford, ENGLAND 
* =d.baker@gold.ac.uk

After reading Schopenhauer’s The World as Will and Representation, Wagner firmly believed that music held a privileged 
position in a listener’s artistic engagement when compared to other elements such as narrative. This belief poses an 
operationalizable question: To what extent to does context play in an individual’s artistic experience? In the domain of visual 
art, this concept has been examined and it has been established that contextual information does play a role in an observer’s 
evaluation of artwork (Kirk et. al, 2009). To our knowledge, similar experiments have not been conducted using music as a 
stimulus to investigate this question. For this experiment our aim was to investigate how contextual information influences 
an individual’s musical experience using measures of explicit and implicit emotional arousal. This experiment used a between 
subjects design (N=32) that divided participants naive to Wagner’s Parsifal into two groups. The first group was given a 
narrative that depicted the events from a provocative scene from Parsifal, while the second narrative was created to employ the 
overused “three-tasks-to-save-the-princess” trope. Both implicit and explicit levels of emotional arousal were measured using 
skin conductance response and self-reported emotional engagement (Zentner, 2008). After the listening phase, participants 
were asked to take an explicit memory quiz to probe what musical material they retained. Significant differences were found 
between groups in skin-conductance response with the provocative scene generating more unconscious arousal as predicted. 
These novel findings using music are consistent with evidence found in other domains of aesthetic appreciation that suggest 
that context plays a significant role in an individual’s engagement with art. These findings also suggest the importance of 
framing what type of knowledge an audience is given before musical performances in order to fully maximize their emotional 
engagement.

[Tue AM 1.2 LB] When program notes might help (or at least not hurt)
Peter Martens (1)*, Nathan Madsen (2)

(1) Texas Tech University. Lubbock, TX, USA 
(2) University of Tampa. Tampa, FL, USA 
* =peter.martens@ttu.edu

In 2010 musicologists and classical music fans were likely dismayed to learn that program notes could actually diminish 
one’s enjoyment of music (Margulis, 2010). While elegantly executed, several aspects of Margulis’ methodology may lessen 
the applicability of her findings. Most importantly, the experimental treatment diverged greatly from ecological listening 
experiences (e.g. short length of excerpts, repeated-measures design).  
 We carried out a simple study designed to address some of these issues. 162 subjects (73 female, mean age 18.8 years) 
were give a minute to read one of four program notes, after which they were presented with a single full-length piece of music, 
a nine-minute unfamiliar modern orchestral work entitled Gambit, written in 1998 by Esa-Pekka Salonen. Subjects were 
college students not majoring in music who were enrolled in a music appreciation course. After the piece concluded, subjects 
completed a survey assessing their enjoyment of the piece and their willingness to spend specified dollar amounts to hear it 
again. 
 The four description conditions in the program notes were: 1. Dramatic (D), 2. Structural (S), 3. None (N), and 4. 
Dramatic, but of the wrong piece (Dw). A Kruskal-Wallis test showed a main effect of description in the responses to both 
the enjoyment and repeat---listening questions. Corrected pairwise comparisons showed the D and S subject groups (n=41, 
n=36), but not the N group (n=44), reporting significantly greater enjoyment than Dw subjects (n=41). Further, the D subject 
group was significantly more willing to spend money for repeat listenings when compared to the Dw and N groups. Responses 
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to the N condition were mixed in comparison to the S condition, but were always more positive than the Dw condition, 
though not significantly so. Overall, the dramatic description elicited the most positive responses from subjects, while the 
wrong description elicited the least positive responses.

[Tue AM 1.3 LB] The sound or the expectation: Psychological processes in the evaluation of 
musical performance
Carolyn Kroger (1)* and Elizabeth Hellmuth Margulis (1)

(1) University of Arkansas. Fayetteville, AR, USA 
* = ckroger@uark.edu

How do our preconceived notions of stimuli affect our experience of them in real time? In a study that manipulated the 
displayed prices of wine, the effect of expectations was found to dramatically affect sensory pleasantness (Plassmann, 
O’Doherty, Shiv, and Rangel, 2008). For example, the same wine tasted better when it was prefaced with a $90 rather than a 
$10 price tag. The current research aims to find a similar effect on the rating of musical performances by priming listeners 
with descriptions of performers’ level of expertise, a correlate of overall quality.  
 Experiment 1 presented nonmusicians with 8 pairs of excerpts from 8 contrasting piano pieces, including one student 
and one professional performance of each, totaling 16 excerpts. Participants used Likert-like scales to rate each performance 
on tempo, dynamics, expressivity, conventionality, enjoyment, and quality (cf. Repp. 1997), and selected which they thought 
was performed by a “world-renowned concert pianist” and which by a “conservatory student.” This experiment provided 
baseline judgments of the pairs, against which the results of Experiment 2’s priming manipulation could be judged. 
 In Experiment 2, nonmusicians were falsely or correctly primed prior to each excerpt about whether they were listening 
to the student or the professional performance. After each excerpt, they rated it along the same scales as in Experiment 1. 
Results showed an effect of actual performance identity, order, and priming condition. This study has practical implications for 
concert outreach and music competitions, as well as theoretical implications about the nature of aesthetic responses to music.

[Tue AM 1.4 LB] Perceiving music narratively: Who does it, and when?
Elizabeth Hellmuth Margulis (1)*

(1) University of Arkansas, Fayetteville, AR, USA 
* =ehm@uark.edu

Although anecdotal evidence suggests that people often experience certain types of music in terms of an imagined narrative, 
almost no experimental work addresses the question of who tends to listen this way, and under what circumstances. 
Musicology offers several theories about what kinds of music tend to trigger this response (cf. Almen, 2008). One idea is that 
people resort to narrative to make sense of music that features significant contrasts. Thus, in two experiments, we presented 
people orchestral excerpts that either did or did not feature significant contrast. In Experiment 1, the Contrasting and Static 
excerpts were drawn from different pieces. In Experiment 2, any contributing role of the specific pieces was mitigated by using 
excerpts that featured one large transformation into contrasting material midway through and dividing participants into three 
groups: one heard the first part of each piece (static pre-change); one heard the second (static post-change); and one heard the 
entire excerpt containing the change (contrasting). 
 After listening to each excerpt, participants completed the Narrative Engagement Scale for Music (NESM), adapted 
from a tool developed to measure narrative engagement with media (Busselle & Bilandzic, 2009), and responded to a number 
of other questions about their listening experience. At the end of the experiment, participants completed the Absorption in 
Music Scale  (AIMS) (Sandstrom & Russo, 2013), and a brief personality inventory (Gosling, Rentfrow & Swann, 2003). 
 Results showed that listeners experienced music more narratively when it featured significant contrast. Moreover, 
tendencies to hear music narratively correlated significantly with scores on the AIMS and the personality inventory. Together, 
these results provide an important foundation for further work in the psychology of music and narrative.
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[Tue AM 1.1 LC] Expert performances: Reflections of schema-based ambiguities in musical 
scores
Kristin Kueter (1)*, Jonathan Berger (1)

(1) Stanford University. Stanford, CA, USA 
* =kkueter@stanford.edu

Interpretation of a musical score often involves confronting ambiguity. Along with the distinct roles of composer and 
performer that evolved over the past century, was the necessity for analytical rationales to justify interpretive decisions. 
Performing artists, however, often refrain from discussing their performance decisions, leaving the rationales behind musical 
interpretations conjectural.  
 Here, we consider disparities between notated score and performances in terms of conflicting schemas. In some 
cases these ambiguities exist in the notation, allowing multiple interpretations. In others, the notated music supports an 
unambiguous interpretation, while the resulting performance suggests phrases or groupings that contradict the notated score.  
 The latter case was the focus of our previous study (Kueter et al, 2014), in which we analyzed how young piano students 
arrived at particular interpretations wherein the musical schema took clear precedence over the notated score. These decisions 
were made without conscious attention or specific intent. 
 In an extension of our previous study, we analyze performance decisions of professional artists in the framework 
of musically-motivated schematic overrides of the notation. Specifically, we compare performances of the opening of the 
Chopin Etude Op. 10, No. 12 and Schubert’s Impromptu in Ab Major, Op. 90, No. 4, performed by Arthur Rubenstein, Serge 
Rachmaninoff, Vladimir Horowitz and Krystian Zimerman.  
 We demonstrate how performing artists capitalize upon these musically-meaningful miscues, presumably with some 
level of conscious interpretation.  
 We conclude with the proposal that there is pedagogical value in explaining such ambiguities. If teachers capitalize on 
young students’ performance errors resulting from these ambiguities, rather than tamp them down, they can turn these errors 
into “teachable moments” and thus foster the development of artistic interpretation rather than straight mimicry.

[Tue AM 1.2 LC] The effect of focus of attention on woodwind performance
Laura A. Stambaugh (1)*

(1) Georgia Southern University. Statesboro, GA, USA 
* = lstambaugh@georgiasouthern.edu

Woodwind performance is a highly skilled task encompassing multiple cognitive areas. A performer may direct his attention 
internally (to the movement of his fingers) or externally (to the aural feedback of his playing). This construct of focus of 
attention (FOA) has received considerable interest in motor learning and motor control research. Generally, an internal FOA 
supports the novice learner, while an external FOA supports the advanced learner. FOA has only recently been investigated in 
a music context: significant differences were found when college musicians played an alternating note sequence on piano with 
varying internal and external FOA. The purpose of the current study was to examine the impact of internal and external FOA 
when playing an alternating note sequence on a woodwind instrument.  
 Thirty-two participants completed a two-day repeated measures study design. Novice woodwind players (n = 16) 
had no experience playing a woodwind instrument. Advanced woodwind players (n = 16) were clarinet, saxophone, and 
oboe majors. The stimuli were similar to previous research, with the modification to make the fingering a bimanual task. All 
participants practiced the measure under four different FOA conditions: internal (breath support, how fingers move, and 
where fingers touch the keys) and external (sound of playing). They played two blocks of 10 practice trials for each condition. 
Next, participants had a five-minute rest period. Then they played a retest of five trials for each of the four conditions. 
Following a two-minute rest, participants played a transfer task for five trials of each condition. Approximately 24 hours later, 
participants returned to play the retest and transfer sequences again. Data collection is still in progress. Results will examine 
the impact of different FOA on woodwind performance (evenness as interonset intervals) on the same day as practice for 
retest and transfer, and also at 24-hour delay.
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[Tue AM 1.3 LC] Acoustic feedback and effort in musical performance: The impact of mutes 
on brass playing.
Kruger, Mark (1)*, Lammers, Mark (1), Kruger, Jonathan (2)

(1) Gustavus Adolphus College.  St. Peter, Minnesota, USA 
(2) Rochester Institute of Technology. Rochester, New York, USA 
* =mgk@gustavus.edu

Little has been reported about the effect of acoustic feedback on the physiological processes brass players utilize while 
performing.  Playing with a mute is commonly perceived to require more effort. Mutes alter intonation, perceived resistance 
to air flow, and are known to alter the strength of the harmonics found above the fundamental pitch. The physical correlates 
of brass performance with and without mutes was studied in nineteen college level brass performers (five trumpeters, eight 
trombonist, and six horn players) in order to understand when changes in acoustic feedback increase “effort” in ways that may 
be detrimental to overall performance due to increases in counter-productive muscle tension.  Each performer was asked to 
play ascending and descending chromatic scales and then a series of ascending arpeggios that increased in pitch height until 
the performer could no longer produce a sound. Performers were asked to play at constant dynamic levels while the dynamic 
level, pitch, harmonics of the sound they produced, the internal air pressure they used to generate sound, chest expansion, and 
in muscle tension (emg) measured in the face, throat, shoulders, and biceps were recorded to detect effort. Trumpeters and 
trombonists played each passage open and with straight, cup, and Harmon mutes. Horn players performed each passage open 
and with straight and stopped mutes.  For all performers, each instance of playing with a mute was preceded and followed 
by playing the passage without a mute.  Mute order was counterbalanced across performers.  Open passages played after 
muted passages increased in dynamic level. This effect was strongest for mutes that altered the harmonic series most strongly. 
Changes in ‘effort’ were also notable when comparing the performance of open passages after playing with a mute with 
baseline measures. 

[Tue AM 1.4 LC] The attentive conductor: Selective and divided attention in conductors and 
pianists
Andrea R. Halpern (1)*, Clemens Wöllner (2)

(1) Bucknell University, Lewisburg, PA, USA,  
(2) University of Hamburg, Hamburg, GERMANY 
* =ahalpern@bucknell.edu

People with good working memory also tend to have better selective attention; both abilities would seem to be essential for 
skilled performance in many areas. Research has shown that musicians are more successful than nonmusicians in spatial 
selective attention tasks.  However, less is known about attention and working memory for auditory and visual stimuli among 
different types of highly trained musicians. Orchestral conductors must focus their attention both on individual instruments 
and on larger sections of different instruments. We investigated their attentional flexibility by comparing them to equivalently 
experienced pianists. We studied students and professionals to assess the contribution of age/training to these skills. 
 We assessed memory span for auditory and visual pitches and timing durations in conductors and pianists (n = 30; 16 
students and 14 professionals). In three dichotic attention tasks, they were asked to detect small pitch and timing deviations 
from two melodic streams presented (a) separately: baseline, (b) together, while concentrating on only one stream: selective, or 
(c) together, while concentrating on deviations in both streams simultaneously: divided attention. 
 Conductors showed higher d-prime scores than pianists for timing deviations across attention conditions (p < .05, η2 = 
.17). Professionals detected more targets than students (p < .05, η2 = .18). We found no group differences for working memory 
capacity or for pitch deviations in the attention tasks. Musicians with higher auditory working memory were better in the 
selective attention task (p < .01) and had shorter reaction times, whereas divided attention was related to performance in a 
visual musical memory test (p < .01). 
 Conductors are more successful in switching between different foci of attention – a process also described as “zooming 
in and out”. Still unknown is whether this skill is acquired by training, or is a genetic predisposition that facilitates success in 
the profession.
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[Tue AM 1 LA] Symposium 2:

The psychology of music in multimedia
Mark Shevy (1)*, Scott D. Lipscomb (2), David Bashwiner (3), Zohar Eitan (4)

(1) Northern Michigan University, Marquette, Michigan, USA 
(2) University of Minnesota, Minneapolis, Minnesota, USA 
(3) University of New Mexico.  Albuquerque, New Mexico, USA 
(4) Tel Aviv University, Tel Aviv, ISRAEL 
* =mshevy@nmu.edu

Music rarely, if ever, occurs in a void. Visual and other stimuli accompany the perception and cognitive processing of the 
pitches, harmonies, rhythms, dynamics, and the myriad of additional elements that comprise music. The interactions between 
music and extra-musical information can result in interesting psychological processes and consequences. With the rapid, 
global growth of audio-visual media use in the daily lives of people, the study of these interactions has never been more 
important. 
 As a microcosm of SMPC at large, this symposium brings together leading authors who specialize in a variety of 
disciplines including music theory, psychology, and mass communication. The authors will address dimensions of music in 
multimedia from the perspective of their own specialization, providing as a whole, a sample of the breadth and depth of this 
field of study. A perspective grounded in music theory will illustrate how researchers’ use of musical scores can increase the 
depth and complexity of the analysis of emotions in multimedia. A mass communication perspective will draw insights on the 
role of music applied to advertising messages according to a prominent model of attitude change. Perspectives at a more micro 
level will summarize and synthesize research on the cross-modal mapping of static and dynamic attributes of audio, spatial, 
and visual associations. Directions for future research and the vital need for interdisciplinary collaboration will be discussed. 
The symposium will be moderated by Siu-Lan Tan, lead editor of the book, The Psychology of Music in Multimedia (2013).

Complex emotions in score-based multimedia analysis: Case studies from Platoon and The 
King’s Speech 
David Bashwiner*

University of New Mexico.  Albuquerque, New Mexico, USA. 
* =dbashwin@unm.edu

In multimedia analysis, music is frequently given short shrift. Since this is in part due to the fact that musical scores tend to be 
non-existent or difficult to acquire, the situation can be remedied by focusing on scenes that make use of previously composed 
concert works. Two such scenes are the focus of this study: one from Platoon (1986), which features Barber’s Adagio for 
Strings; and one from The King’s Speech (2010), which features the Allegretto of Beethoven’s Seventh Symphony. 
 Barber’s Adagio is often described as sad, but paradoxically some psychological studies have found it to be evocative of 
positive emotion. A close look at its harmonic structure suggests why: though in minor, its main theme begins and ends on 
the major dominant, and the remaining major chords of the key are favored over its minor and diminished members. There is 
thus a kind of “focus on major in the context of minor” which directly parallels protagonist Chris Taylor’s hope for a positive 
outcome from his current suffering—his hope that, “maybe from down here, I can start up again.” 
 The Allegretto of Beethoven’s Seventh Symphony is variously described as ominous, calm, and majestic, but single 
adjectives are unable to capture what makes this work musico-structurally unique: its opposition of static forces (rhythmic, 
metric, harmonic) and dynamic forces (volume, pitch range, instrumental, textural). This opposition of forces maps directly 
onto a parallel set of oppositions in both the King’s spoken delivery and camera movement. Neither parallel would be apparent 
without a score-based musical analysis. 
 It is not claimed that fine-grained musical and multimedia analysis is not possible without a score, but rather that the 
existence of a score affords and even inspires fine-grained analysis, particularly of a structural nature—and that this type of 
analysis is much-needed in the field. 
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Dual functions of music in dual-route models of attitude change
Mark Shevy (1)*, Kineta Hung (2)

(1) Northern Michigan University, Marquette, Michigan, USA 
(2) Hong Kong Baptist University, Kowloon Tong, Kowloon, HONG KONG 
* =mshevy@nmu.edu

Dual-route models such as the Elaboration Likelihood Model (ELM) and the Heuristic-Systematic Model (HSM) have been 
the foundation of much research on persuasive media messages and attitude change. Consequently, these models, particularly 
the ELM, are also regularly referenced in studies of music in advertising. The present presentation surveys past and current 
research to form a clearer conceptualization of the relationship between music and dual-route models of attitude change. 
Most significantly, the conceptualization distinguishes two primary roles of music: 1) influencing the route by which audience 
members process a message, and 2) providing information for processing within a particular route. The fundamental concepts 
of dual-route models, the application of the models to music media research, current developments in persuasion and music 
research, and unanswered questions are addressed.

Cross-modal correspondences of pitch height: puzzles, paradoxes and open questions
Zohar Eitan*

Tel Aviv University, Tel Aviv, ISRAEL 
* =zeitan@post.tau.ac.il, zohar44@yahoo.com

Pitch height is often associated by listeners with non-auditory dimensions, including aspects of space, motion, vision and 
touch.  Often, these associations may be depicted by a seemingly simple representation: a bi-polar scale, in which one pole is 
“more” than the other (e.g., high/low, large/small, bright/dark). Recent perceptual and cognitive research, however, suggest 
that some aspects of such mappings are far from straight-forward. This presentation surveys some of the complexities and 
open issues concerning the cross-modal mappings of pitch.  (1) Static (high/low) and dynamic (rising/falling) pitch may 
associate with other dimensions in contrasting ways. For instance, going “up” in pitch is associated with physical growth, yet 
higher pitches are associated with small size and lesser mass. (2) Pitch space is directionally asymmetrical. While pitch fall, 
for instance, implies spatial descent, pitch rise does not imply spatial ascent, but rather acceleration. Thus, pitch rise and pitch 
fall may associate with different dimensions, rather than opposite poles of the same dimension. (3) High pitch is “more” than 
low pitch for some dimensions (e.g., higher elevation), yet “less” than low pitch for others (e.g., smaller size).  Consequentially, 
cross-domain mappings of pitch are intransitive. (4) The effects of tonal structure and function on cross-modal mappings of 
pitch height are largely unknown. We will discuss venues for further empirical exploration of these intriguing issues in the 
context of music and musical multimedia.

Cross-modal relationships between sound and image: Knowledge gained from empirical 
research findings
Scott D. Lipscomb*

University of Minnesota.  Minneapolis, Minnesota, USA 
* =lipscomb@umn.edu

The purpose of this presentation is to provide an overview of the relationship between the auditory and visual components of 
film, animation, and other forms of multimedia. 
 Included in this review of perceived relationships will be both low-level, cognitive mappings (e.g., auditory loudness 
> visual size, auditory pitch height > vertical position in the visual field, etc.) and the larger-scale, perceived alignment of 
auditory and visual accent structures.  The “Congruence-Association Model” (Cohen, 2001, 2005, 2010a, 2010b, 2013) of 
music and multimedia – especially the “congruence” aspect – will be used as a starting point for this presentation. Evidence for 
the former types of low-level mappings will be derived from multimedia research investigating interactions determined using 
psychophysiological methods (Arita & Iwamiya, 2004; Arita, Su, Kawakami, Ueda, & Iwamiya, 2005; Eitan & Granot, 2006; 
Eitan & Timmers, 2010; Eitan & Tubul, 2010; Evans & Treisman, 2010; Fujiyama, Oonishi, & Iwamiya, 2010; Granot & Eitan, 
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2011; Iwamiya & Ozaki, 2004; Iwamiya, Sugano, & Kouda, 2000; Kim & Iwamiya, 2008; Lipscomb & Kim, 2004; Raphaeli, 
2011; Sugano & Iwamiya, 1998, 2000) and techniques common to the field of experimental semiotics (Carterette & Kendall, 
1996; Kendall, 1999, 2005, 2010; Lipscomb & Kendall, 1996). The latter type of cross-modal alignment has constituted a 
primary area of the presenter’s own empirical research since the 1990s (e.g., Lipscomb, 1995, 2005).  As a means of placing 
these research findings into a real-world context, in many cases, examples from actual motion pictures (and other multimedia) 
will be provided throughout. 
 The presentation will conclude with a statement of future research opportunities, emphasizing the crucial nature of 
interdisciplinary collaboration in carrying out such investigations.

(End of Symposium 2 Abstracts)

[Tue AM 2.1 GH] SIMPHONY: Studying the impact music practice has on neurodevelopment 
in youth.
John R. Iversen (1,3)*, Johanna Baker (3), Dalouge Smith (2), Terry Jernigan (3)

(1) University of California San Diego, Institute for Neural Computation.  San Diego, CA, USA. 
(2) San Diego Youth Symphony and Conservatory, San Diego, CA, USA. 
(3) University of California San Diego, Center for Human Development, San Diego, CA, USA. 
* jiversen@ucsd.edu

SIMPHONY is a five-year longitudinal study of the impact of music training on children’s neural and cognitive development.  
The project is embedded within a larger neurocognitive study, which addresses how environment, genetics and brain interact 
during development. On annual visits, children (ages 5-12) complete an extensive battery of cognitive tests, imaging of brain 
structure and connectivity, and electrophysiology. Twenty students receiving intensive instrumental music training (in the 
San Diego Youth Simphony’s El Sistema-inspired Community Opus Project) and 119 control students are currently enrolled. 
Of these, 91 (16 music) have completed a second annual measurement battery to date. We will present interim results for 
two outcome measures, the Beat Alignment Test (BAT) test of beat perception and synchronization (Iversen et al., 2008) and 
the complex auditory brainstem response (cABR), an index of fidelity of auditory encoding. We will examine hypothesized 
relationships to motor system development and phonetic perception.   Preliminary analysis confirms the age-dependent 
development of synchronization abilities seen in our earlier cross-sectional study.  Individual development is largely in line 
with the group average trajectory, but with accelerated gains in children starting furthest from the group average. Interestingly, 
while phonetic perception and motor cortex development do not appear to differ significantly between music and control 
groups, the positive relationship of these measures to beat synchronization accuracy is significant only for the music group 
(both p<0.03 in the music vs. p>0.2 in controls). A measure of the distinctiveness of cABR response to different speech sounds 
was strongly predictive of phonetic performance, consistent with past results by Kraus and colleagues. While too early to make 
definitive conclusions, the results confirm past findings, and provide a thorough depiction of longitudinal development of 
aspects of musical skill.  The results also raise the possibility of revealing group-level differences in the complex interplay of 
factors involved in development.

[Tue AM 2.2 GH] Predicting music-perception skills in children
Swathi Swaminathan (1)*, E. Glenn Schellenberg (1)

(1) University of Toronto at Mississauga. Mississauga, ON, CANADA 
* =swathi.swaminathan@mail.utoronto.ca

We examined predictors of music-perception skills in a study of 6- to 9-year-olds. Over two sessions, we measured music 
perception with the three-subtest version of the Montreal Battery for the Evaluation of Musical Abilities (MBEMA), IQ 
with the Wecshler Abbreviated Scale of Intelligence, and working memory with Digit Span. In addition, parents provided 
information about the child’s history of private music lessons, and personality using the Big Five Inventory. Children’s overall 
music-perception scores were correlated positively with age, working memory, IQ, openness-to-experience, and music 
training. When these five variables were entered into a linear multiple-regression model predicting music perception scores, 
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only age, working memory, and openness-to-experience made significant independent predictions. Moreover, after controlling 
for age, IQ, working memory, and personality, music lessons predicted scores on the pitch-perception subtest but not on 
subtests measuring rhythm perception or memory for music. All in all, these data provide two interesting insights: (1) children 
who score highly on openness-to-experience tend to be better at perceiving music, and (2) music lessons have smaller and 
more circumscribed effects on music-perception skills than previously assumed.

[Tue AM 2.3 GH] Developmental changes in music perception reflect gradual auditory 
learning
Sarah C. Creel (1)*

(1) UC San Diego, La Jolla, CA, USA 
* =screel@ucsd.edu

Does music perception change over development? Pitch contour holds a central role in adults’ recognition of melodies 
(Dowling & Fujitani, 1971), and 5-6-month-olds (e.g. Trehub et al., 1984) show sensitivity to subtle pitch contour changes. 
This suggests that pitch contour sensitivity is present quite early in development. In recent research, though, older children 
(3-5 years) who readily associated cartoon creatures with “favorite melodies” differing only in timbre, failed to associate 
cartoons with melodies that differed only contour. Are timbres just easier to associate, or are young children truly more 
sensitive to timbre than contour? 
 Children (3-5 years) completed a same-different discrimination task. On each trial, children heard two melodies 
(Melody1 vs. Melody2) and said whether they were “same” or “different.” This task should tap perception more directly than 
the association task used previously. Experiment 1 (N=64) verified that timbre changes are detected more accurately than 
contour changes (p<.0001; 77% vs 63% correct), suggesting a perceptual basis for the previous association task results: children 
are more sensitive to timbre. Experiment 2 asked whether children (N=48) just pay more attention to timbre than pitch. If 
so, then timbre orders (two- note pairs, e.g. saxophone C4 - bassoon C4), like single timbres, should be easy to distinguish. 
Yet accuracy was higher for single timbres (saxophone vs. bassoon; 77%) than two-timbre sequences (saxophone-bassoon vs. 
bassoon-saxophone, 62%; p<.0001). Adults (N=32) approached ceiling for both. Results suggest that preschool-aged children 
are highly sensitive to timbral (dis)similarity between melodies. Thus, when two melodies differ in timbre, children find them 
distinct, but when they share one or more timbres (even with different contours), they are less distinct. More broadly, pitch 
contour encoding in childhood is less stable than previously thought. Listeners may require protracted auditory perceptual 
learning to increase their perceptual weighting of pitch contour.

[Tue AM 2.4 GH] Music theory ability correlates with mathematical ability
Nancy Rogers (1)*, Jane Piper Clendinning (1)

(1) Florida State University. Tallahassee, FL, USA 
* =nancy.rogers@fsu.edu

As teachers, we informally noticed that students who experience severe difficulty grasping material in music theory classes 
often have a diagnosed mathematical learning disability.  This is unsurprising:  there are widespread beliefs in links between 
mathematics and music, and such connections have been asserted at least since the time of the Ancient Greeks.  However, we 
were unable to find research clearly documenting this correlation, and the few existing studies tended to focus on individuals 
with unusual talents rather than potential disabilities.  We therefore decided to undertake a statistical study of correlations 
between student performance in music theory, mathematics, and English as a first step in investigating specific forms of 
dyscalculia and difficulties in music theory. 
 We examined data from all 1655 students who took a first-year music theory course at Florida State University during 
a seven-year span.  This data included SAT and ACT subscores, overall GPA, scores on FSU’s music theory entrance exam, 
grades in required music theory courses, and grades in mathematics and English classes.  We hypothesized that the students’ 
mathematical abilities would correlate with their music theory abilities.  More specifically, we speculated that students whose 
verbal abilities significantly exceeded their mathematical abilities (a characteristic often observed in individuals with a 
mathematical learning disability) would receive relatively low music theory grades. 
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 As predicted, we observed numerous significant correlations between abilities in mathematics and music theory.   
Indeed, standardized test scores in mathematics correlated more strongly with music theory grades than with math grades.  
We also found that students whose standardized verbal scores were higher than their standardized mathematics scores 
received significantly lower grades in music theory (but not lower grades overall:  there was no difference in their GPA).  We 
believe our results not only address a lacuna in musical ability research, but may also have practical implications for music 
theory instruction.

[Tue AM 2.1 LB] Consonance, harmonicity and neural synchronization
Ji Chul Kim (1)*, Edward W. Large (1)

(1) University of Connecticut. Storrs, Connecticut, USA 
* = ji_chul.kim@uconn.edu

The basis of consonance has been discussed since antiquity and today it remains a topic of debate. During the past century, the 
most influential view has been that roughness arising from the beating of nearby frequency components underlies dissonance, 
and that consonance results from an absence of roughness. Alternatively, it has been suggested that harmonic relationships 
among frequencies, which can be expressed as simple integer ratios, determine the perception of consonance. Recently, 
harmonicity was shown to be a stronger determinant of consonance than roughness, especially for musically trained listeners. 
Here we show that synchronization between oscillatory neural populations may provide a mechanism for the perception 
of consonance in harmonic sounds. Using a simple, generic mathematical model of nonlinear oscillation called a canonical 
model, we show that when oscillators are connected via nonlinear coupling they can synchronize by mode-locking in integer 
ratios. A dynamical systems analysis shows that the mode-locking resonance between canonical oscillators is stronger 
and more stable when their natural frequencies are at or near simpler integer ratios, matching the traditional ordering of 
musical intervals in consonance. We also introduce a canonical form of Hebbian plasticity and discuss its implications for 
the relationship between musical experience and the role harmonicity plays in consonance. A gradient frequency network of 
nonlinear oscillators is used to simulate the perception of both harmonic and melodic intervals and to replicate some of the 
key findings in the literature. Existing theories of consonance are discussed in light of the proposed model.

[Tue AM 2.2 LB] A biological rationale for musical consonance
Daniel L. Bowling (1)*, Dale Purves (2)

(1) Dept. of Cognitive Biology, University of Vienna.  Vienna, AUSTRIA. 
(2) Dept. of Neurobiology, Duke University, Durham, NC, USA 
* =dan.bowling@univie.ac.at

The basis of musical consonance has been debated for centuries without resolution. Here we review three interpretations of 
tonal preferences that have been widely considered: 1) that consonance derives from the mathematical simplicity of small 
integer ratios; 2) that consonance derives from the physical absence of interference between the components of harmonic 
spectra; and 3) that consonance derives from the advantages of recognizing biological vocalization, human vocalization in 
particular. Although mathematical and physical explanations are at odds with present evidence, a biological explanation 
based on an attraction to sound spectra similar to speech can rationalize musical consonance as well as much other tonal 
phenomenology.

[Tue AM 2.3 LB] Neurophysiological origins of consonance, dissonance, and the hierarchy of 
musical pitch
Gavin M. Bidelman (1)*

(1) University of Memphis, Memphis, TN, USA 
* =g.bidelman@memphis.edu

Pitch relationships in music are characterized by their degree of consonance, a hierarchical perceptual quality that 
distinguishes how pleasant musical chords/intervals sound to the ear. The origins of consonance have been debated since the 
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ancient Greeks. Here, we elucidate the neurobiological mechanisms underlying these musical fundamentals and trace the 
correlates of consonance throughout the auditory pathway. We show that electrophysiological recordings from the human 
brainstem and population responses from the auditory nerve reveal that nascent features of tonal music (e.g., consonance/
dissonance, pitch salience, harmonic sonority) are evident at early, subcortical levels of the auditory pathway. Moreover, the 
salience and harmonicity of brainstem activity is strongly correlated with listeners’ hierarchical preferences and perceived 
consonance for the tonal relationships of music. By early auditory cortex, consonance is mapped topographically in superior 
temporal gyrus with a rightward hemispheric bias, and closely mirror listeners’ behavioral valence preferences for chromatic 
tone combinations. We infer that the structural foundations of musical pitch might result from innate processing performed 
by the central auditory system and that important perceptual dimensions of music emerge well before the auditory signal 
even reaches cerebral cortex and prior to attentional engagement. A neurobiological predisposition for consonant, pleasant 
sounding pitch relationships at multiple levels of auditory processing may be one reason why these pitch combinations have 
been favored by composers and listeners for many centuries.

[Tue AM 2.4 LB] Consonance and dissonance perception in children: theoretical 
considerations and empirical results
Nicola Di Stefano (1)*, Flavio Keller (1)

(1) Università Campus Bio-Medico di Roma. Rome, ITALY 
* =n.distefano@unicampus.it

The existence of an innate preference for consonance has been recently revisited, or at least significantly resized. Along with 
theoretical concerns, also methodological aspects have been recently raised and discussed, in order to gain a reliable measure 
of musical preference in young children. 
 Here we introduce a novel procedure to test consonance and dissonance perception, utilizing a musical toy that 
emits sounds as it is manipulated by the child. The toy consists of a sensorized joystick, conveniently programmed to 
produce consonant and dissonant intervals depending on whether it is rotated in one direction or the other. The data about 
manipulation of the toy are sent wirelessly and recorded by a nearby computer. The procedure has been tested on 22 subjects 
aged from 19 to 40 months (30±6 months, mean±SD; F=13, M=9). During the experimental session, the children are free 
to interact with the toy, while the software records the amount of time children moved the lever in positions associated with 
consonant or dissonant intervals. Assuming that the children move the toy according to their musical preference, the data 
should reveal any preference for consonance or dissonance. 
 We computed a two-way repeated measures ANOVA with phases (3 levels) and type of sound (2 levels) as within 
subjects factors. A significant effect was revealed for phase (F(2,20)=9.54, p=.001) and for the interaction between phase and 
type of sound (F(2,20)=8.16, p=.003). No significant effect was found on sound when considered as separated from phase 
(F(1,21)=.54, p=.47). Participants performance was thus significantly different across phases and was actually influenced by 
the type of sound, i.e. consonant or dissonant. In particular, post-hoc tests with Bonferroni correction showed that mean 
consonance time significantly increases from second to third phase (p<.005), while dissonance time remains unaltered 
throughout the procedure.

[Tue AM 2.1 LC] Do non-musicians have the ability to implicitly learn interval patterns in 
twelve-tone music?
Jenine L. Brown (1)*

(1) Peabody Conservatory, Baltimore, MD, USA 
* =jenine.l.brown@gmail.com

Previous empirical work has suggested that music majors implicitly attune to repetitive interval patterns embedded in 
twelve-tone music.  In Brown (SMPC, 2013), music majors heard a familiarization phase consisting of the 48 versions of a 
twelve-tone row.  The melody heard during familiarization was presented as a stream of piano tones similar to that heard 
in statistical learning studies (e.g., Saffran, Johnson, Aslin, and Newport, 1999).  One group of participants (n=10) heard a 
derived row created with four trichords of the same set-type, each containing intervals 1 and 3 (in semitones).  Another group 
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of participants (n=11) heard a row with four trichords containing intervals 2 and 5.  Participants were tested on their ability 
to learn these frequently occurring trichords in post-exposure forced-choice tests and ratings tests.  In the forced-choice test, 
both groups of musicians chose common within-row trichords from familiarization over less common trichords at above-
chance levels.  In the post-exposure ratings test, they also rated common within-row trichords significantly higher than less 
common trichords. 
 The present study asks whether these results are generalizable to the greater population.  The experiment described 
above was replicated with undergraduate non-musicians as participants.  Results suggest that non-musicians also implicitly 
learned interval patterns in twelve-tone melodies, although results were not as strong.  For example, non-musicians (n=11) 
who heard the familiarization phase predominated with intervals 1 and 3 chose frequently occurring within-row trichords 
over less common trichords at above-chance levels.  However, in the post-exposure ratings test, common within-row trichords 
were rated higher than other trichordal lures, but the difference was not significant. 

[Tue AM 2.2 LC] A perceptual study of the influence of harmony on scale-degree qualia
Claire Arthur (1)*

(1) Ohio State University.  Columbus, Ohio, USA 
* =arthur.193@osu.edu

What is the effect of harmony on our perception of scale-degree? When training students to hear scale-degree, teachers often 
rely on the use of qualia; a term borrowed from philosophy to refer to the subjective experience of what something ‘is like’.  For 
instance, scale-degree 7 might be described as ‘tense’ or ‘unstable’. But where do scale-degree qualia come from?  
 Many scholars have created pitch (or scale-degree) profiles based on their statistical melodic properties (e.g., 
Krumhansl, 1990; Temperley, 2006). It has been argued that scale-degree qualia arise, at least in part, from statistical learning 
of these common melodic patterns and schemata (Huron, 2006). But do scale-degree qualia arise solely from exposure to 
melodic patterns, or does harmony play a role?  
 Since Western melodies are most commonly accompanied by harmony, melodic and harmonic information may 
combine to create ‘compound’ schemata. A corpus study by Arthur (ICMPC, 2014) showed that scale-degrees have different 
probabilities for continuation or resolution depending on the harmonic context in which they are embedded. If qualia are 
indeed shaped by resolutional probabilities, then a scale-degree’s quale will likely be influenced by harmonic context. 
 In this study, the hypothesis that scale-degree qualia are influenced by harmonic context is tested empirically. 
Participants are asked to judge the qualia of a pitch in different harmonic contexts, using an experimental interface which 
allows them to manipulate sliders to indicate the degree to which they hear the given pitch as feeling ‘more x or more y’ (or 
neither).  In addition, the study addresses the following questions: What role does musical training have in shaping qualia? Are 
listeners consistent in their descriptions?  Are experiences similar across participants, or are they individual and subjective? 
 Understanding the influence of harmony on the perception of scale-degree bears significant implications for music 
pedagogy and the study of musical expectations.

[Tue AM 2.3 LC] Children’s processing of harmonic boundaries: Evidence from self-paced 
chord listening
Haley E. Kragness (1)*, Laurel J. Trainor (1)(2)(3)

(1) McMaster University. Hamilton, ON, CANADA 
(2) McMaster Institute for Music and the Mind, Hamilton, ON CANADA 
(3) Rotman Research Institute, Baycrest Hospital, Toronto, ON, CANADA 
* =kragneh@mcmaster.ca

Previous studies suggest that harmonic knowledge in musically untrained children may emerge around 4 or 5 years 
(Schellenberg et al., 2005; Corrigall & Trainor, 2010). By 2-3 years, children have had significant exposure to their culture’s 
music in everyday life, but common behavioral methods used to measure harmonic knowledge, such as reaction time, may be 
too challenging for pre-school children.  
 To address this issue, we used a novel methodology based on the work of Hard, Recchia, & Tversky (2011), who found 
that when participants self-pace through a slideshow depicting a series of actions they spend more time on slides separating 
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one action from the next (boundaries) than other slides (non-boundaries). We created a continuous sequence of chords 
containing phrases five to eleven chords in length. Phrase boundaries were defined by perfect cadences and we controlled 
for melodic contour cues to boundaries. Participants controlled the presentation of each chord by pressing the space bar. We 
found that adult participants dwelled longer on chords at phrase boundaries than chords within phrases when self-pacing 
through this chord sequence, and that the difference between boundaries and non-boundaries was smaller when participants 
paced through an atonal version of the chord sequence. These findings suggest that participants allocated increased attention 
to structurally important parts of the sequence. Due to its simplicity, we believe that this methodology may be appropriate for 
revealing young children’s implicit harmonic knowledge.  
 We tested 37 4- and 7-year-old children and found that children in both age groups also dwelled longer on phrase 
boundaries in tonal than atonal versions, lending support to the idea that children as young as 4 years are sensitive to phrase 
boundaries based on harmonic cues, even when listening to unfamiliar music. Data collection with 3-year-old children is 
ongoing. 

[Tue AM 1 PM 2 LA] Symposium 3

Research on singing: From individual differences to neural mechanisms
Peter Q. Pfordresher (1)*, 

(1) University at Buffalo State University of New York. Buffalo, NY, USA 
* =pqp@buffalo.edu

Research concerning singing has increased dramatically in recent years. There are several reasons for this upsurge, among 
them the fact that singing is an ideal way to observe individual differences in performance ability that is independent of 
training, as well as the fact that singing almost always involves the intersection of music and language. The five talks in this 
symposium touch on these questions of interest.  
 The first three talks focus on measurements of individual differences in singing, with a particular focus on pitch 
matching. Demorest and Pfordresher present a novel online measure of singing accuracy that may be used to collect data on 
a large scale to draw conclusions about how singing ability varies across age and experience. Nichols discusses further issues 
related to test construction and the stability of performance measures across repetitions. Larrouy-Maestri and Pfordresher 
report on a series of experiments that focus on a particular feature of singing, “scoops”, and how this under-explored feature 
may influence the perception of singing accuracy. 
 The final two talks focus on neural mechanisms related to pitch in singing or speaking. Hutchins and colleagues report 
recent EEG research that addresses neural activity during pitch production and perception tasks across the domains of music 
and language. Finally, Vuvan and colleagues report an fMRI study of congenital amusia, using activation sites (during pitch 
production and perception tasks) to chart neural connectivity using diffusion imaging.

The Seattle Singing Accuracy Protocol: Creating an online measure of accurate singing
Steven Demorest (1)*, Peter Pfordresher (2)

(1) Northwestern University. Evanston, IL, USA 
(2) University at Buffalo the State University of New York. Buffalo, NY, USA 
* =sdemorest@northwestern.edu

The Seattle Singing Accuracy Protocol (SSAP) is a set of standardized tasks designed to measure different aspects of singing 
accuracy including matching novel pitches and patterns in different timbres, singing a familiar song from memory on text and 
neutral syllable, and testing perceptual acuity. The SSAP was developed by a group of researchers from cognitive psychology, 
neuroscience, and education in an attempt to standardize the way certain basic tasks were being measured.  The goal was to 
provide a measure of basic singing tasks that were short enough to be included in any study of singing accuracy thus allowing 
us to compare findings and develop and database of singing performance across populations of different ages and skill levels. 
The details of the tasks included in the protocol have been published elsewhere (Demorest, et al., 2015). This presentation will 
focus on both the methodological challenges inherent in creating an accessible version of the protocol for use online and 
the quality of the initial data we are receiving. Methodological challenges include insuring clarity of the tasks, quality of 
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input, accurate real-time acoustic signal analysis, and a user-friendly interface. We will also share preliminary data from 
the form of the measure that is being made available to the general public (i.e. not part of a specific research study) to see 
who is choosing to participate and what kind of picture we are getting of singing accuracy in the general population.

Test-retest reliability and effect of repeated attempts in singing accuracy
Bryan E. Nichols (1)*

(1) The University of Akron.  Akron, Ohio, USA 
* =bnichols@uakron.edu 

The purpose of this study was to examine the test-retest reliability of singing accuracy using four common singing tasks.  A 
secondary purpose was to evaluate the singing accuracy of repeated attempts at test items to determine whether performance 
improves across repeated attempts at identical items, remains stable, or decreases.  Test stimuli appropriate for elementary 
school students was duplicated from a previous study (Nichols, 2013) using five attempts each at a single pitch, interval, and 
four-note pattern, plus one attempt at song singing.  Children aged 5-12 were given the singing accuracy test using pre-
recorded stimuli administered one-on-one by the researcher.  Participants (N = 37) were audio-recorded.  An identical form 
of the test was administered again within 2-5 weeks.  Pitch matching items were scored by measuring the deviation in Hertz 
from the stimuli.  The song singing item was scored by singing teachers using an 8-point scale (Wise & Sloboda, 2008) with 
acceptable inter-rater reliability (r > .90). 
 Analyses addressing the first question of test-retest reliability compared performance on each task between the first and 
second assessment dates.   For pitch matching tasks, there was no significant difference between the administration of the first 
test and the second test, p > .05.  For song singing, performance on the second test date was significantly more accurate than 
the first test date, p = .023.  These results will be discussed in terms of test familiarity, testing habituation, time lapse between 
tests, and learning effects. 
 Results for the second question of repeated attempts will be discussed in terms of individual and overall performance.  
While there was no significant difference between the five attempts at each pitch matching task (p > .05), results will be 
discussed in terms of score distribution and individual variability.

How do “scoops” influence the perception of singing accuracy?
Pauline Larrouy-Maestri(1,2,3)* & Peter Q. Pfordresher(3)

(1) Max-Planck Institute for Empirical Aesthetics. Frankfurt, GERMANY 
(2 ) University of Liège. Liège, BELGIUM 
(3) University at Buffalo State University of New York. Buffalo, NY, USA 
* =Pauline.larrouy-maestri@aesthetics.mpg.de

When we listen to a singer, a large amount of time-varying information is available on which evaluations of accuracy may be 
based. Most analyses of singing accuracy focus on relatively steady portions of sung notes, eliminating “scoops” of pitch that 
often occur at note beginnings and endings. However, it is likely that these scoops contribute to judgments of accuracy. We 
report results of three experiments designed to address the relative contribution of these scoops in contrast to a steady central 
portion of sung notes.  
 Participants rated the pitch accuracy of 4-tone melodies where the 3rd tone was manipulated with respect to its center 
region (either correct, 50 cents sharp, or 50 cents flat) as well as the presence of a scoop at the start and/or the end of the tone, 
varying with respect to direction. We were particularly interested in contrasting scoops that maintained ‘continuity’ between 
tones (e.g., scooping up for an ascending interval) versus those that highlighted distinctions (the opposite). Further analyses 
evaluated whether reactions to scoops indicate a tendency to perceive the average pitch across the entire tone, or to treat 
scoops versus the tone’s center as separate features. 
 Results suggest that listeners respond to scoops in a way that goes beyond role in forming the average pitch across a 
tone. Listeners respond differently to scoops at the beginning versus the end, showing more sensitivity to ending scoops. 
Furthermore, listeners do not necessarily prefer scoops that preserve continuity. Taken together, these results demonstrate that 
continuous time-varying pitch information is an important indicator of perceived singing accuracy, and should be considered 
more fully when assessing singing ability.

mailto:bnichols@uakron.edu
mailto:Pauline.larrouy-maestri@aesthetics.mpg.de


PAGE 77 SMPC 2015

SMPC

2015

T U E S D A Y  T A L K  A B S T R A C T S

Comparing vocal imitation and discrimination abilities in speech and singing
Sean Hutchins (1)*, Stefanie Hutka (2,3), Sylvain Moreno (2,3)

(1) The Royal Conservatory of Music. Toronto, ON, CANADA; McMaster University, Hamilton, ON, CANADA 
(2) University of Toronto. Toronto, ON, CANADA 
(3) Rotman Research Institute at Baycrest. Toronto, ON, CANADA 
* =sean.hutchins@rcmusic.ca

The Linked Dual-Representation model (Hutchins & Moreno, 2013) predicts that vocal utterances (such as single pitches 
or syllables) will be processed primarily according to the task that is asked of the listener (i.e. perception or production), 
rather than the domain of the utterance (e.g. speech or music). Because of this, we predict that the neural response to vocal 
utterances should be different based on the task that is asked of the listener, even before the task is begun. In addition, the 
model also predicts that musical training should improve perception and production of speech. To test these predictions, we 
asked participants (21 trained singers and 21 nonmusicians) to complete two tasks while recording their electrophysiological 
responses with EEG. In one task, they listened to a pair of vocal utterances that varied only slightly either in pitch (for sung 
stimuli) or in formants (for spoken stimuli) and asked them to judge whether they were the same or different. In the other 
task, participants heard only one example from the same set of stimuli, then imitated the stimulus as closely as they could. 
Participants also completed short tests measuring working memory and response inhibition. Behaviourally, we found that 
trained singers outperformed nonmusicians at both the discrimination and imitation tasks; this held for both sung and 
spoken material. ERP results showed significant task x channel interactions beginning from 300 ms after the onset of the 
first stimulus, with a frontocentral negativity associated with discrimination (vs. imitation). This indicates that the brain is 
processing the utterances differently, based on the intent to later perform different tasks. These results add confirmation to the 
idea that task, rather than domain, is of primary importance in vocal utterance processing.

Dissociation between perception and action in amusia: Evidence from combined functional 
and diffusion imaging
Dominique T. Vuvan (1)*, Pier-Yves Girard (1), Sean Hutchins (2,3), Jean-Christophe Houde (4), Maxime Descoteaux (4), & 
Isabelle Peretz (1)

(1) Université de Montréal.  Montréal, Québec, CANADA 
(2) The Royal Conservatory of Music. Toronto, Ontario, CANADA 
(3) McMaster University. Hamilton, Ontario, CANADA 
(4) Université de Sherbrooke. Sherbrooke, Québec, CANADA 
* =d.vuvan@gmail.com

Studies of amusia, a disorder of music perception, provide evidence for a dual stream model of Studies of amusia, a disorder 
of music perception, provide evidence for a dual stream model of auditory processing (e.g., Rauschecker & Scott, 2009) in 
which perception is dissociated from action. Although amusics typically show impaired singing (Ayotte et al., 2002), a subset 
of amusics display vocal production abilities beyond what would be predicted by their perceptual abilities alone (e.g., Hutchins 
et al., 2010). Neuroimaging studies have localized the amusic pitch deficit to the right fronto-temporal network (Hyde et al., 
2011), and previous diffusion MRI work has shown that amusics have reduced white matter volume in this network (Loui 
et al., 2009). However, a recently published report failed to reproduce this result when a different diffusion tractography 
algorithm was used (Chen et al., 2015). However, both of these studies used anatomical seeds for tractography, which reduces 
one’s ability to link behaviour to brain function, and subsequently, brain function to anatomy. 
 Amusics and matched controls were recorded using functional MRI during pitch perception and production tasks. 
Each participant’s functional data were used to create individual perception and production regions of interest (ROIs) in the 
bilateral superior temporal and inferior frontal gyrus (STG and IFG). Next, these functional ROIs defined seeds for diffusion 
tractography. Whole-brain fractional anisotropy analysis shows no significant differences between amusics and controls, 
converging with the work of Chen et al. (2015). However, individual tractography analyses seeded from the right STG 
perception ROI indicate that amusics exhibit greater contralateral connectivity than controls, whose projections are almost 
exclusively to the ipsilateral IFG. These results converge with past studies implicating an abnormal right fronto-temporal 
network in amusia, and demonstrate the utility of multimodal imaging techniques in making links between behaviour and the 
brain.
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(End of Symposium 3 Abstracts)

[Tue PM 3.1 GH] Does magnitude of movement predict judgments of musical performance 
quality?
Dana DeVlieger (1)*, David Huron (1)

(1) Ohio State University, Columbus, OH, USA 
* =devlieger.1@osu.edu

Tsay (2013) showed that viewing silent videos of performers in concerto competitions allowed participants to better predict 
the competition winners than sound+video or sound-only conditions. Similarly, Morrison, Price, Geiger & Cornacchio 
(2009) found that when the same music recording was paired with videos of different conductors, the sounded performance 
was judged more expressive when paired with more expressive conductors. These studies suggest that the visual element of 
performance plays a preeminent role in nominally aesthetic musical judgments. In the current study, we explore a possible 
visual factor that might contribute to such judgments. Specifically, we focus on the magnitude of performer movement. 
 Two experiments are reported where participants are told a (fictitious) story, that a department of music is using 
submitted videos for auditions to graduate admission. Participants are asked to rate 15-second clips (audio or video only) as 
to the likelihood that the performer will be admitted. In the first experiment, participant judged piano performances, where 
two clips were chosen for each performer representing “high movement” and “low movement” passages. We predict that high 
movement videos will be rated more likely to be admitted than low movement videos, and that this bias is less present or 
absent in the corresponding audio-only conditions. In a second experiment, participants were exposed to 40 clips representing 
performances on ten instruments: piano, violin, cello, flute, clarinet, bassoon, horn, trumpet, trombone, and marimba. We 
predict that those instruments that afford higher performer movement will be rated musically superior to those that afford 
lower performer movement. Data collection is currently under way.

[Tue PM 3.2 GH] The art of interpretation: Exploring the relationship between performers’ 
decisions and audiences’ reactions
Aimee Battcock (1)*, Michael Schutz (1)

(1) McMaster Institute for Music and the Mind. Hamilton, ON, CANADA 
* = battcoae@mcmaster.ca

Performers’ idiosyncrasies contribute significantly to the quality of affective and perceptual experience (Sloboda & Lehmann 
2001). Here we explore how interpretative decisions affect listeners’ evaluations of conveyed emotion. We focused in particular 
on 3 musical cues known to play a key role in such evaluations: mode, pitch height and timing (in the form of attack rate). 
Non-musician participants listened to 8-measure excerpts from each of the 24 Preludes and 24 Fugues in Bach’s Well-Tempered 
Clavier, a repertoire selected for its balanced use of key chroma (i.e. displaying equal numbers of major and minor-key 
compositions). Our crucial manipulation was that of performer–participants heard excerpts performed by Glenn Gould, 
a pianist widely recognized for his idiosyncratic interpretations. We then compared these responses to those of the same 
excerpts collected earlier, performed by Friedrich Gulda (Martinez, Schutz & Chuen, 2014). Participants rated valence and 
intensity for each excerpt. 
 Valence ratings differed slightly between performers, yet all three cues (mode, timing and pitch height) were predictive 
for both Gulda (R2=0.47) and Gould (R2=0.37).  However intensity ratings were more dependent on the particular performer.  
Only timing (the cue differing between performers) was a significant predictor of Gould’s intensity, whereas all three cues 
(timing, mode and pitch height) were predictive of Gulda’s. Therefore while pitch and mode cues did not differ between 
performers, it appears that idiosyncratic interpretative decisions (captured to some degree in our measure of timing) led to 
different factors driving participants’ emotional responses. Overall these three cues accounted for less variability within ratings 
of Gould’s (R2=0.22) performance than Gulda (R2=0.39). We will discuss implications of this difference for our understanding 
of the communication of emotion in music, as well as the role of performer interpretation in shaping an audience’s listening 
experience. 
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[Tue PM 3.3 GH] Does an evocative musical performance generate empathy for the 
musicians? Results from an audience survey
Alex Glen (1), Indre Viskontas (1)*

(1) San Francisco Conservatory of Music.  San Francisco, CA USA 
* =iviskontas@sfcm.edu

Eliciting empathy in listeners is one of the greatest powers of music. Empathy, which often leads to compassion, can change 
our minds and, most importantly, our actions. To assess whether the emotional impact of a performance correlates with the 
amount of empathy that an audience members feels for the musicians who moved them, we conducted a survey during a 
live performance. At a taping of an episode of City Arts and Lectures in 2014, one of the authors performed a 6-minute piece 
for voice, string quartet and piano. Following the performance, the audience was surveyed regarding the extent to which the 
performance evoked an emotional and/or physical response and the likelihood with which the audience members would 
donate money to the musicians had they met them on the street. We collected a total of 180 responses from the audience, 80% 
of whom reported having experienced an emotional reaction during the performance. 61% of our respondents also said that 
they were more likely to give money to these particular musicians if they heard them busking on the street. 84% of respondents 
indicated that they paid more attention to one of the musicians than the others, with 52% watching the soprano and 37% 
preferring the violist. The second violinist proved to be the least popular, with only 9% of respondents reporting that they paid 
close attention to his playing. While only 63% of respondents reported giving money in the past to people on the street, 93% 
indicated that they had compensated street musicians, with 89% agreeing that they should make a donation if they liked what 
they heard.

[Tue PM 3.1 LB] Similarity perception in Boulez’s Anthèmes I for solo violin
Cecilia Taher (1)*, Robert Hasegawa (1), Stephen McAdams (1)

(1) Centre for Interdisciplinary Research in Music Media and Technology, Schulich School of Music, McGill University, Montreal, QC, CANADA 
* =cecilia.taher@mail.mcgill.ca

Boulez (1986) conceived musical materials as constantly transforming objects whose multiple instantiations can be aurally 
recognized as modifications of single entities. Anthèmes I represents a paradigm of this idea as it uses contrasting playing 
techniques associated with durational values to strengthen the connections within each motivic family. Previous research 
(reviewed in Prince, 2014) shows that surface features are essential for similarity perception; nevertheless, only a few studies 
have addressed the topic within the post-tonal repertoire (e.g., Lamont & Dibben, 2001; Lalitte et al., 2004). Aiming to better 
understand similarity perception in post-tonal music, this paper explores the features affecting motivic categorization in 
Anthèmes I. Five motivic groups were preselected for their contrasting playing techniques—pizzicato, jeté/ricochet, legato, 
harmonics, trills—as supported by previous analysis (Goldman, 2001). A pilot study in which participants freely categorized 
all potential members of each group confirmed the perceptual validity of the categories. Motivic materials representing 
different levels of the within-group cluster hierarchy were selected for two experiments. In experiment 1, within-group stimuli 
are paired in all possible ways—including the two orders of each pair—and participants rate the similarity of the second 
motive in the pair with respect to the first on a continuous scale. The data analysis considers two similarity measures: average 
rating and asymmetry index (Rosch, 1975). In experiment 2, participants listen to the materials of each group, choosing 
its best representative. Combined with scored-based analysis, the results illuminate similarity perception and the cognitive 
representation of motivic models. Consistently with previous research indicating that scales work as asymmetrical prototypes 
for non-scalar patterns (Barlett & Dowling, 1988), we hypothesize that materials closely resembling abstract knowledge 
structures—e.g., scales, common gestures (trill, long note)—will present relatively high asymmetry indexes within their group 
and be more frequently chosen as best representatives, working as prototypes.
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[Tue PM 3.2 LB] Revealing “Stravinsky’s stutter”: Perception of music repetition in real time
Olivia Xin Wen (1)*, Carol Lynne Krumhansl (1)

(1) Cornell University. Ithaca, New York, USA 
* =xw383@cornell.edu

Repetition is a fundamental feature of music that distinguishes it sharply from language (Margulis, 2013, 2014; Temperley, 
2014). Extensive analyses of Stravinsky’s Symphonies of Wind Instruments consider how the themes are interwoven and 
repeated, called “Stravinsky’s stutter” (Horlacher, 2011). This experiment was designed to answer the following questions: 1) 
Which repetitions of musical themes are salient? 2) How does repetition relate to musical interest? Thirty‐eight undergraduate 
students at Cornell University listened to Symphonies (1920 version) twice (29 musically trained > 13 years, one familiar with 
Symphonies, and one familiar with other music by Stravinsky). During the first listening, they were asked to rate continuously 
the level of interest and at the same time try to identify the major themes. During the second listening, they were asked to 
rate when they heard the major themes repeating. Pure Data was employed to run the study and collect data. Results show 
that several of the themes identified by Horlacher (2011) and Kramer (1988) are especially salient, one in the repetition 
rating, the other in the interest rating. The results of these two salient themes revealed the dual‐effect of Stravinsky’s repetition 
structure. However, the theme that was most repeated and extended in time is rated low in both judgments. The ratings were 
very consistent across different levels of music training. The degree of salience may relate to a combination of repetition 
patterns (i.e. the spacing of reiterations, the variations of the theme) and musical features (such as degree of closure, rhythmic 
complexity, melodic motion, tempo, and pitch range). These results shed light on the link between the predictability–
unpredictability balance and the perception of reoccurring musical themes. Revealing underlying connections between 
perception, repetition patterns, and musical features, this study could serve as a framework for future studies on the cognitive 
effects of musical repetition.

[Tue PM 3.3 LB] Perceiving changes of sound source size
Joseph Plazak (1)*, Stephen McAdams (2)

(1) Illinois Wesleyan University.  Bloomington, IL, USA 
(2) McGill University, Montrèal, QC, CANADA 
* =jplazak@iwu.edu

The ability to estimate the physical size of a sound source is based on many perceived nuances of a given sound.   Recent 
research suggests that sound source size may be useful as a general attribute of musical timbre, and further, that it may play 
a role in understanding emotional responses to music.  Here, we report three studies on the perception of sound source size.  
In all three studies, we used the STRAIGHT-TANDEM vocoder to filter the spectra of musical instrument tones in order to 
emulate equivalent instruments that would sound “larger” or “smaller.”  In our initial study, listeners heard melodic tone pairs 
in which one tone was manipulated to sound as if it had originated from a larger or smaller source.  Participants were tasked 
with estimating the magnitude of this “sound source size change.”  Consistent with previous research, results from our initial 
study found that non-musician participants accurately perceived manipulations of sound source size.  In a second study, we 
solicited relevant affective descriptors of sound source size change from an expert panel.  This panel listened to stimuli from 
our initial study, and came to consensus on eight affective terms to potentially describe changes of sound source size.  In our 
final study, we verified the expert panel’s affective descriptors by again presenting non-musician participants with musical 
tone pairs containing a change of sound source size and asking them to rate the emotional effects of the change.  Increases of 
sound source size were positively associated with patience, authority, calmness, age, and pride, whereas decreases in size were 
associated with increased tension, complaining, and mocking. Our results reveal an interaction between musical timbre and 
pitch register, both of which carry important implications for the perception, and perhaps elicitation, of musical affect.
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[Tue PM 3.1 LC] Visual interpretations of aural intervals
Caitlin Cowen (1)*

(1) University of Louisiana Lafayette.  Lafayette, Louisiana, USA 
* =cec5497@louisiana.edu

Aural recognition of intervals may be possible through relative pitch, but if intervals are accompanied by various visual 
representations, will aural recognition be reinforced? And if so, which visual representation produces better results? In a 
preliminary study, two visual representations, traditional music notation (TN) and a pitch class clock (CN), were compared by 
the ability of participants to successfully choose visually similar data representing audible information. The results indicated 
that for all but the most highly trained musicians, interval identification was superior in CN. The results for all valid cases 
were analyzed using Graphpad Prism for Windows (Version 5.01). A 3 x (2 x s) mixed factorial ANOVA (Level of Education 
x Notation Type) revealed a significant Interaction between the variables [F (2,76) = 40.85, p < 0.01]. Furthermore, if it can 
be assumed that audible information can be learned with visual reinforcements, then an accompanying visual should be most 
reliable. Thus the latter study supports CN in musical training. 
 While the study meant to isolate visual representations from its corresponding audible information, another test was 
developed incorporating both types of information. A group of college students, divided into two groups of TN and CN, 
will be presented with visual representations along with sound. A pretest will determine if the participants can match the 
audio information without a visual. This will distinguish if the visual helped, hindered, or even made any difference for each 
participant. I predict that in conjunction with the results from the previous study, CN will further improve the participant’s 
scores in comparison to TN, presuming it may be improved from the pretest.

[Tue PM 3.2 LC] Effects of key membership and interval size in perceiving wrong notes: A 
cross-cultural study. 
Rachna Raman (1)*, W. Jay Dowling (1) 

(1) The University of Texas at Dallas. Richardson, Texas, USA 
* =rachna.raman@utdallas.edu

In previous investigations, Western listeners were quicker to respond to wrong notes in familiar melodies that were out-
of-key (vs. in-key) and 2 (vs. 1) semitones away from the original note (APCAM, 2008). Here we examined responses of 
South Indian classical (Carnātic) music teachers, students, and aficionados to wrong notes in familiar Carnātic and Western 
melodies. Carnātic music provides a fertile ground for studying phenomena associated with key membership, given the 
complexity of its tonal system, which employs around 350 distinct modes. We chose 6 Carnātic and 6 Western melodies on 
the basis of Carnātic listeners’ high familiarity ratings. Each melody was presented approximately 8 times—since some of the 
Carnātic melodies were not amenable to all conditions—during 2 blocks of 48 randomly-ordered trials, with a different wrong 
note each time, defined by key membership, interval size, and direction (up or down from the original note). Participants 
responded as quickly as possible to the wrong note by pressing a key. In general, teachers recognized wrong notes faster than 
students, who were faster than aficionados. All groups were faster and more accurate with Western than Carnātic melodies, 
reflecting the complexity of the Carnātic system. Carnātic listeners’ response times followed qualitatively the same pattern 
with both types of melodies, a pattern similar to the earlier Western results: out-of-key notes and notes more distant from the 
original notes were easier to notice. Data on accuracy followed generally the same pattern, but also suggested that 1-semitone 
in-key alterations in the Carnātic melodies are often perceived as permissible deviations rather than “wrong.” Control groups 
of Western listeners with three levels of musical training also responded to the 6 Western melodies in a qualitatively similar 
manner to the Carnātic listeners.
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[Tue PM 3.3 LC] Jazz chord roots 
Joseph VanderStel (1)*

(1) Eastman School of Music of the University of Rochester.  Rochester, NY, USA 
* =j.vanderstel@rochester.edu

Recent work among music theorists and psychoacousticians (Terhardt 1982; Hasegawa 2014; Parncutt 2009; Goldman) 
has sustained a centuries-long interest and puzzlement over the idea of harmonic “rootedness,” itself rooted in the writings 
of Rameau (1722). These studies are premised on an analogy—also traceable to Rameau—that likens a chord root to the 
fundamental of a complex tone. The root-fundamental analogy has gained considerable mileage as an explanatory model of 
Western 20th- and 21st-century pitch structures (Hasegawa 2014; Parncutt 2009; Harrison 2002). Yet few have applied it to 
jazz, the single contemporary musical domain where the idea of rootedness is crucial to understanding and explaining 20th-
century harmony, both among musicologists and working musicians. This paper considers whether the root-fundamental 
analogy holds any promise as a model of jazz harmony. Left-hand voicings for jazz piano were extracted from textbooks 
by Dobbins (1984, 1994) in which each voicing is paired with multiple possible roots. Dobbins’ choice of roots consistently 
misaligns with the roots predicted by various models that adopt the root-fundamental analogy (Hasegawa 2008; Terhardt 
1982; McGowan 2011). This reflects a disparity of values: jazz theory tends to value chords with a clear quality (incl. chordal 
3rds and 7ths) and strategically placed upper extensions (incl. chordal 9ths, 11ths, 13ths), whereas the root-fundamental 
analogy values chords that approximate low partials of its root’s series. These values often conflict in ways that are meaningful 
for jazz practice, pedagogy, and harmonic analysis. Illustrative examples are excerpted from select jazz piano solos. The 
discussion will close with summative thoughts on the consequences of construing jazz roots as fundamentals, and the 
challenges that await more in-depth studies on the topic.

[Tue PM 4.1 GH] Maximal evenness and the effect of rotation on the perception of clave 
direction and alignment in Afro-Cuban and Afro-Brazilian music
Mehmet Vurkaç (1)*

(1) Oregon Institute of Technology.  Klamath Falls, Oregon, USA 
* =mehmet.vurkac@oit.edu

Clave direction and clave alignment for simultaneous musical streams is a growing field of study in computational 
ethnomusicology and mathematical music theory. Furthermore, both direction and alignment combine cultural/subjective 
and mathematical/objective realms of cognition. 
 We present maximally even (“ME”) sequences as clave-direction generators (with requisite conditions), and the effect of 
necklace rotation on perceived clave direction of maximally even as well as other traditional sequences in the corpora of Afro-
Cuban and Afro-Brazilian music.  
 Rotation, little discussed in the literature on clave, is inherent in the perception of clave direction. Since all clave-
directional sequences take place over a fixed-length cycle, a listener (or even a performer) can attend to the cycle at different 
starting points, resulting in the perception of various directions, or even no direction at all. And while this perceived starting 
point leads to a different resultant clave direction, the cognition of this different direction can have no adverse effect on clave 
alignment at the hands of an experienced player. 
 Maximally even sequences are particularly difficult, or delightful, as the case may be, in terms of the perception of 
multiple starting points. A well-known example of this is a common Ghanaian 12/8 pattern, also known as the standard West 
African timeline and “short bell,” and which informs much of Afro-Cuban and Afro-Brazilian sacred music. Conditions and 
examples of this and other triple- and duple-time sequences with maximal evenness, and their rotations, are presented, along 
with proposed listening tests for such sequences.
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[Tue PM 4.2 GH] Rhythms and the brain: Analysis of neural dynamics accompanying musical 
beat perception
John R. Iversen (1)*, Aniruddh D. Patel (2), Scott Makeig (1)

(1) University of California San Diego, Institute for Neural Computation. La Jolla, CA, USA 
(2) Tufts University, Department of Psychology, Medford, MA, USA 
*= jiversen@ucsd.edu

Every human culture has some form of music with a beat: a perceived periodic pulse that structures the perception of musical 
rhythm. Past work suggests the involvement of the motor system during beat perception, even in the absence of movement, 
but the specific role of the motor system in dynamically shaping rhythm perception is not well understood.  We recently 
proposed the “action simulation for auditory prediction” (ASAP) hypothesis arguing for a causal role of motor planning 
activity in shaping perception through bidirectional auditory-motor signaling (Patel & Iversen, 2014). We present here an 
experimental approach to examine this hypothesis that builds on the evident fact that the beat is not uniquely determined by 
sound, but is an endogenous response to music that can be shaped at will by the listener, thereby dramatically changing the 
perceptual experience of a rhythmic pattern. To study this flexibility of coupling between sound and beat, we measured brain 
responses to an ambiguous rhythmic phrase while trained percussionists voluntarily altered where they felt the ‘downbeat,’ 
leading to highly syncopated percepts from which beat and sound could be temporally dissociated. MEG recordings from 
ten subjects were analyzed using independent component analysis, which identified multiple cortical effective sources of 
activity in each participant. The design enabled us to differentiate beat- and sound-responsive regions in premotor and 
superior temporal cortex, respectively, consistent with ASAP. A critical question is how the brain is able to transform a single 
sound representation to multiple possible beat representations. Following ASAP, we predict this may involve parietal cortex. 
Consistent with this we found extensive activity in parietal cortex that were both sound-related and beat-related. A new form 
of analysis, measure projection, identified another potential site of convergence in the right insula. 

[Tue PM 4.3 GH] Cortical dynamics supporting production of metric modulations
Scott Makeig*, Nicholas Nguyen, Julie Onton, Tanya Nauvel, John Iversen (1)

(1) Swartz Center for Computational Neuroscience, University of California San Diego, La Jolla, CA, USA 
* =smakeig@ucsd.edu

Metric modulation refers to subtle or frank shifts in musical meter. Composers and performers constantly employ subtle 
rhythmic and metric modulations, both to create interest by deviating from extent rhythmic expectations and to serve 
expressive purposes, as for example when a strong, regular rhythm morphs into a driving rhythm (without tempo change), 
conveying urgency, e.g.,

|♩ ♩ ♩ ♩|♩ ♩ ♩ ♩|  à  |♩. ♪♩. ♪|♩. ♪♩. ♪|   Ex. 1

performed with stresses on the downbeats. This may be termed a modulation of the rhythmic pulse.  Here, we report results of 
an EEG experiment in which participants were asked to accompany a periodic train of brief tones (SOA, 250 ms) by tapping 
the downbeats in a pattern containing abrupt metric modulations, in effect performing a percussive ‘piece’ in which the metric 
pattern below was repeated eight times

||: 4A  | 4  | 4c  | 4  | 3B  | 3  | 2| 3d  | 3  | 2 :||   Ex. 2

Our primary interest was to observe and model differences in the EEG dynamics supporting the production of downbeats 
effecting metric modulations (at groups A and B above) versus production of downbeats supporting metric repeats (groups 
c and d). EEG data (64 channels, 512 Hz) were collected from 8 volunteers. Independent component analysis (ICA) and 
independent component clustering, applied to the EEG data, found central medial, left superior parietal, and left and right 
central sulcal and inferior frontal source clusters producing expected beta bursts after each tapped downbeat, plus a frontal 
pole source cluster that was more active during metric modulations than during repetitions.  Thus, source-resolved EEG 
imaging can image high-frequency activity in cortical networks supporting metric repetition and metric modulation.
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[Tue PM 4.1 LA] How location and user control influence listeners’ responses
Amanda E. Krause (1)*, Adrian C. North (1)

(1) School of Psychology and Speech Pathology, Curtin University.  Perth, WA, Australia 
* =amanda.krause@curtin.edu.au

This study uses Mehrabian and Russell’s Pleasure-Arousal-Dominance (PAD) model to consider how the individual’s degree 
of control over music selected for a particular listening episode and the location in which the listening takes place influences 
responses to both the music and overall experience. The PAD model of environmental psychology asserts that people’s 
interactions and interpretation of their contextual surroundings result from variations in three factors, namely pleasure, 
arousal, and dominance. Participants (N = 216) completed an ecologically valid music listening task subject to experimenter 
manipulation: their degree of control over music selected was manipulated by either the experimenter providing music or 
allowing the participants to self-select music and the location was manipulated by asking participants to listen in one of three 
locations (in the laboratory, while on public transportation, or while exercising at the gym). 
 Results demonstrate a positive relationship between pleasure and dominance and that listeners use arousal-polarization 
strategies in everyday music listening.  This suggests that listeners attempt to match the music’s level of arousal with that of the 
situation (i.e, high-arousal music with a high-arousal situation, such as exercise) rather than moderate their level of arousal as 
would be suggested by Berlyne’s inverted-U theory (i.e., low-arousal music with a high-arousal situation). Whether the music 
was self-selected or experimenter-provided affected how much people liked what they heard, how arousing they considered 
the music to be, and how much control they felt they had over the music.  Specifically, personal music was liked more than 
the experimenter-provided music; and self-selected music was associated with significantly higher dominance ratings than 
the experimenter-provided music.  Furthermore, the location and music ratings influenced people’s judgments of their overall 
experience in terms of the model domains (pleasure, arousal, and dominance). This research confirms that the PAD model 
is a useful framework for understanding everyday music listening and supports the contention that, in a musical context, 
dominance may be operationalized as control over the music.

[Tue PM 4.2 LA] Capturing goosebumps: Methodological challenges in frisson research
Claire Arthur (1)*

(1) Ohio State University.  Columbus, Ohio, USA 
* =arthur.193@osu.edu

The study of frisson in music, also referred to as chills or thrills, has remained one of the most intriguing enigmas in the 
study of music perception.  Part of the difficulty in studying frisson comes from the myriad of experimental obstacles that 
burden the researcher, for example: finding a group of participants who reliably experience frisson to a given piece of music; 
or creating an atmosphere conducive to a sublime experience.  In addition to these hurdles, descriptions and definitions of 
frisson in the literature are inconsistent, making it difficult to generalize across studies, especially when experiments primarily 
rely on self-reports (e.g., Sloboda, 1991; Panksepp, 1995; Nusbaum & Silvia, 2011).  For instance, an experience of frisson 
might include: shivers down the spine, piloerection, a sensation of coldness, or tingling.  Are all of these sensations indicative 
of a frisson experience?  Or might there be separate phenomena with overlapping symptoms? 
 In this talk I will give an extensive literature review of exploratory and experimental approaches to the study of frisson, 
focusing on the benefits and pitfalls of various methodologies, considering not only the types of stimuli (i.e., experimenter 
or subject selected, Classical vs. non-Classical), but also the primary methods of data collection (self-report, physiological 
measures, etc.).  I will address several methodological concerns, such as the problems arising from self-reporting, questions 
of repeated-exposure effects on the ability to induce frisson, experimenter bias, tendencies for unsupported claims and over-
generalizations, and the need for replication. 
 I will also engage with this literature as it relates to my own work on the subject of frisson and the difficulties I have 
encountered, in the hopes of shedding light on this challenging topic for other interested scholars.  I will propose several ideas 
for overcoming many of these experimental obstacles, and point out avenues for future research.
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[Tue PM 4.3 LA] Is the cross-modal correspondence between pitch and size categorical or 
continuous?
Laura Getz (1)*, Daniel Shanahan (2)

(1) University of Virginia, Charlottesville, VA, USA, (2) Louisiana State University, Baton Rouge, Louisiana, USA
* =lauragetz@virginia.edu

In recent decades, researchers have examined the nature of possible interactions between auditory pitch and visual 
size.  For example, there is evidence that sounds with a certain pitch are automatically bound to visual objects of a 
certain size (Bien et al., 2012). Others have shown that participants respond faster when stimulus characteristics are 
congruent (i.e., higher pitch with smaller images and lower pitches with larger images) than when they are incongruent 
(Parise & Spence, 2012). However, previous studies on the pitch/size correspondence have often used pitches that are 
quite high or low (e.g., 300Hz for low and 4500Hz for high) and thus it remains an open question whether this relation-
ship is categorical or more continuous. 
 The present study examines the strength of pitch/size congruency with high and low pitches paired with visu-
al stimuli (of random shapes) of either small or large size. The pitch differentiation commonly used in previous studies 
(300—4500) was employed, as well as an octave (440—880) and a major third (500—630). In a two-alternative forced 
choice blocked design, participants were asked to choose which of two stimulus pairs included the larger shape or the 
lower pitch (compatible trials) or which of two stimulus pairs included the larger shape or the higher pitch (incompat-
ible trials) as the two pitch/size pairs were presented in rapid succession (300ms each). Results have failed to demon-
strate an interaction between pitch difference and congruency. Interestingly, our results indicate that the pitch/size 
correspondence can be modified depending on task instructions (i.e. we found an interaction between congruency and 
the compatibility of instructions). These results indicate that the automatic association found in previous studies might 
be “overridden” when attention is focused on both pitch and size.

[Tue PM 4.1 LB] Let the Bassline Show You the Way: the influence of basic voice leading on 
melodic expectations
Nathaniel Condit-Schultz (1)*

(1) Ohio State University. OH, USA 
* =natsguitar@gmail.com

Numerous studies have explored listeners’ expectations regarding melodic continuation in solo melodies. It is argued that 
listeners make use of implicit knowledge regarding the probable continuations of a melody, given the previous N pitches, to 
predict the next pitch. However, Western music predominantly features harmonic or contrapuntal accompaniments to melody. 
Basic concepts in music theory describe how “linear” melodic contours interact with “vertical” harmonic sonorities-often under 
the rubric of “voice leading.” If these theories are generally true, we would expect listeners to use information in accompanying 
voices to predict the trajectory of the melodic voice. For instance, while scale degree 7 is typically expected to resolve upward, 
if it were harmonized by a bass note 1-implying a seventh chord-traditional theory would predict that 7 ought to resolve 
downward. Such theoretical claims have been supported by corpus analyses of common practice music (Arthur, 2014). 
 This paper reports the results of an experiment intended to test the hypothesis that listeners make use of information in 
an accompanying bass line to inform their predictions about the continuation of a melodic line. Participants hear a series of 
two-note melodic dyads and are asked to indicate whether the melodic motion was upward, downward, or stationary, as fast 
as possible. The melodic lines were accompanied by repeating (thus predictable) bass motions (seconds, thirds, and fourths). 
I predict a significant interaction between bass motion and melodic dyad. Futher more, I will use this data to explore the 
explanatory power of several theoretical voice-leading concepts-the type of motion (contrary, similar, parallel etc.); tendency 
tones (resolve 7ths etc.); and harmonic versus non-harmonic tones-as models of listener expectations. It may be that “type of 
motion” is a poor predictor of participant reaction times compared to the treatment of tendency tones. Data collection is in 
progress.
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[Tue PM 4.2 LB] Studying musical and linguistic prediction in comparable ways: the melodic 
cloze probability method
Allison R. Fogel (1)*, Jason C. Rosenberg (2), Frank Lehman (3), Gina R. Kuperberg (1,4,5), Aniruddh D. Patel (1)

(1) Tufts University. Medford, MA, USA 
(2) Yale-NUS. Singapore  
(3) Tufts University. Medford, MA, USA  
(4) MGH/HST Athinoula A. Martinos Center for Biomedical Imaging. Charlestown, MA, USA  
(5) Massachusetts General Hospital. Charlestown, MA, USA 
* =allison.fogel@tufts.edu

Prediction or expectancy is thought to play an important role in both music and language processing. However, prediction 
is currently studied independently in the two domains, which limits research on relations between predictive mechanisms in 
music and language. One such limitation is a difference in how expectancy is quantified. In language, expectancy is typically 
measured using the cloze probability task, in which listeners are asked to complete a sentence fragment with the first word 
that comes to mind. In contrast, previous production-based studies of melodic expectancy have asked participants to sing 
continuations following only one to two notes. We have developed a melodic cloze probability task in which listeners are 
presented with the beginning of a novel tonal melody (5-9 notes) and are asked to sing the note they expect to continue the 
melody. Half of our melodies had an underlying harmonic structure designed to constrain expectations for the next note. Each 
such ‘high constraint’ (HC) melody was matched to a ‘low constraint’ (LC) melody identical in terms of length, rhythm and 
melodic contour, but differing in implied harmonic structure. As predicted, participants showed much greater consistency in 
the notes sung following HC vs. LC melodies on average. However, significant variation in degree of consistency was observed 
within both HC and LC melodies. Analysis of individual melodies suggests that pitch prediction in tonal melodies depends on 
the interplay of local factors just prior to the target note (e.g., local pitch interval patterns) and larger-scale abstract structural 
relationships (e.g., implied harmonic structure). Future uses for the melodic cloze probability method include testing 
computational models of melodic expectation by comparing model and human data, and designing behavioral and neural 
experiments that compare the cognitive mechanisms of prediction in music and language.

[Tue PM 4.3 LB] Electrophysiological correlates of hearing the past, present, and future 
during music performance
Brian Mathias (1)*, Guido Guberman (1), William J. Gehring (2), Caroline Palmer (1)

(1) Centre for Interdisciplinary Research in Music Media and Technology, McGill University.  Montreal, Quebec, CANADA 
(2) University of Michigan, Ann Arbor, Michigan, USA 
* = brian.mathias@mail.mcgill.ca

Music performance is a complex task in which performers produce movements while perceiving and evaluating the 
sensory outcomes. Theories of action planning during music performance propose that the planning of future events co-
occurs with the perception of auditory feedback related to current and previous events. This study investigated the neural 
correlates of performers’ planning processes by manipulating the contents of auditory feedback during performance. Pianists 
memorized melodies and performed them from memory at a cued tempo in a synchronization-continuation task while 
the electroencephalogram was recorded. During performance, auditory feedback associated with single melody tones was 
occasionally substituted with tones corresponding to Future (next tone), Present (current tone), or Past (previous tone) 
intended melody tones. Results showed that both Past- and Future-oriented feedback elicited feedback-related negativities 
(FRNs); larger FRNs were associated with shorter concurrent key presses. Future-oriented feedback caused pianists to slow 
down on the subsequent tone more than Past-oriented feedback.  Amplitudes of early sensory potentials (N1) elicited by the 
tone immediately following the altered feedback were larger for Future- than for Past-oriented feedback; N1 amplitudes were 
associated with greater lengthening of the tone duration following the altered feedback. These findings suggest roles of both 
the sensory evaluation (N1) and neural detection (FRN) of altered auditory feedback in musicians’ compensatory timing 
adjustments. In sum, both behavioral and neural evidence suggest greater disruption of Future-oriented feedback than Past-
oriented feedback, consistent with planning theories of performance. 
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[Tue PM 4.1 LC] Pulmonary influences on melodic organization: Musical tests of 
Gussenhoven’s ‘production code’
David Huron (1)*, Daniel Shanahan (2)

(1) Ohio State University.  Columbus, Ohio, USA 
(2) Louisiana State University, Baton Rouge, Louisiana, USA 
* =huron.1@osu.edu

Linguists have identified a number of physiological factors that influence pitch prosody. For example, as the air supply in the 
lungs is exhausted, reduced subglottal pressure accounts for both pitch declination (‘t Hart, Collier & Cohen, 1990) and late-
phrase pitch compression (Ladd, 2008). Gussenhoven (2001) has proposed a three-component physiological model of speech 
prosody—entailing (1) a size code, (2) an effort code, and (3) a production code. Existing research already demonstrates that 
melodic organization is consistent with Gussenhoven’s size code (Huron, Precoda & Kinney, 2006; Huron & Shanahan, 2014). 
In addition, Gussenhoven’s effort code is similarly consistent with extant research on melodic accent (Thomassen, 1982, 1983; 
Huron & Royal, 1996). In this study, we report the results of musical tests of several hypotheses derived from Gussenhoven’s 
production code. The tests are performed using three contrasting musical corpora: Chinese folksongs, Germanic folksongs 
(Schaffrath, 1995), and Native American songs (Densmore, 1901-1940). A notable success in Gussenhoven’s production theory 
is the effect of “topical reset.” Specifically, the introduction of new musical material echoes prosodic changes associated with 
the introduction of a new conversational topic in speech. 
 In his theory, Gussenhoven posits a number of language-independent connotations associated with each of the three 
codes. With regard to the size code, he attributes such connotations as submissiveness, vulnerability, friendliness, dominance, 
aggression, and certainty. With regard to the effort code, Gussenhoven includes relaxation, surprise, earnestness, disinterest, 
agitation, and emphatic connotations. With regard to the production code, Gussenhoven links the associated pitch contours 
to such connotations as continuity/continuation and finality (termination of a topic or turn-taking). It is not unreasonable to 
suppose that similar cross-cultural connotations may also tend to be evoked by the parallel melody-related pitch contours.

[Tue PM 4.2 LC] Changes in Rock Melody, 1954-2009
David Temperley (1)*, Trevor de Clercq (2), Adam Waller (1)

(1) Eastman School of Music, University of Rochester. Rochester, New York, USA 
(2) Middle Tennessee State University. Murfreesboro, Tennessee, USA 
* =dtemperley@theory.esm.rochester.edu

A corpus of rock melodies and harmonies has recently been extended to include songs from the 2000s, and now contains 230 
songs from 1954 to 2009. This corpus provides a basis for statistical analysis of rock music and changes in its characteristics 
over time. One question of interest is the influence of the blues. As is well known, early rock was strongly rooted in the blues, 
but this influence seems to have waned over time; this is evident, for example, in the declining number of actual covers of 
blues songs.  We wondered if this stylistic shift would be reflected in our corpus. 
 First, we examined the overall scale-degree distributions of our melodies decade by decade (1950s through 2000s). 
These distributions are fairly stable over the six decades. However, if we classify the songs as “major” or “minor” (a song was 
labeled as major if the natural 3 degree occurred more often than the b3 degree, or minor otherwise), one striking difference 
emerges. In minor songs, the 6 degree is more common than b6 in the early decades (1950s through 1970s); in the later 
decades, b6 becomes more common than 6. Many blues-based melodies incorporate both b3 and 6 (this may arise from 
mixing the pentatonic major and minor scales); recent songs seem to move away from this practice towards something more 
like Aeolian mode (natural minor). 
 We also examined the distribution of melodic intervals. One change here is the decreasing frequency of major seconds 
relative to minor seconds; this suggests a decrease in the use of pentatonic melody, which (again) may represent declining 
blues influence.  Further analyses will examine the interaction between melody and harmony.
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[Tue PM 4.3 LC] The song remains the same?: The effect of oral transmission on folk melodies
Joshua Albrecht (1)*, Daniel Shanahan (2)

(1) The University of Mary Hardin Baylor. Belton, Texas, USA 
(2) Louisiana State University. Baton Rouge, Louisiana, USA 
* =jalbrecht@umhb.edu

A number of constraints apply to the transmission of a musical idea. Both short-term and long-term memory affect one’s 
ability to retain and convey melodic, rhythmic, and harmonic ideas (Snyder 2000; Thompson 2013). Much of this work 
can inform musicological questions on the notion of diachronic musical change. For example, musicologist John Spitzer 
(1994) has traced the process of oral transmission on American folk music, revealing insights into the effects created by both 
short- and long-term memory challenges. He notes that rhythms tend to be clarified over the course of their transmission, 
and that melodies increasingly emphasize the harmonic root. The current study examines one of these hypotheses, namely 
that melodies tend to become increasingly pentatonicized at cadence points. That is, melodies increasingly end with a ^2-^1 
motion, and ^7-^1 becomes increasingly rare. This paper directly examines this in an experimental setting, in the hopes of 
better understanding the gradual decay of an orally-transmitted signal. 
 Participants, in fourteen teams of four, were asked to sing short excerpts from memory after being played a recording 
(of either an original or immediately preceding performance). The melodies were taken from the final phrases of eight folk 
melodies (from Weiss, et al. 2012), half of which ended with ^2-^1 and the other half ending with ^7-^1. Each penultimate 
note was altered to facilitate a balanced design, resulting in sixteen total melodies. Of 240 total sung melodies, 29 (12%) 
altered the penultimate pitch. Ti-do motion was changed to re-do motion in 20 (69%) of those instances, significantly higher 
than chance (p=.04). These results are consistent with the hypothesis, perhaps implicating a statistical learning effect in which 
re-do cadences supplant ti-do cadences in memory because they are heard more frequently. Alternatively, it may be the case 
that melodies that descend to the final are more natural to sing because of physiological tendencies in which sub-glottal air 
pressure is reduced at the ends of phrases (T’Hart et al., 1990).
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WEDNESDAY
[Wed AM 1.1 GH] Framing musical intentionality: A heuristic music theory pedagogy
James A. W. Gutierrez (1)*

University of California, San Diego. San Diego, California, USA 
* =jag086@ucsd.edu

In tandem with the expansion of public music education of the past fifty years, distinct decline in music-making can be 
observed in most Western countries (Green, 2012). While many scholars assume music pedagogy fails on the level of 
curricular content (Green, 2001), this study rather explores issues on the level of pedagogical language. Using recent studies in 
cognitive science that explore the effects of linguist framing (Tannenbaum, et al., 2013; Bryan, et al., 2011) this paper argues 
that 1) conventional language of music theory curricula discourages creative intentionality (Schiavio, 2013), and 2) fixed-rule/
punishment-framed instruction disincentivize musicality (Delalande, 2009). An experiment is presented wherein the effect of 
conventional curricular language is compared with an alternative heuristic linguistic frame, and a control group. Intentionality 
and musicality are assessed using a novel method of retransmission in a pedagogical interaction. Data strongly support the 
hypothesis that heuristic, rather than conventional, linguistic frames are superior in preserving learner creative autonomy. 
Heuristic language frames were also no less effective in transmitting specific procedural knowledge that is foundational to the 
study of music theory. Contrary to other constructivist/discovery/inquiry-based teaching methods (Green, 2008) that have 
been shown to be relatively ineffective/inefficient (Kirschner, et al., 2006), the proposed learner-directed heuristic language 
frame alters only the framing of complete information, rather than presenting incomplete information with the goal of student 
discovery. As fulfilling music participation unfolds from individuals’ creative autonomy (Clarke, E., 2005), this study provides 
evidence that conventional music theory curricula might be a factor in the observed decline in music participation, and 
articulates immediately viable alternatives.

[Wed AM 1.2 GH] Interdisciplinary teaching of music perception and cognition using 
asynchronous teaching methodologies
Hubert Ho (1)*, Michael Epstein (1)

(1) Northeastern University.  Boston, MA, USA 
* = h.ho@neu.edu

In this paper we discuss issues in interdisciplinary teaching for undergraduate and graduate students from a variety of home 
departments with diverse musical and scientific backgrounds, focusing on the psychophysics and physics of music. Spring 
2015 represented the first semester for which a music perception and cognition course (here entitled “Music, Mind, and 
Brain”) was offered at our home institution. Numerous students had demonstrated interest in music and sound perception 
throughout the University undergraduate student body. Courses within several majors covered aspects of sound physics, 
music perception, music theory, music industry, auditory and musical neuroscience, and psychoacoustics, but no universally 
appropriate course available to the entire undergraduate population. 
 A University-wide initiative in innovative interdisciplinary teaching allowed the PIs to incorporate new pedagogical 
techniques. We leveraged established and emerging technologies to create asynchronous web-based units that allow learners 
to opt-in to modules of varying complexity based on their prior knowledge and experience. In addition to mandatory 
modules presented to all students, optional supplemental modules were provided for students who needed extra exposure to 
prerequisite concepts. 
 Four categories of students took part in course-based experiments in the Spring 2015 semester: graduate students in 
Auditory Science with minimal musical training, Music Majors (freshman level), Music Majors (junior/senior level), and 
Engineering and Finance undergraduates (multiple levels). 
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 We ran pre- and post- tests on a number of cognitive skills applied to each of the topics. The tests fall into four 
categories: knowledge acquisition; application of theory, mathematical acumen (if appropriate), and application of theory 
across disciplines. We tracked whether students’ engagement with the modules resulted in more successful learning and 
greater enthusiasm, particularly in the disciplines outside of their home discipline (major). 
 Resulting data give insight into the degree to which asynchronous presentation of topics across disciplines can assist in 
interdisciplinary teaching.

[Wed AM 1.3 GH] Integrating psychology of emotions and musical performance in a musical 
analysis course
Juan Pablo Correa Ortega (1)*

(1) Universidad Autónoma de Aguascalientes.  Aguascalientes, Aguascalientes, MEXICO 
* =juanpablo_correa@hotmail.com

The present work is a reflexion motivated by three assumptions. First, music is primarily a language of emotions. Second, 
musical performance teaching and learning in undergraduate programmes is generally focused on technical aspects, 
rather than on its emotional counterpart. And third, appropriate methodologies and strategies could promote emotion 
communication in undergraduate performance teaching and learning. 
 Despite most performance teachers state they address emotional communication in their lessons, several studies have 
demonstrated that either students perceive technique as the main lesson issue or the emotional approach is not really taking 
place (Hallam, 2010; Juslin & Timmers, 2010; Karlsson & Juslin, 2008). 
 This paper presents similar findings obtained throughout a three-year implementation experience of a musical \
analysis course based on the construct of emotional responses to music, in a department of music of a Mexican University. 
Additionally, it presents results from interviews to students and teachers, which reveal their common aspirations to approach 
performance teaching and learning from an emotion communication point of view. Despite this fact, based on the analysis of 
the interviews data, the researcher argues that there is a lack of an effective methodology to accomplish such aspirations. 
 Therefore, the question about what strategies could be use to achieve such a common goal arises. The first step in 
solving such a question is the main objective of the present work. In order to answer it, the researcher draws on the theoretical 
framework of the musical analysis course mentioned above, proposing two suitable methodological constructs: musical 
contagion (Juslin & Västfjäll, 2008) and musical expectations (Meyer, 1956; Huron, 2006). The same course is commented 
in depth as a possible suitable answer for a productive meeting of emotions theory and performance practice in a musical 
analysis classroom. Nevertheless, the question regarding the performance practice classroom is left open.

[Wed AM 1.4 GH] Social and emotional learning and music education: Developing self-care 
competencies and mood-regulation strategies for at-risk adolescents in the classroom
Ilona A. Halkides (1)*, Alexis Bliese (1), & Bree Morrison (1)

(1) Bethune-Cookman University. Daytona Beach, Florida, USA 
* =ilona.a.halkides@students.cookman.edu

The present study investigates the effects of music enrichment for at-risk adolescents within the social and emotional learning 
(SEL) classroom. The SEL classroom tends to be emotionally volatile, as students with behavioral issues are less likely to 
regulate their emotions in a positive manner. The purpose of the study is to promote alternative methods of “self-care” by 
exposing students to music throughout the school day. Past research has shown that neurobiological stigmas evoked by 
listening to music can be used as an effective tool in potentially managing an individual’s mood. This study involved a three-
prong process. Teachers and students were first educated on how their music genre preferences affect their moods, and how 
music could be used to regulate their mood, as well as benefit their self-awareness and self-care. Subsequently, students had 
the opportunity to create a customized playlist of songs, which were used in the classroom to regulate mood and promote 
academic achievement. A modified mood regulation scale was adopted from the work of Saarikallio (2012) and a self-
reporting method was used to measure students’ individual growth in mood management. As predicted, students experienced 
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an improvement in their ability to self-manage their moods when periodically listening to music throughout the day, and 
displayed less combative behavior in the classroom. It is hoped that the findings of this study can be applied to additional SEL 
classroom settings, as well as beyond the SEL classroom. 

[Wed AM 1.1 LA] Musical time estimation: How musical expectancies and oddballs influence 
duration judgments
Rhimmon Simchy-Gross (1)*, Elizabeth Hellmuth Margulis (1)

(1) University of Arkansas. Fayetteville, AR, USA 
*=rsimchyg@uark.edu

Attention and expectations play an important role in perceptions of time. Attending to time makes it seem to pass slowly 
(Brown, 1985), and attending to events makes it seem to pass quickly (Brown, 1997). Predictability also affects time 
perception, but it’s debatable whether unpredictable events (e.g., “oddballs”) speed the internal clock (Tse et al, 2004), or 
predictable events (e.g., “standards”) slow it (Pariyadath & Eagleman, 2007).  
 Music, where models of expectation are robust, is a domain well suited to studying the impact of expectancies on time 
perception (Jones & Boltz, 1989; Boltz, 1998; Barnes & Jones, 2000), yet this potential has not been deeply explored. 
 We composed musical clips (3.5s - 11.9s; Finale 2012; piano timbre) that varied within subjects by expectancy violations 
(Oddballs; No Oddballs; Study I, II, III), violation warnings (Cued; Uncued; Study I), schematic expectancies (Progression 
[iii, vi, IV, V, I]; Scrambled [I, vi, V, IV, iii]; Repeated [I, I, I, I, I]; Study II, III), and veridical expectancies (Familiarized; 
Unfamiliarized; Study III). Participants verbally estimated and reproduced (starting and stopping timers) the duration of each 
clip. 
 Familiarized clips were judged as longer than Unfamiliarized clips; Repeated clips were judged as longer than Scrambled 
clips; Scrambled clips were judged as longer than Progression clips; and clips with No Oddballs were judged as longer than 
those with Oddballs; Cued and Uncued clips were not significantly different. 
 These results address the “internal clock” debate, provide evidence for the role of bottom-up attentional processes, 
suggest musical engagement slows the internal clock, and reveal the rate at which people form and habituate to musical 
expectancies. By establishing the relationship between duration judgments and musical expectancies, these results allow us to 
use the former as a dependent measure for studying the latter – a novel methodology for music cognition research.

[Wed AM 1.2 LA] The influence of contemporary music on experienced time
Kristina Knowles (1)*, Richard Ashley (1)

(1) Northwestern University.  Chicago, IL, USA 
* = klk@u.northwestern.edu

This study explores how the varied presentation of silences with rhythmic structures within certain contemporary musical 
works may have an effect on the listener’s perception of time passing. Based on previous research (Block et al 2010; Zakay 
1989), we propose that the greater the event density in music, the faster time is perceived to flow. Thus, passages of silence 
should show a decrease in the perceived flow of time (i.e. time flows slower) than passages of music containing a high event 
density. When a passage of music containing a high event density is followed by silence, we expect that there would be a carry-
over effect. 
 Stimuli were selected from George Crumb’s Makrokosmos Volumes I and II based on their construction of alternating 
rhythmic passages with passages of silences indicated in the score by the composer with a numerical value (i.e. 7 seconds). 
Two versions of each excerpt were created; the original and one in which all silences were doubled in length. Participants 
heard both versions of an excerpt presented in a randomized order, and were instructed to move a joystick continuously in 
response to the music (forwards = time moving faster, backwards = time moving slower). Participants are then given a puzzle 
paradigm containing the rhythmic passages from the excerpt and silences of different lengths with instructions to reconstruct 
the musical passage that they just heard. A follow-up experiment presents randomized pairs of rhythmic passages. After 
hearing the first excerpt, participants are asked to press a joystick trigger to cue the entrance of the second excerpt. Results will 
be combined to test for potential correlations between preferred lengths of silences following certain musical structures. We 
have just begun data collection and are prepared to present results that support or contradict the hypothesis.
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[Wed AM 1.3 LA] Do people hear multiple levels of metrical hierarchies in music?
Jessica E. Nave-Blodgett* (1), Erin E. Hannon (1), and Joel S. Snyder (1) 

(1) University of Nevada, Las Vegas. Las Vegas, Nevada, USA 
* =naveblod@unlv.nevada.edu

Humans are capable of perceiving an isochronous beat in rhythmic auditory patterns and music, and can use this information 
to make perceptual judgments, tap to the beat, and dance. Hierarchical metrical structure predicts forthcoming patterns in 
music, enables synchronous group performances, and guides dancing, yet we know little about whether or not listeners hear 
multiple metrical levels simultaneously. We presented participants excerpts of ballroom dance music paired with metronomic 
click tracks. The click track’s fit to the musical excerpt was manipulated factorially, with the beat- or measure-level of the click 
track synchronous or asynchronous to the music. This created four metronome conditions relative to the musical excerpt: beat 
and measure asynchronous (BA/MA), beat asynchronous and measure synchronous (BA/MS), beat synchronous and measure 
asynchronous (BS/MA), and beat and measure synchronous (BS/MS). Participants rated how well the click track matched the 
music they heard. Adult musicians and non-musicians and children aged 5-10 years performed the task. In adults, we found a 
main effect of beat synchrony, and an interaction between beat- and measure-level synchrony. Adults rated beat and measure-
synchronous (BS/MS) click tracks as fitting better than beat-synchronous (BS/MA) tracks. This suggests that musically 
enculturated adults rely mostly on beat-level information to make judgments of fit, but are sensitive to higher referent levels 
and use that information in perceptual judgments of simultaneous sounds. In children, we found a main effect of beat-level 
synchrony; unlike adults, there was no interaction between beat and measure. Children did not rate BS/MS tracks as more 
well-fitting than BS/MA tracks. Children therefore may not be sensitive to multiple levels of metrical hierarchy, or may weigh 
the beat level as the strongest referent level and base all judgments of fit on that level, regardless of other information. 

[Wed AM 1.4 LA] Exploring the unity assumption in temporal audiovisual binding of musical 
stimuli
Lorraine Chuen (1)*, Emily Gula (1), Michael Schutz (2,1)

(1) Department of Psychology, Neuroscience & Behaviour, McMaster University.  Hamilton, Ontario, CANADA 
(2) School of the Arts, McMaster University. Hamilton, Ontario, CANADA 
* =chuenll@mcmaster.ca

An observer’s assumption that multimodal signals come from the same underlying event – the “unity assumption” – can 
facilitate the perception of asynchronous bimodal stimuli as simultaneous due to cross-modal binding. Research indicates 
that this assumption influences audiovisual integration of speech stimuli (Vatakis & Spence, 2007). However, follow-up work 
suggests this influence does not extend to other realistic non-speech stimuli (Vatakis & Spence, 2008). Here, we investigated 
whether these null results can be explained by the similarity in amplitude envelope used between auditory conditions, as a 
sound’s energy over time may play an important role in governing the percept of “unity” (Schutz, 2009).  As musical stimuli 
offer the ability to explore a range of amplitude envelopes, the present experiment contrasted the bowing of a cello with the 
strike of a marimba: sounds with clearly differentiated envelopes.  In a temporal order judgments task, 17 musician and 17 
non-musician participants viewed audio-visually matched (e.g. marimba auditory, marimba video) and mismatched (e.g. cello 
auditory, marimba video) versions of these stimuli at various stimulus onset asynchronies and indicated whether the auditory 
or visual stream was presented first. 
 Results indicated that although musicians showed greater temporal sensitivity to asynchrony than non-musicians, 
both groups had significantly worse performance in judging temporal order (greater JNDs) in the audiovisually matched 
conditions.  This suggests that, regardless of experience, the assumption of cross-modal unity can facilitate the percept 
of audiovisual synchrony outside the context of speech stimuli. As previous research with non-speech stimuli contrasted 
audiovisual events with highly related amplitude envelopes and found no influence of audiovisual match condition on 
perceived synchrony, we suggest that the percept of audiovisual event consistency may be constrained by the auditory event’s 
timbre – and more specifically - amplitude envelope, which provides information about the causality link between visual 
events (actions) and the sounds produced by these actions. 
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[Wed AM 1.1 LB] Timbral noisiness modulates activity in motor and limbic regions
Zachary Wallmark (1)*, Choi Deblieck (2), and Marco Iacoboni (3)

(1) Southern Methodist University. Dallas, Texas, USA 
(2) University of Leuven. Leuven, BELGIUM  
(3) University of California, Los Angeles. Los Angeles, California, USA 
* =zwallmark@smu.edu

What areas of the brain are involved in the positive and negative appraisal of musical timbre? Based on the results of a parallel 
behavioral experiment showing a strong correlation between perceived motor exertion and timbral noisiness, we hypothesized 
that timbres with salient noise components (e.g., growled saxophone) would drive greater activation in motor areas than the 
same sound generators in non-noisy conditions (normal saxophone tone). To test this hypothesis, we investigated neural 
activity associated with timbral noisiness using fMRI (N = 15). Participants listened to isolated instrument and vocal signals 
performed in “normal” and “noisy” versions (duration 2 s); they also performed a ratings task evaluating implied bodily 
exertion, valence, and “noisiness” of each signal (outside the scanner). Using multivariate regression on motor and limbic 
regions of interest, we found that negative valence is related to activity in pre/primary motor cortices and insula, among 
other areas, while perception of “noisiness” modulates activity in amygdala and hippocampus. We interpret these findings 
to indicate the possible contribution of the human mirror neuron system in the perception of certain spectral components 
of timbre. We further hypothesize a functional connection between motor and limbic systems in the generation of timbre-
mediated affect, with anterior insula serving as a probable relay.

[Wed AM 1.2 LB] Is a salient timbre more difficult to mask? – Considering the effect of 
auditory masking on saliency, blend and segregation of timbre
Song Hui Chon (1)*, David Huron (1)

(1) Ohio State University. Columbus, OH, USA 
* =chon.21@osu.edu

Timbre saliency refers to the attention-capturing quality of timbre. It has been reported that a highly salient timbre does 
not blend well with other concurrent timbres. In a recent study, timbral blend was negatively correlated with segregation, 
suggesting that blend and segregation occupy two end points along a single continuum for timbre combinations. Auditory 
masking is a phenomenon that we experience every day. Both pitch and loudness affect the mutual masking of concurrent 
sounds. Recently, it has been suggested that auditory masking might account for the high voice superiority effect—that is, a 
higher perceptual importance is given to auditory streams of higher pitch. 
 This paper reports on the effect of auditory masking on saliency, blend and segregation of timbre. We hypothesize that 
when a highly salient timbre is paired with a less salient timbre, the more salient timbre will mask the other more effectively 
than vice versa. Further, we hypothesize that the degree of blend between each pair of concurrent timbres will be inversely 
proportional to the residual (or unmasked) signal power of the timbre that is a more effective masker. 
 Stimuli consisted of 15 orchestral instrument timbres (clarinet, English horn, flute, French horn, harp, harpsichord, 
marimba, oboe, piano, tubular bells, trombone, trumpet, tuba, cello, vibraphone), equalized in terms of pitch, loudness and 
duration to minimize their impacts on auditory masking.  A computational masking model was implemented in MATLAB 
based on Bosi & Goldberg (2003). The model takes a pair of unique timbres in input and determines which is the better 
masker based on the residual signal power. 
 Data analysis is in progress. Masking studies of two complex tones matched for pitch and loudness are rare, and require 
extra analytic caution. Both detailed methods and results will be reported.
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[Wed AM 1.3 LB] Rock and Roll Ain’t Noise Pollution: the subjectivity of pitch salience in 
hard rock timbres
Nat Condit-Schultz (1)*

(1) Ohio State University, Columbus, Ohio, USA 
* = natsguitar@gmail.com

For decades, fans of “hard rock” genres have suffered the protestation that their music is nothing but loud “noise.” Though 
this clichéd gripe certainly has a hyperbolic flare, those who voice it may in fact be expressing an honest description of 
their experience when hearing hard rock. Hard rock styles of music (especially Metal genres) make use of intense distorted 
guitar timbres, as well as shouted or screamed vocals. Though pitch salience is often regarded as an innate psychoacoustic 
phenomenon, it is well known that learning plays a role in the perception of pitch. McLachlan, Marco, and Wilson (2013) 
found that the accurate perception of pitch for inharmonic percussion instruments (gamelan) was dependent on experience 
with these instruments. We hypothesize that listeners with little experience listening to distorted guitars and screamed vocals 
actually have difficulty identifying pitch in these timbres, contributing to their perception of heavy music as “noise.” This paper 
reports the result of an experimental study intended to compare the abilities of listeners-both metal fans and metal non-fans to 
identify pitch structures in heavy metal guitar and vocal timbres. 
 A set of melodic stimuli were recorded via direct injection from an electric guitar, with both legato and “palm-muted” 
(a common guitar technique in metal) versions. These clean recordings were then outputted to guitar amps with varying 
degrees of distortion: producing identical performances with dramatically different timbres. The primary experiment follows 
the model of McLachlan et al., asking participants to fine tune the pitch of synthetic tones to match a single repeated guitar 
pitch. We hypothesize that as the amount of distortion on the guitar signal increases, metal non-fans will become less accurate 
in their pitch judgments. A second experiment will ask participants to identify pitches in short excerpts of vocals from 
commercially recorded metal. Data collection is in progress.

[Wed AM 1.4 LB] Using auditory bubbles to separate harmonic- and formant-based cues for 
timbre identification
Michael I Mandel (1)*, Song Hui Chon (1), Thomas A Lyons (1)

(1) The Ohio State University, Columbus, OH, USA 
* =mandelm@cse.ohio-state.edu

It has traditionally been difficult to identify the perceptual correlates of musical timbre, which seem to vary according to 
the experimental context. We have performed an experiment using the recently proposed “auditory bubbles” technique to 
localize in time and frequency such perceptual correlates of timbre in the context of an instrument identification-in-noise 
task.  Bubble noise is designed to provide random combinations of time-frequency “glimpses” of a note of interest through a 
loud noise field. By testing mixtures of many different noise instances with each note, we were able to estimate the importance 
of each time-frequency point to correct identification.  We previously used this technique to show that for several percussion 
instruments, the important spectro-temporal regions surround a single formant and its onset.  The current study investigated 
the pitch-dependence of this result for wind instrument identification.  It used pitches C4 and E4 played on four instruments: 
clarinet, French horn, oboe, and trumpet.  Listeners were presented with one of these notes mixed with bubble noise and asked 
to select the instrument they heard.  Preliminary results suggest that audibility of certain compact regions is correlated with 
correct identification of the instruments in the mixtures, and for some instruments these regions follow certain harmonics 
of C4 and E4 while for others they remain fixed across pitch.  Specifically, for clarinet, oboe, and French horn, these regions 
follow the harmonics, the former having much louder odd harmonics than even because of its cylindrical bore, and the latter 
two having a weak fundamental.  The regions for the trumpet samples, on the other hand, remained fixed across the two 
pitches at the peak of the main formant.
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[Wed AM 1.1 LC] Melodic and harmonic similarity for music plagiarism: Comparison 
between computational analysis and perceptual evaluation 
Saebyul Park (1), Seunghun Kim (1), Dasaem Jeong (1), Juhan Nam (1), Jeounghoon Kim (1)* 

(1) Korea Advanced Institute of Science and Technology, Daejeon, REPUBLIC OF KOREA 
* =miru@kaist.ac.kr

The objective of this study is to investigate (1) how musical elements, particularly, melody and harmony, affect musical 
plagiarism judgment and (2), in doing so, the relationship between computational similarities based on audio features and 
the perception of similarity. Determining music plagiarism and music copyright infringement has always been controversial; 
there are no absolutely quantified metrics that measure the similarity between two songs. Although several recent studies 
have attempted to measure musical similarity and plagiarism using computational methods (Dittmar et al., 2012; Laroche, 
2011; Lee, Park, Jo, & Yoo, 2011; Müllensiefen & Pendzich, 2009; Park, Kim, & Shin, 2005; Shin, Kim, Seo, & Kim, 2014), 
some focus on melodic similarity only while others develop plagiarism detection systems without considering the relationship 
between computed similarity and human plagiarism decisions. In this study, we present our experiments that consider not 
only melodic but also harmonic factors in computing musical similarity from audio tracks. In addition, we investigate how 
this computed musical similarity is associated with the perception of similarity. We extract melodic and harmonic features 
from audio using a state-of-the art polyphonic melody extraction algorithm (Salamon & Gómez, 2012) and a chroma toolbox 
(Müller & Ewert, 2011), respectively. We then compute similarity between two songs by measuring a temporal distance 
between melodic or harmonic feature sequences (e.g. dynamic time warping). We compare the results with perceptual 
music similarity data gathered by surveying non-musician participants. The songs used in this study are selected US musical 
copyright infringement cases(Müllensiefen & Pendzich, 2009), and all cases are analyzed twice, each using melodic and 
harmonic similarities. From the comparison, we show that both melodic and harmonic elements affect plagiarism judgment, 
and also a meaningful relationship exists between the computational and perceptual evaluation. 

[Wed AM 1.2 LC] Compositional bilingual artificial neural networks for predicting 
hypermetrical structure among interacting flamenco parts
Dekai Wu (1) *

(1) Hong Kong University of Science and Technology.  Clear Water Bay, HONG KONG 
* =dekai@cs.ust.hk

Particularly in traditional, improvisational genres such as flamenco or jazz, much of music can be seen as parallel musical 
sequences that interact such that each part influences decisions made by other parts.  We recently suggested leveraging the 
formal language theory notion of transduction grammars, in stochastic forms, to model each part as a musical language 
(Wu 2013).  The advantage is that stochastic transductions can be exploited to model the probabilistic, ambiguous, complex 
structural relationships between interacting parts.  Transduction grammar induction techniques can then be used to model 
unsupervised learning of musical accompaniment and improvisation. 
 We explore an alternative approach carrying many of the same properties, but instead using artificial neural networks 
to learn compositional distributed vector representations that implicitly encode structural relationships between associated 
portions of two different musical parts.  As with symbolic transduction grammars, these structural association patterns 
can range from concrete to abstract patterns, and from short to long patterns.  Unlike symbolic transduction grammars, a 
single vector encodes a “soft” set of multiple similar hypotheses in the same neighborhood, because similar vectors tend to 
be learned for association patterns that are similar—cutting down the combinatorial growth of hypotheses inherent in the 
symbolic approaches. 
 Since conventional neural networks have difficulty representing compositional structures, we propose to use a 
bilingual generalization of Pollack’s (1990) recursive auto-associative memory.  Whereas Pollack’s RAAM can be seen as a 
neural approximation of a single compositional language model, our TRAAM (Transduction RAAM) approach is a neural 
approximation of a bilingual compositional transduction model—a relation between two probabilistically structured musical 
languages.  We discuss empirical analyses of the learning behavior of our new neural approach on the hypermetrical structure 
prediction problem in flamenco, where meter changes can be rapidly influenced by multiple parts.
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[Wed AM 1.3 LC] Statistical learning and the perception of closure: How IDyOM models 
cadences
David Sears (1)*, Marcus Pearce (2), William E. Caplin (3), Stephen McAdams (1)

(1)  Centre for Research in Music Media and Technology (CIRMMT), Schulich School of Music, McGill University. Montreal, QC, CANADA  
(2) School of Electronic Engineering & Computer Science, Queen Mary, University of London. London, UNITED KINGDOM 
(3) Department of Music Research, Schulich School of Music, McGill University. Montréal, QC, CANADA 
* =david.sears@mail.mcgill.ca

In recent years researchers have suggested that the perception of a temporal boundary results from the cessation of listener 
expectations following the end of a perceptual group. This claim has led to a number of computational models that quantify 
listener expectations using principles from statistical learning, probability estimation, and information theory. To this point, 
however, expectancy-based models have yet to examine the variety of cadences and other closing formulae that appear in 
Western tonal music. Using the Information Dynamics of Music model (IDyOM), which predicts the next event in a musical 
stimulus by acquiring knowledge through unsupervised statistical learning of sequential and simultaneous structure (Pearce, 
2010), we predict the events at cadential arrival for the five most common cadential categories of the classical style—perfect 
authentic (PAC), imperfect authentic (IAC), half (HC), deceptive (DC), and evaded (EV)—in order to examine how the 
formation, fulfillment, and violation of expectations may contribute to the perception of closure. The corpus consists of 
symbolic representations for 50 sonata-form expositions from Haydn’s string quartets. We calculated n-gram models for 
several musical parameters that predict the next chromatic pitch in the corpus given a preceding context of n pitch events, 
employing parameters that treat the four instrumental parts both independently (e.g., n-gram models for scale degrees or 
melodic intervals) and in combination (e.g., vertical intervals). Model predictions revealed the musical parameters that best 
predicted the pitch events at cadential arrival for the five cadential categories, with the vertical intervals between the two outer 
parts receiving the lowest cross entropy estimate, followed by the scale degrees estimates for the cello and first violin parts, 
respectively. The current findings suggest that the perception of closure—like the formation of expectations—reflects the 
presence of a domain-general implicit learning mechanism.

[Wed AM 1.4 LC] A resonator bank and neural field model for learning Morse code
Michael Connolly Brady (1) *

(1) University of Notre Dame. South Bend, IN, USA 
* =mbrady8@nd.edu

A biology-inspired model of unsupervised learning for Morse code is described and evaluated. Like music and language, 
Morse code exhibits patterns that can begin to be detected categorically through statistical machine learning and repetitive 
exposure. Morse code is strategic to use in that Morse code consists of one binary dimension that changes through time. The 
use of Morse code helps to clearly illustrate how the patterned timing of events (as opposed to the sequencing of different 
types of events) may be translated into spatial representations by a dynamical system. These spatio-temporal representations 
become the basis of learning by the model. The model processes a Morse-code stream in 20-millisecond intervals using 
a bidirectional-edge graph. The model is biology-inspired in that the bidirectional-edge graph is roughly meant to depict 
the cortico-thalamic circuit. Each vertex of the graph is a dynamic neural field that portrays the function of a small piece 
of cerebral cortex. The graph receives timing feedback from a bank of resonators. This resonator bank serves as a model of 
the functional role of the [lateral] cerebellum in temporal pattern learning and production. The resonator bank essentially 
helps to allow temporal patterns of the graph to form corresponding spatial patterns across the graph, and for spatial 
patterns of the graph to be better coordinated into temporal patterns. Analysis of network response before, during, and 
after continued exposure to two similar-but-different Morse code patterns illustrates how the network learns to form spatial 
representations from temporal features. Moreover, the network is also found to form spatial representations that specifically 
differentiate the two Morse code training patterns. This simple illustrative model will be of particular interest to music mental-
representation theorists. As the network is expanded to accept and process multiple dimensions of binary and continuous 
sensory input, the model presents an interesting way of conceptualizing how temporal patterns are represented in the brain. 
This conceptualization may be seen as quite counterintuitive from the perspective of those used to thinking about temporal 
patterns in terms of sequential representations.
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[Wed AM 2.1 GH] Opera and the profiling of perceived emotions in music
Hannah Mondry *

The Hebrew University, Jerusalem, ISRAEL 
* =hannah.mondry@gmail.com

Despite the opulence of findings correlating emotions and auditory features, there seems to be a lack of uniformity regarding 
prominent questions, from the selection of emotions to the formulation of their musical characteristics. I propose that opera 
offers the best context for “emotional profiling”, given not only text and dramatic situations but also a declared intent to 
explore the manifestation of feelings. 
 In opera, the moment-to-moment representation of expression derived from speech and intonation contradicts the 
musical considerations of unfolding in time. Thus, the expressive possibilities are affected by how much space is available and 
by the need to refer to a certain “lyrical optimum”. Scouring many operas from all periods suggests six prevailing emotions 
(happiness, sadness, tenderness, decisiveness, anger and fear) that can be detected distinctly and significantly. In an attempt to 
portray their parametric constellation as well as interrelations, I performed: 

1. Musical analysis of various arias and other opera excerpts, guided by Dalia Cohen’s ideas (especially those pertaining 
to directionality and complexity and learned and natural schemata).

2. Three experiments in which participants (132 musicians and non-musicians) judged excerpts from various operas.

The results contribute to more detailed and music-specific, quantitative profiles of these emotions, providing insight regarding 
melodic contours (overall and local), melodic intervals and registers, meter, rhythm, types of repetition, harmony and so 
on. Also, these may explain why some emotions are better conveyed in music than others and why some emotions may be 
perceived as substitutes for one another. 
 Introducing opera to cognitive research can greatly enrich the discussion of communicating emotions and musical 
“meaning”.

[Wed AM 2.2 GH] Sympathetic resonance: Low-level musical gestures as predictors of 
perceived affect in the Beethoven piano sonatas
Joshua Albrecht (1)*

(1) The University of Mary Hardin-Baylor.  Belton, TX, USA 
* = jalbrecht@umhb.edu

Albrecht & Huron (2010) measured perceived affect in Beethoven’s Pathétique sonata, II using the “progressive exposure 
method,” in which participants heard the entire movement broken into five-second excerpts. From this data, Albrecht (2012) 
constructed regression models using sixteen analyzed parameters including mode, level of dissonance, etc., as predictors 
of affect ratings. The models then predicted affect ratings in other Beethoven piano sonata excerpts. While there was some 
success in prediction, the model was based on data from only one movement. 
 The purpose of this study is to examine perception of affect in the broader oeuvre of Beethoven’s piano sonatas. 
Specifically, a new model is constructed and tested using excerpts from multiple movements, solicited from three professional 
music societies (AMS, SMT, Piano Street). Members were asked to provide Beethoven piano sonata excerpts deemed “most 
emotionally expressive,” resulting in thirty five-second excerpts. Each excerpt was analyzed in the same manner as Albrecht 
(2012). 
 The excerpts, divided into two groups, were played to 68 undergraduate music majors, also divided into two groups. 
Each participant rated the perceived affective expression of their fifteen excerpts on nine affective dimensions. From the data 
from group 1, a model was built using multiple regressions. This model was then tested on the data from group 2 by predicting 
ratings of perceived affect based on the musical parameters measured in those excerpts. 
 The resulting regression models accounted for a large amount of variance (adjusted R2 Mean = .40, SD = .16), consistent 
with the idea that analysis of musical gestures can predict listener assessment of affect. While model predictions were broadly 
predictive of listener responses, consistent with the idea that musical characteristics associated with affect are somewhat 
consistent across the repertoire, some large differences between predictions and responses suggest that some affects may have 
more than one mode of expression.
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[Wed AM 2.3 GH] Are stopped strings preferred in nominally sad music?
David Huron (1)*, Caitlyn Trevor (1)

(1) Ohio State University. Columbus, Ohio, USA 
* =huron.1@osu.edu

One of the acoustical features characteristic of sad sounds is a darker timbre—as exemplified by a sharper spectral slope or 
lower spectral centroid (Scherer, Johnstone & Klasmeyer, 2003). Fourier analysis of open versus stopped strings confirms that 
stopped string tones exhibit a lower spectral centroid, consistent with a darker timbre (Trevor & Huron, in progress). This 
change in timbre is due to differences in energy absorption between a fleshy finger pad versus a hard wooden nut. In light of 
these timbral differences, one might conjecture that any composer intent on writing a nominally sad musical work would aim 
to minimize the use of open strings. This study aims to test the hypothesis that the ratio of open-to-stopped strings will be 
smaller for nominally sad works compared to non-sad works. 
 In order to test this hypothesis, we operationally defined sad music as music in the minor mode that is also slow in 
tempo. We used a convenience sample of computer-encoded string quartet scores from the 18th and 19th centuries. For each 
string quartet, we selected slow (second) movements in the minor mode and compared these movements with a randomly 
selected major-mode movement from the same quartet (control). For both the target and control movements we counted 
the number of notes for each instrument, and also counted the number of notes that could, in principle, be played using 
open strings. Data collection is currently underway. We anticipate that the results will be consistent with the hypothesis that 
composers tend to arrange slow minor-mode movements so as to decrease the proportion of (brighter) open strings. The 
results of our study might illuminate the historical tendency for composers to avoid certain keys for nominally sad works 
(such as the keys that avoid the pitches E, A, D, G and C). As an illustration, we show that Samuel Barber’s iconic Adagio for 
Strings is written in a key (B-flat minor) that can be shown to be the optimum key for minimizing open string tones.

[Wed AM 2.1 LA] The origins of scale structure from vocal mis-tuning
Peter Q. Pfordresher (1)* Steven Brown (2)

(1) University at Buffalo State University of New York. Buffalo, NY, USA 
(2) McMaster University. Hamilton, Ontario, CANADA 
* =pqp@buffalo.edu

Theories of the origin of tonality from the time of Pythagoras onward have assumed that musical intervals are defined 
precisely, as based on mathematical principles. In fact, “musicality” in performance has often been operationalized with 
respect to adherence to such mathematical tuning principles. Virtually all such theories are based on tunable instruments, 
such as strings or pipes. However, tuning principles have only rarely been examined using vocal data, despite the fact that 
the voice is the most ancestral and universal musical instrument used by humans. In the present study, we analyzed the 
tuning of sung melodic intervals during a capella performances of “Happy Birthday”, doing so across both highly trained and 
untrained singers. In contrast to the precision of intervals seen with musical instruments, we found that sung intervals are 
extremely broad, showing marked overlap with neighboring interval categories. Moreover, analyses of microtuning (proximity 
of sung intervals to any acceptable equal tempered interval) suggested that this measure is a poor predictor of singer quality. 
Ultimately, the information preserved by singers was limited to coarse-grained aspects of musical structure such as interval 
size and melodic contour. Likewise, listeners show little sensitivity to the tuning of melodic intervals. We consolidate these 
results into a model of tonality based on both motor and sensory factors that contribute to the formation of sung melodies.
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[Wed AM 2.2 LA] Singing in a chorus may reduce accuracy of poor-pitch singers: The effect of 
augmented feedback on pitch matching
Malak Sharif (1)*, Peter Q. Pfordresher (1)

(1) University at Buffalo, the State University of New York.  Buffalo, NY, USA 
* =malaksha@buffalo.edu

Augmented feedback is an additional, corrective auditory stimulus one uses to control their future vocalizations. This 
is analogous to singing along with a perfectly accurate partner. Typically, augmented feedback is assumed to facilitate 
performance. However, past research on the effect of augmented feedback during singing have produced mixed results. Singers 
who are accurate tend to benefit from augmented feedback. However, it is not clear how augmented feedback influences the 
performance of less accurate singers, referred to as those with a vocal pitch imitation deficit (VPID). Some evidence suggests 
facilitation of performance (Wise & Sloboda, 2008) whereas other evidence suggests the opposite (Pfordresher & Brown, 
2007). Augmented feedback can vary by its timbre, spatial proximity, and intensity, and these differences may influence 
accuracy. In our experiment, we prescreened 22 accurate and 19 VPID singers. Participants heard a four-note melody and 
vocally imitated the melody by singing. We varied augmented feedback during production such that during trials, participants 
either heard no additional feedback or they heard augmented feedback that was manipulated by its mode of presentation 
(headphones vs. speakers), intensity (loud vs. soft), and timbre (flute vs. voice). We found that poor-pitch singers were less 
accurate in conditions with loud augmented feedback presented over speakers. Accurate singers showed no significant 
differences in accuracy across conditions. We propose that this may be due to the inability of VPID singers to use feed-forward 
control properly. These singers may not be able to anticipate the outcome of their own voice and as such, may be confused by 
the distinction between the augmented feedback and their own vocalizations.

[Wed AM 2.3 LA] Is seeing or hearing believing: The tuning accuracy of high school and 
college trombonists when provided accurate and inaccurate visual feedback
Amanda L. Schlegel (1)*, D. Gregory Springer (2)

(1) University of Southern Mississippi. Hattiesburg, USA 
(2) University of South Carolina. Columbia, USA 
* =amanda.schlegel@usm.edu

The influence of visual information on one’s perception of music has been examined in varying contexts ranging from tone 
duration, expressiveness, and performance evaluation. The current study examines how, if at all, visual information provided 
by a tuner, which functions as feedback, affects musicians’ pitch perception and performance. High school (n = 29) and college 
trombonists (n = 30) tuned their instrument three times to a professionally-recorded trombone stimulus (G3) presented 
through headphones. A chromatic tuner (Korg CA-1) was provided each time participants tuned to the stimulus, though a 
different tuner was used for each of the three tuning attempts.  Two of three tuners were manipulated to provide inaccurate 
visual feedback. One tuner was set three hertz sharp (A = 443Hz, 11.8 cents above) and one was set three hertz flat (A = 
437Hz, 11.8 cents below). The third tuner was set to A = 440Hz. 
 Results include significant main effects due to tuner condition F(2, 114) = 9.97, p < .001, partial η2 = .15, and 
experience level, F(1, 57) = 6.10, p = .017, partial η2 = .10. Post-hoc analyses indicated participants’ tuning accuracy with the 
sharp tuner was significantly less precise in comparison to tuning accuracy with the flat and in-tune tuner. In-tune and flat 
tuner condition means were not significantly different. High school trombonists’ cent deviation was significantly higher than 
college trombonists’. 
 Using a threshold of +/- 5 cents, participants’ performances were coded as either in-tune, sharp, or flat. A two-way 
chi square analysis was calculated comparing the distribution of tuning results (flat, in-tune, or sharp) across the three tuner 
conditions (A = 437; A = 440; A = 443). Significant differences were found between observed and expected frequencies, p < 
.001.  Pedagogical implications and explanations for sharp performance tendencies are discussed and hypothesized.
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[A1] Beat perception, musical preferences, and sociability in Williams syndrome
Miriam D. Lense (1, 2)*, Elisabeth M. Dykens (2)

(1) Emory University, Marcus Autism Center.  Atlanta, GA, USA  
(2) Vanderbilt Kennedy Center, Vanderbilt University.  Nashville, TN, USA 
* =miriam.lense@choa.org

Williams syndrome (WS) is a neurodevelopmental disorder caused by the deletion of ~28 genes on chromosome 7.  Musical 
interest and hypersociability are two prominent aspects of the WS phenotype. As beat perception has been linked to language 
and social skills in other populations, a better understanding of these abilities in WS may contribute to our understanding of 
how their musical interests link to other aspects of their phenotype. 
 In a series of experiments, participants with WS and typically developing (TD) participants completed various tasks 
assessing beat perception. Rates of beat deafness, as assessed by the meter task of the Montreal Battery of the Evaluation 
of Amusia, were higher in WS (12.5%) compared to the TD population (5.6%). Consistent with this, individuals with WS 
performed worse on the Beat Alignment Test (BAT) than TD individuals. Individuals with WS with beat deafness had greater 
difficulty than those without beat deafness. Error analyses indicated that individuals with WS particularly struggled at finding 
the beat in orchestral music versus rock or jazz music, which corresponded with their musical preferences as assessed via 
questionnaires. Item analyses revealed that participants performed better when the music was faster and had a more salient 
beat. Participants with WS with greater beat detection abilities on the BAT were rated by their parents as having better social 
skills on the Vineland-II. Additionally, participants who endorsed liking rock music, which has a salient beat, the most, had 
greater socialization skills than those who reported less interest in rock music. 
 Beat perception has often been highlighted as strength in WS but our results indicate variability in beat perception 
abilities when using real music. Implications of this study for understanding the role of beat perception, musical preferences, 
and musical training in sociability in WS will be discussed.

[A2] Groove and musical instrumentation
Richard Ashley (1)*, Mattie Biggs (1)

(1) Northwestern University. Evanston, Illinois, USA 
* =r-ashley@northwestern.edu

“Groove” has been described as “the experience of music that makes people tap their feet and want to dance” (Madison 
et al 2011). However, published studies to date on groove often lack specifics on the musical attributes contributing to 
this experience. Here we focus on questions of texture and instrumentation and their potential contribution to groove in 
popular music. We propose that thickening the musical texture by adding lines – such as horns layered on top of vocals and 
rhythm section instruments – may significantly contribute to a “groovier” feeling compared with simpler textures. Popular 
music has been chosen as the stimuli for this study because such music contains sections that contain horns (trumpet, 
trombones, saxophones) and sections that do not contain horns within the same song and thus can use instrumentation as the 
independent variable. 
 Our first hypothesis is that listeners will rate excerpts that contain horns (trumpets, trombones, and/or saxophones) 
higher in groove than those not containing horns. We further hypothesize that this will be the result of rhythmic and timbral 
aspects of the excerpts rather than simple increase in loudness by adding parts. Participants provide a groove rating for 
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each stimulus with 9 being the “grooviest” and 1 being the “least groovy.” We also will collect responses for familiarity and 
preference for each stimulus to examine how these factors may also influence participants’ responses. Data collection for the 
study is ongoing. Results to date indicate that excerpts that contain horns are rated higher in groove than those not containing 
horns; this does not appear to be the result of loudness, and thus our results to date provide support for our hypotheses. We 
will report our findings as well as our musical analyses of our excerpts to help explain participants’ judgments. 

[A3] Entrainment of neural oscillations to auditory stimuli at multiple timescales
Gabe Nespoli (1)*, Paolo Ammirante (1), Frank Russo (1)

(1) Ryerson University.  Toronto, Ontario, CANADA 
* =gabe@psych.ryerson.ca

Tracking pitch and beat are important objectives when engaging with music. Neural representation of these dimensions in the 
brain can take the form of synchronization, or entrainment. Scalp-recorded electrical potentials have been found to entrain 
to the periodicities in tones and rhythms, termed the frequency-following response (FFR) and steady-state evoked potential 
(SSEP), respectively. While the exact neural origins of each response is unclear, the FFR is believed to originate subcortically, 
while the SSEP is believed to originate cortically. How these forms of synchronization might be related to one another is 
largely unknown. In the current study, participants listened to an isochronous train of tones while FFRs and SSEPs were 
measured simultaneously. The stimulus contained both fast (tones) and slow (beat) periodicities. As expected, the spectrum 
of EEG activity closely matched the spectrum of the stimulus at both timescales. Energy at the fundamental frequency of tone 
and beat stimuli—in the FFR and SSEP respectively—were found to correlate with one another, suggesting that the strength of 
neural entrainment is consistent across timescales. In addition, this measure of the extent of synchronization was correlated 
with behavioral measures of musical engagement, indicating that the experience-dependent plasticity seen in musicians 
manifests itself at multiple cortical levels corresponding to oscillations at different timescales present in music.

[A4] Examining rhythmically constrained speech production in typically developing six year-
old children and its potential intersections with musical and language abilities
Rita E. Pfeiffer (1) (2)*, Alison J. Williams (1), Carolyn M. Shivers (1), Reyna L. Gordon (1)

(1) Vanderbilt University. Nashville, TN USA  
(2) Middlebury College. Middlebury, VT, USA  
*= rpfeiffer@middlebury.edu

Rhythm is defined as the hierarchical organization of temporally coordinated units and is an important component in both 
speech and music comprehension. Recent findings in the music cognition field suggest that rhythm perception skills, in both 
music and language, are associated with language and music abilities. However, most of this research has focused on rhythm 
perception; few have examined the role of rhythmic production in speech in children. The present study examines typically 
developing children to determine their capacity to produce rhythmic speech, with the goal of investigating the relation 
between speech rhythm production, musical rhythm skills, and expressive language skills. To elicit rhythmically constrained 
speech, we utilized a modified version of the speech cycling task created by Cummins and Port (1998), in which participants 
repeat short, metrically regular phrases. In the current study, thirteen six-year-old children repeated a set of eleven different 
phrases with a metronome (e.g., “beg for a dime”) and were also given behavioral measures of music rhythm perception 
(Beat-Based Advantage and the Primary Measure of Music Audiation), phonological awareness (Comprehensive Test of 
Phonological Processing), and expressive grammar (the Structured Photographic Expressive Language Test-3). The resulting 
stress beats within each phrase of the speech cycling paradigm were marked using an algorithm and were further analyzed in 
the following ways: synchrony with the metronome, synchrony between phrases, and synchrony within each phrase. These 
measurements yielded synchronization indices for each child, for which correlations can be tested with behavioral measures 
of musical rhythm perception and language skills. Data analysis is currently underway; we predict that the children will not 
synchronize with the metronome but will maintain internal consistency. Further, we predict that a child’s ability to maintain 
synchrony will be positively correlated with their rhythm perception and language skills.
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[A5] Supra-segmental languages features encoded in engaging music leads to infant language 
preference
Dhonam Pemba*(1), Dorjay Yuden (2), Trina Sarkhar (3), Kaveh Azartash (1)

(1) Kadho Inc., Irvine, CA USA  
(2) University of California, Los Angeles, CA USA  
(3) Stanford University, Stanford, CA USA 
* =dpemba@kadho.com

Infants have a preference for that native language through prenatal exposure to the supra-segmental features of languages. 
However, bilingual newborns show an equal preference for both languages, which can help, direct attention and enhance 
learning of both languages. We tested the effect of music encoded with the supra-segmental features of languages on an 
infant’s language preference. We have developed a technique of extracting supra-segmental features from recorded speech and 
encoding it in music. The rhythm and melody of a language are defined linguistically as the supra-segmental features of that 
language. We were able to extract the rhythm and melody of languages from speech using low pass filtering and a variation 
on the envelope technique. The extracted supra-segmental features were then encoded and transformed it to the rhythm and 
melody of music. This linguistically encoded music provided an appealing and accessible method to expose young children 
to the sounds of multiple languages. We exposed six monolingual English-speaking newborns (average age of 3.1 months) 
to 5 hours of Chinese encoded music over 30 days. We compared the language preference through high amplitude sucking 
procedure of the exposed monolingual group to six non-exposed monolingual English (average age 4.1 month) and 3 bilingual 
Chinese-English newborns (average age 4.2 months) on preference of two languages samples that represent distinct rhythmic 
groups, English (Stress) and Mandarin (Syllable). Our results show that non-exposed monolingual newborns show preference 
for only English, while both the exposed and bilingual group demonstrated equal preference for both languages. These results 
demonstrate that through music stimulation, an infant’s preference for foreign languages can be strengthened.

[A6] The impact of musical training on foreign language learning
Kimi Nakatsukasa (1), Peter Martens (1)*

(1) Texas Tech University, Lubbock, TX, USA 
*= peter.martens@ttu.edu

Research in linguistics has reported that learners’ individual factors (e.g. IQ and working memory) and contextual factors (e.g. 
foreign vs. second language, immersion vs. classroom) influence language learning. Recent studies in music psychology have 
reported a positive effect of musical training on the development of a child’s first language. Might this same effect exist for 
foreign language learning? 
 In a pilot study we explored (1) whether or not training in music impacts language learning aptitude, and (2) if so, what 
linguistic areas benefit from the musical training, using the Language Learning Aptitude Measure (Maera, 2005). Two groups 
of graduate students were matched in terms of age and gender (N=11); the musician group consisted of students in music 
performance majors, while the non-musician group consisted of non-music students with little or no musical training.  
 Results showed a strong effect of musical training on learning novel lexical items (d = 1.992) and in relating sounds and 
a writing system (d = 2.48); the effect on grammatical rule inference was medium. Unlike previous studies that reported a 
positive impact on phonological ability (e.g. Slevc & Miyake, 2006), there was a relatively small effect size on sound recognition 
in an artificial language (d = -.76). The findings suggest that the musical training can have a positive impact on overall foreign 
language learning aptitude. Further, it suggests that musical training’s impact on phonological ability may depend on the task 
(e.g. perception of discriminatory phonemes vs. sound recognition).  
 A full study in Spring 2015 will replicate the pilot study with 40 musicians and 20 non-musicians, and will also include a 
modified version of the Learner Belief Questionnaire (Loewen et al., 2009) to assess subjects’ attitude toward language learning.

[A7] An album cover rainbow: Examining emotional connections between exposure levels, 
color temperatures, and musical affect
Caitlyn Trevor (1)*, Gary Yim (1)
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(1) Ohio State University, Columbus, OH, USA 
*= trevor.5@osu.edu

With growing collaborative multimedia possibilities in contemporary music performance, research in audiovisual stimuli 
is increasingly relevant. Music researchers have demonstrated that cross‐modal perception plays an important role in the 
perception of music (McGurk & Macdonald, 1976; Armontrout, Schutz, & Kubovy, 2009). More specifically, research has 
shown that the perception of combined auditory and visual stimuli can be mediated by their emotional connotations (Palmer, 
Schloss, Xu, & Prado-Leon, 2012). This study aims to examine valence and arousal connections between visual and auditory 
stimuli using photographs with differing exposure and color temperature levels and short musical samples. Participants were 
exposed to 300 3‐second musical clips from a variety of genres and asked to match one of two photographs with the musical 
sample as a CD cover. Each contrasting visual pair was taken from sets of identical photographs edited to have varying levels of 
exposure and color temperature. Photographers colloquially discuss that photographs with a high exposure level are perceived 
as having a more positive emotional affect while low exposure photographs are perceived more negatively. Therefore, we 
hypothesize that participants will select high exposure photographs for happier songs and low exposure photographs for sadder 
songs. In color and emotion research, it is generally agreed upon that cooler colors are perceived as having lower arousal and 
hotter colors are perceived as having higher arousal. We hypothesize that participants will match images with higher color 
temperatures with songs with high intensity elements (texture, dynamics, etc.) and images with a lower color temperature with 
songs with low intensity elements. Data collection is underway.

[A8] Metric ambiguity and performer expressivity in Beethoven’s Piano Sonata Op. 14, No. 2
Stacey Davis (1)*

(1) University of Texas at San Antonio, San Antonio, TX, USA 
* = stacey.davis@utsa.edu

London (2012) outlines a variety of contexts and explanations for metric ambiguity. Some instances of ambiguity are caused 
by momentary contradictions to a clear and prevailing metric structure. Other passages contain persistent incongruities that 
cause an overall shift in metric organization. In contrast to these, metric malleability occurs when a passage allows for several 
viable metric interpretations. London suggests that performers play a significant role in the perception of malleable melodies. 
Although performances without expressive nuances would remain metrically ambiguous, timing and dynamic variations could 
clarify the metric structure by drawing attention to a single interpretation.  
 One example of metric malleability occurs in the first movement of Beethoven’s Piano Sonata, Op. 14, No. 2. Phenomenal 
accents produce three possible metric organizations during the first four measures of the piece, with syncopation causing 
further ambiguity in the next four measures. In order to investigate London’s hypothesis about performer expression during 
malleable music, Sonic Visualiser software was used to measure timing and dynamic variations in commercially recorded 
performances of 12 expert pianists. Initial results suggest that some performers refrain from using significant expressive 
variations during the various statements of this theme, which maintains the possibility of multiple metric interpretations. 
Other performers use rubato and/or dynamics to consistently draw attention to specific metric positions, thereby eliminating 
ambiguity by influencing listeners toward a single metric perception. Data analysis is ongoing and final results will be reported 
at the conference.  
 Analyzing expressive variations is a first step in understanding the relationship between metric ambiguity, performer 
expression, and listener perception. Subsequent research will correlate the results of the current study to those of a perceptual 
study on listener responses to the various recordings of this piece, thereby providing further information about the extent to 
which expressive variations clarify the perception of metrically ambiguous music.

[A9] Negentropy: A compositional and perceptual study using variable form
Jason Carl Rosenberg (1)

(1) Independent scholar. Redwood City, CA , USA 
* =jason@jasonrosenberg.org

This study uses a contemporary musical composition (created by the author, a composer-researcher) with variable form to 
investigate (1) the perceived similarity of the musical material and (2) the preferences in large-scale form. The composition, 
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titled Negentropy, is a stand-alone concert piece for solo flute, intended to double as a music perception task. It is divided into 
9 sections (between 25 and 55 seconds each) that can be variably sequenced, resulting in just under a million possible unique 
sequences. Participants characterize each of the 9 sections, then sort the sections into groups based on musical similarity, and 
then order the sections (omitting up to 3) into their own “compositions”. Preliminary results reveal that in the sorting task 
divergent sections were reliably placed into the same groups, suggesting that listeners prioritized surface similarities in their 
classifications rather than form-bearing dimensions, such as structural organization. Data from the sequencing task reveal that 
70% of participants chose a sectional ordering with a symmetrical compositional structure consisting of tender, contemplative 
outer sections and energetic, rhythmic inner sections. That is, musicians and non-musicians alike preferred an arch form 
ordering. In contrast, the two flautists that have performed the piece thus far chose non-traditional forms, thereby implying 
that increased familiarity with the musical material may result in more daring structural decisions. The Negentropy project 
contributes to our understanding of how we perceive large-scale musical form, and presents an integration of scientific inquiry 
with contemporary musical composition. 

[A10] How to recognize an improvisation: stylistic features of improvisation in American music
Nat Condit-Schultz (1)*

(1) Ohio State University, Columbus, Ohio, USA 
* = natsguitar@gmail.com

“Improvisation” occurs when musicians invent original musical material “in the moment” of performance. Discussion, and 
research, concerning improvisation has generally focused on the creative process: how musicians are able to improvise. This 
approach considers only the process by which music is generated, not the resulting music itself. However, improvised music is 
clearly different than prepared music. Devotees often attribute an ineffable quality to improvised music, yet few studies have 
actually compared improvised and prepared music (Engel and Keller 2011; Keller, Weber, Engel 2011). In general, claimed dif-
ferences between improvised and prepared music are either vaguely defined, extremely subtle, or simply incidental by-products 
of the generative process. In contrast, this paper will argue that improvised music systematically differs from prepared music in 
stylistically determined ways, and that these differences are likely the most salient marker of “improvisation” for most listeners.  
 In everyday parlance, musicians distinguish between “melodies” (prepared) and “solos” (improvised). Melodies typically 
have clear phrases of equal length, which recycle, repeat, and develop a limited set of musical ideas. In contrast, solos tend to 
feature less large-scale repetition, shorter durations, and irregular,  “gestural,” phrases. In this study, a corpus of Jazz and Rock 
transcriptions is used to systematically compare prepared passages to improvised passages. The features I compare include: 
surface rhythms; the usage of non-harmonic tones; phrasing; and repetition. Participants will then be asked to judge wheth-
er MIDI renditions of passages from the corpus are improvised or prepared. I hypothesize that participants will accurately 
differentiate “solos” from “melodies.” Participants will also perform the same task with a set of stimuli generated by the author 
specifically for the project, which include “composed solos” and “improvised melodies.” I conclude that listeners’ ideas about 
what improvisation sounds like are more important to the musical experience then whether music is actually improvised.

[A11] A corpus-sensitive algorithm for automated tonal analysis
Christopher Wm. White (1)*

(1) The University of North Carolina at Greensboro. Greensboro, NC. USA 
* =cwwhite@uncg.edu

A corpus-sensitive algorithm for tonal analysis is described. The algorithm learns a tonal vocabulary and syntax by grouping 
together chords that share scale degrees and occur in the same contexts and then compiling a first-order transition matrix 
between these chord groups. The algorithm then reduces musical surfaces to these chord groups using an expectation 
maximization process. When trained on a common-practice corpus, the resulting vocabulary of chord groups approximates 
traditional diatonic Roman numerals, with some notable non-tertian exceptions. These parameters can then be used to 
determine the key and vocabulary items used in an unanalyzed piece of music. Such a corpus-based method highlights the 
properties of common-practice music on which traditional analysis is based, while offering the opportunity for analytical and 
pedagogical methods more sensitive to the characteristics of individual repertories, and suggesting a possible mechanism for 
exposure-based learning of musical vocabularies.
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[A12] Large-scale music discovery behavior: Effects of genre and geography
Blair Kaneshiro (1,2)*, Lewis Kaneshiro (2,3), Casey Baker (2), Jonathan Berger (1)

(1) Center for Computer Research in Music and Acoustics, Stanford University. Stanford, CA, USA  
(2) Shazam Entertainment Limited. Redwood City, CA, USA  
(3) Department of Statistics, Stanford University. Stanford, CA, USA 
* =blairbo@ccrma.stanford.edu

Ever since radio broadcast facilitated the mass dissemination of music, discovering new music has become a prevalent 
pastime. In recent years, recommendation, streaming, identification, and sharing services have facilitated music discovery 
on a large scale. However, generalizations regarding the nature and dynamics of this behavior remain elusive. Inspired by 
recent studies using social-media data to study large-scale musical behavior, we investigate music discovery by leveraging 
user data from Shazam, a popular service by which users query audio samples (e.g., songs) for identification. We seek to 
validate anecdotal and cursory statistical analyses suggesting that geographical and temporal dynamics of song discovery 
and popularity vary by musical genre. Songs used for analysis were derived from Billboard, whose weekly charts provide 
industry measures of music popularity across several genres. We aggregated weekly Top-20 Billboard songs from October 
2014 – March 2015 for three popular genres: Pop, Country, and R&B/Hip-Hop. This produced 175 unique songs from 143 
unique artists across the three genres. We then aggregated geo-tagged United States Shazam queries corresponding to these 
tracks over the same time period, resulting in over 40 million data points. Query locations were labeled by Nielsen Designated 
Market Areas (DMAs). We assess song popularity on the genre level through both Billboard chart performance and Shazam 
query volume, and identify top music-discovery DMAs for each genre. We then focus our analysis on specific songs that 
exhibit particularly interesting music-discovery behavior, including songs appearing on multiple Billboard charts and those 
with unique geotemporal discovery activity. We relate Shazam query dynamics to Billboard chart dynamics and highlight the 
impact of special events such as music video and single releases, as well as holidays. We discuss the advantages and difficulties 
of using industrial data for music cognition research, and evaluate the merits and possible confounds of our chosen approach 
and datasets.

[A13] Considering perceptual offsets for sound event delineation
David Heise (1,3)*, Precious Hardy (2,3), Darrion Long (1,3)

(1) Department of Computer Science, Technology & Mathematics, Lincoln University. Jefferson City, Missouri, USA 
(2) Department of Social and Behavioral Sciences, Lincoln University. Jefferson City, Missouri, USA 
(3) CRoMA (Computational Research on Music & Audio) Team of Interdisciplinary Collaborators (CRoMA‐TIC), Lincoln University. Jefferson City, Missouri, USA 
*= heised@lincolnu.edu

Sound events, whether in isolation or part of an audio mixture, may be delineated in time by an onset and an offset. The onsets 
and offsets of many such sound events may be defined by the “actuation times” causing the sound to begin and end (consider 
the pressing and releasing of a piano key). This simple notion of onsets and offsets can be useful for applications such as 
automatic transcription where we are truly concerned about the timing of actions that effect a sound event. Generally (though 
not always), the time difference between actuation of a sound (pressing a piano key) and the perceived beginning of the 
sound event (hearing the note) is small enough to fall below some threshold, yielding coincident “actuated” and “perceptual” 
onsets. For many offsets, though, the situation is more complicated. For instance, a percussionist hitting a snare drum takes 
one physical action to create the sound, but the timing of the corresponding “release” of the note (e.g., MIDI “NOTE OFF”) is 
somewhat arbitrary. Nevertheless, perceptually and analytically (examining the audio waveform), there is clearly a segment of 
time delineating the beginning and end of the drum sound. Slowly decaying sounds also defy the simple notion of “actuated” 
offset. 
 The Music Information Retrieval Evaluation eXchange (MIREX) hosts “evaluation tasks” each year to benchmark 
algorithms that contribute to aspects of music information retrieval (MIR). The authors are currently developing an “Audio 
Offset Detection” task for MIREX 2015. This task requires determining: a) how to truly define offsets such that the task will 
hold value for MIR applications (e.g., automatic transcription), b) how to encode this definition into an evaluation task, and 
c) how to acquire reliable ground truth. Our approach will focus on accurately modeling, parameterizing, and detecting 
perceptual offsets in collaboration with musicians and perceptual psychologists.
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[A14] On contrasting expressive content between primary and secondary musical themes
Lindsay Warrenburg (1)*, David Huron (1)

(1) Ohio State University.  Columbus, Ohio, USA 
* =warrenburg.3@osu.edu

Music observers in the 18th century, like Georg Joseph Vogler, noted the tendency for Western art-music themes to exhibit 
contrasting expressive content. Specifically, the primary (first) theme tends to be “stronger” or more “fiery” whereas secondary 
(second) themes tend to be “gentler” or more “cantabile.” In this study, we tested various hypotheses arising from these 
observations. For example, we made use of the Barlow and Morgenstern Dictionary of Musical Themes (1948) to test whether 
secondary themes are more likely to be in the minor mode, are more likely to be legato, make use of a slower tempo, and 
involve a quieter dynamic level. We examined possible contrasts regarding potential tendencies to use larger or smaller melodic 
intervals. Also, we tested for possible rhythmic contrasts using the normalized pairwise variability index (nPVI), where we 
predicted that primary themes would exhibit higher pairwise rhythmic variability than would secondary themes. In addition, 
we tested whether these features can be used to create a successful discriminant model to predict whether any given theme is 
likely to be primary or secondary. Finally, we considered possible changes over historical time in the treatment of primary and 
secondary themes, including stylistic periods and individual composers.

[A15] The congruence-association model with working narrative: Replication of an 
experiment and further investigations on music-visual congruence and attention in large-
scale structure processing
Timo Varelmann (1)*, Dorte Becker (1), Anna-Jelena Richenhagen (1), David Schneider (1), Uwe Seifert (1)

(1) Department of Systematic Musicology, University of Cologne. Cologne, GERMANY 
* =timo.varelmann@uni-koeln.de

The Congruence-Association Model with Working Narrative (CAM-WN) predicts that the viewer-listener’s attentional focus 
of the filmic scenography is guided by multimodal congruencies between music-visual structures which give rise to cumulative 
meanings (Cohen 2013a, 2013b). These congruencies assist the viewer-listener to focus on relevant elements in the story 
(Cohen 2013a) and contribute to the narrative’s meaning on a larger scale (Seifert et al. 2013).
 By following the original set-up as closely as possible we conducted a replication of an experiment of Marshall & Cohen 
(1988), which formed the starting point for developing CAM-WN. The results of the original experiment revealed that type of 
music differently affected the activity ratings of figures, a finding that was explained by means of congruence, attention and asso-
ciation (Cohen 2013b). We replicated basic findings except the activity ratings of figures: type of music did not differently affect 
the activity ratings of figures. We discuss possible influences of our experimental setup that may allow for an explanation of di-
verging results in agreement with the CAM-WN predictions, though we can only speculate about involved attentional processes.
 To investigate the relationship between structural congruence and attentional focus, we plan to conduct an eye tracking 
study. Our goal is to gain evidence of overt attentional processes by systematically manipulating features of soundtracks and 
investigate parallel music/scenographic figure/ground direction of attention after short cuts (Cohen 2013a, Coutrot et al. 2012). 
 In addition, considerations to develop a theoretical framework for cognitive science research on large-scale structure 
processing in music based on situation models will be taken into account (Cohen 2014; Seifert et al. 2013). Furthermore, it 
seems promising to us to expand our approach within this framework by adopting methods for research on event processing 
from psycho- and neurocinematics (first considerations in Seifert et al. 2013; Lerdahl 2013; Zacks 2013; Smith 2013).

[A16] An asymmetry in the judgment of harmonic distance 
Christopher Bartlette (1)*

(1) Binghamton University. Binghamton, NY, USA 
* =cbartlette@binghamton.edu

In spatial representations of harmonic distance, distance is the same regardless of direction. However, models and studies 
indicate that these distances are not always judged as equivalent. This study investigates whether there is an asymmetry due to 
notational complexity: Will the distance from a simple chord/key (all or nearly all tones corresponding to natural piano keys) 
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to a complex chord/key (all or nearly all tones corresponding to flat/sharp piano keys) be the same in both directions? In one 
experiment, 36 participants (non-AP musicians) listened to 100 trials in two sessions. Each trial consisted of three chords: 
The initial and final chords were the same (C major in one session, F# major in the other), and the middle chord was drawn 
from all major triads, minor triads, dominant seventh chords, and minor seventh chords. Participants rated how distant the 
middle chord felt on a scale from 1 (not distant) to 12 (distant); there was a significant difference (p = .01) in the ratings for 
complex chords in the context of C major (M = 7.1) versus simple chords in the context of F# major (M = 7.7). In a second 
experiment, 27 participants listened to 24 trials in two sessions. Each trial consisted of an eight‐measure progression: The 
initial and final keys were the same (C major in one session, F# major in the other), and the middle key was either simple or 
complex. Participants rated how distant the middle key felt on a scale from 1 (not distant) to 7 (distant); there was a significant 
difference (p < .01) in the ratings for complex keys from C major (M = 5.3) versus simple keys from F# major (M = 4.9). The 
results suggest that movement from simple to complex is more distant than movement from complex to simple.

[A17] Influence of diatonicity and tone order on listeners’ perception of professionally 
composed music.
Mark Shevy (1)*, Stephen Dembski (2), Douglas McLeod (2)

(1) Northern Michigan University.  Marquette, Michigan, USA  
(2) University of Wisconsin, Madison, Wisconsin, USA 
* =mshevy@nmu.edu

Studies of tonal hierarchies and musical probability have supported the notion that listeners in Western culture learn a 
cognitive representation or schema of the diatonic system that guides their perception and understanding of music. Yet, there 
is a recognized need (e.g., Krumhansl & Cuddy, 2010) for more studies of nondiatonic music as well as methodologies that 
differ from the most-frequently used methods (e.g., probe tone tests, use of short quasi-musical tone sequences).  
 The present study randomly assigned participants (n=177) to listen to two sequences of five pairs of music recordings. 
After each pair, listeners rated their perceived similarity of the pieces. Within each sequence, each listener heard the following 
in a systematically randomized order: Two pairs that were identical (they heard the same piece twice), a pair in which the 
pieces differed in diatonicity (one piece was diatonic, and the other was not), a pair that differed only in the order in which 
pitches were presented, and a pair that differed in diatonicity and pitch order. To increase external validity, the music pieces 
were based on a 115-note excerpt of the nondiatonic piece Alta (Dembski, 1982), and on an excerpt of similar length from 
the Prelude in C major of Bach’s Well-Tempered Clavier. The composer created (in 2010) variations on each excerpt by 
systematically mapping the harmonic materials of one onto the pitch-order structure of the other, and vice versa, thereby 
closely deriving each exemplary sequence from a composition of “real” music. 
 Results indicated that listeners consistently rated differing pairs as significantly less similar than identical pairs, 
regardless of diatonicity and pitch order. Furthermore, altering diatonicity resulted in greater perceived dissimilarity than 
altering pitch order. This suggests that, for longer musical pieces, harmonic schemas could play a stronger role in remembered 
perception than memory of musical surface. 

[A18] The effect of cadences on harmonic expectancy
Brooke Okada (1)*, L. Robert Slevc (1)

(1) University of Maryland.  College Park, MD, USA  
* = bokada@umd.edu

The implicit and automatic processing of harmonic structure is shown in harmonic priming paradigms, where subjects are 
faster to make judgments unrelated to harmonic structure (e.g., of a chord’s timbre) on chords that are more harmonically 
expected (e.g., faster timbral judgments for tonic vs. subdominant chords at the end of a sequence). This priming effect 
may result from automatic spreading activation, where the global context of a musical sequence establishes a specific tonal 
hierarchy such that some chords (e.g., the tonic) are more expected than others (e.g., Tillmann et al., 2006). Alternatively, 
harmonic priming might result, at least in part, from expectations for successive events within a sequence (i.e., cadences).  
 Two experiments tested the extent to which harmonic priming reflects expectancies for global tonal hierarchies versus 
expectancies for local structural patterns (i.e., cadences) using a timbral judgment task. Participants heard 8-chord sequences 
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and classified the timbre of the final chord as either a resonator guitar or a classical guitar. Experiment 1 replicated standard 
harmonic priming paradigms and showed that timbre judgments were faster on tonic (V-I) versus subdominant (I-IV) 
endings. This, like previous studies showed facilitation for tonics as part of an authentic cadence. Experiment 2 investigated 
the extent to which this facilitation reflects (at least in part) expectancies for that authentic cadence, which typically indicates 
a local conclusion. Specifically, Experiment 2 contrasted the influence of cadential structural expectancy with non-cadential 
expectancy, examining facilitation for tonics within an authentic cadence (V-I) and tonics without cadence (e.g., ii-I). 
Harmonic priming effects were indeed influenced by local cadential structure. Because sensory overlap between contexts and 
targets were controlled, these data suggest harmonic priming effects reflect cognitive expectancies for both global harmonic 
context and specific local structural components (i.e., cadences).

[A19] Tonal representation of stretched and compressed scales
Adam Schumacher (1)*

(1) Illinois State University.  Normal, IL, USA 
* =acschum@ilstu.edu

Categorical perception, at first a concept applied to speech, is operationally defined as distinct boundaries between categories of 
stimuli varying along a continuum as well as strong discrimination between stimuli in different categories than between stimuli 
in the same category (Studdert-Kennedy et al 1970). Categorical pitch perception in music is claimed to be limited to those 
with musical training (Krumhansl, 1991). Western tonal music has been divided into numerous keys and scales all representing 
static ratio relationships in frequency. Musical pitch also requires finer systems to determine differences than speech pitch. 
(Zatorre & Baum, 2012). This study hypothesizes that if categorical pitch perception is limited to musically trained individuals, 
the presentation of a stretched or compressed scale will be noticeable to those with musical training, but not to those without 
musical training.  I propose a research study in which a series of scales composed of larger or smaller than typical intervals 
in the western major scale are presented to musicians and non-musicians. The intervals of each scale will be stretched or 
compressed to the same degree in each trial. At the end of each scale the participants will hear a tone and then rate the 
goodness of fit of the tone on a Likert scale from 1 (very bad) to 7 (very good).This methodology is based on the retrospective 
probe tone methodology. (Krumhansl & Shepherd, 1979) The intention of the study is to test whether the representations of 
tonality is affected by the size of the intervals or just the consistency of their manipulations within the musical context. This 
study will find more evidence to add to the discussion of categorical pitch perception and its relationship to musical training as 
well as the understanding of fluid tonal representations. 

[A20] Effects of music instruction on cognition
Gabrielle Chapman (1)*, Jan Morrison (1)

(1) Peabody Research Institute at Vanderbilt University, Nashville, TN, USA 
* =gabrielle.chapman@vanderbilt.edu

Past research indicates that music training boosts cognitive and social functions, such as IQ, attention, creativity, and empathy. 
In 2013, we began evaluating the effects of music instruction on cognitive and social functions in children from low-income 
schools without access to music instruction, using state-of-the art neurocognitive assessment tools.  
 The program we are studying was developed by the W. O. Smith Music School, which was founded in 1984 with the 
mission to make affordable, quality music instruction available to children from low-income families. Their program is unique 
in its quality, structure, and format. In our first year of the project at W. O. Smith 38 students consented to be in the study.  
Children were randomly assigned to either the W.O. Smith’s Basic Musicianship class or private lessons (the treatment group, 
n=24) or a waitlist control group (n=14).  We assessed the children in fall and spring of the 2013-2014 school year using the 
Cogstate battery for reaction time, psychomotor function, working memory, executive functioning and social cognition. 
Outcomes showed that children receiving music instruction performed better on the One Back Working Memory Task and the 
Social-Emotional Cognition Accuracy Task than the children on the wait list. 
 In August of 2014, we began the second year of the study, enrolling 32 new subjects in our study. Like year one, these 
students were randomly selected into the treatment or control conditions. Our poster will present the results of the spring 2015 
assessments of these subjects and the one-year follow-up of the 2013-14 subjects. 
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[A21] The prestige effect: Increasing musical appreciation through extra-musical factors
Andrew T. Landau (1)*, Summer K. Rankin (2), Patpong Jiradejvong (2), Charles J. Limb(1,2)

(1) Peabody Institute of The Johns Hopkins University. Baltimore, MD, USA  
(2) Department of Otolaryngology-Head and Neck Surgery, Johns Hopkins University School of Medicine. Baltimore, MD, USA 
* =andrewtylerlandau@gmail.com

Program notes are ineffective at increasing enjoyment and appreciation of music (Margulis, 2010). We sought a deeper under-
standing of this phenomenon by testing whether knowledge of composer can alter levels of enjoyment and appreciation. We se-
lected 48, 30-second excerpts of classical music from three pairs of composers. One of each pair was a famous composer (Bach, 
Mozart and Beethoven) and the other was a non-famous composer from the same period (Graupner, Clementi, and Hummel), 
respectively. Participants heard all excerpts and rated each one for familiarity, enjoyment, and quality on a 7-pt likert scale. Half 
the participants were displayed the name of the composer while listening and half were displayed the name of that composer’s 
pair, i.e. heard Graupner but saw Bach. Participants rated excerpts significantly higher for familiarity, enjoyment, and quality 
when they believed it to be written by a famous composer. This result held regardless of experience level or true composer.  
 Extra-musical factors such as prestige of composer can bias listeners to experience higher familiarity, enjoyment, and 
appreciation. This result demonstrates that the content of a typical program note can positively impact a listening experience, 
but the delivery is important to its effectiveness. Because prestige is not a direct cue for quality, but for cultural opinion, the 
effects found in this study are likely mediated by social influence.

[A22] The influence of acoustic environment on music perception in the recording studio
Brett Leonard (1)*, Richard King (2, 3), Grzegorz Sikora (4)

(1) The School of Music at the University of Nebraska at Omaha.  Omaha, NE, USA  
(2) The Graduate Program in Sound Recording at McGill University.  Montréal, QC, CANADA  
(3) The Centre for Interdisciplinary Research in Music Media and Technology.  Montréal, QC, CANADA  
(4) Bang & Olufsen Deutschland GmbH.  Pullach, GERMANY 
* =bleonard@unomaha.edu

Recording engineers are constantly battling to ensure that their work is perceived in the best possible light by listeners on a 
variety of reproduction systems in widely varying acoustic environments.  For this reason, engineers demand acoustically 
neutral working environments.  But what happens when such audio professions are faced with imperfect acoustic conditions 
akin to those found in the modern “bedroom studio”? 
 In order to explore the affect that non-ideal acoustic conditions can have on an engineer, a series of experiments were 
conducted.  A novel testing methodology was designed to test the magnitude of any effect in engineers’ perception while 
performing critical production tasks. Ecological validity was maintained by using tasks such as level balancing and frequency 
manipulation as dependent variables.  Independent variables took the form of physical manipulation of the testing room’s 
acoustics by means of an electromechanical rotator system housing multiple acoustic treatments.  All subjects taking part in 
testing were trained recording, mixing, and mastering engineers or graduate students in the music production field. 
Over the course of more than 10 separate tests, trend emerged.  The foremost result was the overwhelming ability of engineers 
to adapt to non-ideal conditions within a short temporal period.  For the majority of subjects, a short period of confusion 
accompanied a new acoustic environment, but they were able to overcome its effects and perform consistently on these 
familiar tasks.  One underlying trend was seen throughout testing: an increase in a subject’s prior training and years of 
experience correlated directly to their consistency, even when working in poor acoustic conditions.  An increase in the time 
required for task does, however, suggest that some acoustic conditions are easier to adjust to than others.  Ultimately, the result 
of these tests strongly supports the theory that listeners can readily adapt to new listening environments.

[A23] Relationship between personality type and ensemble participation preference
Tracy Torrance (1)*, Jennifer Bugos (1)

(1) University of South Florida, Tampa, FL 
*= ttorranc@mail.usf.edu

The purpose of this study is to explore the relationship between personality type and ensemble choice in university students. 
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Research in high school musicians suggests that young adults who participate in ensembles are more likely to be extroverted, 
intuitive, feeling, and perceiving (Reardon, 2011).  Few studies have concentrated on personality characteristics of ensemble 
members later in the lifespan. This is particularly relevant as personality characteristics may not be stable with age. Carl Jung 
suggested that personalities may alter due to life experiences (Jung, 1923). If that is the case, musicians’ personalities may 
change due to musical opportunities and experience.  
 This study answers three questions: 1) What is the relationship between personality type and ensemble choice (e.g. 
instrumental versus vocal)?; 2) How do personalities differ within subgroups (i.e. chair placement in band or orchestra, 
chorus section leaders)?;  and 3) What is the correlation between personality type, ensemble choice and gender? The survey 
administered to participants included 10 demographic questions and the Big Five Personality Inventory (Goldberg’s TDA), 
which is based on the Five Factor Theory (FFT). The survey was distributed via E-mail as well as paper and pencil version to 
158+ graduate and undergraduate students (18-40 years) enrolled in performance ensembles at a large research university in 
the southeastern United States to determine personality type. The survey consisted of 50 items and measured Openness to 
Experience, Conscientiousness, Extroversion, Agreeableness, and Neuroticism (OCEAN).

[A24] Self-promotion in popular music: Changes over the past 20 years
Pam McAuslan (1)*, Marie Waung (1), Zoe Irvin (1)

(1) University of Michigan-Dearborn.  Dearborn, MI, USA 
* =pmcausla@umich.edu

A recent nationally representative study suggests that the average adolescent listens to well over two hours of music per day 
(Rideout et al., 2010). Findings from cross-sectional and longitudinal surveys suggest that media/music consumption and 
preferences relate to attitudes and behaviors in various domains including substance use and sexual behavior.  For example, 
the Media Practice Model suggests that adolescents select and react to media in a nuanced and complicated way (Brown, 
2000) with clear evidence of a selection effect (Bleakley et al., 2011) and growing evidence  that music can influence thoughts, 
feelings and behaviors (e.g., Brown et al., 2006). These studies suggest that it is critical to understand the messages that are 
being relayed in popular music (Rentfrow, 2012).  
 One under-studied area concerns the tendency to self-promote in popular music. Recent research suggests growing 
levels of narcissism, materialism, and self-focus (Twenge and colleagues). This also seems to be reflected in media including 
popular music lyrics. For example DeWall and colleagues report that words related to self-focus increased in American 
popular music between 1980 and 2007. 
 This study focuses on Billboard Hot 100 songs from the years 1990. 2000, and 2010. Songs were coded by at least two 
research assistants who rated songs on the presence or absence of various content related to self-promotion. Preliminary 
analyses suggest that the most popular songs from 2010 contain significantly more self-promotion than music from earlier 
decades. More specifically, the most popular songs from 2010 were more likely to include: the singer mentioning self by name, 
general self-promotion (i.e., statements such as “I’m the best”), bragging about their partner’s appearance, their wealth, and/or 
their sexual prowess, as well as demands for respect and the derogation of others. Additional analyses will examine differences 
in self-promotion by genre, as well as gender and ethnicity of the artist. Discussion of results will be considered within the 
framework of the media practice model. Implications, particularly for adolescents and young people, will be discussed.

[A25] Some EEG patterns occur in common across genres of music
Don Scott (1)*, David Berry (1)

(1) Converse College, Spartanburg, S.C., USA 
* =dscott8201@gmail.com

Music provokes Mind Wandering (MW) or Attentiveness (ATT) among listeners, thus raising a question “What is 
it about the music that holds attention or loses it to mind-wandering?” We approached this question through EEG 
(electroencephalography) and found consistent patterns that occurred in both pop and classical music, and helped distinguish 
MW from ATT listeners. Identification of the Default Mode Network by Raichle and colleagues (Raichle 2001, Fox 2005, 
Andrews-Hanna 2010), and the story of θ and upper-α frequency bands in working memory and long-term memory by 
Klimesch and colleagues (Klimesch 1999, Sauseng 2002, Sauseng 2008, Klimesch 2010, led us to examine these frequencies 
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recorded from Fz (front center), P3 (left parietal), T4 (right) and T3 (left) temporal sites as participants listened to music. Our 
results are consistent with these interpretations: recording site Fz detects working memory activity, P3 associates with long-
term memory, the left temporal site (T3) with language and the right temporal (T4) site with non-verbal listening.  
 Ten 3-minute musical excerpts (5 popular, 5 classical) were heard by 15 participants. They were instructed that “Mind-
wandering is like sleep; you don’t know when you fall asleep but you do know when you wake up” and asked to press a button 
when they realized they had just experienced mind-wandering. Here we report two EEG patterns in which upper-α and θ 
power shifted between recording sites at P3 and Fz and between T4 and T3. MW and ATT subjects exhibited both of these 
patterns during all selections of music. For example, one pattern corresponded to new or previously heard musical ideas 
or melodic passages that have distinctive and memorable features. The other pattern corresponded to passages of “process” 
music, that is, transitional or developmental sections without markedly distinctive or memorable features (“noodling”).

[A26] Functional organization for musical consonance and tonal pitch hierarchy in human 
auditory cortex
Gavin Bidelman (1), Jeremy Grall (2)*

(1) University of Memphis. Memphis, TN, USA  
(2) Birmingham-Southern College. Birmingham, AL, USA 
* =jgrall@bsc.edu 

Pitch relationships in music are characterized by their degree of consonance, a hierarchical perceptual quality that distinguishes 
how pleasant musical chords/intervals sound to the ear. The origins of consonance have been debated since the ancient Greeks. 
To elucidate the neurobiological mechanisms underlying these musical fundamentals, we recorded neuroelectric brain activity 
while participants listened passively to various chromatic musical intervals (simultaneously sounding pitches) varying in their 
perceptual pleasantness (i.e., consonance/ dissonance). Dichotic presentation eliminated acoustic and peripheral contributions 
that often confound explanations of consonance. We found that neural representations for pitch in early human auditory cortex 
code perceptual features of musical consonance and follow a hierarchical organization according to music-theoretic principles. 
These neural correlates emerge pre-attentively within ~ 150 ms after the onset of pitch, are segregated topographically in 
superior temporal gyrus with a rightward hemispheric bias, and closely mirror listeners’ behavioral valence preferences for the 
chromatic tone combinations inherent to music. A perceptual-based organization implies that parallel to the phonetic code for 
speech, elements of music are mapped within early cerebral structures according to higher-order, perceptual principles and the 
rules of Western harmony rather than simple acoustic attributes.

[A27] Biomedical music techniques to assist children on the autism spectrum
Martha Summa-Chadwick (1)*

(1) Cadek Conservatory, University of TN at Chattanooga.  Chattanooga, TN, USA 
* = summa@marthasumma.com

Autism Spectrum Disorder can manifest in a wide variety of sensorimotor, speech, and/or cognition afflictions for children on 
the autism spectrum. Many of these children respond positively to the use of biomedical music techniques directed to assist 
with various physical or cognitive challenges resulting from the disorder. These methodologies (developed at the Center for 
Biomedical Research in Music at Colorado State University) are completely unlike traditional music therapies based mainly on 
social science. Biomedical music techniques are scientifically researched and evidence-based outcomes that have opened a new 
paradigm of how music can improve the lives of persons with special needs. The key component is the specific and directed 
use of rhythm for each individual.  
 The body’s central nervous system responds to basic rhythms even if areas of the brain are destroyed from injury or 
compromised from disease or disorder. Since music is multi-hemispheric within the brain, rhythm and music can encourage 
the redirection of neural growth to create new networks in non-compromised areas. Goals must be set at the outset for 
each individual’s needs using the TDM (Transformational Design Model). Then, utilizing various techniques such as RAS 
(Rhythmic Auditory Stimulation) for gait issues, MACT (Musical Attention Control Training) for attention focus, and MIT 
(Melodic Intonation Therapy) for helping non-verbal children utter their first words of communication, these children can 
attain higher levels of performance and independence based on sensorimotor, speech, or cognition outcomes.  
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 This didactic conference session will also include videos showing positive therapeutic results for children with autism 
who have utilized biomedical techniques. Researchers, therapists, parents, educators, and musicians will benefit from seeing 
how rhythm and music can be intentionally directed to benefit this continuously increasing population on the autism 
spectrum.

[A28] Utilizing multisensory integration to improve psychoacoustic alarm design in the 
intensive care unit
Joseph J. Schlesinger (1)*

(1) Vanderbilt University Medical Center. Nashville, Tennessee, USA 
* =joseph.j.schlesinger@vanderbilt.edu

Alarms in the ICU sound frequently and 85-99% of cases do not require clinical intervention. As alarm frequency increases, 
clinicians develop alarm fatigue resulting in desensitization, missed alarms, and delayed responses. This is dangerous for 
the patient when an alarm-provoking event requires clinical intervention but is inadvertently missed. Alarm fatigue can 
also cause clinicians to: set alarm parameters outside effective ranges to decrease alarm occurrence, decrease alarm volumes 
to an inaudible level; silence frequently insignificant alarms; and be unable to distinguish alarm urgency. Since false alarm 
and clinically insignificant alarm rates reach 80-99%, practitioners distrust alarms, lose confidence in their significance, 
and manifest alarm fatigue. With a positive predictive value of ~27%, false positive alarms are frequent, leading clinicians 
to become desensitized to alarms. Yet, failure to respond to the infrequent clinically significant alarm may lead to poor 
patient outcomes. Fatigue from alarm amplitude and nonspecific alarms from uniform uninformative alarms is the post-
monitor problem that can be addressed by understanding the psychoacoustic properties of alarms and the aural perception of 
clinicians. 
 The experimental paradigm will determine near-threshold auditory perception of alarms, and then use simple and 
difficult clinical scenarios to determine the stimulus-response relationships for changes in auditory alarm intensity, spanning 
negative to positive signal-to-noise ratios (SNRs), when performing an audiovisual secondary task designed to tax attentional 
and decisional resources. The result will be a stimulus-response curve in dB above ambient noise.  
 Results show near-threshold auditory perception of alarms is around -27 decibels (dB) from background noise at 60 dB. 
Additionally, with visual offset of a patient monitor, there is preserved performance measured by an Inverse Efficiency Score 
(IES = Response Time/Accuracy) at -11 dB as compared with +4dB with worsening at more negative SNRs. Thus, clinician 
performance is maintained with alarms that are softer than background noise.

[A29] Evaluating pitch identification and memory in children with autism spectrum disorder
Scott D. Blain (1)*, Emelyne Bingham (1), Chloe Corbett (1), Blythe A. Corbett (1)

(1) Vanderbilt University. Nashville, TN, USA  
* =scott.d.blain@vanderbilt.edu

While children with autism spectrum disorder (ASD) have primary impairment in social communication, there is evidence 
that musical ability in ASD is comparable to typically developing (TD) peers (Seri et al., 2006). Furthermore, some studies 
have demonstrated superior performance in ASD on various musical tasks (Heaton, 2003). While perfect pitch abilities have a 
prevalence of 1 in 10,000 in the general population, as many as 1 in 20 individuals with ASD have perfect pitch (Stanutz et al., 
2012).  
 The study of music cognition in ASD is particularly promising because of the strong evolutionary and cognitive 
relationship between music and social cognition (DePape et al., 2012). Music has shown promise as a social/emotional 
education tool for children with ASD (Reschke-Hernández, 2011). What is less clear is whether abilities such as music 
memory respond to social communication interventions. Our lab’s peer-mediated, theatre-based intervention has been shown 
to improve social cognition in youth with ASD (Corbett et al., 2014). We are now investigating whether SENSE Theatre 
improves music cognition. 
 The ongoing study measures memory for tonal sequences before and after our theatre intervention program, using a 
“Picture-Pitch” matching task in which four different piano tone sequences are each paired with an animal picture (adapted 
from Stanutz et al., 2012). Participants undergo a familiarization phase, followed by testing, after a 10-minute delay. The 
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protocol is administered to participants (15 children/adolescents with ASD) before and after the theatre intervention, with 
different, comparable sets of stimuli used for pre and post testing. Using a within-subjects design, t-tests will be used to 
examine differences before and after intervention. 
 We hypothesize that pitch sequence memory will improve after participation in SENSE Theatre, mirroring improvement 
in memory for faces. The aim of the study is to better understand music cognition in ASD, and reveal possible educational and 
therapeutic implications.

[A30] Singing training as an intervention for age-related cognitive decline
Allison G. Reid (1)*, Aniruddh D. Patel (1), Heather L. Urry (1), Ayanna K. Thomas (1)

(1) Tufts University. Medford, MA, USA 
* =allison.reid@tufts.edu

As the proportion of older adults in the country increases, there is a need to investigate ways to promote healthy cognitive 
aging (Mahncke et al., 2006). Past research suggests that music making has a range of cognitive benefits. This may occur 
because of the demands that music-making places on brain mechanisms shared with other cognitive domains (such as 
language and memory), combined with music’s ability to engage mechanisms of neural plasticity (Patel, 2014).  Past studies 
have investigated the cognitive benefits of music in older adults in areas such as music listening (Sarkamo et al., 2008) and 
piano training (Bugos et al., 2013). 
 The present study is designed to investigate the cognitive and emotional benefits of singing in older adults with limited 
musical experience. Participants practice 12 selected songs over the course of a 5-week scheduled training program. Training 
is performed at home with a user-friendly iPad application called SingFit. The application gives the researchers the unique 
ability to customize the training program to each individual, and to verify compliance. Participants are tested before and after 
training on tasks known to be challenging for older adults: working memory, visuospatial working memory, and emotion 
regulation. The singing group’s performance is evaluated against an active control listening group, as well as a passive control 
group that neither sings nor listens to music regularly.  
 We predict that singing training will yield improvement at posttest in all three tasks, as compared to the listening and 
control groups. Preliminary results are showing that singing training has beneficial effects in visuospatial working memory, 
but not in the emotion regulation domain. With 20 subjects per group, final results will be discussed at the conference. 
Significant results could have important implications for the use of singing to maintain cognitive health.

[A31] Autonomous sensory meridian response (ASMR): Implications for understanding 
musically-induced frisson
Alexsandra Kovacevich (1), David Huron (1)*

(1) Ohio State University. Columbus, Ohio, USA 
* =huron.1@osu.edu

Thousands of videos have recently emerged online which are designed to evoke a pleasurable and relaxing “tingling” sensation 
in viewers. Followers on YouTube, media publications and forums refer to this pleasurable response as Autonomous Sensory 
Meridian Response (ASMR). These videos generally involve lone actors (referred to ASMRtists) who enact a variety of simple 
scenarios that range from tapping fingernails on glass to leafing through a stamp collection. Despite the seemingly ordinary or 
pedestrian subject matter of these videos, the most popular videos have attracted millions of views, making the phenomenon 
more than a curiosity. Many ASMRtists utilize 3D microphones for video production, and viewers insist that headphones 
must be used in order to experience the full effect. ASMR seems to share many similarities with musically-induced shivers 
(frisson), though the exact mechanisms behind ASMR remain uninvestigated. With the exception of one undergraduate 
thesis project, we know of no formal research addressing the subject (Lochte, 2013). We present two exploratory studies that 
attempt to characterize ASMR. In the first study, we provide a systematic description of randomly sampled ASMR videos. 
We describe a content analysis of 30 ASMR videos alongside two different sets of control videos, and we analyze the videos 
for agency, speech, audio, topical content, and setting. In the second study, we gather information about viewer experience, 
including a content analysis of viewer commentary on online videos and forums dedicated to ASMR. This includes analyses of 
commentaries pertaining to physiology, etiology, phenomenology, and function.  Data collection and analysis are ongoing.  
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 ASMR exhibits many similarities with frisson, hence investigating these videos may provide further insights into 
phenomenological aspects of musically-induced shivers, as well as provide general insights into possible mechanisms 
underlying auditory-induced pleasure and relaxation.

[A32] The Therapeutic Function of Music for Musical Contour Regulation Facilitation: A 
model to facilitate emotion regulation development in preschool-aged children
Kimberly Sena Moore (1)*, Deanna Hanson-Abromeit (2)

(1) University of Miami.  Coral Gables,Florida,USA 
(2) University of Kansas. Lawrence, Kansas, USA 
* =ksenamoore@miami.edu

Emotion regulation (ER) is an umbrella term to describe interactive, goal-dependent explicit and implicit processes that 
are intended to help an individual manage and shift an emotional experience. The window for appropriate ER development 
occurs during infancy, toddlerhood, and preschool. Atypical ER development is considered a risk factor for mental health 
problems and has been implicated as a primary mechanism underlying childhood pathologies. Currently available treatments 
are primarily verbal- and behavioral-based. Furthermore, there is a disconnect between the timing of the treatment and the 
need to practice how to handle emotionally charged situations in the moment, as well as a lack of a caregiver-child interactive 
component. There is behavioral and neural support for using music as a therapeutic mechanism, thus the incorporation 
of intentional music experiences may be one way to address these limitations. The purpose of this research is to provide 
a theoretical rationale for the Therapeutic Function of Music (TFM) to support Musical Contour Regulation Facilitation 
(MCRF), a music-based intervention for emotion regulation development in preschoolers. The intention of the MCRF is 
to use the contour and temporal structure of a music therapy session to mirror the changing flow of the caregiver-child 
interaction through the alternation of high arousal and low arousal music experiences. A review of the music theory, music 
neuroscience, and music development literature was conducted to inform the TFM. Results from the TFM analysis provided 
preliminary guidelines to outline the structural characteristics of the music stimulus to make it developmentally appropriate 
and create musically facilitated high arousal and low arousal experiences. These guidelines informed the development of the 
MCRF method, an interactive adult-child practice-based intervention to support emotion regulation development.

[A33] Heavy and light: Uncovering resilience and positive affect in extreme music
Diana Hereld (1) *

(1) University of California, San Diego.  San Diego, CA, USA 
*= dhereld@ucsd.edu

“Extreme” or “heavy” music genres such as those found in hardcore, metal, and alternative rock reportedly hold a positive 
correlation with violence and aggression in youths (Binder, 1993; Litman & Farberow, 1994, Richardson & Scott, 2002). 
However, some data exists that not only challenge this notion, but point to the reverse. Previous studies associate listening to 
extreme music with reducing suicide risk, especially among teenage girls when utilized for vicarious release (Lacourse, Claes, 
& Villeneuve, 2001). In these cases, extreme music may be used to channel negative valence and arousal. This paper argues 
that extreme music offers a self-regulation strategy to reduce destructive and auto-destructive behavior; a strategy already 
intuitively used by many youths. Moreover, this research presents an investigation into the spectrum of affect correlated with 
specific genres and musical traits. We define heavy music to include capacious, distorted riffs, loud pervasive percussion with 
varying tempos, and an overall feeling of ‘raw power’ and emotion stemming from the instrumental or vocal parts. Finally, this 
research examines how we may utilize extreme music therapeutically to bring meaning, positive affect, and resilience into the 
lives of youths.

[A34] Musician and non-musician preferences for hearing aid gain and compression settings
Kristen D’Onofrio (1)*, Erin Picou (1), Todd Ricketts (1)

(1) Vanderbilt University. Nashville, TN, UNITED STATES  
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* = kristen.l.donofrio@vanderbilt.edu

Individualized frequency-specific hearing aid gain and output settings are commonly determined using validated prescriptive 
methods based on the specific hearing loss.  Because these methods were developed primarily to maximize speech 
understanding, it is unclear whether they are appropriate for other sounds, such as music.  Further, it is unknown whether 
preferences for hearing aid settings differ for individuals with little to no musical training compared to individuals with 
considerable musical training.  The purpose of this study was to evaluate potential group differences between musicians 
and non-musicians with varying degrees of hearing loss in their self-adjusted (SA) gain and compression settings for music 
and speech stimuli.  Relative sound quality and preference ratings across prescribed settings (NAL-NL2) versus SA settings 
were also evaluated.  All participants (8 musicians, 6 non-musicians) were initially fitted to NAL-NL2 prescriptive targets.  
Each participant then made self-adjustments to the hearing aid settings for a speech stimulus and two music stimuli using 
commercially available software.  Following adjustments, hearing aid output was measured and recorded.  Sound quality and 
preference ratings for the NAL-NL2 versus SA settings were assessed using paired comparisons.  Six dimensions of sound 
quality were evaluated including clarity, pleasantness, naturalness, fullness, brightness, and overall impression.  Data collection 
is ongoing, but preliminary findings show that musicians may prefer different settings for music versus speech, particularly 
with respect to high frequency gain.  Additionally, musicians showed a trend toward preference for their SA settings on the 
dimensions of clarity, naturalness, fullness, and brightness for music.  Adjustments made by non-musicians were similar for 
both music and speech, but they did not consistently prefer their SA settings.  Preliminary data suggest that musicians may 
prefer two different user programs that can be used when listening to music and speech, respectively.  Possible implications for 
musician hearing aid fittings will be discussed.

Ideas in the Making

[A37] Self-Compassion Levels in Music and Non-Music Majors
Jamey Kelley* (1), Alison Farley (1)

(1) University of Washington.  Seattle, Washington, USA 
* =jameykelley@gmail.com

[A38] The Urban Chalkboard: A play cafe to promote music cognition (and other things)
Tonya Bergeson-Dana (1)*, Jessica Beer (1)

(1) The Urban Chalkboard.  Carmel, Indiana, USA 
* =tonya@theurbanchalkboard.com

[A39] Brain and behavioral responses to music listening and playing in an autistic patient 
population
Nicole Baganz* (1), Antonia Thelen (1), Mike Garson (2), Chris Duma (2), Pat Levitt (3), Mark T. Wallace (1) 

(1) Vanderbilt University. Nashville, TN, USA 
(2) Music Heals, Los Angeles, CA, USA  
(3) University of Southern California and Children’s Hospital Los Angeles, Los Angeles, CA, USA  
* =nicole.baganz@vanderbilt.edu

[A40] Seeing with our ears: Non-synesthetic subjects are capable of discerning specific 
pictorial shapes within sounds in cognitive-behavioral sound study
Alexandra Rieger (1), Michael Casey (1)

(1) Dartmouth College. Hannover, NH, USA 
* =Alexandra.Rieger.gr@Dartmouth.edu
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[B1] A perceptual study of rhythmic consonance and dissonance
Alek S. Razdan (1)*, Aniruddh D. Patel (1)

(1) Tufts University.  Medford, MA, USA 
* =alek.razdan@tufts.edu

A number of studies have assessed preferences for consonant and dissonant pitch intervals among Western listeners.  
McDermott et al. (2010), for example, has produced a ranking of pleasantness for all dyadic pitch intervals common in 
Western music.  However, significantly less work has been done exploring the perceived pleasantness of two or more 
superimposed rhythmic streams. 
 The current study quantifies human preferences for “rhythmic intervals” formed by expressing the frequency ratios 
of common pitch intervals as rhythms. For example, a “rhythmic Perfect Fifth” could be comprised of two superimposed 
rhythmic streams of rates 90 and 60 bpm, in the ratio 3:2. We present participants with rhythmic equivalents of all the 
common dyadic pitch intervals and pitch triads found in Western music and ask them to rate each for pleasantness.  We 
hypothesize that pleasantness rankings of rhythmic intervals will agree with those of their pitch counterparts.  If true, this 
would suggest that the shared integer ratios between rhythm and pitch intervals could serve as a relevant factor for auditory 
preference.  Such ratios may have shared effects on the neurophysiological coding of auditory patterns at distinct timescales 
(slow for rhythm, fast for pitch). For example, work by Large and Almonte (2012) suggests that preferred pitch frequency 
ratios may correspond to stable states of neuronal oscillation.  
 Our current data (n = 27 participants) suggests that the pleasantness rating hierarchy is almost identical for both 
the pitch and rhythm temporal regimes. To further investigate the neuronal oscillation theory as an explanation for these 
rankings, we plan to have participants rate the pleasantness of samples presented at tempos ranging from rhythm to pitch. If 
ratings maintain the same hierarchy regardless of the absolute measures of the frequencies involved, it would strongly support 
the theory that frequency ratio stability is a significant factor in auditory preference.

[B2] Synchronization to auditory and tactile rhythms
Brian Z. Aronow (1) *, Jake Austin (1), John R. Iversen (2), Aniruddh D. Patel (1)

(1) Tufts University. Medford, MA, USA  
(2) University of California, San Diego. San Diego, CA, USA 
* =brian.aronow@tufts.edu

A robust finding in studies of sensorimotor synchronization (SMS) is that people are far better at synchronizing with auditory 
than with visual rhythms of identical timing characteristics when the rhythmic stimuli are discretely timed (e.g., a metronome 
with a brief tone or flash every 500ms). Does this represent a general superiority of auditory-motor coupling for rhythmic 
synchronization to discretely-timed events, or simply an advantage of audition over vision? To address this question we 
compared synchronization to discretely-timed auditory and tactile rhythms. Simple rhythms consisted of a metronome (800 
ms inter-onset-interval) made from brief tones or vibrotactile pulses delivered to the index finger of the non-dominant hand. 
Tones and pulses were 40ms in duration with frequencies of 800Hz and 50Hz respectively (the latter were delivered via a 
small vibration speaker attached to the fingertip, and were inaudible).  Complex rhythms also used these tones or vibrotactile 
pulses, but consisted of an induction sequence of metronomic events (800 ms inter-onset-interval) followed by a more 
complex temporal pattern (based on Povel & Essens, 1985) which implied a steady beat at the same tempo and phase as the 
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induction metronome. 15 participants with at least 5 years of musical training participated in the study, and tapped on a drum 
pad in synchrony with the beat using their dominant hand. Results indicate that for both the simple and complex rhythms 
synchronization to auditory rhythms was significantly superior than to tactile rhythms.  Results also show autocorrelation 
and phase correction parameter differences between auditory and tactile stimuli. This may suggest that different cognitive 
processes control synchronization based on modality of transmission. Results suggest that even when a person “feels the beat” 
of a rhythm (via the tactile modality), synchronization to this beat is still not as good as when the rhythm is perceived via the 
auditory modality.

[B3] Using an Arduino microcontroller to provide low-latency auditory feedback in 
sensorimotor tapping experiments
Benjamin G. Schultz (1,2)*, Floris van Vugt (1)

(1)  McGill University, Montreal, QC, CANADA 
(2)  Université de Montreal, Montreal, QC, CANADA 
* =benjamin.schultz@umontreal.ca

Sensorimotor synchronization experiments predominantly use Musical Instrument Digital Interface (MIDI) percussion 
pads, with auditory feedback produced through software such as FTAP or MAX-MSP. However, these set ups usually involve 
latencies between tap onset and auditory feedback which may distort tapping performance. Moreover, MIDI percussion pads 
can sometimes miss responses or record multiple responses for a single tap. We present an alternate solution based on an 
Arduino microcontroller which records responses and produces auditory feedback. We compared feedback latencies, missed 
responses, and superfluous responses with the Arduino microcontroller and a MIDI percussion pad (Roland HPD-15). Tap 
onsets were measured with a vibration sensor and a force sensitive resistor. In a within-subjects design, participants (N=6) 
tapped on a force sensitive resistor pad connected to the Arduino and the percussion pad under three instructions of tapping 
force (soft, moderate, hard). We measured the following auditory feedback signals: 1) the Arduino’s square wave generator, 2) 
an Arduino wave shield that played a wave file, 3) the percussion pad audio output, 4) a tone generator triggered by FTAP, and 
5) a tone generator triggered by MAX-MSP. The Arduino’s square wave (M=0.58ms, SD=0.30) and wave shield (M=2.60ms, 
SD=0.34) demonstrated significantly lower latencies than the percussion pad (M=9.03ms, SD=1.97), FTAP (M=14.48ms, 
SD=2.60), or MAX-MSP (M=15.76ms, SD=3.44). The Arduino missed significantly fewer taps (M=0, SD=0) than the 
percussion pad (M=16.80, SD=17.39), and the Arduino recorded significantly fewer superfluous taps (M=0.002, SD=0.05) 
than the percussion pad (M=2.56, SD=8.04). The soft and moderate force conditions produced significantly more missed 
taps than the hard force condition for the percussion pad, but not the Arduino. Across the board, the Arduino outperformed 
the percussion pad. We discuss the potential issues of delayed and variable auditory feedback and suggest using the Arduino 
because it is a high-precision, low-latency, and affordable tool for auditory experiments. 

[B4] Temporal attention in multipart music
Brian K. Hurley (1)*, Petr Janata (1)

(1) Center for Mind and Brain and Department of Psychology, University of California, Davis.  Davis, CA, USA 
* =bkhurley@ucdavis.edu

Evidence suggests that the temporal structure of a rhythmic stimulus can entrain one’s attention, such that stimulus processing 
is selectively enhanced for rhythmically expected time points. In metrically organized rhythms, dynamic attending theory 
predicts that metric structure biases attention towards metrically salient time points, such as the downbeat, relative to less 
metrically salient time points. However, little is known about how such metrically guided attention operates in complex, 
multi-timbral music. We examined this question by assessing listeners’ intensity discrimination thresholds as a function of 
temporal location in metrically structured, multi-timbral percussive patterns. Participants listened to a repeating percussive 
pattern and responded when they detected brief (200 ms) increases in stimulus amplitude. Critically, the amplitude deviants 
occurred at times associated with various levels in the metric hierarchy, and separate discrimination thresholds were estimated 
for each probed position. Preliminary results suggest an effect of metric position on intensity deviance discrimination that 
is inverse from a theoretically expected perceptual enhancement at metrically strong positions (e.g., we see a higher mean 
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threshold at the downbeat than at an off-beat position). We propose that this effect may result from congruence between 
amplitude increases at metrically strong positions and perceived metrically appropriate accentuation. Upcoming experiments 
test this hypothesis by repeating the present paradigm with temporal deviant targets (i.e., as opposed to intensity deviants). An 
ongoing experiment also repeats the intensity deviant paradigm to examine how well a resonator-based temporal processing 
model (Tomic & Janata, 2008) predicts rhythmic perceptual salience. Results of these experiments will offer new insights into 
interactions between metrically guided attention and internally driven temporal expectation in complex metrical rhythms.

[B5] Control (but not vividness) of auditory imagery, and working memory predict 
anticipatory timing in sensorimotor synchronization
Ian D. Colley (1)*, Andrea R. Halpern (1), Peter E. Keller (2)

(1) Bucknell University. Lewisburg, PA, USA 
(2) The MARCS Institute, University of Western Sydney, Sydney, AUSTRALIA 
* =idc001@bucknell.edu

Sensorimotor synchronization (SMS) is especially apparent—and therefore readily studied—in musical settings, as most 
people are able to perceive a musical beat and synchronize to it (e.g. by tapping a finger). SMS processes are typically tested 
using pseudo-musical pacing signals. To understand SMS in more realistic music settings, we used naturalistic, expressively 
timed piano music, characterized by slight tempo fluctuations for artistic interpretation. Because previous research has 
also shown that people vary greatly in their SMS abilities, investigated cognitive abilities that might predict SMS.  Given 
the dynamic nature and variability of SMS, we hypothesized that working memory and auditory imagery control (ability to 
alter an image) but not vividness (clarity of an image) would predict SMS at two levels: 1) asynchrony (a coarse measure of 
overall synchronization error), and 2) anticipatory timing (a finer measure of the extent to which one predicts beat onsets). 
Participants (N = 36) completed two working memory tests, a rhythm imagery test, a pitch imagery test, and a self-reported 
index of auditory imagery with separate subscales for vividness and control. They were then tested in a SMS-tapping task. 
Hierarchical regression models were used to assess the contribution of the cognitive variables to SMS. Asynchrony was 
predicted by self-reported control, but not vividness of auditory imagery, with additional variance explained by pitch and 
rhythm imagery. Anticipatory timing—measured by a prediction/tracking index—was predicted by working memory, with 
additional variance explained again by control but not vividness of self-reported imagery. These results suggest that imagery 
for pitches and temporal patterns is important for synchronizing to expressive music, but working memory is implicated in 
strategically synchronizing via anticipation of beat onsets. Additionally, the results show a dissociation in imagery, such that 
SMS is unrelated to imagery vividness, but strongly related to control.

[B6] The color of music: A case study of chromesthesia
T.L. Benson (1)*, J. Zhu (1), A. Sledge (1), and S. Park (1)

(1) Vanderbilt University. Nashville, TN, USA 
* =taylor.l.benson.@vanderbilt.edu

Music-color synesthesia, or chromesthesia, occurs when one automatically and involuntarily sees colors after hearing music. 
The goal of this study was to determine whether chromesthesia is perceptually (automatic multisensory) or cognitively driven 
(learned associations). When two sounds are played together, would the synesthete see two separate colors or a blending of 
both colors associated with the sounds being played? To test these questions, we developed a task to map the music-color 
space of a synesthete with chromesthesia. We hypothesized that when multiple notes are played together, the individual colors 
associated with these notes would create a 50/50 blend. We conducted a case study (subject LR) to test our hypotheses. Using a 
standard keyboard on a grand piano setting, we played each individual note over three octaves to map out the initial music-
color space. Then to map two note chords, notes were randomly chosen to be played together and would range across octaves. 
After each note was played three times, LR would choose the color she experienced using a color picker. LR’s results were 
compared with a control without synesthesia. LR’s music-color map shows that each individual pitch has its own color while 
different octaves had no influence. Upon hearing two note chords, LR saw the individual colors of the two notes separately. 
It is interesting to note that while LR’s letter-color synesthesia is categorical, we had hypothesized that because sound pitch is 
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more of a continuous spectrum, the choices would form more of a traveling wave of color sensation. Yet, due to the fact that 
piano keys are categorical, this may have caused the colors associated with the notes to be separate entities. Thus, we will next 
use an instrument that allows for continuous change in pitch, which may cause LR to see a continuous soundwave instead of 
discrete colors. 

[B7] The key-distance effect depends on the direction of melodic transposition
Thomas W. Reiner (1)*

(1) Troy University. Pensacola, FL, USA 
* =treiner@troy.edu

Data from three studies was combined to assess the key-distance effect. An identical procedure was used in each study:  
participants heard a V-I cadence, they heard a seven-tone melody (the original), they viewed a picture for 9 seconds, and 
then they heard two melodies (a target and a distracter) and chose which one was the same as the original. The target was 
identical to the original but it could be transposed. Study 1 tested one condition called TD-Same – the original, target and 
distracter were all in the same key. Study 2 tested two conditions. In the first condition, called Target-Same, the target key was 
the same as the original and the distracter key was different. In the second condition, called Target-Different, the target key 
was different and the distracter was in the original key. Transposition intervals of a major third, perfect fourth, and perfect 
fifth were tested. In Study 3, Target-Same and Target-Different conditions tested transposition intervals of a major second and 
perfect fourth. Two one-way ANOVAs were performed. The first compared the TD-Same group with the Target-Same means, 
while the second compared the TD-Same group with the Target-Different means. Only the second ANOVA was significant. 
Post hoc tests showed that non-transposed melodies were recognized more often than those transposed up a major third or 
down a perfect fourth. A far key-distance effect was shown with upward transposed melodies and a near key-distance effect 
with downward transposed melodies. The far key-distance effect is supported by the idea that melodies transposed to far keys 
are more difficult to recognize than melodies transposed to near keys. However, this does not explain the near key-distance 
effect with downward transpositions. Lower pitches may interfere with recognizing that a transposition is the same melody in 
a different key. This downward key-distance effect merits further investigation.

[B8] Musical Noise – On Noise as Art vs. Control Condition
Julia Merrill (1)*

(1) Max Planck Institute for Empirical Aesthetics, Frankfurt, Germany & Institute of Music, University of Kassel, Kassel, GERMANY 
* =julia.merrill@aesthetics.mpg.de

The differentiation of “music” and “noise” was challenged by 20th century composers (e.g. Luigi Russolo, 1913; Pierre 
Schaeffer, 1948). In experiments though, noise has been used as a control condition for music (i.e. treated as an “anti-music” 
phenomenon). If noise should be treated as a genuine musical phenomenon was addressed with the current study. 
 30 undergraduate music students rated 40 inanimate sounds (3.5-4.5 sec.) on a 7-point Likert scale whether they 
perceived them as music (7) or not (1). The corpus comprised 20 environmental sounds from an online library (search 
criteria: “noise”) and 20 from 20th century compositions, often referred to as “noise-music”. 
 Students rated the sounds from compositions significantly as “music” (median 5) and the environmental sounds as “not 
music” (median 3), confirmed by a Wilcoxon signed rank test (Z=-2.84, p=.004, r=.45). A cluster analysis (k-means) revealed 
cluster #1 (C#1) comprising 12 stimuli (9 environmental; mean 2.20), C#2 comprising 18 (mean 3.79) and C#3 comprising 
10 stimuli (4 environmental; mean 5.11).  The cluster analysis explains the group difference: The result was driven by nine 
environmental sounds, rated as “not music”, while only two stimuli from the compositions received the highest “music” 
ratings.  
 Certain characteristics seem to be important for a sound to be perceived as music or not: “Not music” stimuli could be 
assigned to certain objects, e.g. helicopter, rain, car (C#1), while “music” stimuli had more regular characteristics, such as pitch 
and beat, and could be assigned to a certain musical style, e.g. electronic music (C#3). The middle cluster C#2 comprised some 
boundary cases where these cues were not as easily applied and individual differences were prominent. These results suggest 
a careful approach when using noise as a control condition for music, because noise can be perceived as music under certain 
circumstances, despite significant group differences.
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[B9] Listening to the big picture: The effects of music-induced arousal on creativity and 
perceptual scope
Michael Coffel (1)*, Renee Schapiro (1), & Denise Evert (1)

(1) Skidmore College, Saratoga Springs, NY, USA 
*= mcoffel@skidmore.edu

The present set of experiments was designed to test the effects of music‐induced arousal on creative performance and the 
underlying cognitive mechanisms mediating the observed effects. Experiment 1 identified musical selections that were 
sufficiently high and low on arousal as well as an appropriate control condition. In Experiment 2, participants were exposed 
to a music condition while completing a battery of creativity assessments and the Navon task. We hypothesized that 1) 
participants exposed to high arousal music would have faster response times to the global than local targets because arousal 
engenders a broader attentional scope and 2) have enhanced performance on divergent thinking creativity tests (Alternative 
Uses and Abbreviated Torrance Test) and impaired performance on convergent thinking creativity tests (Remote Associates 
Test) because a broader perceptual scope engenders a broader conceptual scope, facilitating novel, but appropriate solutions. 
Conversely, we hypothesized that participants exposed to low arousal music would exhibit the opposite pattern of results 
due to a narrowed attentional scope. We found support for our hypotheses only when arousal was included in the analysis, 
suggesting that arousal mediates the observed effects of music on creative performance.

[B10] Emotional music and emotional memories for individuals with Alzheimer’s disease
Renee Schapiro (1)*, Denise Evert (1)

(1)Skidmore College. Saratoga Springs, New York, USA 
* =rschapir@skidmore.edu

Autobiographical memory contributes significantly to an individual’s sense of identity, and this aspect of memory deteriorates 
greatly as Alzheimer’s disease (AD) progresses. Previous research indicates that familiar music facilitates autobiographical 
memory recall in patients with AD. However, the interaction between aspects of the music and details of memory recall 
(e.g. time period, valence) has not yet been assessed in the literature. In the present study, over three sessions, patients with 
AD and healthy age- and education-matched controls were presented with happy or sad music from either their childhood 
(target age: approximately 15 years) or adulthood (target age: approximately 40 years), or sat in silence, and were subsequently 
tested on their autobiographical memory recall using a questionnaire and a free recall task. Participants selected their own 
familiar happy and sad songs from a list of tunes that were popular during their childhood or their adulthood. Participants 
completed a mood questionnaire before and after being presented with approximately three minutes of music/silence to 
investigate how the music/silence affected the participants emotionally. We hypothesized an increase in autobiographical 
memory recall in both music conditions compared to the silence condition, and we expected that the magnitude of the 
advantage would be greater for participants with AD compared to healthy controls in accordance with previous research. We 
expected to find a connection between the emotion and life era of the music such that participants would be more likely to 
recall autobiographical memories consistent with the emotion elicited from the music and from the same time period during 
which the music was popular. These results could suggest therapeutic uses of music for patients with AD, as well as provide 
information regarding the connection between music and memory encoding.

[B11] Favorite party music increases the rate of risky drinking decisions in women with 
alcohol use disorder
Anastasia Nikoulina (1)*, Lindsay Arcurio (2), Peter Finn (1), Thomas James (1)

(1) Indiana University Bloomington. Bloomington, IN, USA 
(2) National Institute on Alcohol Abuse and Alcoholism. Bethesda, MD, USA 
* =anikouli@indiana.edu

Music is ubiquitous in many human environments and can play a role in mood regulation, motivation, and social bonding. 
Past research suggests that certain characteristics of music, and a person’s relationship to music, can be effective in influencing 
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decision-making and behavior in real time. For example, liked music can increase rates of risky decisions (Halko 2010) and 
fast music can speed up food and alcohol consumption (Stafford 2013). A particular subset of popular music (henceforth, 
party music) is very often found in bars, clubs and house parties – environments where alcohol consumption occurs – and 
thus has the opportunity to influence drinking decisions. Here, we investigate the role of party music in the risky decision‐
making process of women with Alcohol Use Disorder (AUD, n = 32) and control women (n= 30) using a novel cued decision- 
making paradigm. Both groups were asked to choose their favorite songs for ‘going out’ (party music) and ‘staying in’ (home 
music) to control for preference and familiarity across music conditions. Participants were asked to imagine themselves in 
risky situations presented in text above visual alcohol and food cues and were asked to decide how likely they would be to 
eat or drink a given item while chosen music, or no music, played in the background. We found that party music increased 
preference for risky alcohol consumption in the AUD group, and did not significantly influence alcohol decisions in control 
women, or food decisions in either group. Whether this increased preference is caused by the contents of the music, differing 
emotional responses to music, or specific prior associations between music and drinking behaviors remains to be determined. 
These results suggest that party music can influence risky drinking decisions, and open up the possibility of music-based 
interventions for women with AUD.

[B12] Perception of emotion in frequency-modulated tones
Jeff Rector (1)*, David Leitman (2), and Petr Janata (1)

(1) University of California, Davis. Davis, CA, USA 
(2) University of Pennsylvania School of Medicine. Philadelphia, PA, USA 
* =jrector@ucdavis.edu

Pitch height and pitch variability are salient cues for the expression of emotion in both music and speech prosody (e.g. 
Juslin and Laukka, 2001). We were interested in whether the affective meaning conveyed by pitch height and variability in 
complex, naturalistic sounds could be modeled with simple frequency-modulated tones. Stimuli were short tones defined by 
3 acoustic parameters: carrier frequency ranging from 100 Hz to 500 Hz, modulation rate ranging from 3 Hz to 6 Hz, and 
modulation depth ranging from 10 Hz to 170 Hz. Using a novel cross-modal judgment paradigm, we mapped the acoustic 
space spanned by these three parameters to discover whether distinct regions were associated with the basic emotions anger, 
fear, happiness, and sadness. Undergraduates from UC Davis (n = 39) provided separate mappings of the acoustic space 
for each individual emotion. The task involved selecting sounds that corresponded to the emotion portrayed in pictures of 
emotional faces. Considerable variation in the emotion region boundaries was observed across individuals. At the group 
level, sadness occupied a distinct region of the acoustic parameter space, while happiness and anger occupied largely separate 
but overlapping regions. Fear occupied a diffuse region of the space that notably overlapped with both anger and happiness. 
These results are discussed in comparison to data collected from three additional samples using a forced-choice emotion 
categorization task with a subset of the stimuli used in the present study. 

[B13] Music and emotion: Implicit measures
Laura Edelman (1)*, Carly Baron (1), Emily Rybnick (1) & Catherine Zimel (1)

(1) Muhlenberg College. Allentown, PA, USA 
* =ledelman@muhlenberg.edu

In order to avoid demand characteristics in music and emotion research, Vastfjall (2010) suggested using indirect measures to 
assess emotional responses to music.  Two studies were done using an emotion word-stem completion task.  The word stem 
completion task is not subject to demand characteristics and allows positive and negative emotions to be distinguished.  Across 
two experiments 144 participants heard music with a positive or negative emotional tone.  While listening they were asked 
to complete 30 word that could be completed to make positive, negative, or neutral words.  In the first experiment familiar 
classical music was used.  
 More positive words were completed when the positive music was played and more negative words with the negative 
music, F (1,58) = 21.10, p < .01.  Correlations with post-experiment questions showed that; the more positive words a 
participant completed, the more they enjoyed the music (r (60) = .40, p < .01), felt happy (r (60) = .30, p = .02), and felt 
energized, r (60) = .26, p = .04. The more negative words a participant completed, the less they felt happy (r (60) = -.44, p < .01), 
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felt energized (r (60) = -.43, p < .01) and were less familiar with the music, r (60) = -.30, p = .02. In a second study using 
unfamiliar music (taken from the website jamendo) and varying the arousal of the music, the results were less clear. The 
three-way analysis of variance was marginally significant, F(2,96) = 2.97, p = .06.  The arousal level of the music interacted with 
the tone of the music in influencing the emotional tone of the word completions.  Future research might vary the degree of 
familiarity and explore more specific emotions such as anger versus sadness.

[B14] Idiographic models of aesthetic judgment in music
Patrik N. Juslin (1)*, Laura Sakka (1), Goncalo Barradas (1), Simon Liljeström (1)

(1) Uppsala University, Uppsala, SWEDEN 
* = patrik.juslin@psyk.uu.se

Music is commonly regarded as one of the fine arts, but aesthetic responses to music are still poorly understood. The aim 
of the study was to model aesthetic judgments of music based on subjective criteria, featuring a representative sample of 
musical pieces and using the tools of Judgment Analysis. A Stratified Random Sampling procedure was used to select 72 
pieces from 12 genres. The pieces were divided across two groups of participants (N = 44), who judged each piece with regard 
to aesthetic criteria (e.g., beauty, originality, expressivity) as well as overall aesthetic value. Both idiographic (individual) and 
nomothetic (averaged) multiple regression analyses were conducted on the listeners’ judgments. The results showed that 
linear models provided a good fit to listeners’ aesthetic judgments (mean variance accounted for = 76%), suggesting that the 
process is systematic and mainly additive. Some criteria (e.g., originality, skill) made a larger contribution to prediction than 
others overall, but there were large individual differences between listeners regarding what criteria they used. A nomothetic 
regression model did not adequately describe the different judgment strategies of individual listeners. The results imply that 
aesthetic judgments are systematic, and that individual differences can be explained in terms of different weighting schemes 
for subjective criteria of aesthetic value. Implications for future research on aesthetic responses are discussed.

[B15] The effect of relative loudness on the tritone illusion 
George A. Seror III (1)*, W. Trammell Neill (1)

(1) University at Albany. Albany, N.Y. USA 
*= gseror@albany.edu

In the tritone paradox (Deutsch, 1986, 1991), subjects hear a sequence of two complex tones, consisting of multiple octaves, 
such that the two tones are separated in pitch chroma by 6 semitones (a tritone). This produces a bistable illusion of pitch 
either ascending or descending from the first to second tone. Because rising or falling intonation is correlated with rising 
or falling loudness in language, we tested the hypothesis that direction of perceived pitch change would be influenced by 
direction of loudness change. The proportion of ascending responses for each pitch complex pair was calculated for each 
of three loudness conditions. A significant effect of relative loudness was found, with the lowest proportion of ascending 
responses for the condition in which the tone pairs decreased in loudness from the first to the second tone, followed by the 
equal loudness condition, and the highest proportion of ascending responses for tones pairs that increased in loudness from 
the first to the second tone. The results suggest that the direction of change in loudness does indeed influence the direction of 
perceived pitch change in musical stimuli that may be otherwise ambiguous with regard to pitch height.

[B16] Accuracy, intent, and signal clarity in vocal pitch imitation
Peter Q. Pfordresher (1)*, James T. Mantell (2), Tim A. Pruitt (1), Michael D. Wright (1), Keri M. Tapley (2)

(1) University at Buffalo, The State University of New York.  Buffalo, NY, USA  
(2) St. Mary’s College of Maryland, St. Mary’s City, MD, USA 
* =pqp@buffalo.edu

Recent research suggests that the ability to intentionally imitate pitch for speech and song is positively correlated (Mantell 
& Pfordresher, 2013). Thus, poor-pitch singers may suffer from a general vocal pitch imitation deficit (VPID) that extends 
across music and language. However, it is not clear whether this correlation is limited to contexts in which pitch is imitated 
intentionally or if it extends to “automatic imitation” tendencies observed in behaviors such as phonetic convergence (the 
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tendency for a talker to reproduce recently perceived acoustic-phonetic speech information). Moreover, the link between pitch 
content and word content may be more vulnerable to the effects of intentional imitation in one domain (music or language) 
than another. If VPID represents a problem in perception-production mapping, VPID subjects should be worse than accurate 
subjects regardless of intention to imitate or timing of reproduction. Furthermore, during intentional pitch imitation, 
VPID individuals should exhibit worse performance relative to automatic imitation due to their reduced ability to combine 
sensorimotor pitch information. We explored these possibilities in an experiment in which VPID and accurate imitators 
imitated pitch incidentally or intentionally for spoken and sung targets immediately after listening. In the incidental task, 
subjects repeated words that they heard. In the intentional task, subjects repeated words while reproducing the pitch contents 
of the target. The experiment also investigated the influences of vocal category (song vs. speech) and auditory mask (signal 
presented in the clear vs. white noise) on the absolute and relative pitch accuracy for VPID and accurate subjects. Stimuli 
comprised spoken sentences and sung melodies that were matched for contour, duration, and word content. Ongoing data 
analyses suggest that the intention to imitate pitch may have stronger effects on singing than speaking. Compared to accurate 
subjects, VPID individuals may be less likely to replicate pitch information during incidental trials. 

[B17] How language influences your perception of music – evidence for shared syntax 
processing 
Kunert, Richard (1, 2)*, Willems, Roel M. (1, 2), Hagoort, Peter (1, 2)

(1) Radboud University Nijmegen, Donders Institute for Brain, Cognition and Behaviour. Nijmegen, NETHERLANDS 
(2) Max Planck Institute for Psycholinguistics. Nijmegen, NETHERLANDS 
* =r.kunert@donders.ru.nl

Music and Language have been shown to share syntax resources in various behavioural and brain imaging studies. Still, so far, 
the influence had only been shown to be unidirectional, i.e. harmonic music violations influencing linguistic syntax processing. 
A shared resource account, however, would predict bidirectional influences. Therefore, the present study investigated the 
influence of syntactic language processing on music harmony processing. 62 non-musicians were asked to provide closure 
judgements on harmonic sequences. At the same time participants read sentences containing either a syntactic challenge 
(object relative clause), a semantic challenge (semantic garden-path), or no difficulty (subject relative clause or non-garden-
path). Closure judgements showed an influence of the syntax manipulation on harmonic processing but no influence of the 
semantic equivalent. Specifically, in the difficult syntax condition music endings were seen as less appropriate compared to the 
easy syntax condition. Our results are the first behavioural evidence for an influence of linguistic syntax processing on musical 
harmony judgements. They provide novel support for shared syntactic processing resources which are part of both the language 
and the music networks.

[B18] Separate neurocognitive mechanisms underlie pitch expectations in music
Matthew A. Rosenthal*

(1) University of Nevada, Las Vegas.  Las Vegas, Nevada, USA 
* =rosent17@unlv.nevada.edu

Previous neuroimaging and lesion studies provide mixed evidence regarding the dominance of the right hemisphere in 
the formation of pitch expectations. The current study investigated hemispheric contributions to the formation of pitch 
expectations by combining the monaural listening and probe tone paradigms. On each trial, adult participants heard a short 
context melody and a single pitch (i.e. a probe tone). Both the context and the probe tone were played in the left or right 
ear. The context was an ascending major scale or pitches from the major scale in a random order. Following each context, 
participants rated one of three probe tones for how well it fit with the context they just heard. Probe tones were one of two 
pitches from the major scale (the tonic or the supertonic) or an out-of-set pitch (the flattened supertonic). Participants 
provided the highest ratings for the tonic, followed by the supertonic, followed by the out-of-set pitch. Ratings did not differ 
for the tonic or out-of-set pitch between the two ears, but participants provided lower ratings for the supertonic in the right 
ear. For the ascending context only, the difference in ratings between the tonic and supertonic was greater in the right ear. 
These results suggest that the left hemisphere differentiates the stability of pitches in a set by forming temporal expectations for 
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specific, in-set pitches.  Considering previous neuroimaging and lesion evidence, it appears that each hemisphere contributes 
separately to the formation of pitch expectations.

[B19] Spatially separable activation of the right inferior frontal gyrus in the discrimination 
and production of pitch 
Pier-Yves Girard (1)*, Dominique T. Vuvan (1), Sean Hutchins (2,3), Isabelle Peretz (1)

(1) Université de Montréal.  Montréal, Québec, CANADA 
(2)The Royal Conservatory of Music, Toronto, Ontario, CANADA  
(3)McMaster University, Hamilton, Ontario, CANADA 
* =girard.py@hotmail.com

Evidence that the perception and production of pitch can be dissociated comes from recent research on congenital amusia, a 
neurodevelopmental disorder characterized by the severe impairment of pitch perception (Hutchins et al., 2010, Loui et al., 
2008). This suggests that pitch perception and production are subserved by different right fronto-temporal neural pathways, 
similar to dual-stream models proposed for left fronto-temporal networks in speech (Rauschecker & Scott, 2009; Hickok & 
Poeppel, 2007). Furthermore, previous functional magnetic resonance imagery (fMRI) studies have found differences in activa-
tion of the right inferior frontal gyrus (rIFG), but not in the auditory cortex between amusics and controls (Hyde, 2011), indi-
cating that the organization of the perception and production pathways may differ between amusics and controls in the rIFG. 
 To test these hypotheses, we recorded fMRI while amusics and matched controls performed pitch perception and pitch 
production tasks. Comparisons between perception and production showed that the rIFG activation for production is shifted 
dorsally as compared to perception in both normal and amusic participants. This result is consistent with dual-stream speech 
models in which the perception pathway projects to pars triangularis, whereas the production pathway projects more dorsally 
to pars opercularis. Surprisingly, no significant differences were observed between amusics and controls for perception nor 
for production, indicating that although the intensity of brain activity differs between the groups during pitch perception, the 
locus of this activity does not.

[B20] Relationship between musical aptitude, speech rhythm sensitivity and reading 
comprehension
Cyrille Magne (1)*, Hershel Eason (1), Heechun Moon (1)

(1) Middle Tennessee State University. Murfreesboro, TN, USA 
* =cyrille.Magne@mtsu.edu

Previous studies have shown that sensitivity to language-specific rhythm plays an important role in both speech perception 
and literacy acquisition. In addition, recent evidence points to a potential causal effect of music training on improved reading-
related skills. The present study sought to examine: 1) whether auditory rhythms would enhance written word processing 
and 2) the relationship between speech rhythm sensitivity, musical aptitude and reading skills, using Event-Related Potentials 
(ERPs). Participants performed a lexical decision task on visually presented bisyllabic words that were stressed on either 
the first or second syllable. Targets were preceded by a rhythmic tone prime comprised of either a long-short structure or 
a short-long structure repeated 3 times. The stress pattern of the visual target either matched or mismatched the rhythmic 
structure of the auditory prime. ERPs were analyzed to measure participants’ sensitivity to the rhythmic structure of the 
target words. Participants’ music aptitudes were also measured using the Advance Measure of Music Audition, and their ACT 
reading scores were collected as a measure of their reading comprehension. Results of cluster-based permutation tests on the 
ERP data revealed significant centro-frontal negativities between 290 and 640 ms. when word stress patterns mismatched the 
expectancy set by the auditory primes. In addition, moderate correlations were found between the participants’ rhythm scores, 
reading comprehension scores, and the size of the negative effect to the mismatching stress patterns. In line with previous 
studies, the present findings suggest that information about the rhythmic prosodic features of a word is automatically retrieved 
during visual word recognition. Moreover, individual differences in speech rhythm sensitivity seem to be closely related to 
reading and music abilities. Implications will be discussed for current models of literacy acquisition and reading intervention.
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[B21] Psychophysiological investigation of Gregorian modes
Tadashi Kato  (1)*

(1) Fairmont State University.  Fairmont, WV, USA 
* =tadashi.kato@fairmontstate.edu

Thirty healthy adults (10 males & 20 females; 25.30 + 11.37 yrs. & 25.38 + 11.64 yrs., respectively) listened to 8 pieces of 
80-second-long-organ-music in Gregorian modes (Dorian, Phrygian, Lydian, Mixolydian, Hypodorian, Hypophrygian, 
Hypolydian, & Hypomixolydian).  Their sixteen channels electroencephalograms (EEGs) based on International 10-20 
Method, digital photoplethysmogram (pulse wave), and strain-gage-based-abdominal-respiration were monitored. Fast 
Fourier Transformation (FFT) was applied to each of the 40-second-epoch-EEGs.  Mixed Design ANOVAs were applied to 
alpha and beta powers of each EEG channel, Pulse Rate, and Respiration Rate by using gender as between factor and epochs of 
measurement as within factor.   
 Mixed-Design ANOVAs and post-tests demonstrated that EEG alpha power was significantly higher in males than 
in females at F8 (right frontal lobe) during Lydian (p<.05).  EEG beta power was higher in males than in females at F3 (left 
frontal lobe) during Lydian (p<.05) and also was higher in males than in females at F7 (left frontal lobe) during Hypodorian 
(p<.05).  Further, beta power was higher during Lydian than during Dorian, Hypodorian, Hypolydian, or Hypomixolydian 
in males (P<.05) while beta power was also higher during Hypodorian than during Dorian in males (P<.05).  Finally, Mixed 
Design ANOVAs and post-tests showed the significantly higher Pulse Rate in males than in females during Hypodorian 
(P<.05) and also Respiration Rate was significantly higher during Phrygian than during resting period when both genders 
were combined (P< .05). 
 Simultaneity of higher powers in both alpha and beta during Lydian resembles mindfulness meditation and thereby 
findings in the present study potentially suggest the historical shift in human perception of Lydian that was once avoided due 
to its tritone.  Moreover, significant results in Hypodorian prompt the investigation on the general effects of natural minor in 
modern music.  Further neurophysiological investigation may also contain their therapeutic applications. 

[B22] The effectiveness of TV ads and the impact of music on ad perception: An electrodermal 
activity study
Daniel Müllensiefen(1)*, Rebecca Arcidiacono(2), Daniela Rupprecht(1), Merel Vercammen(1)

(1) Goldsmiths, University of London.  London, England 
(2) Northeastern University, Boston, MA, USA 
* =d.mullensiefen@gold.ac.uk

Music can be a highly arousing stimulus influencing the emotional experience of visual media. The measurement of 
electrodermal activity (EDA, aka galvanic skin response) is a non-invasive way of quantifying emotional arousal. Previous 
research has suggested that music can influence the reactivity to TV ads but the direct relationship between emotional arousal, 
music and commercial effectiveness of ads in the market remains unclear. This study aims to validate the suitability of a 
portable EDA system and to compare arousal responses to a set of commercially effective and ineffective ads. Experiment 
1 presented high- and low-arousal visual, auditory, and musical stimuli taken from IAPS/IADS provided by University of 
Florida and Mas-Herrero and colleagues (2014) while recoding the EDA of 20 participants. In experiment 2, 20 ads (10 
effective and 10 ineffective ads in business terms) were presented to 33 participants while EDA was recorded. A subset of 
10 ads was presented with and without music to participants in a between-groups design. The data was analyzed using 
Continuous Decompositional Analysis (CDA) and the traditional Trough-to-Peak (TTP) analysis. Event-related EDA as 
well as spontaneous EDA activity was analyzed using linear mixed effects models. Both CDA as well as TTP responses were 
significantly stronger for high arousal sounds and images compared to low arousal stimuli. Spontaneous EDA responses 
to musical stimuli were significantly greater than the responses to high arousal auditory (non-musical) stimuli. Effective 
ads generated significantly more spontaneous SCRs than ineffective ads and the music versions of the ads produced more 
spontaneous EDA responses than the non-music versions. The results indicate the validity of a portable EDA system as a 
measurement tool, how the commercial effectiveness of ads can be directly linked to their potential to arouse emotions, and 
that music is significant in driving the emotional experience of watching TV ads.
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[B23] Using surface electromyography (sEMG) to measure laryngeal and facial activity during 
both visual and auditory imagery. 
Tim A. Pruitt (1)*, Andrea R. Halpern (2), and Peter Q. Pfordresher (1).

(1) University at Buffalo, The State University of New York.  Buffalo, New York, USA  
(2) Bucknell University, Lewisburg, Pennsylvania, USA 
* =tapruitt@buffalo.edu

Poor-pitch singers, who exhibit vocal pitch imitation deficits (VPID), report having less vivid auditory imagery compared to 
accurate singers (Pfordresher & Halpern, 2013). Such deficient imagery may reflect poorly functioning internal models that 
guide the auditory-vocal system during pitch production. We tested this hypothesis further by examining subtle laryngeal 
and facial muscle activities during the encoding of pitch and preparation for imitation. We hypothesized that individual 
differences in vocal pitch imitation ability may be related to these muscle movements. Separate auditory and visual tasks 
were incorporated into the study to determine if laryngeal and facial muscle activities differed across imagery modalities. 
Both tasks were composed of encoding, imagery and imitation/response periods. The auditory task required participants to 
listen to a four-note melody, then imagine the melody, and imitate it aloud. In the visual task, participants studied an array of 
three-dimensional objects, then imagined the array, and were subsequently probed about a single object’s location.  Surface 
electromyographic (sEMG) recordings were captured from the left and right sternohyoid (musculus sternohyoideus), left 
corrugator (corrugator supercilii), and right upper lip (orbicularis oris) during both imagery and imitation/response periods. 
Imagery vividness was assessed on a trial-by-trial basis through subjective probe questions. Although data collection is still 
ongoing, pilot data shows that sEMG activity is higher during auditory imagery relative to visual imagery. We predict that 
VPID and accurate singers will differ with respect to covert motor activity during auditory imagery, but not during visual 
imagery. Moreover, VPID singers should report less vivid auditory images. Such findings would align with explanations of 
pitch imitation deficits being partly due to poor sensorimotor translation.

[B24] The acting game: Mimicry of emotional song and speech to enhance emotion skills in 
autism
Lucy McGarry (1)*, Frank Russo (2)

(1) University of Western Ontario. London, Ontario, CANADA 
(2) Ryerson University.  Toronto, Ontario, CANADA  
* =lmcgarry@uwo.ca

Researchers have found that individuals naturally mimic facial expressions during observation of song (Chan, Livingstone, 
& Russo, 2013) and speech (Turner, McIntosh & Moody, 2015) to facilitate perception. This simulation mechanism may 
be related to mirror neuron system (MNS) activity; individual differences in MNS functionality (Gazzola, Aziz-Zedeh & 
Keysers, 2006) as well as spontaneous mimicry (Chartrand & Bargh, 1999) are associated with empathy. Individuals with 
autism exhibit a deficit in MNS functionality as well as spontaneous mimicry during social interactions, which is thought to 
underpin characteristic deficits in empathy (Williams, Whiten, Suddendorf, & Perrett, 2001). We have created a computerized 
acting game for children with autism, in which voluntary vocal-facial mimicry is elicited and points are awarded for guessing 
the correct emotion of the person being mimicked. During early stages of game play the majority of stimuli are songs. As the 
game progresses the balance tips in favor of speech stimuli. The intention of this progression is to maximize engagement as 
children with autism have been found to be especially responsive to musical stimuli (Whipple, 2004). Nine children on the 
autism spectrum have participated in this ongoing study thus far. EEG measurement of the mu rhythm (indicative of MNS 
activity), EMG measurement of facial mimicry, behavioral indexes of emotion identification accuracy, and scales of social 
responsiveness were administered to participants before and after 2 weeks of daily game play. Preliminary data analysis has 
revealed improvements in accuracy of emotional identifications of sung stimuli relative to a control group. Scores on the Social 
Responsiveness Scale also improved. We predict that daily game play will also facilitate EEG and EMG indices of simulation 
during observation of emotional sung and spoken sentences.
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[B25] Cross-modal effects of watching dance on sound perception
Kyung Myun Lee (1)*, Karen Barrett (2), Yeonhwa Kim (1), Yeoeun Lim (1), Kyogu Lee (1)

(1) Seoul National University.  Seoul, KOREA  
(2) Peabody Institute of Music at Johns Hopkins University, Baltimore, MD, USA 
* =kmlee2@snu.ac.kr

With the development of multimedia, music is often present in videos showing dancing or dance performances. Given the 
cross-modal association of dance and music, the observed dance could work to prime the meter of accompanying music. To 
investigate how watching the embodied meter of dance influences sound perception, we conducted a behavioral experiment, 
in which twenty-seven paid participants performed sound detection tasks while watching a dance video. By repeating every 
four beats, the dance video indicated a quadruple meter. Sound targets were provided in four different metrical positions of 
the repeating dance pattern. The results showed the slowest reaction times (RTs) for sound targets at the first beat (strong beat) 
that the dance indicated. These results suggest that watching the embodied meter makes more attention allocated to the visual 
domain, not to the auditory domain, and relatively reduced attention to sounds decreases the efficiency of auditory processing 
at the metrically higher positions. 

[B26] Postural coordination between duet vocalists
Alexander P. Demos (1), Frances Spidle (1), Erik Koopmans (1), Caroline Palmer (1)*

(1) Department of Psychology, McGill University, Montreal, CANADA 
* = caroline.palmer@mcgill.ca

We investigated whether vocalists’ postural sway during singing is influenced by visual or acoustic cues from their partner. 
Postural coordination may arise from direct influences of one partner on the other, or from mediated influences, such as those 
driven by the musical beat. We examined postural coordination as vocalists sang in duets while the musical task and visual 
access to the partner were manipulated. Experienced choral vocalists (n = 16 pairs) performed “Frere Jacques” in three musical 
tasks, while standing on force plates: Solo (individual vocalists sang the melody alone), Unison (the duet sang the music 
simultaneously), and Round (the duet sang the music with an 8-beat delay between parts). Visual feedback was manipulated by 
facing the vocalists Inward (with full view of each other) or Outward (with no view of each other). Postural coordination was 
calculated as the cross-correlation of partners’ movement velocity, derived from measurements of ground reaction forces (Z: 
Up-Down) and Medial-Lateral sway (ML: side-to-side). ML and Z movements were more highly correlated when duet pairs 
sang in Unison than in Rounds, suggesting that coordination was influenced more by the musical task than by visual cues. 
Furthermore, these correlations were above chance estimates based on systematic repairings of duet partners.  Comparisons 
of vocalists’ movements with different beat periods in a metrical hierarchy showed that ML sway was associated with longer 
(slow) periods (1 cycle per every 2 or 4 beats), whereas Z forces corresponded to shorter (fast) periods (1 or 2 movement cycles 
per beat).  Partners’ movements corresponded at the same metrical level only for Z (up-down) movements, more so when they 
were facing Inward than Outward. Findings suggest that vocalists’ side-to-side (ML) coordination is directly influenced by their 
partner’s sound, whereas their coordination of ground reaction forces (Z) is likely mediated by the metrical beat.

[B27] Do performer’s gestures express implied polyphony in solo music by Bach?: An 
exploratory study
Madeline Huberth (1)*, Takako Fujioka (1)

(1) Stanford University, Stanford, CA, USA 
* =mhuberth@ccrma.stanford.edu

Performers of string instruments often make significant effort to communicate implied polyphony to the audience when 
playing solo works by J.S. Bach. Since it has been shown that musician’s movements communicate useful information such 
as expressive intentions, musical tension, and phrase structure to a viewer, efforts to communicate multiple voices by the 
performer may include visual gestures beyond those necessary for playing acoustically differentiable voices. This exploratory 
study examined pre-existing recorded video performances of professional cellists playing a movement of the Bach cello suites, 
to find out how, and to what extent, they used gesture to highlight the presence of multiple voices in addition to acoustic 
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differentiation. Previous studies of pianists showed that motions of the head and torso were meaningful with respect to 
important structural moments in a score; thus, we expect that meaningful motion related to voicing intentions would also 
occur in the head and torso in cellists. The audio was extracted from three video recordings, and experienced cellists used the 
audio alone to identify acoustic boundaries of different voices for each performer.  Timepoints where participant agreement 
on voice boundaries was high were identified. They were presented, along with ‘catch’ timepoints - timepoints containing 
a similar physical action necessary as identified vocal boundary timepoints - along with silent videos of the performances 
to a second group of participants (violinists and violists), who indicated which parts of the body appeared meaningful to 
them during these timepoints. While hand movements were frequently reported as meaningful in both vocal-boundary 
and ‘catch’ timepoints, head and eyebrow movements were identified more frequently as meaningful in conjunction with 
vocal boundaries. This study underscores that, beyond motions necessary for acoustic differentiation of polyphonic voices, 
performers embody intended voicing information that is communicated to viewers.

[B28] Neural indices of attention to multi- voiced music
Karen Chan Barrett (1)*, Dana L. Strait, Erika Skoe (2), Nina Kraus (1), & Richard Ashley (1)

(1) Northwestern University. Evanston, IL, USA 
(2) University of Connecticut. Storrs, CT, USA 
*= karenkchan@northwestern.edu

Limits of attention make it difficult to perceive simultaneous events such as concurrent speech streams. However, we process 
multiple musical streams relatively easily. Contrapuntal melodies are independent and interdependent, unique yet blending 
to form the composite structure. Coherence, therefore, may be a key difference between music and other stimuli like speech, 
which does not rely on integration of the streams to convey meaning. Musical organization may be a cognitive scaffold to 
overcome attentional limitations when perceiving multiple melodies. We investigated how listeners attend to multi‐voiced 
music. Specifically, we examined biological indices of how listeners process structured vs. unstructured music. We predicted 
that musical structure provides coherence across distinct musical lines, allowing listeners to attend to simultaneous melodies, 
and that a lack of structural coherence causes melodies to be heard as separate streams. Musician participants were asked to 
attend to melodies in two experimental conditions: 1) a Coherent music condition in which participants heard flute duets by 
Quantz and Telemann and (2) a Jumbled condition in which the same excerpts were manipulated such that one melody played 
at a slower tempo and the score was rearranged to destroy structural coherence between the parts. Auditory‐evoked potentials 
were collected. Analysis focused on the N1 response which is a) primarily generated within auditory cortex and b) larger for 
stimuli which are attended to than those which are ignored. Neural responses suggest that participants did not attend more 
to one line over the other when listening to Coherent music, instead integrating the streams into a single percept. Yet, for 
the Jumbled music, the N1 effect indicates that participants selectively attended to one line while ignoring the other. Results 
suggest that listeners integrate melodies when listening to polyphonic compositions, providing biological support for the 
theory that musical organization aids attention when attempting to perceive multi-voiced music.

[B29] Cognitive and developmental effects of cognitively-focused early childhood music 
education.
Sean Hutchins (1,2)*

(1) The Royal Conservatory of Music, Toronto, ON, CANADA (2) McMaster University, Hamilton, ON, CANADA 
* =sean.hutchins@rcmusic.ca

Many prior studies have shown various cognitive effects of participating in music classes, with effects ranging from memory 
to attention to cognitive flexibility. Music educators and advocates are beginning to take more and more notice of these effects, 
and some are incorporating ideas from these studies into their practice. In this study, we looked at a new early childhood 
music education curriculum, Smart Start, developed to emphasize the possible cognitive benefits of music education in. We 
measured how cognitive and other developmental abilities were affected by participation in Smart Start classes over the course 
of a 6 month term. We recruited 144 children between the ages of 2.5 and 5 and randomly assigned them to either a test group, 
who received the classes in the 2014-2015 school year, or a control group, who received the same classes in a 2015 summer 
session. Classes were taught by professional early childhood music educators at the Royal Conservatory, who had undergone a 
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10 week training program in the Smart Start curriculum. Participants received the course without charge, to reduce selection 
bias. All children took the WPPSI (a test of cognitive abilities normalized for children age 2.5 – 7) in the fall of 2014 and again 
in the spring of 2015. In addition, to measure other developmental effects, parents completed the Bayley Scales questionnaire 
at the same time. We analyze the findings in terms of various factors, including working memory, verbal comprehension, 
visual spatial ability, and full-scale IQ. Our results compare changes in these factors in the test vs. control group. We discuss 
the findings in terms of the effects of music education on development, and the role of cognitively-focused music education 
programs. 

[B30] Time-course of auditory-motor learning for skilled and novice performers
Rachel M. Brown (1)*, Virginia Penhune (1)

(1) Concordia University.  Montreal, Quebec, CANADA 
* =rachel.brown2@mail.mcgill.ca

We investigated the behavioral and neural basis for auditory-motor learning in musicians and novices. Learning to perform 
music requires learning patterns of actions and sounds as well as action-sound relationships. The action and outcome 
dimensions of skill may be learned at different rates (Nakahara et al., 1998), and learning rates may depend on expertise 
(Palmer & Meyer, 2000), or knowledge of auditory, motor, and auditory-motor regularities. Generalized knowledge of 
action-sound relationships may enable musicians to more accurately predict the corresponding motor structure of an 
auditory sequence than vice versa. This may be because musicians can produce a given auditory sequence using a number of 
possible over-learned motor patterns that are highly transferable (Schmidt, 1975). Musicians may therefore learn to perform 
novel melodies more efficiently by listening to those melodies than by performing the motor sequences, compared to non-
musicians. Musicians may also engage neural networks involved in motor sequencing and planning (e.g., premotor cortex 
and supplementary motor area) to a greater extent when learning by listening compared to learning by performing. In the 
current study, pianists and non-musicians undergo functional brain imaging while learning novel piano melodies over twenty 
learning trials by following visuospatial cues (cue-only practice), or by additionally listening to melodies (auditory practice), 
performing melodies (motor practice), or performing melodies with auditory feedback (auditory-motor practice). To assess 
learning rate, participants periodically performed melodies from memory (melody recall) over the course of learning. 
Preliminary results suggest that both musicians and non-musicians improve their melody recall faster during auditory 
practice than during motor practice. Brain imaging is expected to reveal greater response changes in premotor cortex and 
supplementary motor area during auditory practice for musicians than for non-musicians. Our results are expected to clarify 
how auditory and motor learning contribute to sensorimotor skill development.

[B31] Self-regulated practice tendencies as a moderating influence on motivation for music 
achievement
Peter Miksza (1)*

(1) Indiana University Jacobs School of Music.  Bloomington, Indiana, USA 
*= pmiksza@indiana.edu

Self-regulated musicians are those who actively manage metacognitive, motivational, and behavioral aspects of their own 
learning process (McPherson & Zimmerman, 2011). Self-regulation depends on abilities to set adaptive learning goals, 
enact effective learning strategies, and develop constructive self-perceptions of ability and efficacy (McPherson, Nielsen, 
& Renwick, 2011). The purpose of this study was to explore how music practice tendencies emblematic of self-regulated 
learning tendencies might moderate relationships between achievement goal motivation orientations and expectancies for 
musical success. Self-report measures representing constructs of achievement goal orientation (i.e., mastery and performance 
orientations) (Elliot & McGregor, 2001), self-regulated practice tendencies (i.e., metacognitive strategies, concentration, 
social-help-seeking strategies) (Miksza, 2012), and expectancy for musical success (Eccles & Wigfield, 1995) were adapted 
for use in this study. Data were collected from 190 undergraduate music majors at 8 institutions via online questionnaire. 
Participants included all years of degree progress (freshman through senior); were both instrumentalists (80.5%) and vocalists 
(19.5%); were primarily music education (56.3%) or performance (37.9%) majors; and reported an average age of 20.8 years 
(SD = 3.48). Regression analyses revealed a moderation effect such that a positive relationship between mastery approach 
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orientation and expectancy for success was stronger for participants reporting greater degrees of concentration during 
practicing. Analyses also indicated that reported degree of metacognitive strategy use moderated the relationship between 
mastery avoid goal orientation and expectancy for success. A negative relationship was found between mastery avoid and 
expectancy for success for those reporting relatively less metacognitive strategy use, whereas a positive relationship was found 
between mastery avoid and expectancy for success for those reporting relatively more metacognitive strategy use. No other 
significant moderating effects were found. The preliminary findings from this study highlight the role that training in self-
regulated learning strategies could potentially play in fostering adaptive motivational dispositions towards music achievement. 

[B32] Perceptual evaluation of virtual acoustics by string quartet groups
Song Hui Chon (1)*, Doyuen Ko (2)

(1) Ohio State University. Columbus, OH, USA 
(2) Audio Engineering Technology, Mike Curb College of Entertainment & Music Business, Belmont University. Nashville, TN, USA 
* =chon.21@osu.edu

The acoustics of a concert venue is important both to the musicians and to the listeners. Virtual acoustic systems have been 
getting more attention for their capability to provide flexible acoustic adjustments tailored to the needs of a specific concert. In 
this paper, we discuss the impact of three acoustic conditions (one natural and two virtual rooms) on the performance of 11 
professional string quartet groups using the Virtual Acoustics Technology (VAT) system developed at McGill University. This 
is the first step toward understanding the effect of room acoustics on the performers’ perception and performance.  
 Each quartet group chose a short piece of Classical music and played it in all three conditions. Condition 1 was the 
natural acoustics of the performance hall (Reverb time = 1.47s); Condition 2 had a moderate level of VAT enhancement added 
(RT = 1.92s); Condition 3 was identical to Condition 2 except for an additional boost in the late reverberation output level 
(RT = 2.33s). The perceived loudness of three acoustic conditions was calibrated within ±0.1dB and the presentation order was 
randomized. Musicians evaluated each condition by answering 11 questions after performing in each condition, followed by 4 
additional questions to indicate their overall preferences.  
 Out of 44 participants, only eight people preferred Condition 1, suggesting that most musicians appreciated the acoustic 
enhancement that VAT provided. No systematic difference in preference data was found according to gender, instrument 
played, handedness, or possession of absolute pitch. Each participant’s preferred condition could be almost perfectly predicted 
by their answer to Question 11, “enjoyment of playing”. As the results showed that musicians perceived the acoustical 
difference in three conditions, which affected their “enjoyment of playing,” the next step will be to investigate whether this 
different levels of “enjoyment of playing” is communicated to listeners through the recorded samples.

[B33] Parker, patterns, processing: How linguistic corpus analysis tools can be used to 
illuminate central aspects of jazz improvisation
Martin Norgaard (1)*, Ute Römer (1)

(1) Georgia State University.  Atlanta, GA, USA 
* =mnorgaard@gsu.edu

Despite a recent surge in music corpus research, the field still lacks a comprehensive standardized analysis tool. Here we show 
how AntConc (Anthony, 2014), a computer tool designed for corpus linguistic analysis, can be adapted for music analysis. 
AntConc is a freely available and easy to use multi-platform software package that allows users to carry out automated 
frequency and pattern analyses, and study the contexts and distributions of patterns. We used AntConc on a corpus of 48 
improvised solos by jazz great Charlie Parker, all converted to directed intervals. This allowed for analysis of (i) the most 
frequent tone sequences of different lengths in Parker’s works, and (ii) the distribution and clustering of those sequences 
across his improvisations (with the help of the “concordance plot” function in AntConc). The results were validated with an 
independent computer analysis programmed in MATLAB (Norgaard, 2014). We also divided Parker’s solos into sub-corpora, 
based on variables such as tempo and time of recording, and used AntConc to compare frequencies of common 4-interval 
patterns across subsets of his works (e.g., early Parker solos vs. late Parker solos).  
 Analyses showed a strong reliance of the artist on extended repeated interval sequences, and a development in Parker’s 
use of patterns from his early to his later solos. The insights gained in our study allow us to further address the question 
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“How do jazz musicians improvise?” (Norgaard, 2014) and lead us to a better understanding of the role that melodic patterns 
in improvised jazz play in music processing. Even more importantly perhaps, this work demonstrates how the quantitative 
methodology we used could be easily adopted by other researches and could serve as an entry to music corpus research in 
educational settings. Together this could result in a more unified field within corpus research of both music and language.

[B34] Classifying perception and imagination of music from EEG
Avital Sternin (1)*, Sebastian Stober (1), Adrian M. Owen (1), Jessica A. Grahn (1)

(1) The University of Western Ontario.  London, Ontario, CANADA 
* =asternin@uwo.ca

The neural processes involved in the perception of music are also involved in imagination. This overlap can be exploited 
by techniques that attempt to classify the contents of imagination from neural signals, such as signals recorded by EEG. 
Successful EEG-based classification of what an individual is imagining could pave the way for novel communication 
technologies, such as brain-computer interfaces. Our study explored whether we could accurately classify perceived and 
imagined musical stimuli from EEG data. To determine what characteristics of music resulted in the most distinct, and 
therefore most classifiable, EEG activity, we systematically varied properties of the music. These properties included time 
signature (3/4 versus 4/4), lyrics (music with lyrics versus music without), tempo (slow versus fast), and instrumentation. 
Our primary goal was to reliably distinguish between groups of stimuli based on these properties. We recorded EEG with 
a 64-channel BioSemi system while participants heard or imagined the different musical stimuli. We hypothesized that we 
would be able to classify which piece was being heard, or being imagined, from the EEG data. 
 Using principal components analysis, we identified components common to both the perception and imagination 
conditions. Preliminary analyses show that the time courses of these components are unique to each stimulus and may be 
used for classification. To investigate other features of the EEG recordings that correlate with stimuli and thus enable accurate 
classification, we applied a machine learning approach, using deep learning techniques including sparse auto-encoders and 
convolutional neural networks. This approach has shown promising initial results: we were able to classify stimuli at above 
chance levels based on their time signature and to estimate the tempo of perceived and imagined music from EEG data. Our 
findings may ultimately lead to the development of a music-based brain-computer interface.

[B35] Integration of music perception into song recommendation 
Monique Dalton (1), Ethan Ferraro (1), Meg Galuardi (1), Andrew Gast (1), Michael Robinson (1), Abigail Stauffer (1), 
Mackenzie Walls (1)*, Ramani Duraiswami (1)

(1) Team MUSIC, Gemstone Honors Program, University of Maryland.  College Park, MD, USA 
* =music.gemstone@gmail.com

Most current music recommendation methods only account for the rigidly-defined, quantitative musical elements of songs, 
failing to consider aspects of human perception of music. Our research investigates how the psychology of music perception 
can be incorporated into an automated recommendation system, and how such a system will effectively and accurately 
embody an individual’s music preferences. Through a series of four experiments, we aim to unite the musically intrinsic 
features of songs provided through an API, The Echo Nest, with a five-factor model of music preferences (called MUSIC) 
proposed by Rentfrow et al. (2011). We predict this novel music recommendation method to yield recommendations that 
more accurately represent a user’s musical tastes. In Experiment I,  focus group participants are asked to describe their 
experience using current recommendation systems, and to identify the music features they focus on when listening to 
songs. The feedback from the participants will allow us to develop a better understanding of how people perceive music. 
In Experiment II, results from an online survey are used to determine the MUSIC factor model’s applicability for  music 
recommendation. Experiment III involves using statistical tests and machine learning techniques to develop a predictive 
model to estimate MUSIC factor values of songs based on their feature values calculated by The Echo Nest API. In Experiment 
IV, an additional online survey is organized and analyzed as in Experiment II. This secondary survey employs MUSIC factors 
generated from the predictive model in Experiment III to determine the efficacy of our novel  model of music perception. 
Both results and conclusions from this ongoing research will be presented, with a focus on Experiments I, II, and III. 
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Ideas in the Making

[B37] The musical notes of motoneuron firing
Ahmed Z Obeidat (1)* & Timothy Cope (1)

(1) Wright State University. Dayton, Ohio, USA 
* =corresponding author, Obeidat.2@wright.edu

[B38] Acquisition of keyboard skills through Bartók’s Mikrokosmos
Courtenay L. Harter (1)

(1) Rhodes College, Memphis, TN, USA 
* =harterc@rhodes.edu

[B39] Creativity & Music: Perspectives of the Cognitive Sciences on Creativity while Music is 
being Listened to and Composed
Sebastian Schmidt (1)

University of Music Karlsruhe. GERMANY 
* =schmidt@hfm.eu

[B40] Using computational models of stylistic composition to investigate perception of music 
plagiarism
Brian W. Brown(1)*, Tom Collins (2), Robin Laney (3) 

(1) Broadcast Music Inc., Nashville, TN  
(2) De Montfort University. Leicester, UK  
(3) The Open University. Milton Keynes, UK  
=bwbrown@gmail.com
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[C1] Empty and filled rhythms: An inquiry into the different cognitive processing of vocal 
and instrumental rhythms
Yong Jeon Cheong (1)*, Udo Will (1)

(1) The Ohio State University.  Columbus, OH, USA 
* =cheong.23@osu.edu

Physiological and imaging studies have shown that the human brain processes speech sound differently from non-speech 
sound (Belin et al., 2000; Levy et al., 2003), and Hung (2011) found differences in auditory processing of vocal and 
instrumental rhythms. A recent behavioral study of Klyn et al. (2015) indicated that there are differences in working memory 
between vocal and instrumental (percussion-like) rhythms. The current experiment tests whether these differences can be 
attributed to the difference between ‘filled’ and ‘empty’ rhythms: Vocal rhythms consist of series of relatively continuous 
sounds whereas instrumental rhythms are a sets of discontinuous sounds. 
 In the experiment, participants (musicians and non-musicians) listened to stimulus pairs of either vocal, filled 
instrumental, or empty instrumental rhythms and decided whether the two rhythms of each pair were the same or different. 
Both filled and empty instrumental rhythms were derived from vocal rhythms. Stimulus pairs were presented with either 0.5s 
or 15s inter-stimulus intervals and participants’ reaction time (RT) and error rate were recorded. 
 Results showed that there were significant processing differences between empty and filled instrumental rhythms, and 
between vocal and filled instrumental rhythms. The participants showed the shortest RT with the best accuracy on empty 
rhythm while filled rhythm presented the longest RT with the lowest accuracy.  However, participants’ performance on empty 
rhythm is only slightly better than vocal rhythms while there are considerable differences between filled instrumental and 
vocal rhythms. 
 This study suggests that the contrast between ‘empty’ and ‘filled’ did not explain the processing difference between vocal 
and instrumental rhythms. We propose that differential processing between vocal and instrumental rhythm is more associated 
with voice specific signal features (i.e. spectral change, formants) and/or with different sensory-motor integration of these 
rhythms - supporting the idea of different evolutionary origins of vocal and instrumental music.

[C2] Incorporating feedback during beat synchronization relates to neural speech encoding 
and language skills
Kali Woodruff Carr (1)*, Travis White-Schwoch (1), Ahren Fitzroy (1), Nina Kraus (1)

(1) Northwestern University.  Evanston, IL, USA 
*kali@u.northwestern.edu

Speech communication involves the integration of auditory perception and motor production, which in turn relies upon 
precise temporal coupling between auditory and motor areas in the brain. Beat synchronization, the coordination of 
movement in time with a pacing sound, has been used as an index of auditory-motor timing, and research suggests beat 
synchronization and speech processing rely on overlapping neural resources that facilitate temporal precision. Here, we 
assessed beat synchronization and the capacity to correct asynchronies when given feedback, in relation to neural speech 
encoding and reading skills in adolescents (N = 74, 38F, M = 17.96, SD = 0.98 years). Beat synchronization (at 0.9 Hz) 
occurred in two conditions: without (No Feedback) and with feedback (Feedback) reflecting asynchronies. Synchronization 
variability was calculated as the standard deviation of inter-clap intervals during each condition. Measures of language 
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(phonological processing, reading sub-skills) and auditory-evoked responses to the syllable [da] and were also collected in 
separate sessions. Regression analyses implicated synchronization during Feedback as a better predictor of scores on tests 
of phonological memory and reading sub-skills than the No Feedback synchronization task. There was no relationship 
between No Feedback synchronization variability and cortical speech processing, but correlations were observed during the 
Feedback condition: participants with less variable synchronization during the presence of feedback had more mature cortical 
processing of sound onsets (smaller and earlier P1, more negative N1). We suggest mature encoding of sound onsets may 
facilitate more stable beat synchronization when tasked with incorporating feedback, indicating precise integration during 
multisensory timing is important for speech processing and downstream literacy skills that rely on interacting with sound. 
Furthermore, synchronization tasks utilizing feedback might present an improved predictor of neural speech encoding and 
provide a potential remedial strategy for individuals who struggle with timing-based language learning impairments (e.g., 
dyslexia, specific language impairment).

[C3] Rhythm without beat? Defining the role of rhythm in the perception of speech in noise.
Jessica Slater (1)*, Adam Tierney (1), Kali Woodruff Carr (1) and Nina Kraus (1) 

(1) Northwestern University, Evanston, IL, USA 
* =jessicaslater@u.northwestern.edu

Rhythm provides a temporal scaffold that guides perception of both speech and music. While music is typically structured 
around a steady beat, the natural rhythms of speech unfold dynamically over time. The ability to follow the emerging rhythms 
of speech is especially critical in noisy listening situations. In this study, we evaluate the contributions of distinct aspects of 
rhythmic processing to the ability to perceive speech in noise. Participants comprise young adult percussionists, vocalists 
and non-musicians, and we assess three areas of rhythmic expertise: reproducing rhythmic sequences, synchronizing with 
an isochronous metronome and drumming to the beat of a musical excerpt. We reveal that the ability to reproduce rhythmic 
sequences predicts the ability to perceive sentences in noise, whereas the ability to synchronize to a metronome or drum to 
the beat of music does not. Our results suggest that the rhythmic processing involved in perceiving speech in noise specifically 
calls upon the ability to track complex rhythmic sequences, but not on the ability to synchronize with a regular beat. 
Underlying physiologic processes will also be discussed. These outcomes contribute to the understanding of how everyday 
communication skills are influenced by specific rhythmic abilities, which may lead to more effective diagnosis and treatment 
of communication difficulties.

[C4] The effect of rhythmic coordination on the perception of emotion in music
Malinda J. McPherson (1)* 

(1) Centre for Music and Science, University of Cambridge, Cambridge, UK 
* =malindajmcpherson@gmail.com

Rhythmic entrainment is the reactive and adaptive coordination between two independent oscillators. Entrainment can 
increase feelings of connectedness and facilitate joint attention and intention. Neural data indicate that emotion centers of the 
brain are strongly recruited when subjects are listening to music and shown cues in synchrony versus out of synchrony. Does 
rhythmic motion likewise change peoples’ reported perception of emotion in music and increase feelings of emotion while 
listening to music? Using real-time emotion tracking on a visual analog scale with dimensions of valence and arousal (based 
on Russell’s Circumplex Model), we examined how entrainment can influence subjects’ reports of emotional expression in 
music in two different contexts. 
 In the first experiment, subjects were asked to rate how music made them feel while either not tapping, tapping their 
foot along with an isochronous click track, or reacting to a random click track (matched with its corresponding isochronous 
track for both number of clicks and mean inter-onset-interval). Trials were intermixed with a shape memory task in order 
to distract subjects from the true aims of the experiment. In a second experiment, subjects were told that the experimenter 
was collecting an “emotion rating baseline” for the first experimental task, and were asked to rate the emotion of selections of 
music without tapping. During this second experiment, the experimenter was in the room, in eyesight of the subjects. For half 
of the subjects, the experimenter tapped her foot and nodded her head in synchrony with the music, and for the other half of 
the subjects, the experimenter sat still. 
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 Results of the first experiment show significant differences between isochronous tapping and random and non-tapping 
conditions; when subjects were moving isochronously to the music, their ratings for arousal were generally more extreme than 
when they were tapping randomly or not tapping. In the second experiment, there were similar significant differences between 
‘Moving Experimenter’ and ‘Non-moving Experimenter’ conditions. Valence and arousal ratings were both more extreme 
when subjects, or the experimenter, were entraining to the music. The preliminary results suggest that rhythmic motion can 
alter subject’s reported perception of emotion. 

[C5] Are humoresques humorous?
Caitlyn Trevor (1)*, David Huron (1) 

(1) Ohio State University. Columbus, Ohio, USA 
* =trevor.5@osu.edu

Jankélévitch (1961) observed that the use of pizzicato can be evocative of humor—presumably through its resemblance to 
the sound of human laughter. In this study, we aim to test formally the hypothesis that composers may produce a perceived 
humorous effect by creating passages whose acoustical structure resembles human laughter. Specifically, we predict the use of 
staccato in isochronous rhythms at laughter-like tempos.  
 In our first study, we confirm the assumption that musical instruments can produce laughter‐like sounds. Using 
MaxMSP, we created an interface that presents participants with four looped sound samples (cello, horn, flute, voice) that are 
alterable to mimic laughter with adjustable tempos and duty cycles (tone‐to‐silence ratios). We anticipate that participants 
will adjust the tempo to between 4.4 and 5.0 notes per second (i.e., rates measured in human laughter by Provine, 2000 and 
Bachorowski, Smoski & Owren, 2001). Data collection is underway.  
 In our second study, we compare possible humorous musical works with control works. Our sample of potentially 
humorous works consists of piano works labeled humoresque, scherzo, or badinerie. We predict that compared with control 
works (works by the same composer exhibiting the same tempo markings), humoresques/scherzos/badineries are more likely to 
contain staccato passages and also more likely to exhibit isochronous rhythms. This work is ongoing.    

[C6] Neural correlates of musical improvisation
Kiran Dhakal (1), Martin Norgaard (2)*, Mukesh Dhamala (1,3)

(1) Physics and Astronomy, Georgia State University.  Atlanta, GA, USA 
(2) School of Music, Georgia State University, Atlanta, GA, USA  
(3) Neuroscience Institute, Georgia State University, Atlanta, GA, USA 
* = mnorgaard@gsu.edu

Musical improvisation offers a unique model for the investigation of brain regions related to real-time creative behavior in 
which revision is not possible. Prior research shows contradictory results in which either activation or deactivation in the 
dorsolateral prefrontal region has been reported; thus, the role of this region in creative production is poorly understood. 
Because of confounding motor and perceptual variables in previous studies, this study incorporates a musical imagery task. 
Currently we are collecting and analyzing functional magnetic resonance imaging (fMRI) data from advanced jazz improvisers 
during an experimental improvisatory imagery task and comparing these results to a control task in which subjects imagine 
a pre-learned melody.  The same contrast is investigated during vocalization of both improvised and pre-learned melodies 
allowing for behavioral data analysis.  Four jazz melodies from the bebop era are used for vocalizing and imagining, as the 
complexity of these melodies is comparable to expected improvisations.  We hypothesize that vocalizing and imagining an 
improvisation will produce similar patterns of activation.  Our preliminary results show changes in activity that might be 
linked to improvisatory behavior, including the supplementary motor area, medial prefrontal cortex, dorsolateral prefrontal 
cortex, primary motor cortex, cerebellum, and premotor cortex. Brain activity during improvisation is distinctly higher and 
involves more regions than the performance of pre-learned melodies, both in the vocalization and imagine conditions. This 
suggests that musical improvisation is a complex creative behavior that may recruit a large network of brain regions.  A deeper 
understanding of the neural underpinnings of creativity could influence instructional strategies in both music and other 
domains.
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[C7] An exploratory cross-cultural study of directionality in musical representation: Britain, 
Japan, and Papua New Guinea
Siu-Lan Tan (1)*, George Athanasopoulos (2), Nikki Moran (2)

(1) Kalamazoo College, Kalamazoo, Michigan, USA (2) University of Edinburgh, Edinburgh, UK 
* = siulan.tan@gmail.com

Previous studies exploring the relationship between literacy and graphic representations of music have focused mostly on 
children. Research involving adult participants is scant, and has mainly compared responses of individuals familiar and 
unfamiliar with western standard notation (WSN). The present exploratory study extends the scope of this research by 
examining representations of brief rhythmic sequences by individuals living in literate and non-literate societies, with a focus 
on the axis along which they both produce and track marks (directionality). 
 A total of 122 participants were recruited at five sites. These comprised British musicians in UK; Japanese musicians 
familiar and unfamiliar with English and WSN in Tokyo and Kyoto; language/WSN literate Papua New Guinean highlanders 
in Port Moresby; and nonliterate members of the BenaBena tribe from Papua New Guinea.  In the first study (free-drawing), 
participants listened to brief musical stimuli varying in attack rate and were asked to represent what they heard on paper in a 
manner of their own choosing. We found that horizontal left-to-right directionality was employed by almost all participants, 
with the exception of the (nonliterate) BenaBena who did not tend to structure representations along a temporal dimension 
(18/26 non-directional; 7/26 horizontal left-to-right; 1/26 vertical top-to-bottom).  
 In the second study (forced-choice), participants were asked to match the rhythm sequences with pre-constructed sets 
of marks varying in the directionality in which they corresponded with the auditory events. Again, the majority selected 
representations following a horizontal left-to-right progression, except for the (nonliterate) BenaBena participants who were 
evenly split between left-to-right (41% of their responses) and nondirectional (42%) modes. Also, within both groups in Japan 
(familiar and unfamiliar with WSN), a portion selected top-to-bottom directionality (17% and 21% of their responses) in a 
manner similar to Japanese kanji and traditional musical notation. In both studies, the responses of literate and nonliterate 
groups in Papua New Guinea were distinct.  

[C8] Intersensory Experience of Music: Probing Cognitive Responses to Ritual Music in the 
Lab
T.L. Benson (1), H. Simonett (2),*, S. Key (4), L.G. McIntosh (3), and S. Park (1)

(1) University of Edinburgh, Department of Psychology, Edinburgh, UK  
(2) Vanderbilt University, Center for Latin American Studies, Nashville, TN, USA 
(3) Vanderbilt University, Department of Psychology, Nashville, TN, USA 
(4) Vanderbilt Kennedy Center , Nashville, TN, USA 
* =taylorleighbenson@gmail.com

Beyond the surface of the observable in the ritual lies a world of perception and cognition that is less accessible to our 
analysis. Although still in its infancy, it is feasible that empirical studies based on neuroimaging experiments could 
contribute significantly to analyses based on linguistic and interpretative methods, particularly if we concur that music 
provides communion rather than communication (McGuiness and Overy 2011). Building on the fact that music perception 
is multisensory, particularly in the context of ritual ceremonies performed by Mexican indigenous people (Yoreme), we 
put together an experimental paradigm examining possible context effects between music and visual stimuli, using the 
noninvasive technologies of fNIRS and EEG. For each of the experiments, 3 experienced Yoreme musicians/dancers were 
tested, using relevant and irrelevant music clips paired with relevant and irrelevant pictures in random order. 
 According to ethnographic evidence, during their ceremonies, Yoreme “enter” a sacred landscape in the form of non-
human beings through music and dance. For this reason, we expected a lot of visual and frontal activity since the musicians 
and dancers are simulating a mental world. Thus, data acquisition was developed in a manner to find out whether these 
musicians have a unique level of visual activation during the ceremonies. Results are currently tested cross-culturally with a 
number of subjects from Nashville in order to find out whether increased visual activation during listening of music is unique 
to the Yoreme or a more universal phenomenon.

mailto:siulan.tan@gmail.com
mailto:taylorleighbenson@gmail.com


PAGE 137 SMPC 2015

SMPC

2015

T U E S D A Y  P O S T E R  A B S T R A C T S

[C9] Do loudness capability and pitch height influence the choice of solo instruments in 
concertos?
Song Hui Chon (1)*, David Huron (1)

(1) Ohio State University. Columbus, OH, USA 
* =chon.21@osu.edu

Among musical instruments, some are more popular than others for playing a solo role. Of many possible factors, two 
acoustical factors might be expected to influence the choice of a solo instrument. Louder instruments might be expected to 
be favored over quieter instruments; and in light of the high-voice superiority effect (Marie & Trainor, 2012), higher-pitched 
instruments might also expect to be favored. 
 Musical solos can occur in various contexts. In this study, we considered only concertos in Western classical music 
because, in this genre, titles bear an explicit designation of the solo instrument(s).  6,559 concertos were obtained from 
allmusic.com, featuring 138 unique solo instruments. The number of concertos featuring each solo instrument was tallied. 
Not surprisingly, the most popular are violin, piano and flute, although there are some uncommon instruments such as 
sitar and didgeridoo. Loudness capability data were obtained by a survey of 11 musicians who judged the 24 most popular 
solo instruments.  Each instrument’s highest pitch was determined from standard orchestration textbooks. These pitches 
were converted to midi numbers for numerical analysis. Multiple regression on the number of concertos of the 24 most 
popular solo instruments was significant, F(2, 21) = 4.274, p = 0.028. Upon close examination, the highest pitch was the 
only significant factor, β = .532, p = .010; the loudness capability failed to achieve significance, β = .268, p = .171 (a result 
that may be attributable to a ceiling effect where most instruments exhibit rather similar loudness capacities). In summary, 
an instrument capable of playing high pitch was popular for a solo role in concertos, regardless of its loudness capacity. This 
popularity of high-pitch instruments for solo use suggests the importance of the high-voice superiority effect.

[C10] Variation in probe tone pitch impacts secondary task reaction time
Joshua Sites (1)*, Edgar Jamison-Koenig (1)

(1) Indiana University.  Bloomington, IN, USA 
* =sitesj@indiana.edu

This study explores the relationship between pitch onset and response times (RT). It is widely understood that humans’ 
auditory response to loudness over the range of audible frequencies is nonlinear. Stemming from evolutionary psychology, 
this study employs a theory of processing positing that stimuli activate motivational systems in service of the organism (Lang, 
2006). Thus, a possible explanation for the response curve is that the human auditory system is most sensitive to frequencies 
that are evolutionarily relevant. Response time is associated with cognitive load. If different pitches result in different RT, then 
it would suggest that some pitches take cognitive priority. This could drastically impact music composition and production by 
introducing a new means to grab listeners’ attention. 
 Typically, RT procedures present auditory stimulus at 500Hz or 1kHz, but little research has been done to ascertain 
if the pitch of the auditory stimulus impacts RT results. RT requires participants to attend to a primary task and react to a 
secondary task. In this study, participants are asked to attend to visual-only stimuli as the primary task, and react by pressing 
a button on a computer keyboard upon hearing the onset of the pitch. There are 3 groups of visual stimuli, organized by 
emotional valence: positive, neutral, and negative. The auditory stimulus is varied by pitch, with participants receiving 12 
possible different sine tones spread across several octaves, that have been normalized by perceived loudness. The data will be 
analyzed for differences between RTs based on pitch and primary task emotional valence. 
 Regardless of outcome, the results of this study will be beneficial in implementing RT. If there is no difference between 
conditions, researchers can confidently select whatever pitch best suits their primary task stimulus. However, if there is a 
difference, existing RT results may need to be reinterpreted.
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[C11] Discrimination of string quartet timbres evaluated by sound duration
Emily Graber (1)*, Jonathan Berger (1)

(1) Center for Computer Research in Music and Acoustics, Stanford University.  Stanford, California, USA 
* =emgraber@stanford.edu

Timbres of different instrumental tones are often characterized in terms of attack time, spectral centroid, and spectral flux. 
While these characterizations are useful for categorizing different timbres, timbres with proximate characteristics – on 
recordings of the same music by different performers, for example – may be judged as as similar, yet distinct from one 
another. Here, we investigate the perception of such ‘same but different’ timbres in a study that determines the duration and 
spectrotemporal features necessary to reliably discriminate between them.  
 In our study, sound samples are excerpted from three commercially available recordings of the same Bartok string 
quartet played by three different ensembles. We excerpt three ‘types’ of idiomatic string quartet sounds (sforzando, sul tasto, 
and ordinario sounds) from the equivalent moments in each of the recordings. Subjects evaluate whether pairs of excerpts – 
each of the pair being the same type and duration – are the same or different. The excerpts within a pair may or may not be 
from identical sources, and the durations range from 2ms to 1000ms. We hypothesize that discrimination between different 
instances of sforzando, sul tasto, and ordinario sounds varies as a function of sound duration and type and that the degree of 
change of centroid and flux within a sound type are significant determinants in differentiation.

[C12] Singing without hearing: differences in use of auditory feedback do not account for age-
related improvements in children’s absolute and relative pitch production
Sara Beck (1)*, John Rieser (1) 
 
(1) Vanderbilt University, Nashville, TN, USA 
* =sara.l.beck@vanderbilt.edu

Children’s ability to sing accurately increases with age such that older children show significantly better pitch matching 
abilities than younger children (Geringer, 1983), better pitch discrimination abilities (Bentley, 1969), and increased interval 
accuracy and key stability when singing a melody from memory (Hornbach & Taggart, 2005). One possible reason for age-
related singing improvement is that older children are more skilled at using auditory feedback to compare sung tones to an 
internal auditory representation in real time. Past research on children’s use of auditory feedback when speaking indicates that 
self-regulatory feedback use in the auditory domain decreases with maturation (MacKay, 1968; Ratner, Gawronski, & Rice, 
1964; Siegel, Fehst, Garber, & Pick, 1980), which suggests that the same developmental trend could exist for use of auditory 
feedback when singing. The current study compared participants in three age ranges (five to eight years, nine to twelve years, 
and adults) on their ability to maintain baseline singing accuracy when auditory feedback was masked with a multi-talker 
babble mask. Consistent with past research, older children and adults were more accurate singers than younger children in 
terms of interval accuracy, error variability, and stability of tonal center. Additionally, all participants sang better when they 
were able to hear themselves than when they had to rely on proprio-kinesthetic feedback. Our results showed that all three age 
groups experienced the same level of disruption to singing when they were unable to hear themselves, suggesting that younger 
children are relying on auditory feedback to control pitch just as much as older children and adults, and that differences in 
use of auditory information cannot explain age-related improvement in singing. The evidence suggests that poorer singing 
from younger children results either from less accurate auditory representations or less developed vocal-motor control, not 
differential use of auditory or proprio-kinesthetic feedback.

[C13] Time to target: An informative and underutilized measure of vocal pitch accuracy
James T. Mantell (1)*, Keri M. Tapley (1), Zoey Forrester-Fronstin (1), Samuel T. Greenberg (1)

(1) St. Mary’s College of Maryland, St. Mary’s City, MD, USA 
* =jtmantell@smcm.edu

Vocal pitch researchers use diverse analysis techniques and best practices are a subject of lively debate (Dalla Bella, 2015). 
A major analytical dichotomy involves point estimation (average frequencies that reflect gross accuracy) versus vector 
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comparison (sample-by-sample target-production differences that reflect fine-grained pitch fluctuations). Researchers utilizing 
point estimation have traditionally emphasized note-central performance at the cost of ignoring valuable vocal data including 
time to target (TT), the duration between produced note onset and target acquisition. The current work is an extension of 
Stevens and Miles’s (1928) investigation of vocal attack using modern equipment and signal processing techniques. The goal 
of this study was to explore the hypotheses that (1) TT increases for notes produced near vocal range limits, (2) TT varies for 
different vowel productions, and (3) TT predicts produced note accuracy and within-note variability. Undergraduate students 
(N = 50) listened to, and then intentionally imitated, synthetic voice targets presenting single tone stimuli. Targets were four 
seconds in duration and were presented as either /a/, /i/, or /u/ vowels. Prior to the experiment trials, subjects completed 
vocal warmups intended to determine their comfort note—a single pitch near the middle of their range. The diatonic pitches 
of targets comprised the one half octave window above and below each subject’s comfort note. Produced pitch vectors were 
determined with Camacho and Harris’s (2008) sawtooth waveform inspired pitch estimator. Preliminary analyses reveal mean 
TT of about 200 ms but show large variability within and across subjects (overall TT SD > 250 ms). Additionally, TT appears to 
grow with distance from the comfort note. Furthermore, it is influenced by produced vowel such that it is shorter for /a/ than 
/i/. Positive correlations support the hypothesis that TT predicts both mean absolute note error and within-note variability.

[C14] The effects of musical training, bilingualism, and tonal language use on syntactic 
processing in music 
Caitlin Y. Ting (1)*, R.J. Beck (1), Carrie Jackson (1), James McQueen (2), and Janet G. van Hell (1, 2)

(1) Pennsylvania State University. University Park, PA, USA  
(2) Radboud University. Nijmegen, the Netherlands  
* =cyt5016@psu.edu

In music and language, information must be processed in serial order to be properly integrated. We examined the extent to 
which unique experience with music and language affects syntactic processing in music in tonal language-speaking bilingual 
musicians and non-musicians, non-tonal language-speaking bilingual musicians and non-musicians, and monolingual musi-
cians and non-musicians. Participants completed a color-word Stroop task while listening to musical chord progressions ending 
with harmonically expected and unexpected chords. Upon hearing the final chords, strings of letters appeared and participants 
identified the color in which the letters appeared. If prior experience with music and language affects syntactic processing in 
music, then musicians and bilinguals should have smaller Stroop effects than non-musicians and monolinguals, respectively.
 Monolingual non-musicians, and non-tonal language-speaking bilingual musicians and non-musicians have been tested. 
Preliminary analyses examining the effect of musical training on response times showed that non-musicians were overall slower 
than musicians. Preliminary analyses examining the effect of language background found monolinguals responded slower 
to harmonically expected than unexpected chords, whereas there was no difference in response times related to harmonic 
expectancy for bilinguals. Preliminary results tentatively suggest unique experience with music may not affect syntactic 
processing in music the same way as unique experience with language, because musicians’ performance differed overall from 
non-musicians, whereas bilinguals’ performance differed from monolinguals only with respect to harmonic expectancy.  
 In a second experiment being conducted this spring, we will examine the effects of tonal language use on syntactic 
processing in music. If tonal language use affects syntactic processing in music, above and beyond effects of bilingualism, tonal 
language-speaking bilinguals should perform differently than non-tonal language-speaking bilinguals. Implications of the 
findings will be discussed in light of theories on syntactic processing in music and language, as well as theories on the effects 
of musical training on cognition. 

[C15] A domain-general component of working memory underlies the musician advantage 
for speech-in-noise perception 
Matthew A. Rosenthal (1)*, Esperanza M. Anaya (2), David B. Pisoni (3), William G. Kronenberger (4)

(1) University of Nevada, Las Vegas, Las Vegas, Nevada, USA  
(2) Midwestern University, Downers Grove Illinois, USA  
(3) Indiana University, Bloomington Indiana, USA  
(4) Indiana University Medical Center, Indianapolis Indiana, USA 
* =rosent17@unlv.nevada.edu

mailto:cyt5016@psu.edu
mailto:rosent17@unlv.nevada.edu


PAGE 140 SMPC 2015

SMPC

2015

T U E S D A Y  P O S T E R  A B S T R A C T S

It is unclear whether the musician advantage in speech-in-noise perception reflects strength in a domain-specific (i.e. 
auditory) or domain-general component of working memory. In the current study, musicians and non-musician controls 
performed a battery of tasks that measured visual and auditory working memory capacity, visual and auditory speech-
in-noise perception, and visual and auditory object-in-noise perception. Musicians outperformed controls in visual and 
auditory working memory capacity, visual and auditory speech-in-noise perception, but not visual or auditory object-in-noise 
perception. Visual working memory capacity was positively correlated with auditory working memory capacity, and visual 
and auditory working memory capacity was positively correlated with visual and auditory speech-in-noise perception. Neither 
visual or auditory working memory capacity was correlated with visual or auditory object-in-noise perception. These findings 
suggest that the musician advantage for speech-in-noise perception reflects a domain-general component of working memory. 

[C16] Non-musicians acquire novel lexical tone categories distributionally, but musicians don’t
Jia Hoong Ong (1)*, Denis Burnham (1), Kate Stevens (1)

(1) The MARCS Institute, University of Western Sydney, Sydney, New South Wales, AUSTRALIA 
* =jia.ong@uws.edu.au

Musicians perceive lexical tones more readily than do non-musicians (e.g., Burnham, Brooker, & Reid, 2014). However, it 
is unknown whether musicians capitalize on this advantage over non-musicians to acquire lexical tone categories based on 
distributional structure. If the advantage from musical training extends beyond pitch perception, then we expect that, relative 
to non-musicians, musicians will more correctly infer the number of lexical tone categories in the distribution, which will 
affect their discrimination performance accordingly (i.e., exhibit a larger distributional learning effect). 
 Musicians (N=36) and non-musicians (N=50) were exposed to a distribution of two Thai words, /na33/-/na241/, 
and were randomly assigned to a Bimodal (i.e., a distribution where there are two separate peaks) condition that should 
theoretically facilitate discrimination of the tone pair, or a Unimodal (single central category) condition, which should hinder 
discrimination. Performance was assessed using a discrimination task before and after distribution exposure. In accord with 
expectations, the bimodal non-musician group outperformed the Unimodal non-musician group on tone discrimination at 
Posttest relative to Pretest. However, there was no difference in pre-post improvement amongst the two musician conditions. 
Furthermore, the unimodal non-musician group showed a suppression of improvement on all test aspects whereas the 
unimodal musician group did not. Thus, non-musicians, but not musicians, show the predicted distributional learning effect 
for lexical tones. However, comparison of the two populations showed that musicians had better tone discrimination than 
non-musicians, regardless of distribution condition.  
 The difference in results may be due to the musicians relying on their well-learned fine-grained pitch categories 
to perceive tones, which might override or compete with any beneficial effects of relatively short-term exposure to tone 
distributions in learning tone categories. If so then this would imply that well-learned perceptual categories do not facilitate 
the formation of tonetic categories distributionally, at least not with a simplified distribution. 

[C17] ERP markers of audiovisual integration in musicians and non-musicians
Emily S. Nichols (1)*, Jessica A. Grahn (1)

(1) University of Western Ontario.  London, ON, CANADA 
* =enicho4@uwo.ca

Integration of auditory and visual information is important to both language and music. In the linguistic domain, audiovisual 
integration alters event-related potentials (ERPs) at early stages of processing (the mismatch negativity (MMN)) as well 
as later stages (P300 (Andres et al., 2011)). However, language reading is highly over-learned compared to music reading, 
therefore, the present study investigated whether musicians show audiovisual integration of music similar to readers, and if 
so, at what points in the processing stream integration occurs. Musicians and non-musicians simultaneously saw and heard 
musical intervals. In each block of trials, a standard interval (e.g., a perfect fourth), in which visual and auditory information 
was congruent, was presented in 85% of trials. In 15% of trials, either the visual, auditory, or both the visual and auditory 
stimuli deviated from the standard (e.g., a major second was seen while a perfect fourth was heard; a major second was heard 
while a perfect fourth was seen; or a major second was seen and heard). We predicted that the MMN and P300 would be 
largest when both auditory and visual stimuli deviated, because audiovisual integration would increase the neural response 
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when the deviants were congruent. The results indicated that both the MMN and P300 were larger for auditory deviants 
than standards. However, only the P300 was larger when the deviants were congruent. Both groups showed a congruency 
effect, but their respective scalp distributions differed. We propose that early in the processing stream, visual information 
may guide interpretation of auditory musical information, leading to a larger MMN when auditory and visual information 
mismatch. At later attentional stages, integration of the auditory and visual stimuli leads to a larger P300 amplitude. Thus, 
audiovisual musical information is integrated similarly to linguistic information at later stages of processing, but not as early 
or automatically as language.

[C18] Bopping and bonding: Does moving to the beat influence social bonding? 
Laura L Edelman (1)*, Kathleen E. Harring (1)

(1) Muhlenberg College. Allentown, PA, USA 
* =ledelman@muhlenberg.edu

Music can promote group bonding (Thompson, 2009) through shared emotional experience (Roederer, 1984) or through 
synchronized action (Levitin, 2006). Edelman and Harring (2013) found that both synchronous movement and music 
increased perceptions of rapport and entitativity for targets in a video, but the synchronous movement was unrelated to the 
music. This study used head nodding (bopping) to manipulate the relationship of the movement to the music.  
 In a 2 x 3 between groups design participants viewed a video where a woman constructed a tower using toy 
components. Participants were told they would evaluate the trainer in the video. In half, the woman wore head phones and 
bopped her head, and in the other half she did not bop. Participants heard music that matched the beat of the woman’s head 
bop (synchronous with music), music that mismatched the head bop (asynchronous with music), or no music. They rated 
the degree to which they felt entitativity or rapport with the person in the video. Finally, they reported their mood and in the 
music conditions, they rated the music. Ratings were on 7-point scales with higher numbers indicating more of the attribute.  
 We evaluated the effects of music, bopping, and type of rating (entitativity, rapport, or personality). Music had a main 
effect. Over all measures participants rated the person in the video higher with music than with no music. Participants 
gave higher ratings when the target did not bop than when she did bop. We found a three-way interaction. When music 
was playing, rapport and entitativity were higher when the target did not bop than when she did. With no music she was 
rated higher when she bopped than when she did not. Thus, music influenced social bonding independent of synchronized 
movement; while asynchrony had a negative effect on social bonding.

[C19] An investigation of the cross-modal mapping of gesture-Sound
Aysu Erdemir (1)*, Emelyne Bingham (1) and John Rieser (1)

(1) Vanderbilt University.  Nashville, TN, USA 
* =aysu.erdemir@vanderbilt.edu

Music conductors perform gestures to influence the sounds that musicians make. How is it, we ask, that people know how 
to map a conductor’s visual gestures onto features of the music they make? Is this mapping based on arbitrary agreements 
between the conductors and musicians, or does it depend on more intrinsic connections between movement and sound? Is 
this mapping driven auditorily (from visual gesture onto vocal sounds), or is it driven motorically (from visual gesture onto 
vocal-motor control)? What is the stimulus basis of this mapping; i.e. are kinematic features of the gestures sufficient basis for 
the motor-vocal mimicry?  
 We asked participants to view videos of a conductor performing 4 different right-hand gestures, and to produce the 
syllable /da/ repeatedly along with the gestures in a way that they think would match naturally. The gestures were part of 
Effort Actions proposed by Laban (1996), and varied in terms of their use of space, weight and time. The vocal responses were 
analyzed for acoustic features of time, pitch and intensity, and the acoustic features were mapped onto the movement features 
in the gestures.  
 In Study 1, we asked music students to perform the task and we compared their performance to those of students 
without music background. In Study 2, we asked the participants to perform the task while their auditory feedback was 
masked so that they depended on their use of kinesthetic/motor knowledge only. In Study 3, we showed the participants point 
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light displays of the gestures rather than real body representations so that only kinematic cues of spatial extents, velocities and 
accelerations were remained.  
 Results revealed that sound-gesture correspondence worked at this basic level in the absence of musical training, 
auditory feedback or real body representations. This suggests a strong and intact coupling between visuo-spatial and auditory 
processes. 

[C20] Effects of motor training on perceptions of phonomimetic gesture in neurotypical 
children and children with autism spectrum disorder
Emelyne Bingham (1)*, Aysu Erdemir (1), John Rieser (1)

(1) Vanderbilt University.  Nashville, TN, USA 
* =emelyne.m.bingham@vanderbilt.edu

Music is a unique, multi-modal stimulus that involves simultaneous processing of visual, auditory, somatosensory, and 
motoric information. This ongoing study involves a visuo-motor to auditory mapping task designed to investigate the 
crossmodal mapping of musical features in phonomimetic gestures and the effect of a motor training intervention on the 
mapping of those perceived features, both in neurotypical children and children with Autism Spectrum Disorder (ASD). 
Phono “sound” and mimetic, “imitative,” refers to the type of musically expressive gesture used by some conductors. 
Macedonia and Klimesch (2014) found that gesture accompanying a novel word made for a stronger neural network 
that enhanced encoded information. Because hypothesized neural models for ASD are moving towards one of abnormal 
connectivity, it remains unknown if individuals with autism would see similar benefits using gesture to encode information.  
 This study involves an investigation of ASD and neurotypical children’s perception of musical features in gesture 
and the effect of a motor training intervention on that coupling. The experimental design consists of two groups (ASD and 
neurotypical aged 8-18, n=32) across two conditions using a pretest-posttest within subject factor. The task is adapted from 
a 2012 study by Erdemir, Bingham, et al. Subjects watch video recordings of an expert conductor performing ten repetitions 
each of four different Laban gestures. Subjects are asked to produce the syllable /dah/ along with each recorded gesture in a 
way that feels natural. Subjects in the experimental group undergo a motor training intervention to determine if performing 
the gestures themselves significantly impacts their responses in the posttest. Control subjects receive an equivalent social 
intervention. An expert panel reviews audio recordings of the vocal responses to attempt to determine which gesture each 
subject was watching at the time. Researchers hypothesize that both populations systematically alter their vocal responses 
to visual stimuli of phonomimetic gesture, and that motor training in both populations increases the amount of variation in 
subjects’ vocal responses.

[C21] Distance in hyperdiatonic and antidiatonic systems
Christopher Bartlette (1)*

(1) Binghamton University. Binghamton, NY, USA 
* =cbartlette@binghamton.edu

The goal of this project is to investigate whether judgments of harmonic distance can be generalized to diatonic systems 
beyond the usual diatonic scale. The first experiment uses a hyperdiatonic system with 16 chromatic notes per octave and 9 
notes in the diatonic scale. The second experiment uses a subset of the hyperdiatonic system called the antidiatonic scale—it 
has seven notes (as in the usual diatonic scale), but the pattern of small and large steps is inverted. 
 For the first experiment, 37 participants (non‐AP musicians) listened to 75 trials containing three chords: The initial 
and final chords were a tonic tetrad, a four‐tone chord analogous to a major triad in the usual diatonic scale. The middle chord 
was drawn from the 64 possible tetrads in the hyperdiatonic system. Participants rated how distant the middle chord felt on a 
scale from 1 (not distant) to 7 (distant). Wilcoxon signed‐rank tests indicated the ratings for diatonic chords were lower than 
for nondiatonic chords; ratings for tonic, subdominant, and dominant analogues were lower than for other diatonic chords; 
and ratings for the tonic chord were lower than for the subdominant and dominant (all p < .0001). Also, ratings were positively 
correlated with tonal pitch space values, applied to the hyperdiatonic system (p < .01).  
 For the second experiment, 40 participants (non‐AP musicians) will listen to 16 trials containing an eight‐measure 
progression. This experiment uses the antidiatonic scale, and keys are analogous to keys in the usual diatonic system. 
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Progressions start and end in the same key, and the middle key is chosen from all possible “major” keys in the hyperdiatonic 
system. Participants rate how distant the middle key feels on a scale from 1 (not distant) to 7 (distant). Data collection is 
underway.

[C22] A narrative framework for musical engagement
Blair Kaneshiro (1)*, Jonathan Berger (1)

(1)Center for Computer Research in Music and Acoustics, Stanford University. Stanford, CA, USA 
* =blairbo@ccrma.stanford.edu

Engaging listeners is an inherent goal of music. However, imprecise terminology regarding ‘engagement’ results in confusing, 
even contradictory, research. Musical engagement at times implies focused listening attention, but also encompasses music 
that is functional and often subservient to extra-musical activities such as socialization or work (Lonsdale and North, 2011). 
Here we consider whether narrative transportation and cognitive elaboration – terms used to describe states of response to 
story-based works such as novels or films – provide a useful theoretical framework for characterizing and quantifying musical 
engagement, with a focus on neuroimaging approaches. Transportation, defined as absorption or immersion in a story 
(Gerrig, 1993; Green and Brock, 2000; Green et al., 2004; Escalas, 2007), is a convergent process whereby audience attention is 
reliably focused upon narrative events. In contrast, cognitive elaboration involves analytical – and divergent – self-referencing; 
here, individuals use previous knowledge, background, or opinions to relate incoming information to personal experiences. 
While some musical works are programmatic or reflect narrative content of lyrics, most are at best referential in allusions 
to extra-musical elements. In considering whether transportation and elaboration are applicable to musical engagement, 
we reason that musical features that project temporal trajectories and goals – such as cadential formulae in functional 
tonal music, or performed tempo changes signifying approaches to or departures from salient events – have the capacity to 
manipulate listener expectations in a manner analogous to narrative devices. We review neuroimaging approaches measuring 
convergent and divergent engagement. Inter-subject correlations of physiological responses have been used to index 
convergent engagement with films (Dmochowski et al., 2012; Bracken et al., 2014) and music (Kaneshiro et al., 2014). Neural 
correlates of music-evoked autobiographical memories, which epitomize elaboration’s divergent self-referencing, have also 
been explored (Janata et al., 2007; Janata, 2009). We consider the impact of attention, emotion, and arousal in disentangling 
contradictory characterizations of musical engagement.

[C23] Musical preference and the proximity principle
Zachary Silver (1)*, Shaun Schaefers (1), Joseph Plazak (1)

(1) Illinois Wesleyan University.  Bloomington, IL, USA 
* =zsilver@iwu.edu

Listener music preferences are complex and influenced by a variety of musical and extramusical factors.  Among these factors, 
listeners commonly demonstrate a preference for music that is personally meaningful, often as a result of associations with a 
specific “place” and/or “time.”  This research investigated the role of personally meaningful information on listeners’ subjective 
preference for a given piece of music. Newcomb’s (1956) proximity principle posited that all other things being equal, “people 
are most likely to be attracted toward those in closest contact with them.”  Here, we examined this proximity principle within 
a musical context.  We hypothesized that preferences for unknown music would co-vary with the perceived propinquity 
between the artist and the listener.  In a counterbalanced task, participants were asked to rate their preference for unknown 
musical works.  Each work was paired with a profile that contained contextual information about the artist and song, and in 
particular, information about the artists’ geographical “roots.”  By manipulating this contextual information, it was possible to 
examine the influence of propinquity on subjective musical preferences.  Consistent with the proximity principle, a perceived 
connection between the artist and listener is expected to correlate with increased musical preference.  This research implicates 
the importance of propinquity as one of many factors influencing musical tastes, and has potential to inform theories 
regarding music’s role within social evolutionary history.
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[C24] Ensemble coding in music perception
Solena Mednicoff (1)*, Michael A. Webster (1), Rafal M. Skiba (1)

(1) University of Nevada, Reno.  Reno, Nevada, USA 
* =solenamed@nevada.unr.edu

Our senses are limited in the amount of information they can represent, and may overcome this bottleneck by encoding a 
summary or “gist” of the information rather than the specific details of the stimulus. This “ensemble coding” or summary 
statistics perception has been widely documented for the visual system, and has recently been found to also hold for sound 
perception. For example, when a sequence of tones is played, observers are poor at remembering the specific tones while 
good at recognizing the average tone, even when that average was not present in the set. We examined the nature of this 
ensemble coding for musical tones, in order to explore how ensemble perception operates across different sound sources 
(different instruments) and whether it depends on the musical experience of the listeners. Participants were undergraduate 
students with or without formal musical training. They were presented with a series of four notes (spanning 349.23-554.37 
Hz) in random order (600 msec per note separated by 400 msec). The notes came from recordings of a piano or flute, and on 
different trials were all from the same instrument or from both instruments (one playing solely one instrument and the second 
alternating between the two). A test note from either instrument was presented 600 msec after the sequence, and the listener 
reported whether it was part of the sequence. Test notes included the four targets plus nine intervening notes at half-step 
intervals. In preliminary studies, untrained observers confused both the notes and the instruments, consistent with encoding 
the overall gist of the set. Musicians instead correctly identified the actual notes yet made confusions across the instruments, 
suggesting that pitch was encoded independently of timbre. These results have implications for understanding how ensemble 
averaging occurs in music perception and how it is shaped by expertise.

[C25] The impact of melodic sound on perceptual dominance of musical notes engaged in 
binocular rivalry
Minyoung Lee (1), Randolph Blake (2,3), Sujin Kim (1), Chai-Youn Kim (1)*

(1) Korea University. Seoul, KOREA 
(2) Vanderbilt University. Nashville, TN, USA 
(3) Seoul National University. Seoul, KOREA 
* =chaikim@korea.ac.kr

Musical notation involves abstract and symbolic representations familiar only to those with musical training. Using auditory 
musical melodies and visual scores, we investigated whether audiovisual congruence of structured auditory information and 
visual representations of that information can impact perceptual dynamics during binocular rivalry.  
 In Experiment 1, observers dichoptically viewed a score scrolling from right to left within a viewing window and a 
vertical grating drifting in the opposite direction. On “congruent” trials, participants heard the specific melody synchronized 
in time with the melody’s score; on “incongruent” trials, a melody different from the score was heard; on “no sound” trials, 
only visual stimuli were presented. In Experiment 2, a nonsense score and a flickering radial grating were dichoptically 
presented. After several alternations, the nonsense score morphed into a probe score unpredictably at the onset of either 
dominance or suppression phase of the default score. At the onset of the transition, observers started hearing the melody 
“congruent” with the introduced score, a melody “incongruent” with the introduced score, or “no sound” at all. A single 
dominance or suppression duration for the probe score was generated in each trial. Observers were divided into two groups 
(“readers” and “non-readers”) based on their ability to read music. 
 In Experiment 1 (extended tracking), scores predominated over the grating significantly more on “congruent” trials 
compared to “incongruent” or “no sound” trials, but only for participants who could read music. This enhanced predominance 
stemmed from longer dominance durations of scores on “congruent” trials. In Experiment 2 (discrete trial technique), 
dominance durations but not suppression durations of scores were impacted by auditory melodies, again with congruent > 
incongruent. For non-readers, melodies again had no influence at all on rivalry. 
 These results implicate experience-dependent, top-down influences of semantic information on the resolution of 
perceptual conflict created by binocular rivalry.
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[C26] Exploring the role of musical consonance in the extraction of abstract rules 
Paola Crespo-Bojorque (1)*, Juan M. Toro (1, 2)

(1) Center for Brain and Cognition, Universitat Pompeu Fabra. Barcelona, SPAIN  
(2) ICREA Institució Catalana de Recerca i Estudis Avançats. Barcelona, SPAIN  
* =paola.crespo@upf.edu 

Consonance, a perceptual feature in harmonic music associated with pleasantness, seems to be deeply rooted in how we 
experience music. Besides aesthetic differences, research suggests consonant intervals are more easily processed than 
dissonant intervals (Schellenberg & Trehub, 1994; 1996). In the present study we explore whether consonance is used as a 
perceptual anchor for other cognitive processes. More specifically, whether it facilitates the extraction of abstract patterns. We 
implemented abstract ABA rules over consonant intervals in Experiment 1 and over dissonant intervals in Experiment 2. In 
Experiment 3 rules were implemented over both consonant (A category) and dissonant intervals (B category). To control for 
any effect of variability in the stimuli, in Experiment 4 the A and B categories in the sequences included both consonant and 
dissonant intervals. Stimuli were sequences of three two-note intervals. The experiments consisted of a training phase (go/
no-go task) followed by a test phase (2AFC task). Results showed participants learn the rule better when it is implemented 
over consonant (Exp. 1) than over dissonant intervals (Exp. 2). Moreover, performance increased when there was a mapping 
between categories in the stimuli and consonant and dissonant intervals (Exp. 3). Importantly, this enhancement was not due 
to stimuli variability (Exp. 4). Together, our results show that musical consonance modulates the extraction and generalization 
of abstract rules. They also suggest that consonance and dissonance act as categorical anchors that help listeners structure the 
signal.

[C27] Effects of ambient light intensity on perceived brightness of sound in music production 
environment
Doyuen Ko (1)*, Jonathan Hong (2)

(1) Audio Engineering Technology, Mike Curb College of Entertainment & Music Business, Belmont University. Nashville, Tennessee, USA 
(2) Sound Recording, Schulich School of Music, McGill University. Montreal, Quebec, Canada 
* =doyuen.ko@belmont.edu

Many researchers in different fields have studied inter-modal perception between visual and auditory senses. However, there 
has been little research done on perceptual effects of the ambient lighting condition in music production environments. 
Anecdotal responses collected from several professional audio engineers suggested surprisingly diverse lighting settings in 
their studio working environments. This raises the question about whether the lighting conditions within a music studio may 
effect sound engineers’ perception of audio spectral balance. In this study, a task-based experiment was conducted to explore 
the relationship between ambient light intensity and perceived auditory brightness.  
 Five experienced listeners were invited into a recording studio and exposed to three randomized ambient light 
conditions with different illuminance level settings – “low,” “mid” and “high”: 6, 17, and 63 lux respectively. For each lighting 
setting, subjects performed 40 trials that consisted of 5 different music stimuli repeated in random order. Music samples were 
chosen from the reference music library of McGill’s Sound Recording graduate program. All participants were previously 
familiar with the samples. High frequency energy of each trial was automatically attenuated by the same amount (-6dB gain 
at 4,000Hz) through a high-frequency shelving filter and the subjects were asked to return the filter gain back to the perceived 
zero crossing using a continuously variable encoder.  
 The subjects’ adjusted filter gain variance was 3.2 (low), 2.6 (mid), and 3.8 dB (high). The results of a repeated measure 
ANOVA shows a significant effect (p = 0.02) between “mid” and “high” ambient lighting settings. This confirms that subjects 
tend to increase the high frequency energy of audio tracks when they were exposed to a brighter ambient light setting. No 
statistically significant effect was observed between the 5 different musical excerpts and subjects’ responses in 3 lighting 
conditions. Further study will be required to investigate this question.
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[C28] Children use semantic knowledge to detect changes in environmental sounds
Christina M. Vanden Bosch der Nederlanden (1)*, Joel S. Snyder (1), Erin E. Hannon (1)

(1) University of Nevada, Las Vegas. Las Vegas, Nevada, USA 
* =vandenbo@unlv.nevada.edu

Understanding music and language requires listeners to quickly identify, encode, and perceive changes in the sounds around 
them. Change deafness is an index of adults’ failure to notice relatively apparent acoustic changes in the environment. Such 
studies have demonstrated that adults use semantic knowledge perhaps even more than the magnitude of a change (Gregg 
& Samuel, 2009), but no studies have investigated change deafness in development. It is unknown whether children exhibit 
change deafness or whether they use semantic or acoustic cues to process changes around them. Visual categorization tasks 
find a developmental shift from relying on perceptual characteristics to semantic information from 6 to 11 years of age 
(Sloutsky, Lo & Fisher, 2001). Thus, in a change deafness task, young children might weigh the magnitude of an acoustic 
change more heavily than its semantic category. 
 Children aged 6, 8, and 10 (N=48) listened to within-category (songbird to seagull, both “birds”) and across-category 
(songbird to trumpet) changes as well as short- and long-distance changes presented within 4-object scenes. After the change 
detection task, children responded to an object-encoding task that examined whether children were able to encode individual 
objects within each scene. All children exhibited change deafness, with greater error on change (37%) than no change trials 
(7%) and overall error decreased with age. Comparing only change trials, all age groups exhibited significantly greater change 
deafness for within-category changes compared to across-category changes (50% vs. 32%) and for short- versus long-distance 
acoustic changes (34% vs. 29%). Individual objects were also well encoded (33% error). We are the first to demonstrate the 
presence of change deafness in children and suggest that children rely on semantic knowledge even more than the magnitude 
of acoustic change. Encoding specific classes of objects (e.g., musical/linguistic) and their effect on change detection will also 
be discussed.

[C29] Factors contributing to long-term memory for song lyrics
Lucy McGarry (1)*, Adrian Owen (1), Jessica Grahn (1)

(1) University of Western Ontario. London, Ontario, CANADA 
* =lmcgarry@uwo.ca

Some individuals exhibit an extremely high capacity to remember lyrics to songs, and this lyric memory can be retained over 
decades (Bartlett, 1980). Research on the role of music in memory for text suggests that melodic and rhythmic structure, 
as well as the relationship between melody and text cues during both encoding and retrieval, facilitates memory for text, 
especially when the  melody is simple (Wallace, 1994), familiar (Purnell-Webb & Speelman, 2008) and positively-valenced 
(Eschrich, Münte, & Altenmüller, 2008). While research findings are mixed (Kilgour, Jacobson, & Cuddy, 2000), some 
researchers have asked whether memory for music is “special” and distinct from other types of memory (Schulkind, 2009).  
 Although empirical research has examined short-term recall for song lyrics learned in a laboratory setting, less research 
has focused on longer-term memory for song lyrics, especially those learned naturally. This pilot survey study explored self-
reported factors that had the potential to relate to detailed recall for song lyrics. Participants answered a variety of questions 
about their interactions with music. They were asked to name up to one song from each decade, from the 1940’s to the present, 
for which they could remember all or most of the lyrics to. Participants rated their previous interactions with each reported 
song on a series of 17 factors. The highest rated factors included liking, repeated listening, and singing, followed by ratings of 
groove, positive emotional valence, and emotional arousal. Participants’ self-ratings of their own lyric memory were correlated 
with self-reported tendencies to move to music.  
 These results corroborate previous research and also provide promising avenues for follow-up. Upcoming studies will 
manipulate the factors that participants rated highly in the present study, to examine the extent to which each of these factors 
may influence learning of song lyrics.
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Ideas in the Making

[C36] The effects of projected films on singers’ expressivity in choral performance
Daniel J. Keown (1)

Youngstown State University.  Youngstown, OH, USA 
* =dkeown@ysu.edu

[C37] Music for doing
Finn Upham(1)*

(1) New York University. New York, NY, USA 
* =finn@nyu.edu

[C39] Simplification of the movement by reducing distances (SMRD) - a technical and 
cognitive strategy for the piano performance optimization applied to the study of the piece 
Dance in the Wind of Jônatas Manzolli for piano four hands
Maria Bernardete Castelan Póvoas (1)*, Luís Cláudio Barros (1), Milton José Cinelli (1)

(1) Universidade do Estado de Santa Catarina.  Florianópolis, Santa Catarina, BRAZIL  
* =bernardete.castelan@udesc.br
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Sempre remains to this day the only society which embraces research in both 
music education and music psychology, re� ected in the society’s two journals; 
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Introducing the Psychology of Music Research Spotlights
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